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¢16-1. A disk having a radius of 0.5 ft rotates with an

initial angular velocity of 2 rad/s and has a constant angular

acceleration of 1 rad/s%. Determine the magnitudes of the

velocity and acceleration of a point on the rim of the disk

whent = 2s.

w=w)t+ a.t

=2+ 1(2) = 4rad/s

V= ro; v = 0.5(4) = 2 ft/s Ans.
a =ra; a =05(1) = 0.5ft/s?

a,=o’r, a, = (4)*0.5) = 8ft/s’

a= V8§ + (0.5)? = 8.02 ft/s? Ans.

16-2. Just after the fan is turned on, the motor gives the
blade an angular acceleration a = (20e~"%) rad/s?, where ¢
is in seconds. Determine the speed of the tip P of one of the
blades when t = 3 s. How many revolutions has the blade
turned in 3 s? When ¢ = 0 the blade is at rest.

do = adt
2] t

/ do = / 20e " dr

0 0

R U Y! -0.6
0=-gce f0—33.3(1—e ‘)
w = 27.82rad/s whent = 3s
v, = or = 27.82(1.75) = 48.7 ft/s Ans.

= wdt

d9
0 t

/d0 = /33.3(1 — e %) dr
0 0

1 0.61 }
= 33. + [ — e Vo
0 333(t (0'6)6 )

= 33.3{3 + (&)([06(3) —~ 1)}

0 = 53.63rad = 8.54 rev Ans.

513



91962_06_s16_p0513- 0640 6/8/09 2:09 PM Page 514 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

16-3. The hook is attached to a cord which is wound
around the drum. If it moves from rest with an
acceleration of 20 ft/ s?, determine the angular acceleration
of the drum and its angular velocity after the drum has
completed 10 rev. How many more revolutions will the
drum turn after it has first completed 10 rev and the hook
continues to move downward for 4 s?

Angular Motion: The angular acceleration of the drum can be determine by
applying Eq. 16-11.

a, = ar; 20 = a(2) a = 10.0 rad/s? Ans.

2 rad)

Applying Eq. 16-7 with a, = a = 10.0rad/s’> and 6 = (10rev) X ( 1te
v

= 207 rad, we have
w’ = o} + 2a, (0 — 6p)
® = 0 + 2(10.0)(207 — 0)
o = 35.45rad/s = 354 rad/s Ans.

The angular displacement of the drum 4 s after it has completed 10 revolutions can
be determined by applying Eq. 16-6 with wy = 35.45 rad/s.

1 2
9290+w0t+5act

1
=0 +3545(4) + 5 (10.0)(4?)

1
= (221.79 rad) X (2ﬂ

) = 35.3rev Ans.
7 rad
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*16-4. The torsional pendulum (wheel) undergoes
oscillations in the horizontal plane, such that the angle of
rotation, measured from the equilibrium position, is given
by 6 = (0.5 sin 3¢) rad, where ¢ is in seconds. Determine the
maximum velocity of point A located at the periphery of 2
the wheel while the pendulum is oscillating. What is the
acceleration of point A in terms of ¢?

Angular Velocity: Here, 6 = (0.5 sin 3¢) rad/s. Applying Eq. 16-1, we have
d

= — = (1.5cos 3t) rad
W= (1.5 cos 3¢) rad/s
By observing the above equation, the angular velocity is maximum if cos 3t = 1. ‘ '
Thus, the maximum angular velocity is wy,, = 1.50 rad/s. The maximum speed of % r A

point A can be obtained by applying Eq. 16-8. \‘ﬂ
(VA)max = @max I = 1.50(2) = 3.00 ft/s Ans.

Angular Acceleration: Applying Eq. 16-2, we have

o= %‘: = (~4.5 sin 3() rad/s?

The tangential and normal components of the acceleration of point A can be
determined using Egs. 16-11 and 16-12, respectively.

a, = ar = (—4.5sin 31)(2) = (=9 sin 3¢) ft/s?
a, = o*r = (1.5cos 3t)>(2) = (4.5 cos? 31) ft/s?
Thus,

a, = (—9 sin 3tu, + 4.5 cos’ 3tun) ft/s? Ans.

*16-5. The operation of reverse gear in an automotive
transmission is shown. If the engine turns shaft A at
w4 = 40 rad/s, determine the angular velocity of the drive
shaft, wg. The radius of each gear is listed in the figure.

Fpwy = Fcwe: 80(40) = 40wc wec = Wwp = 80rad/s

WEpYEp = Wplp: (UE(SO) = 80(40) W = W = 64 rad/s

WpFrp = wWprp: 64(70) = wpg (50) wp = 89.6 rad/s

wp = 89.6 rad/s Ans.
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16-6. The mechanism for a car window winder is shown in
the figure. Here the handle turns the small cog C, which
rotates the spur gear S, thereby rotating the fixed-connected
lever AB which raises track D in which the window rests.
The window is free to slide on the track. If the handle is
wound at 0.5 rad/s, determine the speed of points A and E
and the speed v,, of the window at the instant § = 30°.

ve = wcre = 0.5(0.02) = 0.01 m/s

_ Ve _ 001 _
wg = e 005 0.2 rad/s
va=vg=wsry = 02(02) = 0.04 m/s = 40 mm/s Ans.

Points A and E move along circular paths. The vertical component closes the
window.

v, = 40 cos 30° = 34.6 mm/s Ans.

16-7. The gear A on the drive shaft of the outboard motor
has aradiusr4, = 0.5 in. and the meshed pinion gear B on the
propeller shaft has a radius rg = 1.2 in. Determine the
angular velocity of the propeller in ¢ = 1.5 s, if the drive shaft
rotates with an angular acceleration « = (400¢%) rad/s?,
where ¢ is in seconds. The propeller is originally at rest and

the motor frame does not move. W (@GN A
AN
s

Angular Motion: The angular velocity of gear A at t = 1.5 s must be determined
first. Applying Eq. 16-2, we have

do = adt

Wy 15s
/ dw = / 4008 dt
0 0

wy = 1004|135 = 506.25 rad/s

However, w4 r4, = wp rg where wjp is the angular velocity of propeller. Then,

wp = Ao, = (%)(506.25) = 211 rad/s Ans.

B
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*16-8. For the outboard motor in Prob. 16-7, determine
the magnitude of the velocity and acceleration of point P
located on the tip of the propeller at the instant ¢ = 0.75s.

I

R i
e 2.%’
<L < P

AL

Angular Motion: The angular velocity of gear A at r = 0.75 s must be determined
first. Applying Eq. 16-2, we have

do = adt

N 0.75 s
/ dow = / 4008 dt
0 0

wy = 100407 = 31.64 rad/s
The angular acceleration of gear A at ¢ = 0.75 s is given by
aq = 400(0.75%) = 168.75 rad/s

However, wyry = wprg and a,ry = agrg where wp and ap are the angular
velocity and acceleration of propeller. Then,

W= —wy = (%)(31.64) = 13.18 rad/s

ap="2a, = (%)(168.75) — 70.31 rad/s?

Motion of P: The magnitude of the velocity of point P can be determined using
Eq.16-8.

2.20
vp = wgrp = 13.18(7) = 242 ft/s Ans.

The tangential and normal components of the acceleration of point P can be
determined using Eqs. 16-11 and 16-12, respectively.

2.20

a, = agrp = 70.31<?) = 12.89 ft/s’
2.20

ay, = wyrp = (13.182)(6) = 31.86 ft/s?

The magnitude of the acceleration of point P is

ap = Va + a = V12897 + 31.86> = 34.4 f/s> Ans.
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¢16-9. When only two gears are in mesh, the driving gear ) B
A and the driven gear B will always turn in opposite
directions. In order to get them to turn in the same 75 mm

direction an idler gear C is used. In the case shown, i
determine the angular velocity of gear B when ¢t = S5, if

gear A starts from rest and has an angular acceleration of

ay = (3t + 2) rad/s?, where ¢ is in seconds.

Idler gear Driving gear

do = adt

O t
/ de=/(3t+2)dt
0 0

w4 = 15> + 2t|,_s = 47.5rad/s
(47.5)(50) = w¢ (50)

wc = 47.5rad/s

wg (75) = 47.5(50)

wp = 31.7rad/s Ans.

16-10. During a gust of wind, the blades of the windmill _ 2

: . N 5 a = (0.20) rad /s
are given an angular acceleration of a = (0.20) rad/s”,
where 6 is in radians. If initially the blades have an angular
velocity of 5 rad/s, determine the speed of point P, located
at the tip of one of the blades, just after the blade has turned
two revolutions.

Angular Motion: The angular velocity of the blade can be obtained by applying
Eq. 16-4.

wdw = adb

® 4
/ wdw = / 0.20d6
Srad/s 0

w = 7.522 rad/s

Motion of P: The speed of point P can be determined using Eq. 16-8.

vp = wrp = 7.522(2.5) = 18.8ft/s Ans.
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16-11. The can opener operates such that the can is driven
by the drive wheel D. If the armature shaft S on the motor
turns with a constant angular velocity of 40 rad/s,
determine the angular velocity of the can. The radii of S, can
P, drive wheel D, gears A, B, and C, are rg = 5 mm,
rp =40mm, rp = 7.5 mm, r, = 20 mm, rg = 10 mm, and
rc = 25 mm, respectively.

Gears A and B will have the same angular velocity since they are mounted on the
same axle. Thus,

WATp = Ty

Ty B i _
wg = wy = <u>ws = <20>(40) = 10rad/s

Wheel D is mounted on the same axle as gear C, which in turn is in mesh with
gear B.

Wclrc = Wprp

1
wp = wc = (Z)wg = <£)(10) = 4 rads/s

Finally, the rim of can P is in mesh with wheel D.

wplp = Wplp

wp = (”’>w,) - (%)(4) = 0.75 rad/s Ans.

rp

*16-12. If the motor of the electric drill turns the
armature shaft S with a constant angular acceleration of
ag = 30 rad/s?, determine the angular velocity of the shaft
after it has turned 200 rev, starting from rest.

27 rad
1rev
acceleration of shaft s is constant, its angular velocity can be determined from

Motion of Pulley A: Here, 6, = (200 rev)( ) = 4007 rad. Since the angular

wsz = (ws)O2 + 2ac [Gs - (es)O]

wg? = 0% + 2(30)(4007 — 0)

wg = 274.6 rad/s Ans.
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*16-13. If the motor of the electric drill turns the armature
shaft S with an angular velocity of wg = (100¢/%)rad/s,
determine the angular velocity and angular acceleration of
the shaft at the instant it has turned 200 rev, starting from rest.

27rad
1rev

Motion of Armature Shaft S: Here, 6; = (200 rev)( ) = 4007. The angular

velocity of A can be determined from

/ do; = / wdt
0, t

/ 0, = / 10061 2dt
0 0

0, = 66.67r%>

t
0
0, = (66.67r)rad
When 6, = 4007 rad,
4007 = 66.67t%2

t=17083s

Thus, the angular velocity of the shaft after it turns 200 rev (¢ = 7.083 s) is

w; = 100(7.083)!/? = 266 rad/s Ans.

The angular acceleration of the shaft is

dwy 1 50
= = Z 2 = 2
a = 100(2 t ) (ll/z) rad/s

When ¢t = 7.083 s,

50

= T 0s3” = 18.8 rad/s? Ans.

Qg

520



91962_06_s16_p0513-0640 6/8/09 2:11 PM Page 521 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

16-14. A disk having a radius of 6 in. rotates about a fixed
axis with an angular velocity of = (2t + 3) rad/s, where ¢ is
in seconds. Determine the tangential and normal components
of acceleration of a point located on the rim of the disk at the
instant the angular displacement is § = 40 rad.

Motion of the Disk: We have

/ do = / wdt
/0 Bde = /0 t(2t + 3)dt

ol = (2 + 30)|
0

6 = (12 + 3t) rad
When 6 = 40 rad,
40 = £ + 3t
2 +3t—40=0

Solving for the positive root,

t=35s
Also,
d
a= 7? = 2 rad/s?

When ¢ = 5s(0 = 40 rad),
o =2(5) +3 =13rad/s

Motion of Point P: Using the result for w and «, the tangential and normal
components of the acceleration of point P are

6
a, = ar, = Z(E) =1 ft/s Ans.
6
a, = w’r, = (13)2(5) = 84.5 ft/s? Ans.
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16-15. The S50-mm-radius pulley A of the clothes
dryer rotates with an angular acceleration of
a, = (276Y?) rad/s?, where 6 4 is in radians. Determine its
angular acceleration when ¢ = 1 s, starting from rest.

Motion of Pulley A: The angular velocity of pulley A can be determined from

/ (.UAde: / (XAdGA

oy 64
/ wAde = / 279A1/2d0A
0 0

@y

wA2

= 1860,°?
2 A

gA

wy = (60A3/4) rad/s

Using this result, the angular displacement of A as a function of ¢ can be

determined from
do
W4

t 04 do
dt = / °
A 0 60A3/4

04

2
[ 1/4
t|0—30A .

2
t = (50/41/4)5
3 4
0, = (Et) rad

Whent =1s

3 4
0, = {5 (1)} = 5.0625 rad

Thus,whent = 1s,ay,is

ay = 27(5.0625'2) = 60.8 rad/s Ans.
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*#16-16. If the 50-mm-radius motor pulley A of the clothes
dryer rotates with an angular acceleration  of
a, = (10 + 50¢) rad/s?, where ¢ is in seconds, determine its
angular velocity when ¢ = 3 s, starting from rest.

Motion of Pulley A: The angular velocity of pulley A can be determined from

/ de = / (XAdt
Wy t
/ dwy = / (10 + 50¢)dt
0 0

t

walor = (10 + 252)|,

w4 = (10 + 25¢)rad/s

Whent = 3s

wu = 10(3) + 25(3%) = 225 rad/s Ans.

¢16-17. The vacuum cleaner’s armature shaft S rotates
with an angular acceleration of @ = 4w>* rad/s?, where  is
in rad/s. Determine the brush’s angular velocity when
t = 4 s,starting from rest. The radii of the shaft and the brush
are 0.25 in. and 1 in., respectively. Neglect the thickness of the
drive belt.

Motion of the Shaft: The angular velocity of the shaft can be determined from

d
/d,:/ﬂ
ag

t s
dt = " dos S
N dap 34
0 0 {OXN
t W
_ . 1/4
fly= ws Mo
t = wS1/4

Whent = 4s

w, = 4* = 256 rad/s

Motion of the Beater Brush: Since the brush is connected to the shaft by a non-slip
belt, then

wprg = s’y

wp = (Z)ws = (%)(256) = 64 rad/s Ans.
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16-18. Gear A is in mesh with gear B as shown. If A starts
from rest and has a constant angular acceleration of
a4 = 2 rad/s?, determine the time needed for B to attain an
angular velocity of wp = 50 rad/s.

Angular Motion: The angular acceleration of gear B must be determined first. Here,
Apty = aBrB.Then,

25

ap = :—Z% = (ﬁ)@) = 0.5 rad/s?

The time for gear B to attain an angular velocity of wz = 50 rad/s can be obtained
by applying Eq. 16-5.

wp = (wo)p + apt
50 =0 + 0.5¢

t =100s Ans.
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16-19. The vertical-axis windmill consists of two blades
that have a parabolic shape. If the blades are originally at
rest and begin to turn with a constant angular acceleration
of a, = 0.5 rad/s?, determine the magnitude of the velocity
and acceleration of points A and B on the blade after the
blade has rotated through two revolutions.

Angular Motion: The angular velocity of the blade after the blade has rotated
2(27) = 4 rad can be obtained by applying Eq. 16-7.

w? = 0} + 2a, (0 — 6)
w? = 0% + 2(0.5) (47 — 0)

o = 3.545rad/s

Motion of A and B: The magnitude of the velocity of point A and B on the blade can
be determined using Eq. 16-8.

vy = wry = 3.545(20) = 70.9 ft/s Ans.

wp = org = 3.545(10) = 354 ft/s Ans.

The tangential and normal components of the acceleration of point A and B can be
determined using Eqs. 16-11 and 16-12 respectively.

(a)a = ary = 0.5(20) = 10.0 ft/s’
(a)4 = &?ry = (3.5452)(20) = 25133 ft/s?
(a)p = arg = 0.5(10) = 5.00 ft/s’

(a,)p = &? rp = (3.545%)(10) = 125.66 ft/s

The magnitude of the acceleration of points A and B are

(a)a = V(a)a + (a4 = V10.02 + 251332 = 252 fi/s> Ans.
(@p = = V()i + (a,)% = V500> + 125.66> = 126 ft/s’ Ans.
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*16-20. The vertical-axis windmill consists of two blades
that have a parabolic shape. If the blades are originally at rest
and begin to turn with a constant angular acceleration of
a, = 0.5 rad/s?, determine the magnitude of the velocity and
acceleration of points A and B on the blade whent = 4.

Angular Motion: The angular velocity of the blade at ¢ = 4 s can be obtained by
applying Eq. 16-5.

®=wy+ a.t =0+ 0.5(4) = 2.00 rad/s

Motion of A and B: The magnitude of the velocity of points A and B on the blade
can be determined using Eq. 16-8.

va = wr, = 2.00(20) = 40.0 ft/s Ans.

2.00(10) = 20.0 ft/s Ans.

Vg =— Wrpg

The tangential and normal components of the acceleration of points A and B can be
determined using Eqgs. 16-11 and 16-12 respectively.

(@) 4 = ar, = 0.5(20) = 10.0 ft/s?
(a)4 = 0’1, = (2.00%)(20) = 80.0 ft/s?
(a)p = arg = 0.5(10) = 5.00 ft/s*

(a,)p = @ rg = (2.00%)(10) = 40.0 ft/s

The magnitude of the acceleration of points A and B are

(@) = V(a4 + (@)% = V10.02 + 80.0% = 80.6 ft/s’ Ans.

(@)p = V(a)s + (a)% = V5.00% + 40.0> = 40.3 ft/s> Ans.

16.21. The disk is originally rotating at w, = 8 rad/s. If it is
subjected to a constant angular acceleration of & = 6 rad/s?,
determine the magnitudes of the velocity and the n and ¢
components of acceleration of point A at the instant
t =05s.

w=w)t+ a.t

o =8 + 6(0.5) = 11 rad/s

V= rw; va =2(11) = 22 ft/s Ans.

a, = ra; (a4), = 2(6) = 12.0 ft/s? Ans.

a, = o’r; (ap), = (11)%(2) = 242 ft/s? Ans.
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16-22. The disk is originally rotating at w, = 8 rad/s. If it @, = 8rad/s
is subjected to a constant angular acceleration of
a = 6rad/s?, determine the magnitudes of the velocity and
the n and t components of acceleration of point B just after
the wheel undergoes 2 revolutions.

o’ = &} + 20, (0 — 6p)

* = (8) + 2(6)[2(27) — 0]

o = 14.66 rad/s

vp = or = 14.66(1.5) = 22.0 ft/s Ans.
(ag), = ar = 6(1.5) = 9.00 ft/s’ Ans.
(ap), = o’r = (14.66)*(1.5) = 322 ft/s’ Ans.

16-23. The blade C of the power plane is driven by pulley
A mounted on the armature shaft of the motor. If the
constant angular acceleration of pulley A is a4 = 40 rad/s?,
determine the angular velocity of the blade at the instant A
has turned 400 rev, starting from rest.

2 d
Motion of Pulley A: Here, 6, = (400 rev)< f r:/

> = 8007 rad. Since the angular

velocity can be determined from
wp” = (w4)o” + 2ac [GA - (OA)O}
w4? = 0% + 2(40)(8007 — 0)
w4 = 44839 rad/s

Motion of Pulley B: Since blade C and pulley B are on the same axle, both will have
the same angular velocity. Pulley B is connected to pulley A by a nonslip belt. Thus,

wWprg = WAl

wp = wp = (:2)“”‘ - (%)(448.39) = 224 rad/s Ans.
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*16-24. For a short time the motor turns gear A with an
angular acceleration of oy = (30¢'/?) rad/s?, where ¢ is in
seconds. Determine the angular velocity of gear D when
t = 5s,starting from rest. Gear A is initially at rest. The radii
of gears A, B, C, and D are r, = 25 mm, rg = 100 mm,
rc = 40 mm, and rp = 100 mm, respectively.

Motion of the Gear A: The angular velocity of gear A can be determined from

/de: / adt
wy t

/ do, = / 30¢1/2ds
0 0

t

w
waly" = 2002
0

wy = (2013/2) rad/s
Whent =55
w4 = 20(5%?) = 223.61 rad/s

Motion of Gears B, C, and D: Gears B and C which are mounted on the same axle
will have the same angular velocity. Since gear B is in mesh with gear A, then

WRrg = Wa Ty

2
wp = wp = <;Z>wA - (%)(223.61) = 55.90 rad/s

Also, gear D is in mesh with gear C. Then

Wplrp = wclc

4
wp = <:Z>wc - (%)(55.90) = 224 rad/s Ans.
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¢16-25. The motor turns gear A so that its angular velocity
increases uniformly from zero to 3000 rev/min after the shaft
turns 200 rev. Determine the angular velocity of gear D when
t = 3s.The radii of gears A, B, C, and D are r, = 25 mm,
rg = 100 mm, r¢ = 40 mm, and rp = 100 mm, respectively.

1 mi 2 d
Motion of Wheel A: Here, w, = (3()00 —re,v >< m1n>< mra ) = 1007 rad/s
min 60 s 1rev

2ar rad

1 rev
A is constant, it can be determined from

when 6,4 = (200 rev)( ) = 4007 rad. Since the angular acceleration of gear

wa® = (wp)y” + 20y [9,4 - (GA)O}
(1007)* = 0% + 2a, (4007 — 0)
ay = 39.27 rad/s’
Thus, the angular velocity of gear A when ¢t = 3 s is
wy = (wA>0 + ayt
=0+ 39.27(3)

= 117.81 rad/s

Motion of Gears B, C, and D: Gears B and C which are mounted on the same axle
will have the same angular velocity. Since gear B is in mesh with gear A, then

wWprg = WRTly

we = wp = <:Z>w,4 = <%)(117.81) = 29.45 rad/s

Also, gear D is in mesh with gear C. Then

Wplrp = Wc'c

wp = (:Z)wc = (%)(29.45) = 11.8 rad/s Ans.
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16-26. Rotation of the robotic arm occurs due to linear
movement of the hydraulic cylinders A and B. If this motion
causes the gear at D to rotate clockwise at 5 rad/s, determine
the magnitude of velocity and acceleration of the part C
held by the grips of the arm.

Motion of Part C: Since the shaft that turns the robot’s arm is attached to gear D,
then the angular velocity of the robot’s arm wy = wp = 5.00 rad/s. The distance of
part C from the rotating shaft is rc = 4 cos45° + 2sin45° = 4.243 ft. The
magnitude of the velocity of part C can be determined using Eq. 16-8.

ve = wgre = 5.00(4.243) = 21.2 ft/s Ans.

The tangential and normal components of the acceleration of part C can be
determined using Eqs. 16-11 and 16-12 respectively.

a,=arc =0
a, = wyre = (5.00%)(4.243) = 106.07 ft/s?

The magnitude of the acceleration of point C is

ac = \/a,2 +dk = V0?2 + 106.072 = 106 ft/s? Ans.

530



91962_06_s16_p0513- 0640 6/8/09 2:15 PM Page 531 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

16-27. For a short time, gear A of the automobile
starter rotates with an angular acceleration of w‘ﬁm
oy = (450¢% + 60) rad/s?, where ¢ is in seconds. Determine ———w
the angular velocity and angular displacement of gear B
when ¢t = 2 s, starting from rest. The radii of gears A and B
are 10 mm and 25 mm, respectively.

Motion of Gear A: Applying the kinematic equation of variable angular

acceleration,
/ d(J)A/ aAdt
wy t

/ dw, = /(450:2 + 60)dr
0 0

® t
w0y = 1507 + 60r

0
wy = (1506 + 60t) rad/s p=0-olm

When t = 2, )‘1,];

w0, = 150(2)° + 60(2) = 1320 rad/s Vp p

/ d0A = / (DAdt
04 t }ﬂ;
/ do, = /(150:3 + 60¢)dt
0 0

t f‘é-so-olﬁh

0
64 = (37.5¢* + 30%) rad

= 37.5¢ + 3072

04

(a)

Whent =25
0,4 = 37.5(2)* + 30(2)> = 720 rad
Motion of Gear B: Since gear B is meshed with gear A, Fig. a, then

Vp=(uArA=wBrB

r'a
wp = Wyl —
rp

0.01
- (1320)<0.025>
= 528 rad/s Ans.
BB - 0A<rA>
I'p
0.01
a 720(0.025)
= 288 rad Ans.
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*16-28. For a short time, gear A of the automobile starter
rotates with an angular acceleration of a, = (500'/?) rad/s?,
where w is in rad/s. Determine the angular velocity of gear B
after gear A has rotated 50 rev, starting from rest. The radii of
gears A and B are 10 mm and 25 mm, respectively.

Motion of Gear A: We have
d
/ dt = / -
ay
t w4y d
K
0 0 30w,
1

Wy

t
t‘ Wy

_ 1/2
025

0

wy = (625t2) rad/s

The angular displacement of gear A can be determined using this result.

/ d@A = / [OF} dt
0,4 t
/ 9, = / (625¢2)dt
0 0

t

o =208.33

04

0
64 = (208.334) rad

27 rad
1rev

When 6,4 = 50 rev( ) = 1007 rad,

1007 = 208.33¢
t=1.147s
Thus, the angular velocity of gear A att = 1.147 s(84 = 1004 rad) is
wy = 625(1.147%) = 821.88 rad/s

Motion of Gear B: Since gear B is meshed with gear A, Fig. a, then

vp=wArA=wBrB

ra
wp = Wy —
I

0.01
= 821.88(@)

= 329 rad/s

Ans.

\f
ST

=
E]TL'J

(a)

532




91962_06_s16_p0513- 0640 6/8/09 2:15 PM Page 533 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*16-29. Gear A rotates with a constant angular velocity of
w4 = 6rad/s. Determine the largest angular velocity of
gear B and the speed of point C. -

(rB)max = (rA)max = 50\/51’111’11 100 mm

(rB)min = (rA)min = 50 mm

When r, is max., rp is min. ‘_7100 mm-——

wp (rg) = wary

R 6<505\0/5>

(0B)max = 849 rad/s Ans.
Ve = (wB)max rc = 849(005\/5)

ve = 0.6 m/s Ans.

16-30. If the operator initially drives the pedals at
20 rev/min, and then begins an angular acceleration of
30 rev/min?, determine the angular velocity of the flywheel
F when ¢t = 3 s. Note that the pedal arm is fixed connected
to the chain wheel A, which in turn drives the sheave B
using the fixed connected clutch gear D. The belt wraps
around the sheave then drives the pulley E and fixed-
connected flywheel.

w = w)t+ a.t

3
wy =20+ 30(@) = 21.5 rev/min

ry = 125 mm rg = 175 mm
rp =20 mm rg = 30 mm

wWalg = Wprp
21.5(125) = wp (20)
wp = wg = 134375
wpl'p = WETE
134.375(175) = wg(30)
wgp = 783.9 rev/min

wr = 784 rev/min Ans.
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16-31. If the operator initially drives the pedals at
12 rev/min, and then begins an angular acceleration of
8 rev/min®, determine the angular velocity of the flywheel
F after the pedal arm has rotated 2 revolutions. Note that
the pedal arm is fixed connected to the chain wheel A4,
which in turn drives the sheave B using the fixed-
connected clutch gear D.The belt wraps around the sheave
then drives the pulley E and fixed-connected flywheel.

0 = o + 2a, (0 — 6))

wZ — (12)2 + 2(8)(2 _ 0) ra i 125 mm rp i 175 mm
rp =20 mm rg =30 mm

® = 13 266 rev/min
wply = Wprp

13 266(125) = wp (20)
wp = wp = 82.916
Wprp = WETE
82.916(175) = wg(30)
wg = 483.67

wp = 484 rev/min Ans.
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#16-32. The drive wheel A has a constant angular velocity
of w,. At a particular instant, the radius of rope wound on
each wheel is as shown. If the rope has a thickness T,
determine the angular acceleration of wheel B.

Angular Motion: The angular velocity between wheels A and B can be related by

ra
Wpaly = WgFpOTWp = —— Wy
rp
During time dt, the volume of the tape exchange between the wheel is

—27Tr3dr3=27TrAdrA

drB = —<m>drA
r'p

r
Applying Eq. 16-2 with wg = ri w4, we have
B

_de_i[LA }_ <Lﬂ,u@)
BT a Tl T\ @ A dr

Substituting Eq.[1] into [2] yields

_ r%4+r% dry
n=oa" T far

I'p
The volume of tape coming out from wheel A in time dt is

27TrAdrA = (wArAdt)T

drA_wAT

dt 2

Substitute Eq.[4] into [3] gives

2
wy T
ap=—= (4 +13)
2777'3

1]

(2]

[31

(4]

Ans.

drg

R
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©16-33. If the rod starts from rest in the position shown z
and a motor drives it for a short time with an angular

acceleration of a = (1.5¢") rad/s?, where ¢ is in seconds,

determine the magnitude of the angular velocity and the

angular displacement of the rod when ¢ = 3s. Locate the

point on the rod which has the greatest velocity and

acceleration, and compute the magnitudes of the velocity X
and acceleration of this point when ¢ = 3 s. The rod is

defined by z = 0.25 sin(7ry) m, where the argument for the

sine is given in radians and y is in meters.

2=0.25sin (zy)

do = adt

® t
/ do = / 1.5¢" dt
0 0

w =15 = 1.5[¢' — 1]

df = wdt

0 t
= LR
Ad@ 1.SA[e 1] dr

6 = 1.5[¢' — 1]y = 15[e" — ¢ — 1]

Whent =35
o =15[¢} — 1] = 28.63 = 28.6 rad/s Ans.
6 =15 —3—1]=241rad Ans.

The point having the greatest velocity and acceleration is located furthest from the
axis of rotation. This is at y = 0.5 m, where z = 0.25 sin (70.5) = 0.25 m.

Hence,
vp = w(z) = 28.63(0.25) = 7.16 m/s Ans.
(a)p = a(z) = (1.5¢%)(0.25) = 7.532 m/s?

(a,)p = 0*(z) = (28.63)%(0.25) = 204.89 m/s>

ap = V(a)p + (a)p = V(7.532)2 + (204.89)

ap = 205 m/s? Ans.

536



91962_06_s16_p0513-0640 6/8/09 2:17 PM Page 537 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

16-34. If the shaft and plate rotate with a constant z
angular velocity of w = 14 rad/s, determine the velocity
and acceleration of point C located on the corner of the
plate at the instant shown. Express the result in Cartesian
vector form.

We will first express the angular velocity w of the plate in Cartesian vector form. The B
unit vector that defines the direction of w is 0.4m Y

—0.3i + 0.2j + 0.6k 3. 2. 6 5
= = Ji+Zj+ -k
V(=032 +022+06> 7 77 7

Uoa

Thus,

3 2 6
® = wlg, = 14(—?i + 7] + ?k) = [—6i + 4j + 12k] rad/s

Since w is constant
a=0

For convenience, rc = [—0.3i + 0.4j] m is chosen. The velocity and acceleration of
point C can be determined from

VC:erC

(—6i + 4j + 12k) X (—0.3i + 0.4j)
= [-4.8i — 3.6j — 1.2k] m/s Ans.
and

aC=0l><l'C

0 + (—6i + 4j + 12k) X [(—6i + 4j + 12k) X (—0.3i + 0.4j)]

= [38.4i — 64.8j + 40.8k]m/s? Ans.
[ j
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16-35. At the instant shown, the shaft and plate rotates z
with an angular velocity of w = 14rad/s and angular
acceleration of a = 7 rad/s%. Determine the velocity and
acceleration of point D located on the corner of the plate at
this instant. Express the result in Cartesian vector form.

We will first express the angular velocity w of the plate in Cartesian vector form. The .
unit vector that defines the direction of w and « is 04m Y

—0.3i + 02§ + 0.6k 3. 2. 6 é
- = Zi+Zj+ -k
V(=032 +022+06> 7 77 7

Uoa

Thus,
3. 2,6 . .
w = oug,y = 14 i + 71 + ?k = [—6i + 4j + 12k] rad/s
3.2, 6 . .
a=augy =17 —71+7J+7k = [-3i + 2j + 6k]rad/s

For convenience, rp = [—0.3i + 0.4j] m is chosen. The velocity and acceleration of
point D can be determined from

VD:erD

(—6i + 4j + 12k) X (=0.3i + 0.4j)

[4.8i + 3.6 + 1.2k]m/s Ans.

and

aD=aXrD—w2rD

(=30 + 2j + 6K) X (—03i + 0.4f) + (—6i + 4j + 12K) X [(—=6i + 4j + 12K) X (=031 + 0.4j)]

= [-36.0i + 66.6j + 40.2k|m/s® Ans.
[ j
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*16-36. Rod CD presses against AB, giving it an angular B
velocity. If the angular velocity of AB is maintained at —Y,
o = 5 rad/s, determine the required magnitude of the = E—" v
velocity v of CD as a function of the angle 6 of rod AB. DE— = C i
w
Position Coordinate Equation: From the geometry, 21t
0 A
2 e L
X = =2cotf [1]

tan 6 ‘

X

Time Derivatives: Taking the time derivative of Eq. [1], we have

dx _ 2,40
o 2 csc odz [2]

d do
However,df): = vand T 5 rad/s, then from Eq. [2]

v = —2csc?0(5) = (—10 cscze) Ans.

Note: Negative sign indicates that v is directed in the opposite direction to that of
positive x.

®16-37. The scaffold S is raised by moving the roller at A
toward the pin at B. If A is approaching B with a speed of
1.5 ft/s, determine the speed at which the platform rises as a
function of 6. The 4-ft links are pin connected at their
midpoint.

Position Coordinate Equation:

x =4cosf y =4sin6
Time Derivatives:
. ~N
X = —4sin 66 However, x = —v, = —1.5ft/s I__rr Al
| —
. . 0375 ¢ X
—1.5 = —45sin 60 0 =
s sin 6 4}){
. 0.375 ’?
y = v, = 4cos 00 = 4cos 0(7) =1.5cot6 Ans.
Y Y sin 0 "UA":"5.';d5 o
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16-38. The block moves to the left with a constant
velocity vy. Determine the angular velocity and angular
acceleration of the bar as a function of 6.

Position Coordinate Equation: From the geometry,

x=—2 = acoth 1
tan 0

Time Derivatives: Taking the time derivative of Eq. [1], we have

d de
?f = —acsc? 05 [2]
d de
Since v is directed toward negative x, then dijtc = —uvj. Also, m = w.
From Eq.[2],
—vy = —acsc? §(w)
w = o2 sin’ 6 Ans.

acsc’0 a

d
Here,a = —w. Then from the above expression T
dt Lo~
Yo . do
=—(2sin6 0)— 3
@=- (2 sin 6 cos 6) o [3] | X i

. . dg vy . . .
However,2sinfcosf = sin20 andw = — = —sin? 9. Substitute these values into
a

dt
Eq.[3] yields

2
a = Yo sin 20<@ sin29) = (E) sin 26 sin? 0 Ans.
a a a
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16-39. Determine the velocity and acceleration of platform

. . . P

P as a function of the angle 6 of cam C if the cam rotates with — R
: . . [ R R R RN
a constant angular velocity w. The pin connection does not [

cause interference with the motion of P on C.The platform is C
constrained to move vertically by the smooth vertical guides. Y
b |

-]
r
A [

Position Coordinate Equation: From the geometry.

y=rsinf +r [1]

Time Derivatives: Taking the time derivative of Eq. [1], we have

dy de
A rcosOE [2]

d do
However v = L% and w = o From Eq.[2],

v = wr cosf Ans.

Taking the time derivative of the above expression, we have

D
&
|&—"
aw

dv _ [ (— ine)ﬁ-i- Gdfw}
7 r|l w(—s r cos i
d
= r(cos 6 7? — ®sin 0) [4]
dv do
However a = m and o = o 0. From Eq.[4],
a= —w’rsiné Ans.

Note: Negative sign indicates that a is directed in the opposite direction to that of
positive y.
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one revolution?

s = BAI’
5‘ = éAr
5= w, (0.15)

wy = 333 rad/s
Link
s =2r0cp =5 =041

ZBCD = 0A

*16-40. Disk A rolls without slipping over the surface of
the fixed cylinder B. Determine the angular velocity of A if
its center C has a speed v = 5 m/s. How many revolutions
will A rotate about its center just after link DC completes

As shown by the construction, as A rolls through the arc s = 6 4 r, the center of the
disk moves through the same distance s’ = s. Hence,

Thus, A makes 2 revolutions for each revolution of CD.

Ans.

Ans.
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¢16-41. Crank AB rotates with a constant angular
velocity of 5 rad/s. Determine the velocity of block C and
the angular velocity of link BC at the instant § = 30°.

Position Coordinate Equation: From the geometry,
x =0.6cos6 + 0.3 cos ¢ [1]

0.6sin 0 = 0.15 + 0.3 sin ¢ [2]

Eliminate ¢ from Egs. [1] and [2] yields

x =0.6cosf + 03\V2sing — 4sin®0 + 0.75 [3]

Time Derivatives: Taking the time derivative of Eq. [3], we have

0.15(2 cos 6 — 4 sin 26 —
dx _ |:—0.6 sin g + 25 ) }d" (4] 0Bm
dt \V2sin6 — 4sin?9 + 0.75 ] dt
d dé
However,i = ycand — = w p, then from Eq.[4]
dt dt
. 0.15(2 cos 6 — 4 sin 26)
ve=| —0.6sin6 + WAB [5]
\V2sin6 — 4sin% + 0.75

At the instant § = 30°, w45 = 5 rad/s. Substitute into Eq.[5] yields

0.15(2 cos 30° — 4 sin 60°)
\V/2sin 30° — 45sin>30° + 0.75

ve = [—0.6 sin 30° + }(5) =—3.00m/s  Ans.

Taking the time derivative of Eq. [2], we have

de d¢
0.6 cos 0 e 0.3 cos ¢ I [6]

d¢ do
However, o esc and —— = w g, then from Eq.[6]

dt

2 cos 6
wpc = ( >wAB [71

cos ¢

At the instant § = 30°, from Eq.[2], ¢ = 30.0°. From Eq.[7]

2 cos 30°
=|— = 10. Ans.
wpc <cos 30'00)(5) 0.0 rad/s ns

Note: Negative sign indicates that v is directed in the opposite direction to that of
positive x.
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16-42. The pins at A and B are constrained to move in the
vertical and horizontal tracks. If the slotted arm is causing A
to move downward at v4, determine the velocity of B as a
function of 6.
Position Coordinate Equation:
h d
tanf = — = —
x oy
(3)
r=(2
4)’
< X
Time Derivatives: i >
h\. Q 1
x = (f y
d) VAL
h — h‘
Vg = (E)'UA Ans. ¥
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16-43. End A of the bar moves to the left with a constant
velocity v 4. Determine the angular velocity e and angular
acceleration a of the bar as a function of its position x. o,

Position Coordinate Equation: From the geometry.

r

x = [1]

sin 6

Time Derivatives: Taking the time derivative of Eq.[1], we have

dx  rcosfdf

e ey 2
dt r sin? 0 dt 21
. L o dx do U
Since vy is directed toward positive x, then oA Also, e From the 2
\/+2 _ 2
geometry, sin § = i and cos 0 = % Substitute these values into Eq.[2], we

have

Vg =

(r/x)’

r
w = —<22>UA Ans.
XVX —r

Taking the time derivative of Eq. [2], we have

B _<r(\/ﬂ x)>

d*x r 1+ cos? 8 \/do? d*
S == - — ] —cost— [31]
dt sin” 6 sin 6 dt dt
2 2
Here,ﬁ =a = 0and Pk Substitute into Eq.[3], we have
1 + cos? 6
0= .rz [( .COS )wz — acos 9]
sin” 6 sin 6
1 + cos? 6
a=|—""— LA P [4]
sin 0 cos 6
. r x> = 7 r .
However, sinf = —, cos) = —— and w = —| ————— |v,4. Substitute
x X xVx2 -2

these values into Eq.[4] yields

r(2x% — r?
a = [():|vi Ans.

x2(x2 _ r2)3/2
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*16-44. Determine the velocity and acceleration of the
plate at the instant # = 30°, if at this instant the circular cam
is rotating about the fixed point O with an angular velocity

o = 4rad/s and an angular acceleration « = 2 rad/s’. 0 WE

Q

Position Coordinate Equation: From the geometry,

x =0.12sin 6 + 0.15 1]

Time Derivatives: Taking the time derivative of Eq. [1], we have

dx do >
o 0.12 cos 6 m [2]

d de
However v = ?f and w = o From Eq.[2],

v = 0.12w cos 0 [31 ©

At the instant § = 30°, w = 4 rad/s, then substitute these values into Eq.[3] yields

v = 0.12(4) cos 30° = 0.416 m/s Ans.

Taking the time derivative of Eq. [3], we have

d db d
dilt} = 0.12{w(—sin 0) a + cos Odf‘:}
d
= 0.12<c0s 0 @ w”sin 9) [4]
dt
d d
However a = dilt) and o = 7? From Eq.[4],
a= 0.12<a cos 6 — w’sin 9) [5]
At the instant # = 30°, o = 4 rad/s and « = 2 rad/s?, then substitute these values
into Eq.[5] yields
a= 0.12(2 cos 30° — 4%sin 30") = —0.752 m/s? Ans.

Note: Negative sign indicates that a is directed in the opposite direction to that of
positive x.
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¢16-45. At the instant 6 = 30°, crank AB rotates with an
angular velocity and angular acceleration of w = 10 rad/s
and « = 2 rad/s? respectively. Determine the velocity and
acceleration of the slider block C at this instant. Take
a=b=03m.

Position Coordinates: Due to symmetry, ¢ = 6. Thus, from the geometry shown in
Fig. a,

xc = 2[0.3 cos flm = 0.6 cos f m
Time Derivative: Taking the time derivative,
ve = ¢ = (—0.6sin 60)m/s @
When 0 = 30°,é = w = 10rad/s Thus,

ve = —0.65in 30°(10) = =3 m/s = 3 m/s < Ans.

The time derivative of Eq. (1) gives

ac = X¢ = —0.6(sin 06 + cos 0(92) m/s?
When 6 = 30°,6 = a = 2rad/s?, and § = 10 rad/s. Thus, )

—0.6[sin 30°(2) + cos 30°(10?)]

ac

—52.6 m/s? = 52.6 m/s? — Ans.

The negative sign indicates that v~ and a. are in the negative sense of x ..
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16-46. At the instant 6 = 30°, crank AB rotates with an
angular velocity and angular acceleration of w = 10 rad/s
and a = 2rad/s?, respectively. Determine the angular
velocity and angular acceleration of the connecting rod BC
at this instant. Take ¢ = 0.3m and b = 0.5m.

Position Coordinates: The angles § and ¢ can be related using the law of sines and
referring to the geometry shown in Fig. a.
sing  sing
0.3 0.5

sin¢ = 0.6sin 0 Q)
When 6 = 30°,
¢ = sin"! (0.6 sin 30°) = 17.46°

Time Derivative: Taking the time derivative of Eq. (1),

cos qﬁd; = 0.6 cos 69 (2)
0.6 cos O -
wpc = ¢ = Tcosd 0

When 6 = 30°,¢ = 17.46° and 6 = 10 rad/s,

0.6 cos 30°

m(m) = 5.447 rad/s = 5.45rad/s Ans.

wpe = ¢ =

The time derivative of Eq. (2) gives
cos qﬁd). — sin d)(ﬁz = 0.6(cos 06 — sin 052)
0.6(cos 00 — sin 092) + sin q,')qéz

cos ¢

ape = ¢ =

When 6 = 30°,¢ = 17.46°,6 = 10 rad/s, ¢ = 5.447 rad/s and 6§ = a = 2 rad/s?,
0.6 cos 30°(2) — sin 30°(10%)] + sin 17.46°(5.447?)

“Bc = cos 17.46°

= —21.01 rad/s® Ans.

The negative sign indicates that a e acts counterclockwise.
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16-47. The bridge girder G of a bascule bridge is raised

and lowered using the drive mechanism shown. If the

hydraulic cylinder AB shortens at a constant rate of

0.15m/s, determine the angular velocity of the bridge girder B G
at the instant § = 60°.

A C A0
3m
Position Coordinates: Applying the law of cosines to the geometry shown in Fig. 4, U L
s = 3% + 52 = 2(3)(5) cos (180°—9) |
s? = 34 — 30cos (180°—6)
However, cos (180°—0> = —cos 0. Thus,
s =34 + 30 cos 0
Time Derivatives: Taking the time derivative, = =
2s5 = 0 + 30(—sin 66)
5§ = —15sin 69 i) A/
When 6 = 60°,s = \/m = 7m.Also,s = —0.15 m/s since § is directed ; =
towards the negative sense of s. Thus, Eq. (1) gives u
7(—0.15) = —15sin 60°6 @)
o = 6 = 0.0808 rad/s Ans.
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*16-48. The man pulls on the rope at a constant rate of
0.5m/s. Determine the angular velocity and angular
acceleration of beam AB when 6 = 60°. The beam rotates
about A. Neglect the thickness of the beam and the size of
the pulley.

Position Coordinates: Applying the law of cosines to the geometry,

s? = 6>+ 62—2(6)(6)cos 0

§? = (72— 72cos 0)m2
Time Derivatives: Taking the time derivative,
2s5 = 0—72(—sin 66)

55 = 36 sin 69 @)

Here, s = —0.5m/s since § acts in the negative sense of s. When 6 = 60°,

s = V72—72cos 60° = 6 m.Thus, Eq. (1) gives
6(—0.5) = 36 sin 60°6
o = 6 = —0.09623rad/s — 0.0962 rad/s Ans.

The negative sign indicates that w acts in the negative rotational sense of 6. The time
derivative of Eq.(1) gives

s§ + §% = 36<sin 06 + cos 062) 2)
Since § is constant, s = 0. When 6 = 60°.
6(0) + (—0.5)% = 36{sin 60° 9 + cos 60° (—0.09623)2}

a =6 = 000267 rad/s® Ans.
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*16-49. Peg B attached to the crank AB slides in the slots F
mounted on follower rods, which move along the vertical
and horizontal guides. If the crank rotates with a constant
angular velocity of @ = 10rad/s, determine the velocity
and acceleration of rod CD at the instant § = 30°.

Position Coordinates: From the geometry shown in Fig.a,

xp = 3cos0ft

Time Derivative: Taking the time derivative,
Vep = kp = —3sin 60 ft/s )

Here, § = w = 10tad /s since  acts in the positive rotational sense of §. When
0 = 30°,

vep = —3sin30° (10) = —15ft/s = 15ft/s < Ans.
Taking the time derivative of Eq.(1) gives
acp = ¥p = —3(sin 06 + cos()()z)
Since w is constant,é = a = 0.When 6 = 30°,
acp = 73{sin 30°(0) + cos 30° (102)}

—259.80 ft/s = 260 ft/s? — Ans.

The negative signs indicates that v, and a, act towards the negative sense of x.
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16-50. Peg B attached to the crank AB slides in the slots F
mounted on follower rods, which move along the vertical
and horizontal guides. If the crank rotates with a constant
angular velocity of o = 10rad/s, determine the velocity
and acceleration of rod EF at the instant § = 30°.

Position Coordinates: From the geometry shown in Fig.a,

yg = 3sin Oft

Time Derivatives: Taking the time derivative,

VEr = Y = 3 cos Béft/s Q)

Here, 6 = o = 10 rad /s since w acts in the positive rotational sense of 6. When
0 = 30°,

ver = 3008 30°(10) = 25.98 ft/s = 26 ft /s Ans.
The time derivative of Eq.(1) gives
agp = yp = 3{cos 06 — sin 0[92} ft/s?

Since w is constant,é = a = 0.When 6 = 30°,

agr

3[cos 30°(0) — sin 30° (102)}

—150 ft/s> = 150 ft/s?| Ans.

The negative signs indicates that a; acts towards the negative sense of y.

16-51. If the hydraulic cylinder AB is extending at a
constant rate of 1ft/s, determine the dumpster’s angular
velocity at the instant 6§ = 30°.

Position Coordinates: Applying the law of cosines to the geometry shown in Fig. a,

s =152 + 122 — 2(15)(12) cos 6

s = (369 — 360 cos ) ft? @
15 ft
Time Derivatives: Taking the time derivative,
255 = 360 sin 66
s§ = 180 sin 60 )] B 129
, S
§ = +1 ft/s since the hydraulic cylinder is extending towards the positive sense of s.
When 6 = 30°, from Eq. (1),s = V369 — 360 cos 30° = 7.565 ft. Thus, Eq.(2) gives
) o
7.565(1) = 180 sin 30°6 A I c
6 = 0.0841 rad/s Ans. /5 f¢ ;I
(&
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*16-52. If the wedge moves to the left with a constant
velocity v, determine the angular velocity of the rod as a
function of 6.

Position Coordinates: Applying the law of sines to the geometry shown in Fig. a,

XA _ L
sin(¢ = 6)  sin(180° — ¢)
Lsin(¢ — 0)
Xp=—F7—"—+

sin(180° — ¢)
However, sin(180° - d)) = sin¢. Therefore,

_ Lsin(¢ - 0)
AT T ing

Time Derivative: Taking the time derivative,

_ L cos (¢ — 6)(—6)

a sin ¢
. Lcos (¢ — 6)0
Va=dg = o
sin ¢ (@)
Since point A is on the wedge, its velocity is v4 = —v. The negative sign indicates

that v, is directed towards the negative sense of x 4. Thus, Eq. (1) gives

b — v sin ¢ A
~ Lcos (¢ — 0) s
*16-53. At the instant shown, the disk is rotating with an
angular velocity of w and has an angular acceleration of .
Determine the velocity and acceleration of cylinder B at
this instant. Neglect the size of the pulley at C.
s=\V3+52 - 2(3)(5)cos 0
.1 _1 .
vg=S§ = 5(34 — 30 cos ) 2(30 sin 0)0
15 wsin 0
o lSwsing Ans,
(34 — 30 cos6)?
(—1)(15 sin 9)(30 sin 00)
. 15 w cos 86 + 15w sin 6 2 @
ag = s = \/7 + 3
34 = 30cos 6 (34 — 30 cos 0)>
15 (w? cos O + a sin 6) 225 @ sin 0
= ; - S Ans.
(34 — 30 cos 0)2 (34 — 30 cos 0)2
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16-54. Pinion gear A rolls on the fixed gear rack B with an
angular velocity w = 4 rad/s. Determine the velocity of the
gear rack C.

Vc = Vp + Vc/B

(€£)  ve =0+ 4(0.6)

ve = 2.40 ft/s Ans.
Also:
Ve = Vgt o X1c/B
—vci =0+ (4k) X (0.6j)
ve = 240 ft/s Ans.
16-55. Pinion gear A rolls on the gear racks B and C. If B C

is moving to the right at 8 ft/s and C is moving to the left at
4 ft/s, determine the angular velocity of the pinion gear and

the velocity of its center A. A
® 0.3 ft
Vc = VB + VC/B
(B)  —4=8-06(w) B
o = 20rad/s Ans.

Vq = Vp + VA/B

(B)  vy=8-2003)

vy =21t/s — Ans.
Also, 'Ucr4ff/.s ( /s

Ve = vp + o X1¢p Va 03K

c N Joot
—4i = 8i + (wk) X (0.6j)
w
—4 =8 — 0.6w X
s V=895
o = 20rad/s Ans.

VA:VB“FQ)XI'A/B
vai = 8i + 20k X (0.3§)

vy = 2ft/s — Ans.
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*#16-56. The gear rests in a fixed horizontal rack. A cord is
wrapped around the inner core of the gear so that it
remains horizontally tangent to the inner core at A. If the
cord is pulled to the right with a constant speed of 2 ft/s,
determine the velocity of the center of the gear, C.

Vq4 = Vp + VA/D

2]-0+[ous)

(j‘») 2=150 o =133rad/s

Ve = Vp + VC/D

i |-0+[12a00]
< - > ve = 1.33 ft/s — Ans.

V=24

w=1:33 rads
L Wy

¢16-57. Solve Prob. 16-56 assuming that the cord is
wrapped around the gear in the opposite sense, so that the
end of the cord remains horizontally tangent to the inner
core at B and is pulled to the right at 2 ft/s.

Vp = Vp + VB/D

{%} =0+ [w(g..s')}
(d;) 2=050 o =4rad/s

Vc = Vp + VC/D

SR
<—’t>> ve = 4ft)s — Ans.

oo Vap=wrg

Ip
= w(o.5) ey
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16-58. A bowling ball is cast on the “alley” with a o = 10rad/s
backspin of w = 10 rad/s while its center O has a forward
velocity of vy = 8 m/s. Determine the velocity of the

contact point A in contact with the alley. \
vo =8m/s
Va=VYo 1 Va0 N
<$> v4 =8 + 10(0.12) "
A
va=920m/s — Ans.
Also, w=/oradfs
v
VA:VO-‘:-erA/O
(o Nwom
i = 8i + (10k) X (—0.12j 2
vai = i + (10k) X (~0.12)) ]\ d ]
<$> va=920m/s — Ans. A 4\{\
"o
w=/0radfs
P
o-2m

mfo q”yt;;: Wi
=10(012)

16-59. Determine the angular velocity of the gear and the
velocity of its center O at the instant shown.

General Plane Motion: Applying the relative velocity equation to points B and C
and referring to the kinematic diagram of the gear shown in Fig. a,

VB:vC+w><rB/C
3i = —4i + (k) X (2.25])
3i = (2.250 — 4)i

Equating the i components yields

ﬁ )
3= 2250 — 4 @ x(’% t ()

o = 3.111 rad/s Ans. (2) g :
15115545 (‘ : )_W
For points O and C, =2.56/ ft : 2254t
Tye 15t
V0=Vc+w><r0/c ‘ch
= —4i + (-3.111k) X (1.5j) Ve=4f4s
5¢o545°= .06/ 14
= [0.6667i] ft/s @)
Thus,
vo = 0.667 ft/s — Ans.
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*16-60. Determine the velocity of point A on the rim of
the gear at the instant shown.

General Plane Motion: Applying the relative velocity equation to points B and C
and referring to the kinematic diagram of the gear shown in Fig. a,

vB:VC+w><rB/C ’ff
3i = —4i + (—wk) x (2.25)) i Wy )
X V= 34t/s
3i = (2250 — 4)i v
—— -
Equating the i components yields "5;;;55}14; ; (‘ y
=z-J6/ T 2.25ft
3=2250 - 4 ) ﬁ: N[ 4
_ A F 1Y \J
o = 3111 rad/s 2) V=4 ft/s
5¢o545°= .06/ 14
For points A and C, @)

Vi= Vet o Xrye
(va)ei + (va),j = —4i + (-3.111k) x (—1.061i + 2.561j)
(va)ei + (va),j = 3.9665i + 3.2998j
Equating the i and j components yields

(va)e = 3.9665 ft/s (va), = 3.2998 ft/s

Thus, the magnitude of v , is

va=V(va)2 + (va),? = V3.9665% + 3.2998> = 5.16 ft/s Ans.

and its direction is

%
6 = tan~! ( A)y = tan~! 32998 ) _ 39.8° Ans.
V) 3.9665
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¢16-61. The rotation of link AB creates an oscillating
movement of gear F. If AB has an angular velocity of
wyp = 6 rad/s, determine the angular velocity of gear F at
the instant shown. Gear E is rigidly attached to arm CD and
pinned at D to a fixed point.

Kinematic Diagram: Since link AB and arm CD are rotating about the fixed points
A and D respectively, then v and v are always directed perpendicular their their
respective arms with the magnitude of vz = wypr p = 6(0.075) = 0.450 m/s and
ve = wep rep = 0.15wep. At the instant shown, v and v are directed toward
negative x axis.

Velocity Equation: Here, 1z = {—0.1cos30°% + 0.1sin 30°%} m = {—0.08660i
+ 0.05j} m. Applying Eq. 16-16, we have

Vo = VB + (0F: 76} X rc/B 1}
—0.450i = —0.150¢pi + (wpck) X (0.08660i + 0.05j) ‘
X U=0/5Wyp
—0.450i = —(0.050pc + 0.15wcp)i + 0.08660w5cj
Eunting i and i . s
quating i and j components gives
0 = 0.08660 =0 e
. wpc wpc Us=o-4450mfs 7
—0.450 = —[0.05(0) + 0.150¢p]  wcp = 3.00 rad/s om

Angular Motion About a Fixed Point: The angular velocity of gear E is the same
with arm CD since they are attached together. Then, wy = wcp = 3.00 rad/s. Here,
g g = wp rp where oy is the angular velocity of gear F.

rg 100
or = 0 =55

)(3.00) = 12.0 rad/s Ans.
rr

558



91962_06_s16_p0513- 0640 6/8/09 2:37 PM Page 559 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

16-62. Piston P moves upward with a velocity of 300 in./s vp =300 in./s
at the instant shown. Determine the angular velocity of the
crankshaft AB at this instant. T P

From the geometry:

1.45 si °
cos § = % 6 = 81.66°
For link BP
vp = {300} in/s vg = —vpcos 30°% + vy sin 30% w = —wppk

rp/p = {—5cos 81.66°1 + 5 sin 81.66°j} in.

Vp =Vp + @ XTIpp

300j = (—vgcos 30°i + vpsin30%) + (—wgpk) X (—5cos 81.66°1 + 5 sin 81.66°%)
300j = (—vpcos 30° + 5sin 81.66°wpp)i + (vpsin 30° + 5 cos 81.66° wpp)j

Equating the i and j components yields:

0 = —vgcos30° + 5sin 81.66° wgp @ 5in.

300 = vpsin 30° + 5 cos 81.66° wgp )
Solving Egs. (1) and (2) yields:

1.455in30"in..

wpp = 83.77rad/s vy = 478.531in./s 30{4 f 45in.

For crankshaft AB: Crankshaft AB rotates about the fixed point A. Hence
UB = WABT AB %:300,-“_/5
478.53 = w45(1.45) wyup = 330rad/s D Ans. T
X
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16-63. Determine the velocity of the center of gravity G vp =300in./s
of the connecting rod at the instant shown. Piston P is
moving upward with a velocity of 300 in./s. T P

From the geometry:

cosf = @ 6 = 81.66°
For link BP
vp = {300j} in/s vg = —vgcos 30°% + vgsin 30% o = —wgpk

rp/p = {—5cos 81.66°1 + 5 sin 81.66°j} in.
VP:VB+w><1'P/B

300§ = (—vp cos 30°% + vy sin 30%) + (—wgpk) X (=5 cos 81.66° + 5 sin 81.66%)

300j = (—vpcos 30° + 5 sin 81.66° wgp)i + (vgsin 30° + 5 cos 81.66° wgp)j

Equating the i and j components yields:
0 = —wvpgcos 30° + 5sin 81.66° wpp @
300 = vgsin 30° + 5 cos 81.66° wgp ?2)
Solving Egs. (1) and (2) yields:
wpp = 83.77 rad/s vg = 478.53 in./s 5in.
vp = {300} in/s o = {—83.77k} rad/s

rgp = {225 cos 81.66°1 — 2.25 sin 81.66°j} in.

1-4551n30"in.
Vg = Vp t+ w X¥gp Ve 3
30' 1 45in.
= 300j + (—83.77k) X (2.25 cos 81.66°%i — 2.25 sin 81.66°)
= {—186.49i + 272.67j} in./s
v = V/(—186.49)> + 272.672 = 330 in./s Ans. i
UYp=3001n/s
_[272.67 A
- 1 _ o
6 = tan (186.49) 55.6° &= Ans. ? : 225Mm.
L V
24
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*16-64. The planetary gear system is used in an automatic
transmission for an automobile. By locking or releasing
certain gears, it has the advantage of operating the car at
different speeds. Consider the case where the ring gear R is
held fixed, wz = 0, and the sun gear § is rotating at
wg = 5 rad/s. Determine the angular velocity of each of the
planet gears P and shaft A.

v4 = 5(80) = 400 mm/s <
vg =10

VB = Va4t @ Xrpiy

0 = —400i + (w, k) X (80j)

0 = —400i — 80w, i

wp = —5rad/s = 5rad/s Ans.

VC:VB+(1)XI‘C/B

ve = 0 + (—5Kk) X (—40j) = —200i

200
®a= 0 1.67 rad/s Ans.

¢16-65. Determine the velocity of the center O of the spool
when the cable is pulled to the right with a velocity of v. The
spool rolls without slipping.

Kinematic Diagram: Since the spool rolls without slipping, the velocity of the
contact point P is zero. The kinematic diagram of the spool is shown in Fig. a.

General Plane Motion: Applying the relative velocity equation and referring to Fig. a,
VB:Vp+(,OXl'B/D
vi =0+ (k) X [(R = r)j]

vi=w(R - r)i

Equating the i components, yields

v

= o(R — —

v = o r) =5

Using this result,
VO*VP+(1)><1'0/P
v
=0+ |- k | X Rj
R
vO:(R—r v— Ans.
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16-66. Determine the velocity of point A on the outer rim
of the spool at the instant shown when the cable is pulled to
the right with a velocity of v. The spool rolls without

slipping.

Kinematic Diagram: Since the spool rolls without slipping, the velocity of the
contact point P is zero. The kinematic diagram of the spool is shown in Fig. a.

General Plane Motion: Applying the relative velocity equation and referring to Fig. a,
Vg =Vp +t o Xrgp
vi =0 + (—ok) X [(R = r)j]
vi=w(R — r)i

Equating the i components, yields

v=w(R-7r) w =

Using this result,

VA:VP“FQ)XI‘A/P
=0+ —Y—k| X 2Rj
R—r J

) [(szrﬂi

2R
vy = < >v—> Ans.

Thus,
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16-67. The bicycle has a velocity v = 4 ft/s, and at the
same instant the rear wheel has a clockwise angular velocity
o = 3rad/s, which causes it to slip at its contact point A.
Determine the velocity of point A.

Vq = Vo + VA/C

[2)-[2]+ | G)e

vy = 251ft/s < Ans.

Also,
VA:VC“F(UXI'A/C

va = 4i + (—3K) X <—%j)

va = 4i — 6.5i = —2.5i

va = 251ft/s < Ans.

*16-68. If bar AB has an angular velocity w,p = 4 rad/s,
determine the velocity of the slider block C at the instant
shown.

For link AB: Link AB rotates about a fixed point A. Hence

vg = waprap = 4(0.15) = 0.6 m/s

For link BC

v = {0.6 cos 30°i — 0.6 sin 30°j}m/s Ve = vl o = wpck

re/p = {—0.2sin 30% + 0.2 cos 30%j} m

Ve = Vgt o XTI

vei = (0.6 cos 30°i — 0.6 sin 30%) + (wpc k) X (—0.2 sin 30°i + 0.2 cos 30%)
vei = (0.5196 — 0.1732wpc)i — (0.3 + 0.1wpe)j

Equating the i and j components yields:

0=03+ 0.1lwpc wpc = —3rad/s

ve = 05196 — 0.1732(-3) = 1.04 m/s — Ans.
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¢16-69. The pumping unit consists of the crank pitman
AB, connecting rod BC, walking beam CDE and pull rod F.
If the crank is rotating with an angular velocity of
o = 10rad/s, determine the angular velocity of the
walking beam and the velocity of the pull rod EFG at the
instant shown.

Rotation About a Fixed Axis: The crank and walking beam rotate about fixed axes,
Figs. a and b. Thus, the velocity of points B, C, and E can be determined from

vp = X rg=(—10k) X (4i) = [—40j]tt/s
ve = wepe X rpe = (wepek) X (=6i + 0.75)) = =0.75wcpsi — 6wcpid
VE = Wcpg X Ypg = (wCDEk> X (6i) = 6wcpEj @

General Plane Motion: Applying the relative velocity equation and referring to the
kinematic diagram of link BC shown in Fig. c,

Ve = Vg + wge X Ic/B
—0.75wcpel — 6wcpej = —40j + (wpck) X (=7.5c0s 75°i + 7.5sin 75° j)
—0.75wcpei — 6wcprj = —7.244wpci — (1.9411wpe + 40)j
Equating the i and j components
—0.75wcpg = —7.244wpc )

Solving Egs. (1) and (2) yields

wpc = 0.714 rad/s wcpe = 6.898 rad/s = 6.90 rad/s Ans.

Substituting the result for wcpg into Eq. (1),
ve = 0(6.898) = [41.39j] ft/s
Thus,

vg = 41.4ft/s 1 Ans.

564



91962_06_s16_p0513-0640 6/8/09 2:39 PM Page 565 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

16-70. If the hydraulic cylinder shortens at a constant rate
of vc = 2 ft/s, determine the angular velocity of link ACB
and the velocity of block B at the instant shown.

General Plane Motion: Applying the relative velocity equation to points B and C
and referring to the kinematic diagram of link ABC shown in Fig. a,

VB:VC"F(UXI‘B/C

vpj = —2i + (—wk) X (—4 cos 60°% + 4 sin 60° j)

vpj = (3464w — 2)i + 2wj

Equating the i and j components yields

0 =34640 — 2
Vp = 2w
Solving,
o = 0.577 rad/s Ans.
vg = 1.15ft/s 1 Ans.

16-71. If the hydraulic cylinder shortens at a constant rate
of v¢ = 2 ft/s, determine the velocity of end A of link ACB
at the instant shown.

General Plane Motion: First, applying the relative velocity equation to points B and
C and referring to the kinematic diagram of link ABC shown in Fig. a,

VB:VCJF(J)XI‘B/C

vgj + —2i + (—wk) X (=4 cos 60°i + 4 sin 60° j)
vgj = (3.4640 — 2)i + 2wj
Equating the i components yields

0 = 34640 — 2 w = 0.5774 rad/s

Then, for points A and C using the result of w,
Va=Vct wXryce
(Al + (va)yd = —2i + (—0.5774k) X (4 cos 60°i + 4 sin 60° j)
(Va)ei + (va),j = —1.1547j

Equating the i and j components yields

(va):=0 (va)y = —1.1547 ft/s = 1.1547 ft/s |

Thus,

vag = (va)y =115 ft/s| Ans.
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*16-72. The epicyclic gear train consists of the sun gear A
which is in mesh with the planet gear B. This gear has an
inner hub C which is fixed to B and in mesh with the fixed
ring gear R. If the connecting link DE pinned to B and C is
rotating at wpr = 18 rad/s about the pin at E, determine
the angular velocities of the planet and sun gears.

vp = rpgwpg = (0.5)(18) = 9m/s T

The velocity of the contact point P with the ring is zero.

Vp =Vpt+ w XTIpp

9j = 0 + (—wpk) X (—0.1i)

wp = 90rad/s D Ans.
Let P’ be the contact point between A and B.

Vp =Vp + @ X Ipp

vpj =0 + (—90k) X (—0.4i)

vp = 36m/s |
_vr _ 36 _
wy = 02 180 rad/s D Ans.
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¢16-73. If link AB has an angular velocity of E
wyp = 4 rad/s at the instant shown, determine the velocity
of the slider block FE at this instant. Also, identify the type of
motion of each of the four links.

Link AB rotates about the fixed point A. Hence

VB = WABY AB — 4(2) = 8ft/s

For link BD
vg = {—8 cos 60°i — 8 sin 60° j} ft/s vp = —vpi wgp = wgpk
v = (i) ft e Wep
VD:VB"‘“’BDXI'D/B %
60
—vpi = (—8 cos 60° — 8sin 60°%) + (wppk) X (1i) S i >

—vpi = —8cos 60°i + (wgp — 8 sin 60°)j

( 5 ) —vp = —8cos 60° vp = 4 ft/s
+M 0 = wpp — 8sin 60° wpp = 6.928 rad/s
For Link DE

vp = {—4i} ft/s wpg = wpgk Vg = —vugi

rgp = {2 cos 30° + 2 sin 30°j} ft
Vg = Vp + WpE X rE/D

—vgi = —4i + (wpgk) X (2 cos 30% + 2 sin 30%)

—vgi = (=4 — 25in 30° wpg)i + 2 cos 30°wpgj
() 0=2cos30°wp wpg = 0

(+1)  —vg = —4 — 25sin 30°(0) vp = 4ft)s < Ans.
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center G.

Vg = VB + VG/B

[vo]-[2]+ 1)

v = 9m/s <

Also:

V6 = Vgt w X115
vgi = 3i + (8k) X (1.5j)

VG:3—12

vg = —-9m/s = 9m/s <«

16-74. At the instant shown, the truck travels to the right at
3 m/s, while the pipe rolls counterclockwise at @ = 8 rad/s
without slipping at B. Determine the velocity of the pipe’s

Ans.

Ans.

(vém"wrﬁltﬁ
= 8¢rBIm¢
8d 5 ;w=6r¢#-'=

FE R

an observer on the ground.

Vg = Vg + VG/B

o[ ]

©=1g= 5.33rad/s O

Also:

V6 = Vg + w X 158
0i = 8i + (wk) X (1.5j)
0=8 - 15w

8
w =

5= 5.33rad/s D

16-75. At the instant shown, the truck travels to the right
at 8 m/s. If the pipe does not slip at B, determine its angular
velocity if its mass center G appears to remain stationary to

Ans.

Ans.
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*#16-76. The mechanism of a reciprocating printing table
is driven by the crank AB. If the crank rotates with an
angular velocity of w = 10 rad/s, determine the velocity of
point C at the instant shown.

Im

rad /\/
D

B
Qa0 =10

Rotation About a Fixed Axis: Referring to Fig. a,

VB=w><rB

(~10k) X (—0.5cos 45°i + 0.5sin 45%)
— [3.536i + 3.536j] m

General Plane Motion: Applying the law of sines to the geometry shown in Fig. b,

sing  sin 135°
0.5 1

b = 20.70°

Applying the relative velocity equation to the kinematic diagram of link BC shown

in Fig. c,
Vg = V¢ T wpc X Ip)c ° Im
3.536i + 3.536j = vci + (—wpc k) X (=1 co0s20.70°i + 1 sin 20.70° j) 0:5m -
3.536i + 3.536j = (v¢ + 0.3536wpc)i + 0.9354wpc j 4'90 C
Equating the i and j components yields, A
3.536 = v¢ + 0.3536wpc (b)

3.536 = 0.9354wpc

Solving,
wpc = 3.780 rad/s Ans.

ve = 2.199m/s Ans.

©)

Y =2-199m/s
o

0-0]5r
f_
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¢16-77. The planetary gear set of an automatic
transmission consists of three planet gears A, B, and C,
mounted on carrier D, and meshed with the sun gear £ and
ring gear F. By controlling which gear of the planetary set
rotates and which gear receives the engine’s power, the
automatic transmission can alter a car’s speed and
direction. If the carrier is rotating with a counterclockwise
angular velocity of wp = 20rad/s while the ring gear is
rotating with a clockwise angular velocity of w, = 10 rad/s,
determine the angular velocity of the planet gears and the
sun gear. The radii of the planet gears and the sun gear are
45 mm and 75 mm, respectively.

Rotation About a Fixed Axis: Here, the ring gear, the sun gear, and the carrier
rotate about a fixed axis. Thus, the velocity of the center O of the planet gear and the
contact points P’ and P with the ring and sun gear can be determined from

Vo = wpro = 20(0.045 + 0.075) = 2.4 m/s <

vp = wprp = 10(0.045 + 0.045 + 0.075) = 1.65m/s —

General Plane Motion: First, applying the relative velocity equation for O and P’
X

and referring to the kinematic diagram of planet gear A shown in Fig. a,
Yo = Vpr + [OP) X l‘o/pr

—2.4i = 1.65i + (—w, k) X (—0.045))

—2.4i = (1.65 — 0.045w )i

Thus,

—2.4 = 1.65 — 0.045w 4

w4 = 90rad/s Ans.

Using this result to apply the relative velocity equation for P' and P,
Vp = Vpr + (OpY X rP/P'

—0.075wgi = 1.65i + (—90j) X (—0.09j)

—0.075wgi = —6.45i

Thus,

—0.075wg = —6.45 wp = 86rad/s Ans.
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16-78. The planetary gear set of an automatic transmission
consists of three planet gears A, B, and C, mounted on carrier
D, and meshed with sun gear E and ring gear F. By
controlling which gear of the planetary set rotates and which
gear receives the engine’s power, the automatic transmission
can alter a car’s speed and direction. If the ring gear is held
stationary and the carrier is rotating with a clockwise angular
velocity of wp = 20 rad/s, determine the angular velocity of
the planet gears and the sun gear. The radii of the planet
gears and the sun gear are 45 mm and 75 mm, respectively.

Rotation About a Fixed Axis: Here, the carrier and the sun gear rotate about a fixed
axis. Thus, the velocity of the center O of the planet gear and the contact point P
with the sun gear can be determined from

Vo = wprp = 20(0.045 + 0.075) = 2.4 m/s

Vp = WE T = WE (0075) = 0075(UE

General Plane Motion: Since the ring gear is held stationary, the velocity of the
contact point P’ with the planet gear A is zero. Applying the relative velocity
equation for O and P’ and referring to the kinematic diagram of planet gear A
shown in Fig. a,

VYo = Vp + (OpY X l'o/Pr

24i = 0 + (w4k) X (—0.045j)

2.4i = 0.045w 4 i

Thus,
24 = 0.045w 4

wy = 53.33rad/s = 53.3rad/s Ans.

Using this result to apply the relative velocity equation for points P’ and P,
Vp =Vp + wq X Tp/p
0.075wgi = 0 + (53.33k) X (—0.09j)
0.075wg i = 4.8i

Thus,

0.075wg = 4.8 Ans.

wg = 64rad/s Ans.
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16-79. If the ring gear D is held fixed and link AB rotates
with an angular velocity of w,z = 10 rad/s, determine the
angular velocity of gear C.

<

Rotation About a Fixed Axis: Since link AB rotates about a fixed axis, Fig. a, the 0.5m

velocity of the center B of gear C is A

VB = WABFAB = 10(0375) =375 m/S

General Plane Motion: Since gear D is fixed, the velocity of the contact point P
between the gears is zero. Applying the relative velocity equation and referring to
the kinematic diagram of gear C shown in Fig. b,

Vg = Vp + wc X rB/P
—375i = 0 + (wc k) X (0.125f)

—3.75i

—0.125w(i
Thus,
—=3.75 = —-0.125w¢

wc = 30rad/s Ans.

*16-80. If the ring gear D rotates counterclockwise with
an angular velocity of wp = 5rad/s while link AB rotates
clockwise with an angular velocity of w,p = 10rad/s,
determine the angular velocity of gear C.

Rotation About a Fixed Axis: Since link AB and gear D rotate about a fixed axis,
Fig. a, the velocity of the center B and the contact point of gears D and C is

vp = wyprp = 10(0.375) = 3.75 m/s
vp = wprp = 5(0.5) = 2.5m/s

General Plane Motion: Applying the relative velocity equation and referring to the
kinematic diagram of gear C shown in Fig. b,

Vg = Vp + wc X rgp
=3.751 = 251 + (wck) X (0.125j)
=3.751 = (2.5 — 0.125w¢)i
Thus,
=3.75 = 2.5 — 0.125w¢

wc = 50rad/s Ans.
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¢16-81. If the slider block A is moving to the right at
vy = 8 ft/s, determine the velocity of blocks B and C at
the instant shown. Member CD is pin connected to
member ADB.

Kinematic Diagram: Block B and C are moving along the guide and directed
towards the positive y axis and negative y axis, respectively. Then, vy = vpj and
ve = —ucj. Since the direction of the velocity of point D is unknown, we can
assume that its x and y components are directed in the positive direction of their
respective axis.

Velocity Equation: Here, rp/4 = {4 cos 45°i + 4sin 45°%j} ft = {2.828i + 2.828j} ft
andrp/4 = {2 cos 45° + 2sin 45°%} ft = {1.414i + 1.414j} ft. Applying Eq. 16-16 to
link ADB, we have

Vg =Vat wapp X Ypa
vgj = 8i + (wsppk) X (2.828i + 2.828j)
vpj = (8 — 2.828w,pp)i + 2.828w4ppj
Equating i and j components gives
0=28— 2.828w4pp 1

Up = 2-828(1),41)3 [2]

Solving Eqgs.[1] and [2] yields

wapp = 2.828 rad/s
vg = 8.00ft/s 1 Ans.
The x and y component of velocity of v, are given by
Vp = Va4t 0app X Ipa 400 fYs
(vp)xi + (vp)yj = 8i + (2.828Kk) X (1.414i + 1.414j)

(p)ei + (up),j = 4.00i + 4.00] Wep 4 00 #tfs
2%

Equating i and j components gives

(vp)y = 4001t/s  (vp), = 4.00 ft/s

Here, r¢/p = {—2 cos 30° + 2sin 30°j} ft = {—1.732i + 1j} ft. Applying Eq. 16-16
to link CD, we have

Vc = Vp + wcp X ¥¢/p
—vcj = 4.00i + 4.00j + (wcpk) X (—1.732i + 1j)
—vcj = (400 — wcp)i + (4 — 1.732w¢p) j

Equating i and j components gives

0 = 4.00 — wcp [3]

—ve =4 — 1.732w¢p 4]

Solving Egs. [3] and [4] yields

wcp = 4.00 rad/s

ve = 293 ft/s | Ans.

573



91962_06_s16_p0513- 0640 6/8/09 2:41 PM Page 574 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

16-82. Solve Prob. 16-54 wusing the method of
instantaneous center of zero velocity.

ve = 4rad/s(0.6 ft) = 2.40 ft/s Ans.

gzt

16-83. Solve Prob. 16-56 wusing the method of
instantaneous center of zero velocity.

= 1.33rad/s

w =

2
15

ve = 1(1.33) = 1.33ft/s — Ans.
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*16-84. Solve Prob. 16-64 wusing the method of
instantaneous center of zero velocity.

vp = (80)(5) = 400 mm/s

400
wp = = S5rad/s 2 Ans.
ve = (5)(40) = 200 mm/s
200
wy = m = 1.67 rad/s 5 Ans.
Te¢
S £,
'V?.: 4WMMS
*16-85. Solve Prob. 16-58 wusing the method of w=10rad/s
instantaneous center of zero velocity.
_ 8 0.8
rOI/C_E_ -0m vo =8m/s
v4 = 10(0.8 + 0.120) = 9.20 m/s Ans.

Ic
Tt Tolse
Alre fha
1y=8m/s
) w=/oradfs
Va
0.12m

575




91962_06_s16_p0513-0640 6/8/09 2:41 PM Page 576 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

16-86. Solve Prob. 16-67 wusing the method of
instantaneous center of zero velocity.

4
epe = =3 = 1.33 ft
26
Fajic = = - 1.33 ft = 0.833 ft
vy = 3(0.833) = 2.5ft/s <« Ans.

16-87. Solve Prob. 1668 wusing the method of
instantaneous center of zero velocity.

vg = 4(0.150) = 0.6 m/s

rc/ic 0.2

sin 120°  sin 30°

rc/lc = 0.34641 m

rg/lic 02

sin 30°  sin 30°

rB/]C =02m

0.6
©=05" 3rad/s

ve = 0.34641(3) = 1.04 m/s — Ans.
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*16-88. The wheel rolls on its hub without slipping on the = l
horizontal surface. If the velocity of the center of the wheel j in.
is vc = 2 ft/s to the right, determine the velocities of points e T

. A
A and B at the instant shown. 0.5 in.

Ve = Wreyc

-3

® = 8rad/s
= = 8<£> =733ft/)s — A
Vg = er/]C = 12 = /. S ns.
3V2
Vg = wrgc =8 i = 2.83 ft/s Ans.
12
-1 3 o
04 = tan 3 =45°% Ans.

¢16-89. If link CD has an angular velocity of
wcp = 6rad/s,determine the velocity of point E on link BC
and the angular velocity of link AB at the instant shown.

Ve = Wcep (rCD) = (6)(06) = 3.60 m/s

Ve _ 3.60
rc/]C 0.6 tan 30°

Wpc =

= 10.39 rad/s

wcp= 6rad/s

0.6 A
VB = Wpgc rB/IC = (1039)(005 300> = 7.20 m/s —
v 7.20
wAB:’;:(().6):6rad/S 5 Ans.
sin 30°
vi = wpc repe = 10.39V/(0.6 tan 30°)% + (0.3)2 = 4.76 m/s Ans.
0.3
— -1 — o
0 = tan (0.6 tan 300> 40.9° =~ Ans.
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16-90. At the instant shown, the truck travels to the right at e
3 m/s, while the pipe rolls counterclockwise at = 6 rad/s
without slipping at B. Determine the velocity of the pipe’s
center G.

Kinematic Diagram: Since the pipe rolls without slipping, then the velocity of point
B must be the same as that of the truck,i.e; vg = 3 m/s.

Instantaneous Center: rp/,;c must be determined first in order to locate the the
instantaneous center of zero velocity of the pipe.

Up = WrIpg/iCc
3 = 6(rg/ic)

rB/IC =05m

Thus, rg/;c = 1.5 = rgje = 1.5 — 0.5 = 1.00 m. Then

Vg = a)rG/IC = 6(100) = 6.00 m/S <« Ans.

16-91. If the center O of the gear is given a velocity of
vo = 10 m/s, determine the velocity of the slider block B at
the instant shown.

General Plane Motion: Since the gear rack is stationary, the /C of the gear is located
at the contact point between the gear and the rack, Fig. a. Here, rg/;c = 0.175 m and
7 4/1c = 0.6 m. Thus, the velocity of point A can be determined using the similar
triangles shown in Fig. a,

Va Yo
®. = =

g
rayic  Tojic

VA 10

03 0.175

vy = 17143 m/s —

The location of the IC for rod AB is indicated in Fig. b. From the geometry shown in
Fig. b,

rA/]C = 0.6m

rp/ic = 2(0.6 cos 30°) = 1.039 m

Thus, the angular velocity of the gear can be determined from

VA 17.143
wpp = = = 28.57 rad/s
A8 rA/IC 0.6 /
Then,
VB = WyR rB/[C = 2857(1039) =29.7 m/S Ans.
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*16-92. If end A of the cord is pulled down with a velocity
of v, = 4 m/s, determine the angular velocity of the spool
and the velocity of point C located on the outer rim of
the spool.

General Plane Motion: Since the contact point B between the rope and the spool is
at rest, the IC is located at point B, Fig. a. From the geometry of Fig. a,

rA/IC =025m

repie = V0252 + 0.5 = 0.5590 m

0.25
¢ = tan’l(ﬁ) = 26.57°
A lvA =4m/s
Thus, the angular velocity of the spool can be determined from
VA 4
w = = —— = l6rad/s Ans. 0.25m
rA/IC 0.25 ( \
Then, w ]
ve = wreye = 16(0.5590) = 8.94m/s Ans. / )"‘qﬁﬁ
and its direction is i
o5m| e
0=¢ =266 Ans. R [
Y -
Vy=4 mf$

¢16-93. If end A of the hydraulic cylinder is moving with a
velocity of v, = 3 m/s, determine the angular velocity of
rod BC at the instant shown.

Rotation About a Fixed Axis: Referring to Fig. a,

vg = wpcrg = wpc (0.4)

General Plane Motion: The location of the IC for rod AB is indicated in Fig. b. From
the geometry shown in this figure, we obtain

0.4

rajic = m Fajic = 0.5657 m

rgic = 0.4 tan 45° = 0.4 m

Thus, the angular velocity of rod AB can be determined from

Vg _ 3
rA/IC 0.5657

Wap = = 5.303 rad/s

Then,

VB = @WapTp/iCc

wpe (0.4) = 5.303(0.4)

wpc = 5.30rad/s Ans.
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16-94. The wheel is rigidly attached to gear A, which is in
mesh with gear racks D and E. If D has a velocity of
vp = 6 ft/s to the right and wheel rolls on track C without
slipping, determine the velocity of gear rack E.

General Plane Motion: Since the wheel rolls without slipping on track C, the IC is
located there, Fig. a. Here,

'p/ic = 2.25 ft Tre/jic = 0.75 ft

Thus, the angular velocity of the gear can be determined from

VD 6 [ )
® = = —— = 2.667 rad/s
rD/IC 2.25 2'25‘&
)4
Then, ( W

VE = WIrgjic = 2667(075) = 2ft/s <« Ans. 075{"{3'————»‘ . Ic
B TRz
@)

16-95. The wheel is rigidly attached to gear A, which is in
mesh with gear racks D and E. If the racks have a velocity
of vp = 6 ft/s and vg = 10 ft/s, show that it is necessary for
the wheel to slip on the fixed track C. Also find the angular
velocity of the gear and the velocity of its center O.

General Plane Motion: The location of the IC can be found using the similar
triangles shown in Fig. a,

I'p/ic _ 3 = rpic

6 10 rD/IC = 1.125ft

Thus,
ro/IC = 15 - rD/[C = 15 - 1125 = 0375ft

rp/]c =225 — rD/IC =225 — 1.125 = 1.1251t

Thus, the angular velocity of the gear is

Vp 6
= = ——— = 5.333rad/s = 5.33 rad Ans.
» o 1125 rad/s rad/s ns.

The velocity of the contact point F between the wheel and the track is

Vg = wrp/[C = 5333(1125) = 6ft/S <«
Since v # 0, the wheel slips on the track (Q.E.D.)

The velocity of center O of the gear is

Vo = wrosc = 5.333(0.375) = 2ft/s < Ans.
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*16-96. If C has a velocity of v = 3 m/s, determine the
angular velocity of the wheel at the instant shown.

Rotation About a Fixed Axis: Referring to Fig. a,

Vp = wwlrp = a)W(015)

General Plane Motion: Applying the law of sines to the geometry shown in Fig. b,

sin¢  sin 45° .
015 045 ¢ = 1363

The location of the IC for rod BC is indicated in Fig. c. Applying the law of sines to
the geometry of Fig. c,

Tc/ic 0.45
- = 0.5434
sin 58.63°  sin 45° rejic m

Tpjic 045
sin 76.37°  sin 45°

rB/,C = 0.6185m

Thus, the angular velocity of rod BC is

Ve _ 3
rc/lc 0.5434

wpe = = 5.521 rad/s

and
VB = Wpc I'p/ic
ow(0.15) = 5.521(0.6185)

oy = 22.8 rad/s Ans.
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¢16-97. The oil pumping unit consists of a walking beam
AB, connecting rod BC, and crank CD. If the crank rotates
at a constant rate of 6 rad/s, determine the speed of the rod
hanger H at the instant shown. Hint: Point B follows a
circular path about point E and therefore the velocity of B
is not vertical.

OOOOOOOOO\

1.5
Kinematic Diagram: From the geometry, 6 = tan’l(?) = 9.462° and

rge = V9 + 1.5% = 9.124 ft. Since crank CD and beam BE are rotating about
fixed points D and E, then v and v, are always directed perpendicular to crank CD
and beam BE, respectively. The magnitude of v, and vy are
Ve = Wcplrcp — 6(3) = 18.0 ft/S and Vp = WREYBE = 9124(1)BE At the instant
shown, v is directed vertically while vy is directed with an angle 9.462° with the
vertical.

Instantaneous Center: The instantaneous center of zero velocity of link BC at the
instant shown is located at the intersection point of extended lines drawn
perpendicular from v, and v. From the geometry

10
= —60.83f
TBIC = G gdepe  O0B3 ML
10
= ———=60.0ft
"1 ™ Yan 9.462°
The angular velocity of link BC is given by
Ve 18.0
= ——=—-=0300rad
“sC rc/lc 600 ra /S

Thus, the angular velocity of beam BE is given by

Up = Wpcrp/ic
9.124wpr = 0.300(60.83)

wpr = 2.00 rad/s

The speed of rod hanger H is given by

Vg — WBprEA — 200(9) = 18.0 ft/S Ans.

d):

Y =/8.0 Fe/s
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16-98. If the hub gear H and ring gear R have angular
velocities wy = 5 rad/s and wg = 20 rad/s, respectively,
determine the angular velocity wg of the spur gear S and the
angular velocity of arm OA.

5 _ 075
01 —x X

x = 0.01304 m

075
“s 7 0.01304

=575rad/s D Ans.

v = 57.5(0.05 — 0.01304) = 2.125m/s

2.12
wou = TZS =10.6rad/s D Ans. Yp=Welk

=20(00:25) = 5m/5

16-99. If the hub gear H has an angular velocity
oy = Srad/s, determine the angular velocity of the ring
gear R so that the arm OA which is pinned to the spur gear
S remains stationary (wp4 = 0). What is the angular
velocity of the spur gear?

The ICis at A.
0.75
w5 =005 15.0 rad/s Ans.
0.75
WR = 0550 3.00 rad/s Ans.
583



91962_06_s16_p0513- 0640 6/8/09 2:43 PM Page 584 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*16-100. If rod AB is rotating with an angular velocity
wyp = 3 rad/s, determine the angular velocity of rod BC at
the instant shown.

wyp = 3rad/s
Afs

) = 43.10°.

4 sin 60° — 2 sin 45°
3
Since links AB and CD is rotating about fixed points A and D, then v and v - are always

Kinematic Diagram: From the geometry, 6 = sin’l(

directed perpendicular to links AB and CD, respectively. The magnitude of v and v,
are vp = Wpptap = 3(2) = 6.00 ft/S and Ve = Weplfecp = 4(J)CD. At the instant

shown, v is directed at an angle of 45° while v . is directed at 30°

Instantaneous Center: The instantaneous center of zero velocity of link BC at the
instant shown is located at the intersection point of extended lines drawn
perpendicular from v, and v,.. Using law of sines, we have

r'B/IC _ 3
sin 103.1° ~ sin 75°

rB/IC = 3.025 ft

rcyic 3
sin 1.898°  sin 75° repe = 010291t I ,%ne
%9’
The angular velocity of link BC is given by Whe.
v 600 1% 3.10°
wpe = % EY 1.983 rad/s = 1.98 rad/s Ans. Up=6-00} ‘U 4l
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¢16-101. If rod AB is rotating with an angular velocity
wyp = 3 rad/s, determine the angular velocity of rod CD at
the instant shown.

wyp = 3rad/s
o
4sin 60° — 2 sin 45°

3 ) = 43.10°.
Since links AB and CD is rotating about fixed points A and D, then v, and v are

Kinematic Diagram: From the geometry. § = sin_l(

always directed perpendicular to links AB and CD, respectively. The magnitude of v
and VC are vg = wpplrAp = 3(2) = 6.00 ft/S and Ve = Weptcp = 4wCD. At the

instant shown, v, is directed at an angle of 45° while v . is directed at 30°.

Instantaneous Center: The instantaneous center of zero velocity of link BC at the
instant shown is located at the intersection point of extended lines drawn
perpendicular from v and v.. Using law of sines, we have

435in60’ ft

Thie 3 Fae = 3.025 ft
sin 103.1°  sin 75° BjIC = =

rc/ic 3
= = 0.1029 ft
sin 1.898°  sin75° /€

The angular velocity of link BC is given by

Fise
vs 600 e B
wpe = Y 1.983 rad/s )
Buc 3 Wie g
Thus, the angular velocity of link CD is given by 1698 '\ u .
Yy=6-00 Y=
Ve = wpcrcjic % e sfe Ve ey

dwcp = 1.983(0.1029) i

wcp = 0.0510 rad/s Ans.
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16-102. The mechanism used in a marine engine consists
of a crank AB and two connecting rods BC and BD.
Determine the velocity of the piston at C the instant the
crank is in the position shown and has an angular velocity of
Srad/s.

vg = 02(5) = 1m/s—

Member BC:
Fepie 0.4
sin 60°  sin 45°

rc/]c = 0.4899 m

T'p/1c 0.4

sin 75°  sin 45°

rB/[C = 0.5464 m

=——=1

®BC = 1 Saen 830 rad/s
ve = 0.4899(1.830) = 0.897 m/s ./ Ans.
16-103. The mechanism used in a marine engine consists
of a crank AB and two connecting rods BC and BD.
Determine the velocity of the piston at D the instant the
crank is in the position shown and has an angular velocity of
Srad/s.
vg=02(5) =1m/s —
Member BD:

"pic - 04
sin 105° ~ sin 45°
rB/]C = 0.54641 m

rppc 0.4
sin 30°  sin 45°
rD/IC = 0.28284 m
wpp = m = 1.830 rad/s
vp = 1.830(0.28284) = 0.518 m/s Ans.
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*16-104. If flywheel A is rotating with an angular velocity
of w, = 10 rad/s, determine the angular velocity of wheel
B at the instant shown.

Rotation About a Fixed Axis: Referring to Figs. @ and b,
Ve = Wy te = 10(015) =15 m/S d

Vp = wplp = wB(Ol) \L

General Plane Motion: The location of the /C for rod CD is indicated in Fig. c. From

the geometry of this figure, we obtain
reyic = 0.6 sin 30° = 0.3 m
rpsic = 0.6 cos 30° = 0.5196 m
Thus, the angular velocity of rod CD can be determined from

_ Vo _ 15 _
wcp = repc =03 Srad/s

Then,

Vp = ®Wcp I'pjic
wp(0.1) = 5(0.5196)

wp = 26.0 rad/s

Ans.

@, = 10rad/s /
T

0.1m

(b)

RS
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¢16-105. If crank AB is rotating with an angular velocity ‘ 0.6 m |
of w,p = 6rad/s, determine the velocity of the center O of B
the gear at the instant shown. 7
0.4 m
w,p = 6rad/s
A 60

Rotation About a Fixed Axis: Referring to Fig. a,

VB = Wuptp = 6(04) = 24rn/s

General Plane Motion: Since the gear rack is stationary, the IC of the gear is located
at the contact point between the gear and the rack, Fig. b. Thus, v, and v can be
related using the similar triangles shown in Fig. b,

Ve Vo

rc/ic Tojic

Wg

Ve _ Vo
02 0.1
VC = 2V0

The location of the /C for rod BC is indicated in Fig. c. From the geometry shown,

0.6

TBIC = 05 60° 12m

reyre = 0.6 tan 60° = 1.039 m

Thus, the angular velocity of rod BC can be determined from

Vp 24
- =" —2rad
wpc rape 12 rad/s

Then,
Ve = wpc Tcjic
2vp = 2(1.039)

vo = 1.04 m/s —> Ans.
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16-106. The square plate is constrained within the slots at
A and B. When 6 = 30°, point A is moving at v, = 8 m/s.
Determine the velocity of point C at this instant.

rasic = 0.3 cos 30° = 0.2598 m

8

w = m = 30.792 rad/s

repe = V(0.2598)> + (0.3)7 — 2(0.2598)(0.3)cos 60° = 0.2821 m
ve = (0.2821)(30.792) = 8.69 m/s

sing  sin 60°
0.3 0.2821

¢ = 67.09°

0 = 90° — 67.09° = 22.9° I/

Ans.

Ans.

16-107. The square plate is constrained within the slots at
A and B. When 6 = 30°, point A is moving at v, = 8 m/s.
Determine the velocity of point D at this instant.

ra/ic = 0.3 cos 30° = 0.2598 m

® = 02508 30.792 rad/s

rgjc = 0.3sin30° = 0.15m

roje = V(0.3 + (0.15)> — 2(0.3)(0.15) cos 30° = 0.1859 m
vp = (30.792)(0.1859) = 5.72 m/s

sing  sin 30°
0.15 0.1859

¢ = 23.794°

= 90° — 30° — 23.794° = 36.2° ™

Ans.

Ans.
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#16-108. The mechanism produces intermittent motion of
link AB.If the sprocket S is turning with an angular velocity
of wg = 6 rad/s, determine the angular velocity of link BC
at this instant. The sprocket S is mounted on a shaft which is
separate from a collinear shaft attached to AB at A.The pin
at C is attached to one of the chain links.

Kinematic Diagram: Since link AB is rotating about the fixed point A, then v is
always directed perpendicular to link AB and its magnitude is
vp = wapTap = 0.204p. At the instant shown, v is directed at an angle 60° with
the horizontal. Since point C is attached to the chain, at the instant shown, it moves
vertically with a speed of vc = wgrg = 6(0.175) = 1.05 m/s.

Instantaneous Center: The instantaneous center of zero velocity of link BC at the
instant shown is located at the intersection point of extended lines drawn
perpendicular from v, and v.. Using law of sines, we have

"piic 015
sin 105°  sin 30°

rB/IC = 0.2898 m

rc/ic 0.15
= = 0.2121
sin45°  sin30° C/€ m

The angular velocity of bar BC is given by

e 105
rc/lc 0.2121

wp = 4.950 rad/s Ans.

V,=l.05mfs
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¢16-109. The disk is moving to the left such that it has an
angular acceleration « = 8rad/s®> and angular velocity
® = 3rad/s at the instant shown. If it does not slip at A,
determine the acceleration of point B.

w=3rad/s
« = 8rad/s®

D

45°

—
& W
B
A

ac = 0.5(8) = 4 m/s?

ag = ac t ag,c
ag = {4} + 1 (3)%(0.5) | +| (0.5(8)
- 0 30° B, 30°

(5)  (ap). = —4 + 45c0s30° + 45in 30° = 1.897 m/s

(+1)  (ag), = 0 + 455in30° — 4 cos 30° = —1.214 m/s?

ag = V(1.897)2 + (—1.214)2 = 225 m/s* Ans. as4mfs*
0= tanfl(%> =32.6° % Ans.

Also,

ap = ac + a X rgc — o’ rpc

(ag),i + (ag),j = —4i + (8k) X (—0.5 cos 30°% — 0.55in 30%) — (3)* (—0.5 cos 30% — 0.5 sin 30%)
(5)  (ap), = —4 + 8(0.55in30°) + (3)%(0.5 cos 30°) = 1.897 m/s?

(+1)  (ap), = 0 — 8(0.5cos 30°) + (3)> (0.5 sin 30°) = —1.214 m/s?

W=3rad[*

wad{s‘

L’
la1c

0 = tanfl(%) =32,6° % Ans.
ap = V(1.897)2 + (—1.214)? = 2.25 m/s’ Ans.
(ask)ts xr
= B¢0:5)mfs*
(Ag)=1-897 mis*
0
|
(a,,).ff_.zmm/s |
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16-110. The disk is moving to the left such that it has an o =3rad/s
angular acceleration « = 8rad/s®> and angular velocity a=8rad/s’
o = 3rad/s at the instant shown. If it does not slip at A, D
determine the acceleration of point D.
WENZEA
0.5 m ¢
B
A
\
ac = 0.5(8) = 4m/s’ W=3rads
= S"
ap = ac + apc O{'g/f aD
ap = {4} + 1 (3)%(05) | +| 8(0.5) /N
- A 450 45° S
(&) (ap). = —4 — 4.55in45° — 4 cos 45° = —10.01 m/s?
(+T> (ap)y = 0 — 4.5 cos 45° + 45sin 45° = —0.3536 m/s? %4”’/52
0.3536
— -1 — o
0 = tan < 1001 ) 2.02° & Ans.
ap = V(~10.01)2 + (—0.3536)% = 10.0 m/s* Ans.

Also,

ap =ac +a Xrpc— o’rpc

(ap)ci + (ap)yj = —4i + (8k) X (0.5 cos 45°i + 0.5 sin 45%) — (3)? (0.5 cos 45°% + 0.5 sin 45°)
(B)  (ap)e = =4 — 8(055in 45°) — (3)2(0.5 cos 45°) = —10.01 m/s?

(+1)  (ap), = +8(0.5 cos 45°) — (32 (0.5 sin 45°) = —0.3536 m/s* Goie)=otr=605)"s

0.3536
_ -1 _ o
6 = tan ( 1001 ) 2.02° ¥ Ans.
ap = V(=10.01)2 + (—0.3536)? = 10.0 m/s’ Ans.
T
w =3radfs
o =8 rad/fs*
/0.0l m[s* 6=2.02
a,, 0.3536 m/s*
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16-111. The hoop is cast on the rough surface such that it A o = 4rad/s
has an angular velocity @ = 4 rad/s and an angular
acceleration « = 5 rad/s%. Also, its center has a velocity a = 5rad/s’
vo = 5 m/s and a deceleration a, = 2 m/s?. Determine the
acceleration of point A at this instant.
vo =5m/s

a, =ap+ a0
a, = {3} + [(4)2 §0.3)} + {5(2.3)}

on = [0s] [4?}

a, = 4.83m/s? Ans. A
4.8

0= tan’l(ﬁ) =841° > Ans.
Also,

_ 2
aA—aO—er/0+a><rA/0 ( —ar

. 2 . a""’)‘=5(oa) mfs*

ay, = —2i — (4)7(0.3§) + (—=5k) X (0.3j) W=4radfs 6"

a, = {—0.5i — 4.8j} m/s’

a, = 4.83m/s’ Ans.
0= tan’l(ﬁ) =84.1° & Ans. ( 48m|s>
0.5 a
*16-112. The hoop is cast on the rough surface such that it A o =4rad/s
has an angular velocity w = 4 rad/s and an angular
acceleration & = 5 rad/s’. Also, its center has a velocity of a=S5rad/s’
vo = 5 m/s and a deceleration ay = 2 m/s>. Determine the s
acceleration of point B at this instant. ap =2m/s 10)
45° || vo =5m/s
ag = ap + 33/0 \ 0:3m
B
ag = {2}+ 503) | + | (4)%03) R —
- P =~
ap = [6.4548] + {2.333} W=4radfs
< 1 o =5 rad s>
ag = 6.86 m/s? Ans. ’
2.333
6 = tan™' =19.9° =
. (6.4548)
Also:

ag = Ap + a X rB/O - (1)21'3/0

—2i + (—5k) X (0.3 cos 45°i — 0.3 sin 45°%) — (4)%(0.3 cos 45° — 0.3 sin 45°)

apg
ap = [—6.4548i + 2.333j) m/s> il
ag = 6.86 m/s? Ans.

2.333
_ -1 =1 . o
0 = tan (6.548)7 9.9° =~
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¢16-113. At the instant shown, the slider block B is
traveling to the right with the velocity and acceleration
shown. Determine the angular acceleration of the wheel at
this instant.

——> vp=6in./s

—— > ag =3in. /s’

Velocity Analysis: The angular velocity of link AB can be obtained by using the
method of instantaneous center of zero velocity. Since v, and v, are parallel,

rA/IC = rB/IC = 00, Thus, WAB = 0. Since WAB = 0, Vy = Up = 61n/s Thus, the

6
angular velocity of the wheel is wy = rva =5 1.20 rad/s.
04

Acceleration Equation: The acceleration of point A can be obtained by analyzing
the angular motion of link OA about point O. Here, ro4 = {5j} in..

_ >
ay = ay X Toa — Wiy Toa

(—aw k) X (5)) — 1.20° (5))

= {Say i — 7.20§} in./s?

Link AB is subjected to general plane motion. Applying Eq. 16-18 with
rp/4 = {20 cos 30°i — 20 sin 30°%j} in. = {17.32i — 10.0j} in., we have

_ 2
ag = a4 + ayp X Igja — Waplp/a

3i = Say i — 7.20j + aspk X (17.32i — 10.0) — 0

3i = (10.0ap + Saw) i + (17.32a,45 — 7.20) j

Equating i and j components, we have
3 = 10.0a4p + Say 1]
0 =1732a45 — 7.20 2]
Solving Eqgs.[1] and [2] yields
a,p = 04157 rad/s?

aw = —0.2314 rad/s> = 0231 rad/s*> Ans.
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16-114. The ends of bar AB are confined to move along
the paths shown. At a given instant, A has a velocity of 8 ft/s
and an acceleration of 3 ft/s>. Determine the angular
velocity and angular acceleration of AB at this instant.

w = % =2rad/s D Ans.

vg = 4(2) = 8 1t/s

2
(ap), = % = 16 ft/s?

ap = a, t+ ag/y
16 |+ | (ag), |=|3 |+ | a@ |+]| (2@
Vso0 5 30° ! Veoe <z 60°
(i>) 16 5in 30° + (ap), cos 30° = 0 + «(4) sin 60° + 16 cos 60°
+Mh 16 cos 30° — (ap), sin 30° = =3 + a(4) cos 60° — 16 sin 60°
o = 7.68rad/s> D Ans.
(ap), = 30.7 ft/s?
Also,
ap = ay + asp X Ipa— wer/A

. e (B (8)° . .
(ap); cos 30°i — (ap), sin 30°% + (T) sin 30°i + (T) cos 30°% = —3j

—(ak) X (—4sin 30% + 4 cos 30%) — (2)*(—4 sin 30°i + 4 cos 30%)

(5) (ap), cos 30° + 8 = —3.464a + 8
(+1)  —(ap)sin30° + 13.8564 = —3 + 2a — 13.8564
a = 7.68rad/s> D Ans.

(ap), = 30.7 ft/s?
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16-115. Rod AB has the angular motion shown.
Determine the acceleration of the collar C at this instant.

wyp = Srad/s
e 2.5 a,p = 3rad/s? Y

sin 30°  sin 135°

A 45°

rB/]C = 1.7678 ft

10
©=oeg = 5.66rad/s D
(ag), = 25(2) = 50 ft/s’ p €

ac = ag + ac/B

{ac}= 6 |+ | 50 |+ (566225 |+]| a(2.5)
- 450 5 450 A 60° ~ 30°

(+)  ac = —6cos45° — 50 cos 45° + 80 cos 60° + a(2.5) cos 30°
(+1) 0= 65in45° — 50sin 45° + 80 sin 60° — a(2.5)sin 30°
a = 30.5rad/s> D
ac = 66.5 ft/s> — Ans.
Also,
vg = 5(2) = 10 ft/s
Ve =vg + A\
—vei = —10 cos 45°% + 10sin 45% + wk X (—2.5 sin 30°% — 2.5 cos 30%)
(+1) 0= 10sin45° — 2.5 wsin 30°

® = 5.66 rad/s

ac = ap + a X rC/B - wer/B

(10y? (10y?
c _

aci = — 0s 45°i sin 45°j — 6 cos 45°i + 6 sin 45°)

+ (k) X (=2.5 cos 60°i — 2.5 sin 60°j) — (5.66)? (=2.5 cos 60°i — 2.5 sin 60°§)
(B)  ac=—35355 — 4243 + 2.165a + 40

(+1) 0 — —35355 + 4243 — 1250 + 69.282

o = 30.5rad/s?

ac = 665 ft/s> — Ans.

1 (a‘fble = r";"!
(ag)= w1, =(2:5)
= 56e¥(28) s
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*16-116. At the given instant member A B has the angular
motions shown. Determine the velocity and acceleration of
the slider block C at this instant.

vg = 3(7) = 2lin./s <

VC:VBJF(DXI‘C/B

C
(4)' (3> 21i + wk X (=5i — 12j) @
Vel zZ N —vel 2 )] = <11 [0) —J1 — J
5 5 S ——>5in.
3
()  —08vc=-21+ 120 3
+1)  —06ve = —5w
Solving: 'UB,-_ 21 r'n./s

® = 1.125 rad/s

ve = 9.375in/s = 938 in./s Ans.
(ap)a = (3)%(7) = 63in./s* |

(ag), = 2)(7) = 14in./s> —

ac = dap + a X rc/B - wer/B

4
—ac(g)i - aC@)j = —14i — 63j + (ak) X (—5i — 12j) — (1.125)%(—5i — 12j)
(&) —08ac=—14 + 12a + 6.328
(+1)  —0.6ac = —63 — 5a + 15.1875
ac = 54.7in./s :{’ Ans.

a = —3.00 rad/s’
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¢16-117. The hydraulic cylinder D extends with a velocity
of wp=4ft/s and an acceleration of ap = 1.5 ft/s>.
Determine the acceleration of A at the instant shown.

vg = 4ft/s
ag = 1.5 ft/s?

Angular Velocity: The location of the IC for rod AB is indicated in Fig. a. From the
geometry of this figure,

rajc = 2cos 30° = 1732 ft

Thus,

VB 4
= = —— = 2.309rad
@AB rB/IC 1.732 ra /S

Acceleration and Angular Acceleration: Here, r, 3 = 2cos30° — 2sin 30°j
= [1.732i — 1j] ft. Applying the relative acceleration equation and referring to
Fig. b,

ay =ag+ aup X Typ — @’ Tap
—a,i = 155 + (—ask)X(1.7320 — 1j) — 2.309%(1.732i — 1j)
—ai = —(ayp + 9.238)i + (6.833 — 1.732a4p)j
Equating the i and j components,
—ay = —(ayp + 9.238) a

0 =6.833 — 1.732a 45 2

Solving Egs. (1) and (2) yields

oup = 3.945 rad/s?

ay = 132ft/s* « Ans.
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16-118. The hydraulic cylinder D extends with a velocity
of wp=4ft/s and an acceleration of ap = 1.5 ft/s>.
Determine the acceleration of C at the instant shown.

vg = 41ft/s

ag = 1.5 ft/s?
Angular Velocity: The location of the IC for rod AB is indicated in Fig. a. From the
geometry of this figure, rg/;c = 2 cos 30° = 1.732 ft

Thus,

_Vi_i_zgjog d/
CAB T e Ly TR

Acceleration and Angular Acceleration: Here, ryp = 2cos30%i — 2sin 30°j
= [1.732i — 1j] ft. Applying the relative acceleration equation to points A and B
and referring to Fig. b,

a4 =ag+ aup X Tap — @ap Tasp
—ai = 1.55 + (—aypk) X (1.732i — 1j) — 2.309%(1.732i — 1j)
—asi = —(ayp + 9.2376)i + (6.833 — 1.732a4p)j

Equating the i and j components, we obtain

0 = 6.833 — 1.732a 45 asp = 3.945 rad/s?

Using this result and re/p = —1cos30°i + 15sin 30°% = [—0.8660i + 0.5j] ft, the
relative acceleration equation is applied at points B and C, Fig. b, which gives

ac = ag + aup X rc/p — wABer/B
(ac)xi + (ac)yj = 1.5j + (—3.945k) X (—0.8660i + 0.5j) — (2.309)%(—0.8660i + 0.5§)
(ac)ci + (ac),j = 6.591i + 2.25j
Equating the i and j components,
(ac)y = 6.591 ft/s*? — (ac), = 2.25ft/s* 1

Thus, the magnitude of a.. is

ac = V(o) + (ac),® = V65912 + 2.25> = 6.961t/s” Ans.

and its direction is

(ac) .
0= tan1|:(a )y = tan’(%) =188° Ans.
Clx .
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16-119. The slider block moves with a velocity of _
vg = 5 ft/s and an acceleration of ag = 3 ft/s?. Determine
the angular acceleration of rod AB at the instant shown.

vg=51t/s
ag=3ft/s?

Angular Velocity: The velocity of point A is directed along the tangent of the
circular slot. Thus, the location of the /C for rod AB is indicated in Fig. a. From the
geometry of this figure,

rpic = 2sin30° = 11t Fa/ic = 2cos 30° = 1.732 ft
Thus,
v
wap = —0 = — = 5Srad/s
rgic 1
Then

VA4 = WyB rA/[C = 5(1732) = 8.660 ft/S
(@)

Acceleration and Angular Acceleration: Since point A travels along the circular
slot, the normal component of its acceleration has a magnitude of

va®  8.6607
(ag),=—-= s = 50 ft/s? and is directed towards the center of the circular

slot. The tangential component is directed along the tangent of the slot. Applying

the relative acceleration equation and referring to Fig. b,

ay =agt ayp Xryp— PRIV
50i — (a4),j = 3i + (aapk) X (—2cos 30°% + 2sin 30%) — 5%(—2 cos 30°i + 2 sin 30%)

50i — (an),j = (4630 — aup)i + (1.732a45 + 25)j

Equating the i components,
50 = 46.30 — ayp

o = —3.70rad/s? = 3.70 rad/s> D Ans.
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#*16-120. The slider block moves with a velocity of _
vg = 5ft/s and an acceleration of ag = 3 ft/s?. Determine
the acceleration of A at the instant shown.

vg=51ft/s
ag =3 ft/s?

Angualr Velocity: The velocity of point A is directed along the tangent of the

circular slot. Thus, the location of the /C for rod AB is indicated in Fig. a. From the

geometry of this figure,

rgic = 2sin30° = 11t rajc = 2cos30° = 1.732 ft
Thus,
VB 5 5 d/ (U":’vﬂ
wyp = —— =—=>5rad/s
APy gic 1 @ T
Then l
va = wapranc = 5(1.732) = 8.660 ft/s hz:],u
Acceleration and Angular Acceleration: Since point A travels along the circular
slot, the normal component of its acceleration has a magnitude of f thum
va®  8.6607 (€D)
(a A) nE T s T 50 ft/s? and is directed towards the center of the circular 2 = 44

slot. The tangential component is directed along the tangent of the slot. Applying

@)

the relative acceleration equation and referring to Fig. b,

ay =agt+ agp X Typ — wABer/B
50i — (a4)j = 3i + (aapk) X (—2c0s 30°% + 2 sin 30%)—5%( 2 cos 30°% + 2 sin 30°%)
50i — (a4).j = (46.30 — aup)i — (1.732a45 + 25)j
Equating the i and j components,

50 = 46.30—a 4z

—(a4) = —(1.732a45 + 25)
Solving,
a,p = —3.70 rad/s?

(aa), = 1859 ft/s? |

Thus, the magnitude of a, is
ay = V(aa)? + (a4),> = V1859 + 50 = 53.3ft/s? Ans.

and its direction is

6 = tan! (<aA))[ = tan’l(%) =204° g Ans.
ap)n
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¢16-121. Crank AB rotates with an angular velocity
of wyp =6rad/s and an angular acceleration of

a,p = 2rad/s%. Determine the acceleration of C and the 5 500 mm
angular acceleration of BC at the instant shown. N
Angular Velocity: Since crank AB rotates about a fixed axis, then 300 mm 30°
C
vg = wapry = 6(0.3) = 1.8m/s — s A i 150 mm

The location of the IC for rod BC is wqp = Orad/s,

ayp =2rad/s
rgjc = 0.5sin 30° = 0.25m reye = 0.5 cos 30° = 0.4330 m
Then,

VB 1.8
= =——="72rad
“BC rB/]C 0.25 ra /S

and

ve = wpe repe = 7:2(0.4330) = 3.118 ft/s

Acceleration and Angular Acceleration: Since crank AB rotates about a fixed axis,
then

— 2
ag = a'qp X Ip — wup°Tp

(—2k) x (0.3j)—6(0.3j)

= {0.6i — 10.8j} m/s®

Since point C travels along a circular slot, the normal component of its acceleration
2 2
Ve 3.118
has a magnitude of (a¢c), = — = ——
£ ( C)” p 0.15
center of the circular slot. The tangential component is directed along the tangent of
the slot. Applying the relative acceleration equation,

= 64.8 m/s? and is directed towards the

ac = ag t agc X ¥c/p — wBCZrC/B
64.8i—(ac) j = (0.6i — 10.8j) + (apck) X (0.5 cos 30%i — 0.5 sin 30° j)—7.22(0.5 cos 30°i — 0.5 sin 30° j)
64.8i—(ac),j = —(0.25a g — 21.85)i + (2.16 + 0.4330a5¢)j
Equating the i and j components,
64.8 = —(0.25apc — 21.85)

—(ac): = 2.16 + 0.4330a pc

Solving,
@ go = —346.59 rad/s? = 347rad/s*? D Ans.

(ac), = —15224 m/s? = 15224 m/s? 1

Thus, the magnitude of a.- is
ac = V(ac)? + (ac),® = V15224 + 647> = 165m/s> Ans.

and its direction is

6 = tan™! (%)t = —1(%

(ac),, 648 ) = 66.9° £ Ans.
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16-122. The hydraulic cylinder extends with a velocity of
vy =15m/s and an acceleration of a, = 0.5m/s%
Determine the angular acceleration of link ABC and the
acceleration of end C at the instant shown. Point B is pin

connected to the slider block. vy =15m/s
a, =0.5m/s?

Angular Velocity: The location of the IC for link ABC is indicated in Fig. a. From the
geometry of this figure,

rajic = 0.6 cos 60° = 0.3 m

Then

wapc = —— = — = Srad/s

V4 _ 1.5
rA/]C 3

Acceleration and Angular Acceleration: Applying the relative acceleration
equation to points A and B,

ag = a4 + agpc X Ipp — wABCZrB/A
—agi= —05j + (—apck) X (—0.6 cos 60°i — 0.6 sin 60° j) — 5%(—0.6 cos 60°i — 0.6 sin 60°j)

_LlBi = (75 - 0~5196‘YABC)i + (O'SaABC + 12490)j

Equating the i and j components,

—ag = 7.5 — 0.5196c 43¢ §))
0 = 03a,5c + 12.490 Q2

Solving Egs. (1) and (2),
aspc = —41.63 rad/s? = 41.6 rad/s? Ans.

ag = —29.13 m/s’
From points B and C,
ac = ag + aspc X Ic/p — ®apc’r c/B
(ac)yi + (ac)yj = [~(=29.13)i] + [—(—41.63)k] X (0.5 cos 30°i + 0.5 sin 30%j) — 5*(—0.5 cos 30°%i + 0.5 sin 30%)
(ac)xi + (ac),j = 29.551 — 24.28
Equating the i and j components,
(ac), = 29.55 m/s? (ac), = —24.28 m/s> = 2428 m/s* |

Thus, the magnitude of a.. is

ac = V() + (a0)y® = V29.55 + 24.28” = 382 m/s> Ans.

and its direction is

(ac) 2428
6 = tan! |:(a )y = tan’l(ﬁ) =394°<g Ans.
Clx .
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16-123. Pulley A rotates with the angular velocity and
angular acceleration shown. Determine the angular
acceleration of pulley B at the instant shown.

Angular Velocity: Since pulley A rotates about a fixed axis,
ve = wary = 40(0.05) = 2m/s 1
The location of the IC is indicated in Fig. a. Thus,

Ve 2
=——=1143rad
rc/lc 0.175 ra /S

wp =

Acceleration and Angular Acceleration: For pulley A4,

(ac), = ary = 5(0.05) = 025 m/s* 1

Using this result and applying the relative acceleration equation to points C and D

by referring to Fig. b,

— 2
aD—aC+aB><rD/C—a)B I'p/c

(ap),i = (ac),i + 0.25j + (—agk) X (0.1751)—11.43%(0.175i)

(ap)ni = [(ac), — 22.86]i + (0.25 — 0.175a3)j

Equating the j components,
0 =025 - 0.175ap

ap = 1.43rad/s’?

50 mm

A

w, = 40rad/s
ay = Srad/s?

o-ljsm

(@)

Ans. %
(a‘}t=0‘25*"’/" ' ”
o~
a
AN
< E (an)m
A =Jf. redfs
e » 1) 0,143 144
o-jasm
o lJsm
(b)
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*16-124. Pulley A rotates with the angular velocity and 50 mm
angular acceleration shown. Determine the acceleration of M
block E at the instant shown.

A

_/

w, =40rad/s
ay = Srad/s?

Angular Velocity: Since pulley A rotates about a fixed axis,
ve = wary = 40(0.05) = 2m/s 1
The location of the IC is indicated in Fig. a. Thus,

Ve 2
=——=1143rad
rc/lc 0.175 ra /S

wp =
Acceleration and Angular Acceleration: For pulley A4,
(ac), = asry = 5(0.05) = 025m/s* T )

Using this result and applying the relative acceleration equation to points C and D
by referring to Fig. b,

— 2
aD—aC+aB><rD/C—wB Tp/c

(ap)ni = (ac),i + 0.25j + (—agk) X (0.175i) — 11.43%0.175i)

(ap)ni = [(ac), — 22.86]i + (0.25 — 0.175ap)j
Equating the j components, @)
0=025—-0175a3

ap = 1.429 rad/s = 1.43 rad/s® %

Using this result, the relative acceleration equation applied to points C and E, Fig. b, :
gives (ac) =02 5mfs %

ap = ac + ag X rE/C - a)Ber/C
agj = [(ac)ni + 0.25j] + (—1.429Kk) X (0.125i) — 11.43%(0.125i)

agj = [(ac), — 16.33]i + 0.0714j

Equating the j components,

ap = 0.0714 m/s>1 Ans.

605



91962_06_s16_p0513- 0640 6/8/09 2:52 PM Page 606 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

¢16-125. The hydraulic cylinder is extending with the
velocity and acceleration shown. Determine the angular
acceleration of crank AB and link BC at the instant shown.

Angular Velocity: Crank AB rotates about a fixed axis. Thus,
vp = waprp = ®sp(0.3)

The location of the IC for link BC is indicated in Fig. b. From the geometry of this

figure,
rejc = 04 m rg/ic = 2(0.4 cos 30°) = 0.6928 m
Then
Wpc = r;}i = sz4 = Srad/s
and

VB = Wpc I'p/ic
w4p(0.3) = 5(0.6928)

wyp = 11.55rad/s

Acceleration and Angular Acceleration: Since crank AB rotates about a fixed axis,
Fig. c,

ap = a5 X g — wap’rg
= (—a 45 k) X (0.3 cos 60°i + 0.3 sin 60°j) — 11.55%(0.3 cos 60°i + 0.3 sin 60°j)

= (0.2598c 43)i — (01504 + 34.64)j

Using these results and applying the relative acceleration equation to points B and
C of link BC, Fig. d,

ag = ac + apc X rgc — wBCZrB/C
(0259845 — 20)i — (0.15a 45 + 34.64)j = 1.5i + (@ pck) X (0.4 cos 30° + 0.4 sin 30%) — 5%(0.4 cos 30°i + 0.4 sin 30°%)
(02598a 45 — 20)i — (0.15a,p5 + 34.64)j = —(0.2a gc + 7.160)i + (0.3464a pc — 5)j
Equating the i and j components, l_
0.2598a 45 — 20 = —(0.2a ¢ + 7.160) *

—(0.15a45 + 34.64) = 0.3464a g — 5

(A
W=/ 55mad)s
Solving, i

a gc = —160.44 rad/s* = 160 rad/s’ Ans.

a 45 = 172.93 rad/s> = 173 rad/s? Ans.
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16-126. A cord is wrapped around the inner spool of the
gear. If it is pulled with a constant velocity v, determine the
velocities and accelerations of points A and B. The gear
rolls on the fixed gear rack.

Velocity Analysis:
v
w=—
r

Vg = Wrgc = ;(4}’) = 4v— Ans.

vy = er/IC = E( V (2}’)2 + (2}’)2) = 2\/51) A 45° Ans.

r

Acceleration Equation: From Example 16-3, Since ag = 0,a = 0

rB/G=2rj Yo = =2ri

ag = ag + a X rB/G - wer/G

2 22
0+0-— (3) @rj) = —%j

r

27
=== Ans.
ap , ns.
a, = ag + a X rA/G - wer/G
2 2
2
—0+0- (3) (—2ri) = i
r r
2 2
aA:L—> Ans.
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and accelerations shown. Determine the acceleration of
points A and B.

16-127. Ata given instant, the gear racks have the velocities T a=2ft)s

Velocity Analysis: The angular velocity of the gear can be obtained by using the
method of instantaneous center of zero velocity. From similar triangles,
Up Vc
w=—2 ="
p/ic  Tcyic

6 2
= 1]

'pyic  Tejic

Where
rpiic + rejpc = 0.5 [2]

Solving Eqgs.[1] and [2] yields
rpjc = 03751t repe = 0125 ft

Thus,

Up 6
= ——=160rad
rD/IC 0.375 ra /S

w =

Acceleration Equation: The angular acceleration of the gear can be obtained by
analyzing the angular motion point C and D. Applying Eq. 16-18 with
rpc = {—0.5i} ft, we have

ap =ac + a X Ipic — (t)zl'D/C

64.0i + 2j = —64.0i — 3j + (—ak) X (—0.5i)) — 16.0% (—0.5i)

64.0i + 2j = 64.0i + (0.5 — 3)j
Equating i and j components, we have

64.0 = 64.0 (Check!) 3 4l
. W=lb.oradls
(@S s “

2=05a—-3 a=10.0rad/s °¢@¢) R
The acceleration of point A can be obtained by analyzing the angular motion point ?gﬂ e 64.0 ftfs*
A and C. Applying Eq. 16-18 with r4,c = {—0.25i} ft, we have y phe
ay =ac+ aXryc— o’ Ya/c &)= 16.0%025)|"
= 6401 — 3j + (—10.0k) X (—0.25i) — 16.0% (—0.25i) s S
= {0.500j} ft/s?
Thus a, = 0.500 ft/s? | Ans. W=/b.0radfs 0254

a=/0-0
The acceleration of point B can be obtained by analyzing the angular motion point

B and C. Applying Eq. 16-18 with rg/c = {—0.25i — 0.25j} ft, we have

ag =ac +aX Ipic — w2rB/C

—64.0i — 3j + (—10.0k) X (—0.25i — 0.25j) — 16.0> (—0.25i — 0.25j) %

{—2.50i + 63.5j) ft/s?
The magnitude and direction of the acceleration of point B are given by

ac = V(-2.50)? + 63.5% = 63.5 ft/s? Ans.

T — =877 Ans.
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*16-128. At a given instant, the gear has the angular
motion shown. Determine the accelerations of points A and
B on the link and the link’s angular acceleration at this
instant.

w = 6rad/s
@ = 12rad/s

For the gear
Vy = er/IC = 6(1) = 6in./s
ap = —12(3)i = {-36i}in./s* 140 = {-2j}in. & = {12k} rad/s’

a, = a + a X rA/O - (,UZI'A/O

=36i + (12k) X (=2j) — (6)%(—2j)

{—12i + 72j}in./s?

ay, = V(-12)* + 722 = 73.0in./s? Ans.

72
=tan ! -= ) = 80.5° =~ Ans.
6 = tan (12) 80.5 ns
For link AB

The IC is at 0,50 w45 = 0, 1.e.,

Vyg 6
wup = = 9
rayic ©
ag = aBi aApp = _aABk rB/A = {8 cos 60°1 + 8 sin 600_]'} in.

ag = a, + ayp X ¥gjp — wer/A

agi = (—12i + 72j) + (—ayszk) X (8 cos 60° + 8sin 60°) — 0

(&) ap=—-12 +8sin60°(18) = 113in./s’— Ans.
+Mh 0 =72 — 8cos 60°a,p aup = 18 1ad/s? D Ans.
M

= 00
Bl1c
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¢16-129. Determine the angular acceleration of link AB if ‘ 0.6 m |
link CD has the angular velocity and angular deceleration
shown. T Ole
0.6 m
+—lof 5 - ,
IC is at oo, thus | | acp = 4rad/s
0.3 m wcp = 2rad/s
wpc = 0
2 r\A D po\
Vp = V¢ = (0.9)(2) =1.8 m/S ey F:N & &
(ac), = (2)*(0.9) = 3.6 m/s> |
(ac), = 4(0.9) = 3.6 m/s*> —
(1.8)% o
(ap), = 03 - 108 m/s? | !5*’- = /.8mfs
/
ag = ac + agc X rgic — whe Ip/c
(ap);i — 10.8j = 3.6i — 3.6 + (apck) X (—0.6i — 0.6j) — 0
I-v
(__t)) ((IB)[ = 36 + 06 apc cle
+1 -10.8 = -3.6 — 0.6
+1) 29:76) VB
age = 12 rad/s? e
(ap), = 10.8 m/s?
10.8
Aup =3 = 36 rad/s® D Ans.
. 0-bm |
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16-130. Gear A is held fixed, and arm DE rotates 02m
clockwise with an angular velocity of wpr = 6 rad/s and an
angular acceleration of app = 3rad/s?. Determine the
angular acceleration of gear B at the instant shown.

Angular Velocity: Arm DE rotates about a fixed axis, Fig. a. Thus,
VE = Wprtg = 6(05) = 3m/S

The IC for gear B is located at the point where gears A and B are meshed, Fig. b.
Thus,

VE 3
= = =15rad
wp repe 02 rad/s

Acceleration and Angular Acceleration: Since arm DE rotates about a fixed axis,
Fig. c,

_ 2
ap = apgp X Yg — Wpg“ Ig

(@)

(—3k) X (0.5 cos 30° + 0.5sin 30°j) — 62 (0.5 cos 30°i + 0.5 sin 30° j)

= [—14.84i — 10.30j] m/s>

Using these results to apply the relative acceleration equation to points E and F of
gear B, Fig. d, we have

— 2
aFfaEJFC(BXrF/E_(DB rF/E

ar cos 30° + apsin 30°% = (—14.84i — 10.30j) + (—apk) X
(—0.2 cos 30° i — 0.2 sin 30°%) — 15%(—0.2 cos 30°i — 0.2 sin 30°)
ap cos 30°i + apsin 30% = (24.13 — 0.1ag)i + (0.1732a, + 12.20)j ®)
Equating the i and j components yields
0.8660ar = 24.13 — 0.1ap

0.5ar = 0.1732a5 + 12.20

Solving,

ap = 27 m/s?

ap = 7.5 rad/s* Ans.

(4
e W=/ radfs
(&)

611



91962_06_s16_p0513- 0640 6/8/09 2:56 PM Page 612 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

16-131. Gear A rotates counterclockwise with a constant
angular velocity of w, = 10rad/s, while arm DE rotates
clockwise with an angular velocity of wpr = 6 rad/s and an
angular acceleration of apy = 3rad/s’. Determine the
angular acceleration of gear B at the instant shown.

Angular Velocity: Arm DE and gear A rotate about a fixed axis, Figs. a and b. Thus,
Ve = o peprg = 6(0.5) = 3m/s
v = wyrp = 10(0.3) = 3m/s
The location of the IC for gear B is indicated in Fig. c. Thus,
regjac = repe = 01m
Then,

VE 3
= = =30rad
wp repe 01 rad/s

Acceleration and Angular Acceleration: Since arm DFE rotates about a fixed axis,
Fig. c, then

_ _ 2
a = apgp X Tg — wpg” Ig

(—3Kk) X (0.5 cos 30°% + 0.5sin 30°j) — 67 (0.5 cos 30°i + 0.5 sin 30° j)
= [-14.84i — 10.30j] m/s?

Using these results and applying the acceleration equation to points £ and F of
gear B, Fig. e,

— 2
ap = ag + ag X rF/E — wpg rF/E

ap cos 30°% + apsin 30% = (—14.84i — 10.30j) + (—az k) X

(—0.2 cos 30° i — 0.2 sin 30%) — 30%(—0.2 cos 30°i — 0.2 sin 30°j)
0.8660ari + 0.5aj = (141.05 — 0.lap)i + (79.70 + 0.1732ap)j

Equating the i and j components yields

0.8660a; = 141.05 — 0.1ay

X

0.5ap = 79.70 + 0.1732a

5 : Wog =6 rad)s
ar = 162 m/s Oopg = 3 radfs*

ag = 7.5 rad/s? Ans. @

aE*:{;;ajarad/s

(e)
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*16-132. If end A of the rod moves with a constant
velocity of v, = 6 m/s, determine the angular velocity and
angular acceleration of the rod and the acceleration of end
B at the instant shown.

Angular Velocity: The location of the IC is indicated in Fig. a. Thus,
rA/[C = rB/[C =04m
Then,

VA 6
= = =1
®uB e 04 Srad/s

and

VB = WaBtB/IC = 15(04) = 6m/s

Acceleration and Angular Acceleration: The magnitude of the normal component

2 2
v 6
of its acceleration of points A and B are (ay,), = % =04 90 m/s*> and

2 2
6

(ap), = 2 . 04" 90 m/s*> and both are directed towards the center of the
p .

ircular track. Si i = 0. Thus, a4 = 90 m/s%. Applying th ALoeasa )
circular track. Since v, is constant, (a4), = 0. Thus, ay, = 90 m/s°. Applying the = 0.6928m
relative acceleration equation to points A and B, Fig. b,

@)

_ 2
ag = a, + ayp X ¥gg — WABTp/A

90i — (ap),j = (—90 cos 60° + 90 sin 60%) + (axpK) X

%

(—0.6928 cos 30°i + 0.6928 sin 30%j) — 15%(—0.6928 cos 30% + 0.6928 sin 30°) ’
(@)= Fom[s* X

90i — (ag),j = (—0.3464a 45 + 90)i — (0.6a4p)j
1,\1;8:/5(#1/5
N % Op=90 Mfs*

Equating the i and j components yields

90 = —0.3464a 45 + 90

—(ap) = —0.604p
ap = Orad/s? Ans.
(ap) = 0m/s’ (b)
Thus, the magnitude of ag is
ag = V(ag),> + (ag),’ = VO + 90? = 90 m/s’ Ans.
and its direction is
6 = tan™" |:((Z§));} = tanfl(%) =0° — Ans.
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¢16-133. The retractable wing-tip float is used on an ac = 0.5 ft/s?
airplane able to land on water. Determine the angular
accelerations a¢p, app, and a4p at the instant shown if the
trunnion C travels along the horizontal rotating screw with
an acceleration of ac = 0.5 ft/s>. In the position shown,
vc = 0. Also, points A and E are pin connected to the wing
and points A and C are coincident at the instant shown.

Velocity Analysis: Since ve = 0, then wcp = 0. Also, one can then show that
wpp = wap = wgp = 0.

Acceleration Equation: The acceleration of point D can be obtained by analyzing
the angular motion of link ED  about point E. Here,
rpp = {—2cos 45°1 — 2sin 45°} ft = {—1.414i — 1.414j} ft.

ap = agp X Yrp — szD Iep
= (appk) X (—1.414i — 1.414j) — 0

= {1414 agpi — 1.414 agpj) ft/s?

The acceleration of point B can be obtained by analyzing the angular motion of

links AB about point A. Here, r 53 = {—2.828j} ft Olpp
2 uJ,\a’O
ap = asp X Igjqg — WapTp/a 2.8284#
= (aspk) X (—2.828j) — 0 'r;lb
= {2.828 a4 i} ft/s?
Link CD is subjected to general plane motion. Applying Eq. 16-18 with ag

rpc = {2 cos 44°%i — 2sin 45%} ft = {1.414i — 1.414j} ft, we have
ap =ac + acp X rp;c — w¢ptp/c

1414 agpi — 1414 agpj = (1414 acp — 0.5)i + 1.414 acpj

Equating i and j components, we have
1.414 app = 1.414acp — 0.5 [1]

—1.414app = 1.414acp 2]
Solving Egs.[1] and [2] yields

agp = —0.1768 rad/s? a=0.59t/s>

acp = 0.177 rad/s? Ans.

Link BD is subjected to general plane motion. Applying Eq. 16-18 with 1z =
{=2 cos 45°1 — 2 sin 45°j} ft = {—1.414i — 1.414j} ft and ap = [1.414 (—0.1768) i
— 1.414 (—0.1768)j = {—0.25i + 0.25j} rad/s?, we have

_ 2
ag = ap + agp X rgp — Wepp/p

2828 aypi = —025i + 0.25] + agpk X (—1.414i — 1.414j) — 0

2828 aupi = (1414 app — 0.25) i + (025 — 1.414 agp) j

Equating i and j components, we have

2.828 ap = 1.414 app — 025 [3]
0 =025 - 1414 agp [4]
Solving Egs. [3] and [4] yields
agp = 0.177 rad/s? as =0 Ans.
614
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16-134. Determine the angular velocity and the angular
acceleration of the plate CD of the stone-crushing
mechanism at the instant AB is horizontal. At this instant
6 = 30° and ¢ = 90°. Driving link AB is turning with a
constant angular velocity of w45 = 4 rad/s.

vp = waprpa = (4)(2) = 8ft/s T

Vg 8

—— =———=2309rad
rB/IC 3/COS 30° r /S

wcp =

Vc = wpcrc/ic = (2309)(3 tan 300) = 4ft/S

v 4
wcp = < -2 rad/s 2 Ans.
Ycp 4

ag = (ag), = (4(2) = 32 ft/s* —

(ac), + (ac), = ap + acp X r¢p — wer/B

(ac),i + (1)*(4)j = 32 cos 30°i + 32sin 30% + (acpk) X (=3i) — (2.309)% (—3i)
(ac), = 32 cos 30° — (2.309)%(—3) = 43.71 ft/s?

4 = 325in30° — acy (3)

acp = 4rad/s’> D

43.71
acp =~ = 109 rad/s*> 9 Ans.

(a C)n’_ m:p réD

@), = 1pa)fyst %

wcl‘:z,mmdllﬁ
Aep
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16-135. At the instant shown, ball B is rolling along the slot z
in the disk with a velocity of 600 mm/s and an acceleration of
150 mm/s%, both measured relative to the disk and directed
away from O. If at the same instant the disk has the angular
velocity and angular acceleration shown, determine the
velocity and acceleration of the ball at this instant.

| = 6rad/s
o = 3rad/s

Kinematic Equations:

v = Vo + Q X 1o+ (V/0)xy: @
ag=ap+ Q Xrgo + Q X (Q X 1g00) + 20 X (Vo) + (ap/0)sy: )
vo=10
ap =10

= {6k} rad/s
Q = {3k} rad/s?
r50 = {04i}m
(V5/0)ay: = {061} m/s X,x t

(aB/O)xyZ = {0151} III/SZ

Substitute the data into Egs.(1) and (2) yields:
vg = 0 + (6k) X (0.4i) + (0.6i) = {0.6i + 2.4j} m/s Ans.
ag = 0 + (3k) X (0.4i) + (6k) X [(6k) X (0.4i) ] + 2 (6k) X (0.6i) + (0.150)

= {—14.2i + 8.40j) m/s’ Ans.
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*16-136. Ball C moves along the slot from A to B with a z
speed of 3 ft/s, which is increasing at 1.5 ft/s?, both measured

relative to the circular plate. At this same instant the plate © = 6 rad/s
rotates with the angular velocity and angular deceleration

shown. Determine the velocity and acceleration of the ball at a=15rad/s’ |

this instant.

Reference Frames: The xyz rotating reference frame is attached to the plate and
coincides with the fixed reference frame XYZ at the instant considered, Fig. a. Thus,
the motion of the xyz frame with respect to the XYZ frame is 2 ft

vo=ap =10 ® = [6K] rad/s ® = a = [-1.5k] rad/s?
For the motion of ball C with respect to the xyz frame,
(VreD)xyz = (—3sin 45° — 3 cos 45%) ft/s = [-2.121i — 2.121j] ft/s
(Are))xy: = (—1.5sin45% — 1.5 cos 45°%) ft/s* = [~1.061i — 1.061j] ft/s*
From the geometry shown in Fig. b, r¢j0 = 2 cos 45° = 1.414 ft. Thus,
rc/o = (—1.414sin 45°% + 1.414 cos 45%)ft = [—1i + 1j] ft
Velocity: Applying the relative velocity equation,

Ve =Vo + © X1c/0 + (Veel)xyz

0 + (6k) X (—1i + 1j) + (—2.121i — 2.121j)

= [-8.12i — 8.12j] ft/s Ans.

Acceleration: Applying the relative acceleration equation, we have

ac =ap + o X I'c/io + o X (w X l'C/O) + 20 X (Vrel)xyz + (a rel)xyz

0 + (1.5k) X (—1i + 1j) + (6k) X [(6k) X (—1i + 1j)] + 2(6k) X (—2.121i — 2.121j) + (—1.061i — 1.061j)

= [61.9i — 61.0j]ft/s’ Ans.

24| |
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*16-137. Ball C moves with a speed of 3 m/s, which is z
increasing at a constant rate of 1.5 m/s?, both measured

relative to the circular plate and directed as shown. At the » = 8rad/s
same instant the plate rotates with the angular velocity and a=5rad/s’
angular acceleration shown. Determine the velocity and |

acceleration of the ball at this instant.

Reference Frames: The xyz rotating reference frame is attached to the plate and
coincides with the fixed reference frame XYZ at the instant considered, Fig. a. Thus,
the motion of the xyz frame with respect to the XYZ frame is

vo=ap =10 ® = [8Kk] rad/s ® = a = [5k] rad/s’

For the motion of ball C with respect to the xyz frame, we have
rC/O = [03j] m

(vrel)xyz = [3i] m/s - 3(&&’,1"‘

. (V) 32 ) «esmdle ]l
The normal component of (am)xyz is [(arel)xyZL = f =03 " 30 m/s”. | 03m
Thus,

( ret)yz = [1.5F = 30§] m/s

ey .
Choege=3 mis
R"N‘hﬂf 1.5 mfs>

Velocity: Applying the relative velocity equation,

Ve = Vo + @ X1c0 T (VreDiy:

0 + (8K) X (0.3j) + (3i) (@

= [0.6i] m/s Ans.

Acceleration: Applying the relative acceleration equation.

ac =ap + o X Icjo + o X (o X l'C/O) + 20 X (v rel)xyz + (a rel)xyz
=0 + (5k) X (0.3j) + (8k) X [(8k) x (0.3j)] + 2(8k) X (3i) + (1.5i — 30j)

= [—1.2§] m/s? Ans.
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16-138. The crane’s telescopic boom rotates with the
angular velocity and angular acceleration shown. At the
same instant, the boom is extending with a constant speed
of 0.5 ft/s, measured relative to the boom. Determine the
magnitudes of the velocity and acceleration of point B at
this instant.

wyp = 0.02 rad/s2
a,p = 0.01 rad/s

Reference Frames: The xyz rotating reference frame is attached to boom AB and
coincides with the XY fixed reference frame at the instant considered, Fig. a. Thus,
the motion of the xy frame with respect to the XY frame is

[ | === [ === I —

vi=a,=0 wap = [—0.02K] rad/s wap = a = [—0.01k] rad/s?
For the motion of point B with respect to the xyz frame, we have
rp/4 = [60f] ft (Ve xy: = [0.55] ft/s (are))xy; = 0
Velocity: Applying the relative velocity equation,
Vg = Vo + wap X g4 + (VieDxy:

=0 + (—0.02k) X (60j) + 0.5j

= [1.2i + 0.5j]ft/s
Thus, the magnitude of vy, Fig. b, is

vg = V122 + 0.5 = 1.30 ft/s Ans.

Acceleration: Applying the relative acceleration equation,

agp =a, + wup X ¥p/q T wap X (0ap X ¥p/4) T 2048 X (VreDryz T (Arel) xyz /
=0 + (—0.01k) X (60j) + (—0.02K) X [(=0.02K) X (60j)] + 2(—0.02k) X (0.5]) + 0
= [0.62i — 0.024 j] ft/s’

Thus, the magnitude of ag, Fig. ¢, is

ag = V0.622 + (—0.024)? = 0.6204 ft/s? Ans. 0.5 ”’/‘-"
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16-139. The man stands on the platform at O and runs out
toward the edge such that when heisat A,y = 5 ft, his mass
center has a velocity of 2 ft/s and an acceleration of 3 ft/s?,
both measured relative to the platform and directed along
the positive y axis. If the platform has the angular motions
shown, determine the velocity and acceleration of his mass
center at this instant.

va=Vot+ QX0+ (Va0)sy:

va =0+ (0.5k) X (5)) + 2j
va = [—2.50i + 2.00j} ft/s

ag =29+ QX140+ QX (QXr140) + 20 X (Vao)eye + (04/0) sy

a, = 0 + (0.2k) X (5§) + (0.5k) X (0.5k X 5j) + 2(0.5k) X (2j) + 3j
a, = —li — 1.25j — 2i + 3j

a, = {—3.00i + 1.75j) ft/s

w=0.5rad/s

a=02rad/s®

Ans.

Ans.
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*16-140. At the instant § = 45°, link DC has an angular

velocity of wpc = 4rad/s and an angular acceleration of th/\ C A

apc = 2 rad/s’>. Determine the angular velocity and / B N ¢ (a]

angular acceleration of rod AB at this instant. The collar at \ 0 ;;/t

Cis pin connected to DC and slides freely along AB. . r//// ‘ 3ft
wD%DC

vy=0
a, =0
Q = wypk
Q=aABk

rC/A = {_3i} ft
(VC/A)xyz = (UC/A)reli

(ac/A)xyz: = (ac/a)rel

Ve = wep X Tepp = (—4k) X (25in 45°% + 2 cos 45°%)) = {5.6569% — 5.6569j} ft/s

— 2
ac = acp X I¢/p — wepYe/p

(—2K) X (2sin 45% + 2 cos 45°%) — (4)% (2 sin 45° + 2 cos 45°)

{—19.7990i — 25.4558j) ft/s?
Ve =Va+ Q Xreia + (Vera)ey:
5.656% — 5.6569) = 0 + (@45k) X (=3i) + (ve/a)syz
5.6569 — 5.6569) = (ve/A)sy: i — 3045 ]
Solving:
(ve/A)sy: = 56369 ft/s
wup = 1.89tad/s D Ans.
ac = a4 + Q Xreu + QX (Q X xep) + 20 X (Ve/a)vyz T ¢/
~19.7990i — 25.4558j = 0 + (aupk) X (=3i) + (1.89K) X [(1.89K) X (~30)] + 2(1.89K) X (5.6569%) + (ac/1)sye i
~19.7990i — 25.4558] = [10.6667 + (ac/a)xycli + (21.334 — 3aup)j
Solving:
(a cpa)xy, = —3047 ft/s?

aup = 15.6rad/s?> D Ans.
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¢16-141. Peg B fixed to crank AB slides freely along the
slot in member CDE. If AB rotates with the motion shown,
determine the angular velocity of CDE at the instant shown.

Reference Frame: The xyz rotating reference frame is attached to member CDE D™ — 10rad
and coincides with the XYZ fixed reference frame at the instant considered. Thus, zAB _ 5 r;?j /S/ 5 N A
the motion of the xyz reference frame with respect to the XYZ frame is i ﬂ\

ve=10 wcpe = ocpek
For the motion of point B with respect to the xyz frame,
rze = | V032 + 03% | m = 0.3V2i
/C
(Veet)ve = (Vret) e €08 45°8 + (Vyer) oy 5in 45% = 0.7071(vyet) oy i + 0.7071 (vyen )y §

Since crank AB rotates about a fixed axis, v; and ap with respect to the XYZ
reference frame can be determined from

Vg = wyp X Ip
= (10k) x (—0.3 cos 75°% + 0.3 sin 75°%)
= [—2.898i — 0.7765j] m/s
Velocity: Applying the relative velocity equation,
Vg = V¢ T wcpg X ¥gic + (V rel)xyz
(—2.898i — 0.7765j) = 0 + (wepr k) X (0.3\@) + 0.7071(v ret)eye i + 0.7071(v,er) oy
~2.898i — 0.7765f = 0.7071(Vyet )i + [03V 20 + 07071 1)) i
Equating the i and j components yields
~2.898 = 0.7071(V re1) sy )
~0.7765 = 0.3\ 2wcpr + 0.7071(V o)y Q)
Solving Egs. (1) and (2) yields
(Vrel)xy; = —4.098 m/s

wcpr = Srad/s Ans.

622



91962_06_s16_p0513- 0640 6/8/09 3:25 PM Page 623 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

16-142. At the instant shown rod AB has an angular

velocity wyp = 4rad/s and an angular acceleration 4
a,p = 2 rad/s% Determine the angular velocity and angular

acceleration of rod CD at this instant. The collar at C is pin

connected to CD and slides freely along AB.

wyp = 4rad/s
aup = 2rad/s?

Coordinate Axes: The origin of both the fixed and moving frames of reference are
located at point A. The x, y, z moving frame is attached to and rotate with rod AB
since collar C slides along rod AB.

Kinematic Equation: Applying Eqgs. 16-24 and 16-27, we have

Ve =vVa+ Q Xreq+ (Vera)sy: 1]
ac = a4 + Q X res + QX (Q X 1c/0) +2Q X (Vesa) e + (A¢/a)ne 2]
Motion of moving reference Motion of C with respect to moving
vi=10 reference
a, =0 resa = {0751 m
Q =4k rad/s (VC/A)xyz = (UC/A)xyzi
N 2 .
Q = 2krad/s (@ c/)xyz = (ac/a)xyz

The velocity and acceleration of collar C can be determined using Eqs. 16-9 and
16-14 with r¢)p = {—0.5 cos 30°i — 0.5 sin 30°j Jm = {—0.4330i — 0.250j} m.

Ve = wep X Tepp = —ocpk X (—0.4330i — 0.2505)
= —OZSOwCDi + 04330wCDj

_ 2
ac = acp X Ic/p — wep¥e/p

—acpk X (—0.4330i — 0.250§) — w?p(—0.4330i — 0.250j)

(0.43300%p — 0250 acp) i + (0.4330acp + 0.25002p )j

Substitute the above data into Eq.[1] yields
Ve=vVa+ Q Xreia+ (Vera)sy:
—0.250 wcpi + 0.4330wcpj = 0 + 4k X 0751 + (veja) ey, i

~0.2500cpi + 0.43300cpj = (ve/a)uy: i + 3.00f

Equating i and j components and solve, we have
(UC/A)XyZ = —1.732 m/S

wcp = 6.928 rad/s = 6.93 rad/s Ans.

Substitute the above data into Eq.[2] yields
ac = a4+ Q Xrea + QX (Q X xe/a) + 2Q X (ve/a)ny: + (Ac/a) e
[0.4330 (6.9282) — 0.250 aep Ji + [0.4330acp + 0.250(6.9282)]j
=0+ 2k X 0.75i + 4k X (4k X 0.75i) + 2 (4k) X (—1.732i) + (ac/a)ny: i
(20.78 — 0.250acp)i + (04330 acp + 12)j = [(ac/a)wy. — 12.0]i — 12.36
Equating i and j components, we have
(ac/a)ry. = 46.85m/s>

acp = —562rad/s? = 562rad/s? 9 Ans.
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16-143. At a given instant, rod AB has the angular
motions shown. Determine the angular velocity and angular
acceleration of rod CD at this instant. There is a collar at C.

2

2 ft

wsp = Srad/s
aqp = 12 1ad/s?

VA:0 2 ft
aA=0

Q = {5k} rad/s

O = {—12K} rad/s?

rea = (2} ft

(Ve/a)xy: = (Vesa)xy: i

(ac/a)xyz = (Ac/a)sy- 1

Ve =vVa+ Q Xxeia + (Vera)sy:

0+ (=5k) X (20) + (ve/a)ryd iy

Yc
= (UC/A)xyzi - 10.]

V¢ = wcp X ¥ep T

Wyo? Srad/s

(UC/A)xyzi — 10j = (—wcpk) X (2cos 60° + 2 sin 60°)
as >z redfs*

(UC/A)xyzi - 10j = 1732wCDi - wCDj 1

Solving: R

wcp = 10rad/s D Ans. _
(e )wye = 1.732(10) = 17.32 ft/s

ac =a, + Q Xres + QX (Q X 1c/0) + 29 X (Ve/a)eye + (Ac/a)ye

0 + (—12k) X (2i) + (=5k) X [(=5k) X (2i)} + 2(=5k) X [(ve/a)xyddl + (ac/a)xy, i

[(ac/a)xye = SOJi = [10(ve/a)aye + 24

ac

ac = acp X ¥¢g/p — ®¢p¥ep
[(ac/a)ey: — 50Ji = [10(17.32) + 24]j = (—acpk) X (2 cos 60°% + 2 sin 60%) — (10)%(2 cos 60°i + 2 sin 60%)

[(ac/a)eye — 50Ji — (10(17.32) + 24 = (1.732 acp — 100)i — (acp + 173.2)]

Solving:
-[1017.32) + 24| = —(acp + 1732)  acp = 24rad/s®> D Ans.
(ac/a)xy: — 50 = 1.732(24) — 100 (ac/a)xy, = —8.43 ft/s’
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*16-144. The dumpster pivots about C and is operated
by the hydraulic cylinder AB. If the cylinder is extending
at a constant rate of 0.5 ft/s, determine the angular
velocity @ of the container at the instant it is in the
horizontal position shown.

Ig/a = 5j

VB/A = 05j 3ft —
4 .3 .

vp = — gw(l)l + gw(l)J

Vg =Va+ Q Xrgat+ (Vpra)sy:
4 ., 3 . . .
- gw(l)l + ga)(l)J =0 + (Qk) X (5)) + 0.5j

4 .3 . . . \:? (q)ﬂll)x': 0'5:[“-/5
- gw(l)l + gw(l)J = —-Q(5)i + 0.55

Thus,
o = 0.833 rad/s 9 Ans.

Q = 0.133 rad/s
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¢16-145. The disk rolls without slipping and at a given
instant has the angular motion shown. Determine the
angular velocity and angular acceleration of the slotted link
BC at this instant. The peg at A is fixed to the disk. o =2rad/s
a = 4rad/s?

va = —(12)(2)i = —2.4i ft/s
a, =ap + aX Y0 — w2rA/0

a, = —4(0.7)i + (4k) X (0.55) — (2)%(0.5))
a, = —48i — 2j

va=vp+ Q Xryp+ (Vap)sy:

4
~24i = 0 + (wpck) X (161 + 1.2§) + vA/B<§)i + Vs (%)J

—24i=1.6 (,()Bcj - 12 (l)Bci + O.SVA/Bi + 0'6VA/Bj

—24=-12 wge + 0.8 Va/B UO:,Z,M/S
=4 radfs
0 = 1'6wBC + 0-6VA/B a ¥
A
Solving, j o ‘O'ﬂt
wge = 0.720rad/s D Ans.

vap = —1.921ft/s
ag=ag+ Q Xryp+ QX (Q Xryp) + 20 X (Vap)ey: + (A4/B)xyz
—48i —2j = 0 + (apck) X (1.6i + 1.2j) + (0.72k) X (0.72k X (1.6i + 12j))
+2(0.72K) X [—(0.8)(1.92)i — 0.6(1.92)j| + 0.8 agai + 0.6a5/4 ]
—4.8i — 2j = 1.6apcj — 1.2apci — 0.8294i — 0.6221j — 2.2118j + 1.658% + 0.8ap/4i + 0.6a5/4 j
—4.8 = —12apc — 0.8294 + 1.6589 + 0.8a5/,

-2 = 1.6(¥BC - 0.6221 — 2.2118 + 0.6aB/A

Solving,

age = 2.02rad/s> O Ans.

ap/a = —4.00 ft/s*
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16-146. The wheel is rotating with the angular velocity
and angular acceleration at the instant shown. Determine
the angular velocity and angular acceleration of the rod at 300 m
this instant. The rod slides freely through the smooth collar.

Reference Frame: The xyz rotating reference frame is attached to C and coincides
with the XYZ fixed reference frame at the instant considered, Fig. a. Thus, the
motion of the xyz reference frame with respect to the XYZ frame is

» = 8rad/s
a = 4rad/s?

720 mm —

ve =ac =0 wap = —w,4pK wup = —aypk

From the geometry shown in Fig.a,

rac = V03% + 072> = 078 m

72
6 = tan! (%) = 67.38°

For the motion of point A with respect to the xyz frame,

rA/C = [_078i] m (vrel)xyz = (vrel)xyzi (arel)xyz = (arel)xyzi

Since the wheel A rotates about a fixed axis, v, and a, with respect to the XYZ
reference frame can be determined from

VA:(UXI'A

= (—8K) X (—0.3 cos 67.38% + 0.3 sin 67.38°)

[2.215i + 0.9231j] m/s

aA=a><rA—w2rA

(—4k) X (—0.3 cos 67.38% + 0.3 sin 67.38° j) — 8%(—0.3 cos 67.38% + 0.3 sin 67.38%)
= [8.492i — 17.262§] m/s?

Velocity: Applying the relative velocity equation, we have

Va=Ve+ wap X tyac + (Vie)syz

22151 + 0.9231j = 0 + (—wupk) X (—0.78i) + (V re1)yy i
22151 + 0.9231j = (Vre)yyz i + 0.78w 45

Equating the i and j components yields
(VeeDxyz = 2.215m/s

0.78w 45 = 0.9231 wyp = 1.183 rad/s = 1.18 rad/s Ans.

Acceleration: Applying the relative acceleration equation.
ay =ac+ wsp X ryct+ 0ap X (04 X tay0) + 2048 X (VeeDxyr T (Arel) ayz
8.492i — 17.262j = 0 + (—a 45k) X (—0.78i) + (—1.183k) X [(—1.183k) X (—0.78i)] + 2(—1.183k) X (2.215i) + (@ re1)sy.i
8.492i — 17.262j = [(dre1)ye + 1.092]i + (0.78a 45 — 5.244)j
Equating the j components yields
—17.262 = 0.78a 45 — 5.244

aup = —15.41 rad/s’> = 15.4rad/s*> D Ans.
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16-147. The two-link mechanism serves to amplify angular
motion. Link AB has a pin at B which is confined to move

within the slot of link CD. If at the instant shown, AB (input) \\
has an angular velocity of w,p = 2.5 rad/s and an angular \
acceleration of ayp = 3rad/s?, determine the angular c \
velocity and angular acceleration of CD (output) at this \\
Instant. A \
I
|
wpp=25rad/s |
\ Qup = 3 rad/Sz//
Ve = 0 \ /
N /
— N -
ac = 0 \\ //
Q = _a)Dck
Q = —Oapc k

rB/C = {_015 i} m
(VB/C)xyz = (UB/C)xyzi
(aB/C)xyz = (aB/C)xyzi

Vg = wap X tpj4 = (—2.5k) X (0.2 cos 15° + 0.2 sin 15°)

{0.1294i + 0.4830j} m/s

_ 2
ap = app X Ypjqa — WapY¥p/a

(—3k) X (—0.2 cos 15% + 0.2 sin 15%) — (2.5)%(—0.2 cos 15°% + 0.2 sin 15°)
= {1.3627i + 0.2560j} m/s>

vg = Ve + Q Xrge + (VBio)yy:

0.1294i + 0.4830j = 0 + (~wpck) X (=0.151) + (Vp/c)xy: i
0.1294i + 0.4830j = (vg/c)xy- i + 0.150p¢ j
Solving:

(vB/C)xy: = 0.1294 m/s

wpc = 3.22rad/s D Ans.
ag = ac + QO X rge + QX (Q X rge) + 20 X (Vgi0)aye + (@p/0)ayz
13627 + 02560 = 0 + (—apck) X (—0.15i) + (=3.22k) X [(—3.22k) X (=0.15i)] + 2(~3.22k) X (0.1294i) + (apc).y. i
1.3627i + 0.25605 = [1.5550 + (@B/C)xyz }i + (0.15 apc — 0.8333)j
Solving:

(ap/c)ry. = —0.1923 m/s*

apc = 726 rad/s® D Ans.
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*16-148. The gear has the angular motion shown. Determine o = 4rad/s
the angular velocity and angular acceleration of the slotted link a=6rad/s’
BC at this instant. The peg A is fixed to the gear.

Coordinate Axes: The origin of both the fixed and moving frames of reference are
located at point B. The x, y, z moving frame is attached to and rotates with rod BC
since peg A slides along slot in member BC.

Kinematic Equation: Applying Eqgs. 16-24 and 16-27, we have

1.25m

va=vVg+ Q Xryp+ (Vap)xy: [1]
a, =ag+ QX rap + QX (Q Xryp) + 20 X (Vap)ey: + (@a/B)xy: [2]
Motion of moving reference Motion of C with respect to moving

reference

Vg = 0
ag = 0 rA/B = {125i} m
0 = wge K (VA/B)xyz = (UA/B)xyzi
Q — aBCk (aA/B)xyz = (aA/B)xyzi

The velocity and acceleration of peg A can be determined using Eqgs. 16-16 and
16-18 with r4/p = {0.5 cos 34.47°i + 0.5 sin 34.47°%j} m = {0.4122i + 0.2830j} m.

VA= Vp @ Xty =0+ 4k X (0.4122i + 0.28305)
= {~1.1319i + 1.6489j} m/s
ay, = ap + a X rA/D - a)zl‘A/D

= 6.40 sin 18.66°1 + 6.40 cos 18.66°% + 6k X (0.4122i + 0.2830j) — 4%(0.4122i + 0.2830j)

= [—6.2454i + 4.0094j} m/s?
Substitute the above data into Eq.[1] yields
va=vp+ Q Xryp+ (Vap)ry:
—1.1319i + 1.6489j = 0 + wpck X 1.251 + (v4/p)yy 1

—1.1319i + 1.6489) = (vp/8)xyei + 1.25 wpcj

Equating i and j components and solving, we have

(Va/B)xy: = —1.1319 m/s Be ¥4
wpe = 1.3191 rad/s = 1.32 rad/s Ans. = b.4omis*®

Substitute the above data into Eq.[2] yields

ag=ag+ Q Xryp+ QX (QXryp) + 20 X (Vap) o + (04/8) 0

—6.2454i + 4.0094j = 0 + apck X 1.25i + 13191k X (1.3191k X 1.25i) + 2(1.3191Kk) X (—1.13198) + (a/p)yy: §

—6.2454i + 4.0094j = [(a4/8)xy. — 21751 )i + (1.25apc — 2.9861)j
Equating i and j components, we have
(@a/B)xy; = —4.070 m/s2

age = 5.60 rad/s? Ans.
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¢16-149. Peg B on the gear slides freely along the slot in 150 mm
link AB. If the gear’s center O moves with the velocity and 3

. . . vo=3m/s
acceleration shown, determine the angular velocity and a(o) -15 é] 2
angular acceleration of the link at this instant. —_—

Gear Motion: The IC of the gear is located at the point where the gear and ': ~r ‘A
the gear rack mesh, Fig. a. Thus, 3 -
Vo
= =——=120rad
@ ro/[C 0.15 ra /S
Then,
Vp = Wrp/ic = 20(03) =6 m/s i
. a 15 . !
Since the gear rolls on the gear rack,a = S T o1s 10 rad/s. By referring to Fig. b,

ag = Ap + a X rB/O - wer/O

(ap).i — (ag),j = 1.5i + (—10k) X 0.15j — 20%(0.15§)

(ap)i — (ap),j = 3i — 60

Thus,
(ap), = 3 m/s’ (ag), = 60 m/s’
Reference Frame: The x'y’z’ rotating reference frame is attached to link AB and
coincides with the XYZ fixed reference frame, Figs. ¢ and d. Thus, v, and ayz with I @s),
respect to the XYZ frame is = ’
. 04454
v = [6sin30°i — 6 cos 30° j] = [3i — 5.196j] m/s B:l, d,=/5m/s*
ag = (3sin30° — 60 cos 30°)i + (—3 cos 30° — 60 sin 30°)j /ﬂ“;’:"f;/;%b

= [-50.46i — 32.60j] m/s?
For motion of the x'y’z’ frame with reference to the XYZ reference frame,
va=a,=0 wap = —wypk wap = —aspk
For the motion of point B with respect to the x'y’'z’ frame is
Ip/a = [0.6j]m (Vrel)x’y’z’ = (Vrel)x’y’z’j (arel)x’y’z' = (arel)x’y’z’j
Velocity: Applying the relative velocity equation,
Vg = V4 + wap X ¥pia T (Ve vy
3i —5.196j = 0 + (—wapk) X (0.6]) + (VreD)xyzJ
3i — 5196j = 0.6wABi + (Vrel)x’y’z’j
Equating the i and j components yields
3 = 0.6wyp wup = Srad/s Ans.
(VreD)wyy = —5.196 m/s

Acceleration: Applying the relative acceleration equation.

ag = a, + wup X rpq T wap X (wyp X ¥p/4) + 2048 X (VeeDryz + (A1) xyy

—50.46i — 32.60j = 0 + (—aupk) X (0.6j) + (—5k) X [(—5k) X (0.6))] + 2(—5k) X (—=5.196f) + (dre))xyd
—50.46i — 32.60j = (0.6a45 — 51.96)i + [(arcl)x'y’z’ - 15}j
Equating the i components,

—50.46 = 0.6« 45 — 51.96

ap = 2.5 rad/s? Ans.
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16-150. At the instant shown, car A travels with a speed of

25 m/s, which is decreasing at a constant rate of Zm/sz, |
while car B travels with a speed of 15m/s, which is

increasing at a constant rate of 2m/s>. Determine the

velocity and acceleration of car A with respect to car B.

Reference Frames: The xyz rotating reference frame is attached to car B and
coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Since

car B moves along the circular road, its normal component of acceleration is

2 2
v 15 . .
(ap), = R 250 0.9 m/s% Thus, the motion of car B with respect to the XYZ
p

frame is

vg = [—15i] m/s
ag = [—2i + 0.9j] m/s?

Also, the angular velocity and angular acceleration of the xyz frame with respect to

the XYZ frame is
s _ 15 _ -
w = > 250 0.06 rad/s ® = [—0.06Kk] rad/s
2
o= L“j)’ = 55 = 0008 rad/s’ ® = [—0.008K] rad/s>

The velocity of car A with respect to the XYZ reference frame is

va = [25j] m/s ay = [~2j] m/s®

From the geometry shown in Fig. a,

4 = [~200j] m
Velocity: Applying the relative velocity equation,
Va=Vg T o Xryp+ (Vi)
25j = —15i + (—0.06k) X (—200j) + (Vrel)xyz
25j = =271 + (VreD)xyz
(VreDxyz = [27i + 25j] m/s Ans.
Acceleration: Applying the relative acceleration equation,
ay=ag+oXryp+oX(@Xryp) + 20X (Vi T (Are)xyz
—2j = (—2i + 0.95) + (—0.008k) X (—200j) + (—0.06k) X [(—0.06k) X (—200§)] + 2(—0.06k) X (27i + 25j) + (& re)xy;
—2j = —0.6i — 1.62j + (& re1)xy;

(@ rel)xyz = [0.6i — 0.38j] m/s? Ans.
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16-151. At the instant shown, car A travels with a speed of

25m/s, which is decreasing at a constant rate of Zm/sz, \
while car C travels with a speed of 15m/s, which is “
increasing at a constant rate of 3m/s>. Determine the

velocity and acceleration of car A with respect to car C.

Reference Frame: The xyz rotating reference frame is attached to car C and
coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Since

car C moves along the circular road, its normal component of acceleration is
2 2
12 15 . .
(ac), = < - 550 0.9 m/s% Thus, the motion of car C with respect to the XYZ

frame is

ve = —15 cos 45°% — 15sin 45°% = [-10.607i — 10.607j] m/s
ac = (—0.9 cos 45° — 3 cos 45°)i + (0.9sin 45° — 3 sin 45°)j = [—2.758i — 1.485j] m/s?

Also, the angular velocity and angular acceleration of the xyz reference frame is

_ve_ 15 _ —r—
W= p =250 = 0.06 rad/s ® = [—0.06Kk] rad/s
. (ac) 3 2 . 2
=—=—=0.012 = [-0.012k
@ ) . 0.012 rad/s ® = [—0.012k] rad/s

The velocity and accdeleration of car A with respect to the XYZ frame is

va = [25)] m/s ay = [-2j] m/s’

From the geometry shown in Fig. a,

rc = —250sin 45% — (450 — 250 cos 45°)j = [—176.78i — 273.22j] m (@)
Velocity: Applying the relative velocity equation,
Va=Ve+ o Xryct (VieDay:
25j = (—10.607i — 10.607j) + (—0.06k) X (=176.78i — 273.22j) + (V re1)xyz
25j = =27 + (Vie))xyz

(Vrel)xyz = [27i + 25.]] m/s Ans.

Acceleration: Applying the relative acceleration equation,
ay=ac+ o Xrye+ oX(@Xry0)+ 20 X (Ve T (@ ey
—2j = (—2.758i — 1.485j) + (—0.012k) X (—176.78i — 273.22j)
+ (—0.06k) X [(—0.06k) X (—176.78i — 273.22j)] + 2(—0.06k) X (27i + 25j) + (Are1)xy:
—2j = —2.4i — 1.62j + (Are))yy;

(arel)xyz = [24i - O38j] m/52 Ans.
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*16-152. At the instant shown, car B travels with a speed

of 15 m/s, which is increasing at a constant rate of Zm/sz, \
while car C travels with a speed of 15m/s, which is

increasing at a constant rate of 3m/s’. Determine the

velocity and acceleration of car B with respect to car C.

Reference Frame: The xyz rotating reference frame is attached to C and coincides
with the XYZ fixed reference frame at the instant considered, Fig. a. Since B and C
move along the circular road, their normal components of acceleration are
2 2 2 2
VB _ 15 Ve _ 15

(ap), = 7 250 - 09m/s?> and (ac), = 7 250 - 0.9m/s>. Thus, the

motion of cars B and C with respect to the XYZ frame are

vg = [—15i] m/s
ve = [—15 cos 45°1 — 15 sin 45°j] = [—10.607i — 10.607j] m/s
ag = [-2i + 0.9j] m/s’

ac = (—0.9 cos 45°—3 cos 45°)i + (0.9 sin 45°—3 sin 45°)j = [—2.758i — 1.485 j] m/s?

Also, the angular velocity and angular acceleration of the xyz reference frame with
respect to the XYZ reference frame are

_ e _ 15 606 rady — [~0.06k] rad/

w = P = 250 = V. raa/s w = . raa/s
. (aC)t _ 3 _ 2 - 2
® = o T 250 0.012 rad/s ® = [—0.012Kk] rad/s

From the geometry shown in Fig. a,
rgic = —250sin 45°1 — (250 — 250 cos 45°)j = [—176.78i — 7322 j| m
Velocity: Applying the relative velocity equation,
Vg = Ve T o Xrge+ (Vie)y:
—15i = (—10.607i — 10.607j) + (—0.06k) X (—176.78i — 73.22j) + (Vre1)xy:
—15i = =151 + (VreD)xyz

(Vrel)xyz =0 Ans.

Acceleration: Applying the relative acceleration equation,
ag=ac+ o X rge + o X (w X l‘B/C) + 20 X (Vrel)xyz + (a rel)xyz
=2i + 0.9j = (—2.758i — 1.485j) + (—0.012k) X (—176.78i — 73.22j)

+(—0.06k) X [(—0.06k) X (—176.78i — 73.22j)] + 2(—0.06k) X 0 + (are)).y:

=20 + 0.9 = =3i + 0.9] + (ae1)sye

(a rel)xyz = [1i] m/52 Ans.

633



91962_06_s16_p0513- 0640 6/8/09 3:28 PM Page 634 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

¢16-153. At the instant shown, boat A travels with a speed
of 15m/s, which is decreasing at 3m/s?, while boat B travels

with a speed of 10m/s, which is increasing at 2m/s% 30 m
Determine the velocity and acceleration of boat A with
respect to boat B at this instant. 15m/s
+—50m A l Bl S0m——+
10 m/s
3 m/s? 2 m/s?

Reference Frame: The xyz rotating reference frame is attached to boat B and
coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Since

boats A and B move along the circular paths, their normal components of
va® 15 vg® 107
acceleration are (ay), = 7 =50 " 45m/s? and (ap), = — = 50

Thus, the motion of boats A and B with respect to the XYZ frame are

= 2m/s%.

va = [15§] m/s vp = [~10j] m/s
a, = [-4.5i — 3j]m/s? ag = [2i — 2j] m/s’

Also, the angular velocity and angular acceleration of the xyz reference frame with Y=I5mjs

respect to the XYZ reference frame are @)=z mfs™
S0m
10
w=-2_ < = 02rad/s o = [0.2K] rad/s F—Xx
p
(@) MWSL
P ag): _ l _ 2 - 2
® = b T 50° 0.04 rad/s ® = [0.04k] rad/s @) =amfs> Yye1om)s

@
And the position of boat A with respect to B is

ryp = [—20i] m
Velocity: Applying the relative velocity equation,
Va=Vp+ © Xryp+ (Vre)ry:
15j = —10j + (0.2k) X (—20i) + (Vre)xyz
15 = —14j + (VeeD)ayz
(VreDxyz = [29§] m/s Ans.
Acceleration: Applying the relative acceleration equation,
ag=ag+ o Xrypt+oX(@Xryp) + 20 X (Vie)ey: T (Are)xy:
(—4.5i = 3j) = (2i — 2j) + (0.04K) X (—20i) + (0.2K) X [(0.2k) X (—20i)] + 2(0.2K) X (29)) + (Are1)sy
—4.51 — 3j = —8.8i — 2.8j + (re1)yy:

Ae) . = [4.3i — 0.2j] m/s? Ans.
(Are)rye = [ J
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16-154. At the instant shown, boat A travels with a speed

of 15m/s, which is decreasing at 3m/s2, while boat B travels

with a speed of 10m/s, which is increasing at 2m/s 30 m
Determine the velocity and acceleration of boat B with /
respect to boat A at this instant.

15m/s
+—— 50 m vy Bl 50m ——+
10 m/s
3m/s? 2m/s/2

Reference Frame: The xyz rotating reference frame is attached to boat A and
coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Since

boats A and B move along the circular paths, their normal components of
va® 157 vg® 107
acceleration are (ay), = 7 =50 " 45m/s? and (ap), = — = 50

Thus, the motion of boats A and B with respect to the XYZ frame are

= 2m/s%.

va = [15§] m/s vp = [~10j] m/s
a, = [—4.5i — 3j] m/s? ag = [2i — 2j] m/s?

Also, the angular velocity and angular acceleration of the xyz reference frame with
respect to the XYZ reference frame are

w = Vf = % = 0.3 rad/s o = [0.3k] rad/s
a 3
o= (TA)t 3" 0.06 rad/s? @ = [—0.06k] rad/s?

And the position of boat B with respect to boat A is
rp/ 4 = [20i] m
Velocity: Applying the relative velocity equation,
Vg =Va+ @ X Ipst (VreDyy:
—10j = 15j + (0.3k) X (20i) + (Vrel)xy;
—10j = 21j + (Vret)xy:
(VreDxyz = [—31j]m/s Ans.
Acceleration: Applying the relative acceleration equation,
ag=a, + @ Xrgyt+ o(® Xrg4) + 20 X (VeeDryz T (Arel)xyz
(2i — 2§) = (—4.5i — 3j) + (—0.06k) X (20i) + (0.3k) X [(0.3k) X (20i)] + 2(0.3k) X (=31j) + (Arer)sys
21— 2 = 1230 — 42§ + (o)

o), = [—10.3i + 2.2j] m/s? Ans.
(Are)rye = [ j
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16-155. Water leaves the impeller of the centrifugal pump
with a velocity of 25m/s and acceleration of 30m/s?, both
measured relative to the impeller along the blade line AB.
Determine the velocity and acceleration of a water particle
at A as it leaves the impeller at the instant shown. The
impeller rotates with a constant angular velocity of
® = 15rad/s.

Reference Frame: The xyz rotating reference frame is attached to the impeller and
coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Thus,
the motion of the xyz frame with respect to the XYZ frame is

Vvo=ap =10 o = [—15k] rad/s w=10
The motion of point A with respect to the xyz frame is

rA/O = [03j] m

Vot

(VieD)xyz = (—25¢c0s 30°i + 25 sin 30°j) = [~21.65i + 12.5j] m/s (""Ml)x,f%m/s
. (a,d )xarg =30mfs*
(are)xyz = (—30cos 30°i + 30sin 30°j) = [—-25.98i + 15j] m/s?
Ele A
Velocity: Applying the relative velocity equation.
T8 0:3m
Va=Vo+ o X140+ (Vie)xy: X X
0 /
=0 + (—15k) X (0.3)) + (—21.65i + 12.5j) \J
W= /5 radys
= [-17.2i + 12.5j] m/s Ans. /ag=0
(a)

Acceleration: Applying the relative acceleration equation,

ag =29+ o Xry0+ 0X(@Xry0)+ 20 X (Vre))ry: T (Arel)xy:
=0 + (—15k) X [(~15k) X (0.3j)] + 2(—15k) X (—21.65i + 12.5j) + (—25.98i + 15j)

= [349i + 597j] m/s? Ans.
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*16-156. A ride in an amusement park consists of a rotating
arm AB having a constant angular velocity w4z = 2 rad/s
about point A and a car mounted at the end of the arm which
has a constant angular velocity o' = {—0.5k} rad/s,
measured relative to the arm. At the instant shown, determine
the velocity and acceleration of the passenger at C.

rp/4 = (10 cos 30°i + 105sin 30°j) = {8.66i + 5j} ft
Vg = wap X tp4 = 2k X (8.66i + 5j) = {—10.0i + 17.32j} ft/s
ag = aqp X Ipgja — whp Yp/q

=0 — (2)%(8.66i + 5j) = {—34.64i — 20j} ft/s?
Q=(2-05k =15k
ve = v+ Q Xre + (VesB)xyz

= —10.0i + 17.32j + 1.5k X (=2j) + 0

= {=7.00i + 17.3j} ft/s Ans.
ac = ag + QO X s+ QX (Q X 1c/8) + 20 X (Ve/p)ape + (Ac/B) 1y

= —34.64i — 20j + 0 + (1.5k) X (1.5k) X (=2j) + 0+ 0

= [—34.6i — 15.5j} ft/s? Ans.

®16-157. A ride in an amusement park consists of a
rotating arm AB that has an angular acceleration of

a,p = 1rad/s® when w,p = 2rad/s at the instant shown.

Also at this instant the car mounted at the end of the arm 4

has an angular acceleration of &’ = {—0.6k} rad/s? and

angular velocity of @’ = {—0.5k} rad/s, measured relative

to the arm. Determine the velocity and acceleration of the g
passenger C at this instant.

rp/4 = (10 cos 30°i + 10sin 30°j) = {8.66i + 5j} ft
Ve = wap X 54 = 2k X (8.66i + 5j) = (~10.0i + 17.32j} ft/s
ag = ap X Tyjp — 04 TE
= (1K) X (8.66i + 5j) — (2)X(8.66i + 5f) = {—39.64i — 11.34j} ft/s?
Q = 2-05)k = 1.5k
Q=01 - 06k =04k
ve = v+ Q Xxcip + (Vosp)xy:
= —10.0i + 17.32j + 1.5k X (=2j) + 0
= [—7.00i + 173§} ft/s Ans.
ac = ag + Q X e+ Q X (Q X xesp) + 20 X (Veyp)rye + (Ac/p) sy

= —39.64i — 11.34j + (0.4K) X (=2j) + (1.5k) X (1.5k) X (=2j) + 0 + 0

{—38.8i — 6.84j} ft/s? Ans.
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16-158. The “quick-return” mechanism consists of a crank
AB, slider block B, and slotted link CD. If the crank has the
angular motion shown, determine the angular motion of the
slotted link at this instant.

vp = 3(0.1) = 0.3 m/s 30

(ag), = 9(0.1) = 0.9 m/s?

c
Na'e

(ag)n = (3)%(0.1) = 0.9 m/s? weps acp

vp = Ve + Q Xrge + (VBio)yy:

0.3 cos 60°i + 0.3sin 60°) = 0 + (wcpk) X (0.3i) + vp,ci

vgie = 0.15m/s

wcp = 0.866 rad/s D Ans.

ag = ac + Q X rgic + Q X (Q Xrge) + 20 X (Vaic)ry: + (Ap)0)xy:

Yt

0.9 cos 60° — 0.9 cos 30° + 0.9 sin 60°j + 0.9 sin 30°j = 0 + (acp k) X (0.3i)

(Vcla)x,}
Qe nye

@)= 4 6oImmjs>

+(0.866k) X (0.866k X 0.3i) + 2(0.866k X 0.15i) + ap/ci
—0.3294i + 1.2294j = 0.3a¢cpj — 0.225i + 0.2598) + aB/Ci
agc = —0.104 m/s?

acp = 3.23rad/s? D Ans.
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16-159. The quick return mechanism consists of the crank
CD and the slotted arm AB. If the crank rotates with the
angular velocity and angular acceleration at the instant
shown, determine the angular velocity and angular
acceleration of AB at this instant.

Reference Frame: The xyz rotating reference frame is attached to slotted arm AB
and coincides with the XYZ fixed reference frame at the instant considered, Fig. a.
Thus, the motion of the xyz reference frame with respect to the XYZ frame is

Va=a, =0 wqp = 0K wap = ayspk

For the motion of point D with respect to the xyz frame, we have

I'p/a = [4i] ft (Vrel)xyz = (Vrel)xyzi (arel)xyz = (arel)xyzi

Since the crank CD rotates about a fixed axis, v;, and a;, with respect to the XYZ
reference frame can be determined from

Vp = Wcp XrD

(6k) X (2 cos 30°i — 2sin 30° j)

[6i + 10.39§] ft/s

_ 2
ap = acp X rp — wcp Tp

(3k) X (2cos30°i — 2sin 30°j) — 6%(2 cos 30°i — 2 sin 30° j)
= [—59.35i + 41.20j] ft/s’
Velocity: Applying the relative velocity equation,

Vp =Va+ 0ap X Ip/a + (Vre)xyz

6i +10.39j = 0 + (wapk) X (4i) + (Vre)xy

6i + 1039) = (VreD)nye 1 + 4]

Equating the i and j components yields
(VreD)xy; = 6 ft/s
10.39 = 4w yp wyp = 2.598 rad/s = 2.60 rad/s Ans.
Acceleration: Applying the relative acceleration equation,
ap =a, + oup X rpjy + 0ap X (0ap X ¥yp) + 2048 X (Vre)ryz + (Arel) xyz
—59.35i + 41.20j = 0 + (aspk) X 4i + 2.598k X [(2.598k) X (4i)] + 2(2.598k) X (6i) + (e)) sy, i
—59.35i + 41.20j = |:(arcl)xyz - 27}i + (4ayp + 31.18)j
Equating the i and j components yields
41.20 = 4a4p + 31.18

ap = 2.50 rad/s? Ans.
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*16-160. The Geneva mechanism is used in a packaging
system to convert constant angular motion into intermittent
angular motion. The star wheel A makes one sixth of a
revolution for each full revolution of the driving wheel B
and the attached guide C.To do this, pin P, which is attached
to B, slides into one of the radial slots of A, thereby turning
wheel A, and then exits the slot. If B has a constant angular
velocity of wp = 4 rad/s, determine w 4 and a4 of wheel A
at the instant shown.

The circular path of motion of P has a radius of

rp = 4 tan 30° = 2.309 in.

Thus,
vp = —4(2309)j = —9.238j
ap = —(4)%(2.309)i = —36.95i
Thus,
Vp =Vu+ Q Xxpg+ (Vpia)sy:
—9.238j = 0 + (w4 k) X (4)) = vp/ai /.Y:'J
Solving, (Oph=30-95n 5> Y= 9.238in/s

wy =0 Ans. (Vﬂfn)z\;a
Vpa = 9.238in./s o)y
ap=a, + Q Xrp4+ QX (QXrp) + 20 X (Vp/a)eye + @p/a)sy:
~36.951 = 0 + (a k) X (4) + 0 + 0 — ap, j Onty  Xx
Solving,
—=36.95 = —4ay
oy = 924rad/s> D Ans.

ap/A =0
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*17-1. Determine the moment of inertia /, for the slender
rod. The rod’s density p and cross-sectional area A are
constant. Express the result in terms of the rod’s total mass .

I
= / x% (p Adx)
’ &
1
= pAP
3 p
m=pAl -
Thus, dx
1
Iy=3m 12 Ans. A #
x
17-2. The right circular cone is formed by revolving the y
shaded area around the x axis. Determine the moment of
inertia /, and express the result in terms of the total mass m y =5
of the cone. The cone has a constant density p. \

dm = pdV = p(m y* dx)

— h()LZ Zd — ﬁ(l)hS_l 2h
m A p(m 2 xX“dx = pm 2 )\3 3p77'r Rh*—‘
dr, =\ am
X Zy ?
15, 2
=5 Y (pm y" dx)
1 r
= 5p(77)(y>x4 dx
h 4
_ 1 Na, 1 4
I, = A 2p(7T)(h4>x dx = 10°™ " h
Thus,
_3
I, = 10mr Ans.
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17-3. The paraboloid is formed by revolving the shaded
area around the x axis. Determine the radius of gyration k,.
The density of the material is p = 5 Mg/m>.

dm = pmy*dx = p 7 (50x) dx

1 200
Ix:/fyzdm:f/ 50 x {m p (S0x)} dx
2 2 Jo

502 1 ; 200
—oo(5 )57,

=pm (5?02)(200)3

200
/dm = / 7 p (50x) dx
0

1 .72
p 7 (50) {5 xZL

= o (3 )00y

3
I

y? = 50x

100 mm

200 mm |

1 50
k, =, IZX =, l?(200) = 57.7 mm Ans.
*17-4. The frustum is formed by rotating the shaded area y
around the x axis. Determine the moment of inertia /, and _boip
express the result in terms of the total mass m of the YTar T o
frustum. The frustum has a constant density p. T 2h

b
b [
b, 2b* ¢
dm = pdV = pmwy*dx = pﬂ(7x2 + - + bz)dx
a

1 1
dl, = Edmy2 = Epﬂy4 dx

1 b, 4bt 5 6bt, 4! 4
dl, = Ep’ﬁ(;x + ?x + 7)6 + Tx +b )dx

a 14 4 4 4
b* 4, 4b" 5, 6b" , 4D 4
Ix: /d[xzzp’lT\/O (Ex +?x +7x +7x+b)dx
31
= Epwab4
“ b 25 7
m = [ndm = p’)T/)\ (;x2 + - + bz)dx = gpw'azb2
93

I, = %me Ans.
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¢17-5. The paraboloid is formed by revolving the shaded
area around the x axis. Determine the moment of inertia
about the x axis and express the result in terms of the total
mass m of the paraboloid. The material has a constant
density p.

dm = pdV = p (¥ dx)

1 1
dI,==dmy*==pmy*dx

T2 2
h 4
1 a
Ix=[5prr(ﬁ)x2dx
1
:gﬂpa4h
h 2
1
m = -/0 5p7r(%>xdx
1
=5p7ra2h
I, = = ma? An
x—3ma S.

h—

17-6. The hemisphere is formed by rotating the shaded
area around the y axis. Determine the moment of inertia /,
and express the result in terms of the total mass m of the
hemisphere. The material has a constant density p.

m=/pdV=p/ wxzdy=p77/(r27y2)dy
14 0 0

1,0 2
S

1 r r
I, = /*(dm)x2=g 71'x4dy=E (rz—yz)zdy
m 2 2 Jo 2 Jo

57
P14 2 2 3 y} dpm s
= — - — + — =
2{” 37V TS T s
Thus,
2
Iy:§mr2 Ans.
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17-7. Determine the moment of inertia of the z
homogeneous pyramid of mass m about the z axis. The
density of the material is p. Suggestion: Use a rectangular
plate element having a volume of dV = (2x)(2y)dz. -
h
—
a
2
7;)1
dm 2 2 2 > I = ﬂ 2 a
dlz = E [(Zy) + (2y) ] = gy dm 1 = 10 a Ans. 2
dm = 4py* dz % % ’
8 4 8 4< a* )
al, = 3Py dz = 3/3(/1 2) o dz x
pla\ [" 3 2.2 3, 4 pa*\[}s 5 s _ sy Ls
IL=—(— h* — 4’z + 6h°z" — 4hz’ + Zdz = — | — || P — 20 + 20 — P + I
: 6(h4M( GOl dha e e 6(h4){ 5 }
_ pa*h
-~ 30
h 2 2 h
pa 2
= [ 4p(h - 2(“—>d =—/ W = 2hz + 2)d
/OP( 2) 2 )% hzo( 7 + 7%)dz .
2
- %[m A 1}?}
h 3 z;}
_ pa’h i
R \ dz
Z.Z=Zg o
Thus, i T T
J-A——- z
7’
¥
7 ( L
/4 a
'y=}jl( h-2)
i
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*17-8. Determine the mass moment of inertia I, of the z
cone formed by revolving the shaded area around the z axis.
The density of the material is p. Express the result in terms z= rﬂo(ro -y
of the mass m of the cone. |1

h
y
Differential Element: The mass of the disk element shown shaded in Fig. a is /
2
rO rD

dm = pdV = pwr’dz. Here,r = y = r, — ;z.Thus, dm = pm|r, — We dz. The * L
mass moment of inertia of this element about the z axis is

L, ._1 22 Lo 4 1 o\

dl, = —dmr® = — (pmridz)r® = —pwridz = —pmw\ 1, — —z | dz
2 2 2 2 h x

Mass: The mass of the cone can be determined by integrating dm. Thus,

h 2
r()
m=/dm=/pw<r(,—z> dz
o h

h
1 o \*[ h 1 5
p 3(r0 hz)< r0> —3p7rr0h
0

Mass Moment of Inertia: Integrating d/,, we obtain

hl < j >4
I=/d1=/fp7rroffoz dz
z z 0 2 h

h
1 1< r, )3 h 1 i,
== —|r, —— - = — pmrr,
2P s\ T W)\ T 10 P (@)
0

From the result of the mass, we obtain pmr,?h = 3m.Thus, [ . can be written as

1 1 3
]Z = E(pﬂruzh)roz = 5(31’71)7})2 = Emroz Ans.
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*17-9. Determine the mass moment of inertia [, of the
solid formed by revolving the shaded area around the y
axis. The density of the material is p. Express the result in
terms of the mass m of the solid.

2 15 L, p
dm=pdV=p7'rrdy.Here,r=z=Zy.Thus,dm=p7r 27 dy=g
The mass moment of inertia of this element about the y axis is

a1 SRR SRR | Lo\ T
dl, = Edmr = E(pﬂ'r dy)r- = S dy = P \red dy = s dy
Mass: The mass of the solid can be determined by integrating dm. Thus,
2m S\ [2m
pT pm(y 2
= [dm = 22 4gy = 55 ——
" /m A 167 16(5)0 57
Mass Moment of Inertia: Integrating d/,, we obtain
2m P
I,= [dI, = -y
y / y A 57274 A
_pm (VAP _mp
S12\ 9 /1o 9
. Sm .
From the result of the mass, we obtain mp = - Thus, I, can be written as
L 1(511) s
Y9\ 2 18

Differential Element: The mass of the disk element shown shaded in Fig. a is

y4 dy.

Ans.
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17-10. Determine the mass moment of inertia I, of the z
solid formed by revolving the shaded area around the y
axis. The density of the material is p. Express the result in

‘ ‘

terms of the mass m of the semi-ellipsoid. 2
L +i=1
b ‘ a b
Differential Element: The mass of the disk element shown shaded in Fig. a is l y
2

y? [y
dm = pdV = pnr’dy.Here,r = 7 =b 1 — =5. Thus,dm = pm| by/1 — — | dz L/

a a

X

8}

2
= prrb2<1 - y2>dy. The mass moment of inertia of this element about the y axis is
a

4

= L = Lomrany? = Loty = Lonl bl = 2 z
dIy—zdmr —Z(pwrdy)r —zpﬂ'rdy—zprr by[1 2 dy

1 . y2 2 1 . y4 2y2
2p77b<1—az>dy:2p77b 1+;— a2 dy

Mass: The mass of the semi-ellipsoid can be determined by integrating dm. Thus,

A
dy
2 (0)%32)
= gpﬁllbz M= Z

a y2 y3 a
m = /dm = / p7Tb2<1 - 2>dy = pﬂ'b2<y - 2)
0 a 3a 0

Mass Moment of Inertia: Integrating d/,, we obtain

. 4 (@>

. 3m .
From the result of the mass, we obtain p7mb2 = ER Thus, I, can be written as

_4 N2 A3\ _ 2 o
1, = —(pmab?)b? = (2)b—5mb Ans.

17-11. Determine the moment of inertia of the assembly
about an axis that is perpendicular to the page and passes

[
through the center of mass G. The material has a specific
weight of y = 90 Ib/ft>. i
b2 2 2 (20 oy } 2
1o = 3| (525 Jre7m |57 = 3 (55 J=erme) _
0.25 ft— |~—
1 1
+ = [<ﬂ)'n(2)2(0.25)}(2)2 - f{ <ﬂ)w(1)2(0.25)}(1)2
2[\322 2[\322 1 gt e
= 118 slug - ft? Ans.

647




91962_07_s17_p0641-0724 6/8/09 3:33 PM Page 648 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*#17-12. Determine the moment of inertia of the assembly

about an axis that is perpendicular to the page and passes —
through point O. The material has a specific weight of
y = 90 Ib/ft>. i
025 ft— |—
1/ 90 11/ 90
I = || 555 J7(2.5)* (1) | (2. 2—7{(—) 2)%(1 }22
G 2[(32.2)77( 5« )}( 5" =5\ 322 )7@ M) (@) -
— 1t —

+ %K%)ﬂz)z(o.zs)}(zf - %K%)w(l)z(o.zs)}uﬁ
117.72 slug - ft?

IO = IG“F mdz

m = (ﬂ)w(ﬁ — 1%)(0.25) + (ﬂ)w(Z.Sz —29)(1) = 26.343 slug

322 322
Ip = 117.72 + 26.343(2.5)* = 282 slug - ft* Ans.
*17-13. If the large ring, small ring and each of the spokes
weigh 100 1b, 15 1b, and 20 Ib, respectively, determine the
mass moment of inertia of the wheel about an axis
perpendicular to the page and passing through point A.
Composite Parts: The wheel can be subdivided into the segments shown in Fig. a. /‘s
The spokes which have a length of (4 — 1) = 3 ft and a center of mass located at a

3
distance of (1 + 5) ft = 2.5 ft from point O can be grouped as segment (2).

Mass Moment of Inertia: First, we will compute the mass moment of inertia of the
wheel about an axis perpendicular to the page and passing through point O.

Ip = (%)(42) + 8[11—2(%)(32) + (%)(2.52)} + (%)(12)

= 84.94 slug - ft

The mass moment of inertia of the wheel about an axis perpendicular to the page
and passing through point A can be found using the parallel-axis theorem

100 20 15
= + 2 = — 4 = ]+ — =28. = .
%us Ip + md*®, where m o) 8(32.2) 00 8.5404 slug and d = 4 ft

I, = 84.94 + 8.5404(4%) = 221.58 slug - ft* = 222 slug - ft? Ans.
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17-14. The pendulum consists of the 3-kg slender rod and
the 5-kg thin plate. Determine the location y of the center
of mass G of the pendulum; then calculate the moment of
inertia of the pendulum about an axis perpendicular to the
page and passing through G.

_ Zym 1(3) +225(5)
= = =1781m = 1.
y S m it 781 m 78 m

S
|

= ETG + md2

1 1
= E(3)(2)2 + 3(1.781 — 1) + B (5)(0.52 + 1) + 5(2.25 — 1.781)?

4.45 kg - m?

Ans.

Ans.

“Wo

<l

—1m—+

17-15. Each of the three slender rods has a mass m.
Determine the moment of inertia of the assembly about an
axis that is perpendicular to the page and passes through
the center point O.

1 asin60°\* | 1
Ip = 3| —ma* + m| ——— | | = Zma®
o 3|:12ma m< 3 )} 2ma

Ans.

*17-16. The pendulum consists of a plate having a weight
of 121b and a slender rod having a weight of 4 1b. Determine
the radius of gyration of the pendulum about an axis
perpendicular to the page and passing through point O.

IO = EIG + mdz

1[4 5 4 5 1( 12 ) s o ( 12 ) 5
=—\%= + {525 )05 + | 5= + 19+ = )G

12 (32.2)(5) (32.2)(0 D+ 5220 T (35)BY
= 4.917 slug - ft?

4 12
=l— ]+ =] =0.
m (32.2) (32.2) 0.4969 slug

I,  [4917
ko =\l =\ 04960 = 3121

5

Ans.

‘\./

¢17-17. Determine the moment of inertia of the solid
steel assembly about the x axis. Steel has a specific weight of
Yo = 490 Ib/ft>,

1 3 3
I, =~ my (052 + —my (0.5 — — my (0.25)?
. 2m1(05) 10m2(05) 10m3(0 5)

10

= 5.64 slug - ft?

0.25 ft

_ %W(O.S)z@(o.s)z L3 (%)7,(0.5)2 @057 - 1370@)77(0.25)2(2)(0.25)2}(%)

Ans.

2 ft
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17-18. Determine the moment of inertia of the center 05 in.a‘ Lin, ‘&05 in. 1in,
crank about the x axis. The material is steel having a specific | | I
weight of y,, = 490 Ib/ft>. | | fin
f =i
0.5 in.

490 [ (0.25)%(1)

my = E (W = 0.0017291 slug 4in.
0.5 in. 0.5 in.

490 ((6)(1)(0.5 4 s
m,=—— <M) = 0.02642 slug r —| O —+

322 (12) T T Lin.

1 lin ‘ ‘ lin
I, =2 E(0.02642)((1)2 + (6)2) + (0.02642)(2)?
1 1
+ 2{5(0.0017291)(0.25)2} +3 (0.0017291)(0.25) + (0.0017291)(4)2}
= 0.402 slug - in’ Ans.
17-19. Determine the moment of inertia of the overhung 20mm  — .
crank about the x axis. The material is steel for which the 30 mm
density is p = 7.85 Mg/m°. 90 mm O —
50 mm
m, = 7.85(10%)((0.05)7(0.01)?) = 0.1233 kg x 180 mm
20 mm
m, = 7.85(103)((0.03)(0.180)(0.02)) = 0.8478 kg —L| . ~
N%
‘r_l 30 mm

I, = 2{% (0.1233)(0.01)* + (0.1233)(0.06)2} 20 mm-— O 30 mm|-—|

+ {%(0.8478)((0.03)2 + (0.180)2)}

= 0.00325 kg-m? = 3.25 g- m? Ans.
*17-20. Determine the moment of inertia of the overhung 20mm  ——r 7
crank about the x’ axis. The material is steel for which the 30 mm
density is p = 7.85 Mg/m®. 90 mm O
50 mm
m, = 71.85(10)((0.05)7(0.01)?) = 0.1233 kg x 180 mm
20 mm
m, = 7.85(10%)((0.03)(0.180)(0.02)) = 0.8478 kg - . ~
‘r_l N%
30 mm
= 1 2 1 2 2 20 ﬁ_—j 30 ‘
I, 2 (0.1233)(0.01)" | + > (0.1233)(0.02)” + (0.1233)(0.120) mm 50 mm mm
1
+ [E (0.8478)((0.03)2 + (0.180)2) + (0.8478)(0.06)2}
= 0.00719 kg-m* = 7.19 g - m? Ans.
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¢17-21. Determine the mass moment of inertia of the
pendulum about an axis perpendicular to the page and
passing through point O. The slender rod has a mass of 10 kg
and the sphere has a mass of 15 kg.

segment to the point O are also indicated.

parallel-axis theorem.

IO EIG + mdz

= 527kg-m?

Composite Parts: The pendulum can be subdivided into two segments as shown in
Fig. a. The perpendicular distances measured from the center of mass of each

Moment of Inertia: The moment of inertia of the slender rod segment (1) and the
sphere segment (2) about the axis passing through their center of mass can be

computed from (I5); = ) mi? and (I;), = = mr®. The mass moment of inertia of

each segment about an axis passing through point O can be determined using the

= %(10)(0.452) + 10(0.2252)} + {% (15)(0.1%) + 15(0.55?)

Ans.

Pos

450 mm

100 mm,

QU 0-225m

0-45m \“(’; B
]

0-lm
)
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17-22. Determine the mass moment of inertia of the thin
plate about an axis perpendicular to the page and passing
through point O. The material has a mass per unit area of

20 kg/m?. o o
Composite Parts: The plate can be subdivided into the segments shown in Fig. a. \ v /
Here, the four similar holes of which the perpendicular distances measured from / \

their centers of mass to point C are the same and can be grouped as segment (2). 150 mm 150 mm

This segment should be considered as a negative part.

Mass Moment of Inertia: The mass of segments (1) and (2) are my =
(0.4)(0.4)(20) = 3.2 kg and m, = w(0.05%)(20) = 0.057 kg, respectively. The mass
moment of inertia of the plate about an axis perpendicular to the page and passing
through point C is

Ic = %(3.2)(0.42 +04%) — 4 %(0.0577)(0.052) + 0.057(0.15%)

= 0.07041 kg - m?

The mass moment of inertia of the wheel about an axis perpendicular to the
page and passing through point O can be determined using the parallel-axis
theorem I, = I + md? where m = m; — m, = 3.2 — 4(0.057) = 2.5717 kg and
d = 0.4 sin 45°m. Thus,

Io = 0.07041 + 2.5717(0.4 sin 45°)> = 0.276 kg - m? Ans.

0-45in45m

@)
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17-23. Determine the mass moment of inertia of the thin
plate about an axis perpendicular to the page and passing
through point O. The material has a mass per unit area of
20 kg/m?.

Composite Parts: The plate can be subdivided into two segments as shown in Fig. a.
Since segment (2) is a hole, it should be considered as a negative part. The
perpendicular distances measured from the center of mass of each segment to the
point O are also indicated.

Mass Moment of Inertia: The moment of inertia of segments (1) and (2) are computed
as my = w(0.2%)(20) = 0.87 kg and m, = (0.2)(0.2)(20) = 0.8 kg. The moment of
inertia of the plate about an axis perpendicular to the page and passing through point
O for each segment can be determined using the parallel-axis theorem.

Ip = Z1g + md?
~ 1L (0.87)(0.2%) + 0.877(0.22)} - {i 0.8)(0.22 + 02%) + 0.8(0.22)}
2 12

= 0.113 kg - m? Ans.
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*17-24. The 4-Mg uniform canister contains nuclear waste
material encased in concrete. If the mass of the spreader
beam BD is 50 kg, determine the force in each of the links
AB, CD, EF, and GH when the system is lifted with an
acceleration of a = 2 m/s” for a short period of time.

Canister:
+13F, = m(ag),; 2T — 4(10%)(9.81) = 4(10%)(2)
TAB = TCD =T = 23.6 kN Ans.
System:
+13F, = m(ag),; 2T’ cos30° — 4050(9.81) = 4050(2)

TEF = TGH =T =27.6kN Ans.

Q=2 m/.S"

L 40°)(981)N ~400°(9.81)N
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material encased in concrete. If the mass of the spreader
beam BD is 50 kg, determine the largest vertical acceleration
a of the system so that each of the links AB and CD are not X F
subjected to a force greater than 30 kN and links EF and GH 30
are not subjected to a force greater than 34 kN. %
B(O @E

©17-25. The 4-Mg uniform canister contains nuclear waste Ta

0°

H
{3

), O)

03m' 04m '03m

Canister:

+13F, = m(ag),:  2(30)(10%) — 4(10°)(9.81) = 4(10%)a
a =519 m/s

System:

+13F, = m(ag),;  2[34(10%) cos 30°| — 4050(9.81) = 4050a

a =473 m/s?

Thus,
Amax = 4.73 m/s? Ans.

24(/0>) N

30 30
3000ON  30(0ON |

A" 50(9.8)N

S
N
<

~4(10°) (98N ~4H10°)(961)N
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17-26. The dragster has a mass of 1200 kg and a center of
mass at G. If a braking parachute is attached at C and
provides a horizontal braking force of F = (1.6v%) N,
where v is in meters per second, determine the critical speed
the dragster can have upon releasing the parachute, such
that the wheels at B are on the verge of leaving the ground;
i.e., the normal reaction at B is zero. If such a condition
occurs, determine the dragster’s initial deceleration. Neglect
the mass of the wheels and assume the engine is disengaged
so that the wheels are free to roll.

If the front wheels are on the verge of lifting off the ground, then Nz = 0.

CH+IMy=S(Mya;  1.6v2(1.1) — 1200(9.81)(1.25) = 1200a5(0.35)

B IF, = m(ag)y; 1.6v% = 1200a

Solving Egs. (1) and (2) yields

ag =1635m/s?> v =111m/s

@
(2

Ans.

A‘ P f ‘B

‘ 32m |
1.25m

1200¢981) N

17-27. When the lifting mechanism is operating, the 400-1b
load is given an upward acceleration of 5 ft/s?. Determine
the compressive force the load creates in each of the
columns, AB and CD. What is the compressive force in each
of these columns if the load is moving upward at a constant
velocity of 3 ft/s? Assume the columns only support an
axial load.

Equations of Motion: Applying Eq. 17-12 to FBD(a), we have

400
+12F, = m(ag),; F — 400 = (@)(aa)y

Equation of Equilibrium: Due to symmetry F-p = F45. From FBD(b).

+12F, = 0; 2F, — F =0

If (ag)y, = 5 ft/s?, from Eq. (1), F = 462.11 Ib. Substitute into Eq. (2) yields

FAB = FCD =2311b

10 ft

10 ft

If the load travels with a constant speed, (ag), = 0. From Eq. (1), F = 400 Ib.

Substitute into Eq. (2) yields

FAB = FCD = 2001b

(m; {0 D
c
@ " |
F
2
T(aa)?
Ans.
4601b
(2]
Ans. I _I"—'t
10t f 10§
fae A Ee
(b,
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*]17-28. The jet aircraft has a mass of 22 Mg and a center
of mass at G. If a towing cable is attached to the upper 0.4m
portion of the nose wheel and exerts a force of 7 = 400 N
as shown, determine the acceleration of the plane and the

cococoEo®
G

30°
normal reactions on the nose wheel and each of the two P— " B
wing wheels located at B. Neglect the lifting force of the 7
wings and the mass of the wheels. T=400N | 0.8m
F—6m T
«— 3F, = m(ag),; 400 cos 30° = 22(10%) ag
ag = 0.01575 m/s?* = 0.0157 m/s> Ans.

C+IM, = S(Mp)a: 400 cos30° (0.8) + 2N (9) — 22(10%) (9.81)(6)
= 22(10%)(0.01575)(1.2)

Np = 71947770 N = 71.9 kN Ans.

+12F, = m(ag)y;  Na + 2(71947.70) — 22(103)(9.81) — 400 sin 30° = 0

N,y =7212460N = 72.1 kN Ans.

22009¢9-81) N

2230°) A,
/- iy

pocooon DS/

A ['Zm
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©17-29. The lift truck has a mass of 70 kg and mass
center at G. If it lifts the 120-kg spool with an acceleration
of 3m/s?, determine the reactions on each of the four
wheels. The loading is symmetric. Neglect the mass of the
movable arm CD.

i 0.75 m 0.5 m—
C+IMp=32(My)p; 70(9.81)(0.5) + 120(9.81)(0.7) — 2N 4(1.25)
= —120(3)(0.7)

= 567.76 N = 568 N Ans.

+13F, = m(ag),;  2(567.76) + 2Ny — 120(9.81) — 70(9.81) = 120(3)

Np = 544N Ans.

0-7/m
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17-30. The lift truck has a mass of 70 kg and mass center at
G. Determine the largest upward acceleration of the 120-kg
spool so that no reaction on the wheels exceeds 600 N.

l 0.75m 0.5 m

Assume N, = 600 N.

C+3IMy = S(My):  70(9.81)(0.5) + 120(9.81)(0.7) — 2(600)(1.25) = —120a(0.7)

a = 3.960 m/s?

+13F, = m(ag)y;  2(600) + 2Nz — 120(9.81) — 70(9.81) = 120(3.960)
Nz = 570N < 600 N OK 120(9.81)N

Thus a = 3.96 m/s? Ans.

O7m
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17-31. The dragster has a mass of 1500 kg and a center of
mass at G. If the coefficient of kinetic friction between the
rear wheels and the pavement is u;, = 0.6, determine if it is
possible for the driver to lift the front wheels, A, off the
ground while the rear drive wheels are slipping. Neglect the
mass of the wheels and assume that the front wheels are
free to roll.

If the front wheels A lift off the ground, then N4 = 0.
C+IMp = 3(Mp)g; —1500(9.81)(1) = —1500a5(0.25)

ag = 39.24 m/s?
5 3F, = m(ag)x: F; = 1500(39.24) = 58860 N

+13F, = m(ag)y,; Ny —150009.81) =0 Ny = 14715N

Since the required friction Fy > (Fp)max = sk Np = 0.6(14715) = 8829 N,
it is not possible to lift the front wheels off the ground.

Ans.

g

1500(9:81) N
I
b j Pﬁ
/m T\ <. 5m)
Na NA=C
[l
\ 1200 dg

*17-32. The dragster has a mass of 1500 kg and a center of
mass at G. If no slipping occurs, determine the frictional
force Fp which must be developed at each of the rear drive
wheels B in order to create an acceleration of a = 6 m/sZ.
What are the normal reactions of each wheel on the
ground? Neglect the mass of the wheels and assume that
the front wheels are free to roll.

C+3IMg = S(My)g: 2N, (3.5) — 150009.81)(1) = —1500(6)(0.25)

N, =1780.71 N = 1.78 kN

+12F, = m(ag),;  2Ng + 2(1780.71) — 1500(9.81) = 0

Np = 557679 N = 5.58 kN

B IF, = m(ag),; 2 Fz = 1500(6)

Fp = 4500 N = 4.50 kN

0.3 m

Ans.

Ans.

Ans.

1S00(381) N
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¢17-33. At the start of a race, the rear drive wheels B of
the 1550-1b car slip on the track. Determine the car’s
acceleration and the normal reaction the track exerts on the
front pair of wheels A and rear pair of wheels B. The A B
coefficient of kinetic friction is u; = 0.7, and the mass L—Gft L as fta‘
center of the car is at G. The front wheels are free to roll.

Neglect the mass of all the wheels.

Equations of Motion: Since the rear wheels B are required to slip, the frictional a
force developed is Fg = usNg = 0.7Np. ¢
1550
& SF, = m(ag)y;  0.7Ng = 32,° i) X 1550 Ib
+12F, = m(ag),; Na+ Nz — 1550 = 0 Q?)
C+ZMg = 0; Np(4.75) — 0.7Np(0.75) — N4(6) = 0 (&)}

Solving Egs. (1), (2), and (3) yields

N, = 640.461b = 640 1b N =909.541b = 910 1b a =132 ft/s’ Ans.

17-34. Determine the maximum acceleration that can be
achieved by the car without having the front wheels A leave

the track or the rear drive wheels B slip on the track. The A B
coefficient of static friction is wy, = 0.9.The car’s mass center ‘ 6t 475 fta‘
is at G, and the front wheels are free to roll. Neglect the :
mass of all the wheels.
Equations of Motion: (4
1550

d;EFX=ma o Fp=———a 1 &

(@) SENEYY) @ «— [5501b
+T2Fy = m(ag)y, Na+ Np— 1550 =0 ?2)

If we assume that the front wheels are about to leave the track, Ny = 0. Substituting
this value into Egs. (2) and (3) and solving Egs. (1), (2), (3),

Np = 15501b Fg = 9816.67 1b a = 203.93 ft/s’

Since Fg > (Fg)max = MsNp = 0.9(1550) Ib = 1395 Ib, the rear wheels will slip.
Thus, the solution must be reworked so that the rear wheels are about to slip.

FB = MSNB = O9NB (4)
Solving Egs. (1), (2), (3), and (4) yields
N, = 626.921b Nj = 923.08 Ib

a = 17.26 ft/s* = 17.3 ft/s? Ans.
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17-35. 'The sports car has a mass of 1.5 Mg and a center of
mass at G. Determine the shortest time it takes for it to
reach a speed of 80 km/h, starting from rest, if the engine
only drives the rear wheels, whereas the front wheels are
free rolling. The coefficient of static friction between the G
wheels and the road is u; = 0.2. Neglect the mass of the
wheels for the calculation. If driving power could be

supplied to all four wheels, what would be the shortest time — T - i 0.35m
for the car to reach a speed of 80 km/h? 125 m-] ko 75
. m
& SF = m(ag),; 02N, + 02Ny = 1500as @
+12F, = m(ag)y;  Na + Nz — 1500(9.81) = 0 Q?)
C+2ZMg = 0; —N,4 (1.25) + N5 (0.75) — (0.2N4 + 0.2Np)(0.35) = 0 3)
For Rear-Wheel Drive:

Set the friction force 0.2N, = 0in Egs. (1) and (3).

Solving yields:

N,=518kN >0 (OK) Ng = 9.53kN ag = 1.271m/s?

Since v = 80 km/h = 22.22 m/s, then

=vy + agt

7 N
T
N———
<
[

2222 =0 + 1.271¢
17.5s Ans.

-
Il

For 4-Wheel Drive:
N,=500kN >0 (OK) Ng = 9.71kN ag = 1.962m/s’
Since v, = 80 km/h = 22.22 m/s, then

vy = vy + agt

2222 = 0 + 1.962¢

t =113s Ans.

1500(9:8)N
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*17-36. The forklift travels forward with a constant speed
of 9ft/s. Determine the shortest stopping distance without
causing any of the wheels to leave the ground. The forklift
has a weight of 2000 1b with center of gravity at Gy, and the

load weighs 900 Ib with center of gravity at G,. Neglect the T\ =0 I
weight of the wheels. Ui — 3251t
2 ft 55 Y h l
o o
3.5 ft ——4.25 ft—
1.5 ft

Equations of Motion: Since it is required that the rear wheels are about to leave the
ground, N4 = 0. Applying the moment equation of motion of about point B,

CHSMy = (Mg 2mm3®-—mm4%>:<%§%)@)+(%£uy3x)

a = 1476 ft/s* «—
Kinematics: Since the acceleration of the forklift is constant,
<$) v2 = v} + 2a.(s — o)
0 =9+ 2(—14.76)(s — 0)

s = 2743 ft = 2.74 ft Ans.

@)
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©17-37. If the forklift’s rear wheels supply a combined
traction force of F, = 300 1b, determine its acceleration

and the normal reactions on the pairs of rear wheels and front
wheels. The forklift has a weight of 2000 1b, with center of r —
gravity at G, and the load weighs 900 Ib, with center of gravity B =0y I
at G,. The front wheels are free to roll. Neglect the weight of Gr== 325 ft
the wheels. A & |
ot o
3.5 ft ——4.25 ft—
1.51t
Equations of Motion: The acceleration of the forklift can be obtained directly by
writing the force equation of motion along the x axis.
2000 900
- = : =4+ =
2F, m(aG)x > 300 302 a 322 a
a = 3.331ft/s’ Ans.
Using this result and writing the moment equation of motion about point A,
2000 900
C+HIM, = (M) y; Np (5) — 2000(1.5) — 900(9.25) = —<322>(3.331)(2) - (322)(3.331)(3.25)
Np =2121.721b = 2122 1b Ans.

Finally, writing the force equation of motion along the y axis and using this result,
+T2Fy = m(ag),; N + 212172 — 2000 — 900 = 0

N, =T778281b = 778 1b Ans.
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17-38. Each uniform box on the stack of four boxes has a
weight of 8 Ib. The stack is being transported on the dolly,

which has a weight of 30 1b. Determine the maximum force F ¥ &
which the woman can exert on the handle in the direction 3%
shown so that no box on the stack will tip or slip. The . .

coefficient of the static friction at all points of contact is
s = 0.5.The dolly wheels are free to roll. Neglect their mass.

-
|
=3

-
-
=3

-
-
=3

KO0

Assume that the boxes up, then x = 1 ft. Applying Eq. 17-12 to FBD(a). we have 77
32 5
C+IMy = S(My)4; -32(1) = — 102 )96 3) ag = 10.73 ft/s 4(8)=32 Ib
. ]
+13F, = m(ag), ; N,—32=0 N,=3201Ib
B SF, = m(ag), ; F, =<32 >(1073)=1067lb 32
x G)x » f 322 . . \ = j_fiaﬁi
Since Fy < (Ff)max = ms Ng = 0.5(32.0) = 16.0 Ib. slipping will not occur. Hence,
the boxes and the dolly moves as a unit. From FBD(b), 3
o
32 + 30
B IF, = mag), ; F cos 30° = (327)(10.73) @—‘F’C A
N, X=Ift
F =2391b Ans.
ns @)
22
20 021073 #tf+
-
2016
=
(b) Ir_

17-39. The forklift and operator have a combined weight of
10000 1b and center of mass at G. If the forklift is used to lift
the 2000-1b concrete pipe, determine the maximum vertical
acceleration it can give to the pipe so that it does not tip
forward on its front wheels. —

It is required that Nz = 0.

322
a = 96.6 ft/s? Ans.

CHSM, = S(My)a:  2000(5) — 10000(4) = —KZOOOM(S)

—S5 ft———A4 ft——6 ft———

Z?OGJE

. 10000 1b
A F= -
r +{t éft |

Na Ng=0 L—'(j R
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*17-40. The forklift and operator have a combined weight
of 10 000 Ib and center of mass at G. If the forklift is used
to lift the 2000-Ib concrete pipe, determine the normal
reactions on each of its four wheels if the pipe is given an
upward acceleration of 4 ft/s%.

C+IM, = Z(My)4;  2000(5) + 2N (10) — 10000(4) {

GR)ek

Np = 1437.891b = 1.44 kip Ans.

2000
+13F, = m(ag),; 2N, + 2(1437.89) — 2000 — 10000 = (—)(4)

322
N4 = 4686.341b = 4.69 kip Ans.
20001b 2000
Q 10000 Ib (52.2' )(4)
]
l
St T4k T efe | l |
42’% 2Ng 5.3&
¢17-41. The car, having a mass of 1.40 Mg and mass center __ G,

at G, pulls a loaded trailer having a mass of 0.8 Mg and
mass center at G,. Determine the normal reactions on both
the car’s front and rear wheels and the trailer’s wheels if the
driver applies the car’s rear brakes C and causes the car to
skid. Take uc = 0.4 and assume the hitch at A is a pin or
ball-and-socket joint. The wheels at B and D are free to roll.

=04 .

D

5 md |
—2m—1.5m-—2 m—

1.25m

BN
Neglect their mass and the mass of the driver. 40(901)
Ay
Equations of Motion: Since the car skids, then Fy = uc Ne = 0.4Nc. Applying -
Eq.17-12 to FBD(a), we have

C+3IMy = S(My),:  1400(9.81)(3.5) + 04N, (0.4) — Ny (4.5)

—N¢ (1.5) = —1400a(0.35) )
+12F, = m(ag),; N + N¢ — 1400(9.81) — A, = 0 Q?)
B SF, = m(ag); 0.4N; — A, = 1400a 3
From FBD(b), (@)
C+EMy = S(M)a;  Np(2) — 800(9.81)(2) = —800a(0.85) @
+12F, = m(ag)y; Np + A, — 800(9.81) = 0 ) by
5 SF, = m(ag)y A, = 800a (©)

0-dm
Solving Egs. (1), (2), (3), (4), (5), and (6) yields

Np = 939695 N = 9.40 kN Nc = 4622.83 N = 4.62kN Ans.
Np = 7562.23 N = 7.56 kN Ans.

a = 0.8405 m/s? A, =67241N A, = 2857TN
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17-42. The uniform crate has a mass of 50 kg and rests on
the cart having an inclined surface. Determine the smallest
acceleration that will cause the crate either to tip or slip
relative to the cart. What is the magnitude of this
acceleration? The coefficient of static friction between the
crate and the cart is u; = 0.5.

Equations of Motion: Assume that the crate slips, then Fy = u, N = 0.5N.

C+3IMy = S(My,:  50(9.81) cos 15°(x) — 50(9.81) sin 15°(0.5)

= 50a cos 15°(0.5) + 50a sin 15°(x) (60)
+72F, = m(ag)y ; N — 50(9.81) cos 15° = —50a sin 15° ?2)
NHEFe = m(ag)y s 50(9.81) sin 15° — 0.5N = —50a cos 15° 3)

Solving Egs. (1), (2), and (3) yields

N = 44781 N x =0250m

a = 2.01 m/s? Ans.
Since x < 0.3 m, then crate will not tip. Thus, the crate slips. Ans.
17-43. Arm BDE of the industrial robot is activated by 220 m

applying the torque of M = 50 N-m to link CD. Determine

~0.365 m*‘%mss m——
the reactions at pins B and D when the links are in the

> G
position shown and have an angular velocity of 2 rad/s. Arm -
BDE has a mass of 10 kg with center of mass at G;. The
container held in its grip at £ has a mass of 12 kg with center 0.600 m
of mass at G,. Neglect the mass of links AB and CD. =50N-m
Curvilinear translation:

(ap)s = (ag), = (2)%(0.6) = 2.4 m/s*
Member DC:
C+3Mc = 0; -D,(06) +50=0
D, =8333N = 833N Ans.
Member BDE: pg
C+EIMp = Z(My)p; —Fp4(0.220) + 10(9.81)(0.365) + 12(9.81)(1.10) . P
x
= 10(2.4)(0.365) + 12(2.4)(1.10) ‘
0. b,
Fpq = 56754 N = 568 N Ans.
SO N
+T2Fy = m(ag)y; —567.54 + D, — 10(9.81) — 12(9.81) = —10(2.4) — 12(2.4) < JC
&
D,=731IN Ans. 1
0.220m™ 2
’ ( | 10(4.80N "-ﬁ-‘
v 1 /Z{a
== - ")i-
o J
1 (z.4)
L10m Yy
12U 950N o
Foe Ty 5 Sm ro(at)
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*17-44. The handcart has a mass of 200 kg and center of

P

mass at G. Determine the normal reactions at each of the two / 0°
wheels at A and at B if a force of P = 50 N is applied to the \
handle. Neglect the mass of the wheels.
0.5m
¢ r
& SF, = m(ag),; 50 cos 60° = 200a 02m
' O N
+T2Fy = m(ag)y; N4 + N — 200(9.81) — 50sin 60° = 0 ‘H0.3m4—*0,2m-‘<70‘4m——
C+ZMg = 0; —N4(0.3) + Np(0.2) + 50 cos 60°(0.3) — 50 sin 60°(0.6) = 0 50N
ag =0125m/s> N, =7652N  Ng=1240N a 200(9-81)N o°
At each wheel, [ 0.3m
N,
Ny = 7A — 383N Ans. q
Ny =N _ gp0N A
BT, T ns. ro__,,m o-zmT o0-4m
N
*17-45. The handcart has a mass of 200 kg and center of P
mass at G. Determine the largest magnitude of force P that -
can be applied to the handle so that the wheels at A or B \
continue to maintain contact with the ground. Neglect the
mass of the wheels.
0.5m
° r
&£ 02m
SF, =m(ag),; P cos60° = 200ag A@ B@ |
‘e 03 m—~0.2 m*‘<— 0.4 m —

+13F, = m(ag),;  Ni+ Nz — 200(9.81) — Psin 60° = 0

C+SMg=0;  —N4(0.3) + Np(0.2) + P cos 60°(0.3) — P sin 60°(0.6) = 0

For P, require

Ny=0

P =1998 N = 2.00 kN Ans.
Np = 3692 N

ag = 4.99 m/s?
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17-46. The jet aircraft is propelled by four engines to
increase its speed uniformly from rest to 100 m/s in a distance
of 500 m. Determine the thrust T developed by each engine vs
and the normal reaction on the nose wheel A. The aircraft’s

total mass is 150 Mg and the mass center is at point G.
Neglect air and rolling resistance and the effect of lift.

Kinematics: The acceleration of the aircraft can be determined from

v2 = vy + 2a.(s — s;)

1002 = 0% + 2a(500 — 0)

a = 10 m/s?
Equations of Motion: The thrust T can be determined directly by writing the force
equation of motion along the x axis.
E3F, = m(ag),; 4T = 150(10%)(10)

T = 375(10°)N = 375 kN Ans.

Writing the moment equation of equilibrium about point B and using the result of T,
C+IMp = (Mg 150(10°)(9.81)(7.5) + 2{375(103)}(5) + 2{375(103)}(4)

— N4(37.5)

150(10°)(10)(9)

N4 = 1143(10°)N = 114 kN Ans.

3
150 (10 )(73/) /\} /50(/0?9(/0) 7',”/.’4)

e

2T
A 2,7'/: 4Mm-5m ém
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17-47. The 1-Mg forklift is used to raise the 750-kg crate
with a constant acceleration of 2m/s®. Determine the 3
reaction exerted by the ground on the pairs of wheels at A
and at B. The centers of mass for the forklift and the crate
are located at Gy and G,, respectively.

&
Equations of Motion: Nz can be obtained directly by writing the moment equation 0.; m O 4 m r'G &
of motion about point A. ! o 5

C+SMy = (M)a; Ny (L4) + 750(9.81)(0.9) — 1000(9.81)(1) = —750(2)(0.9)
Ng = 1313.03N = 131 kN Ans. 09 m —F—1m—p"

Using this result to write the force equation of motion along the y axis,

+13F, = m(ag),; Ny + 1313.03 — 750(9.81) — 1000(9.81) = 750(2)
N, = 1735446 N = 17.4kN Ans.

l000(4-81)A)

*17-48. Determine the greatest acceleration with which the
1-Mg forklift can raise the 750-kg crate, without causing 5
the wheels at B to leave the ground. The centers of mass for
the forklift and the crate are located at G| and G,, respectively.

&
Equations of Motion: Since the wheels at B are required to just lose contact with the |
ground, Nz = 0. The direct solution for a can be obtained by writing the moment 05$ m O 4 m r‘G %
equation of motion about point A. i N
CH+HEIM, = (M) 4 750(9.81)(0.9) — 1000(9.81)(1) = —750a(0.9)
a = 4.72 m/s? Ans. =09 m —p—lm =g

/000(9-8))N

750(981)N 720

N = 1IN
ANl @

. f -
ogm’| Im /'Na—o

Mo,
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¢17-49. The snowmobile has a weight of 250 Ib, centered at
G, while the rider has a weight of 150 1b, centered at G,. If the
acceleration is a = 20 ft/ s2, determine the maximum height &
of G, of the rider so that the snowmobile’s front skid does not
lift off the ground. Also, what are the traction (horizontal)
force and normal reaction under the rear tracks at A?

Equations of Motion: Since the front skid is required to be on the verge of lift off,
Np = 0. Writing the moment equation about point A and referring to Fig. a,

150 250
C+EMy = (Mp),;  250(1.5) + 150(0.5) = —=—(20)(Amax) + —— (20)(1)
322 322
hmax = 3.163 ft = 3.16 ft Ans.
Writing the force equations of motion along the x and y axes,
150 250
& - ) -0 LY
EFx m(aG)x s FA 322 (20) 322 (20)
F4 = 248.451b = 2481b Ans.
+12F, = m(ag),; Ny — 250 — 150 = 0
N, = 4001b Ans.
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17-50. The snowmobile has a weight of 250 b, centered at
G, while the rider has a weight of 150 1b, centered at G,. If
h = 3 ft, determine the snowmobile’s maximum permissible
acceleration a so that its front skid does not lift off the
ground. Also, find the traction (horizontal) force and the
normal reaction under the rear tracks at A.

Equations of Motion: Since the front skid is required to be on the verge of lift off,
Np = 0. Writing the moment equation about point A and referring to Fig. a,

150 250
Q-FEMA = (Mk)A; 250(15) + 150(05) = (3272 amax)(S) + (3272 amax>(1)
Apmax = 20.7 ft/s? Ans.

Writing the force equations of motion along the x and y axes and using this result,

we have
150 250
E3F = mag)s;  Fa= T, 207) + 355 (207)
F, =257.141b = 257 1b Ans.

+12F, = m(ag),; Ny — 150 — 250 = 0

N, = 4001b Ans.
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17-51. The trailer with its load has a mass of 150 kg and a
center of mass at G. If it is subjected to a horizontal force of
P = 600 N, determine the trailer’s acceleration and the
normal force on the pair of wheels at A and at B. The
wheels are free to roll and have negligible mass.

P =600N
—>
0.5m

Equations of Motion: Writing the force equation of motion along the x axis,
B 3F, = m(ag),; 600 = 150a a=4m/s’— Ans.
Using this result to write the moment equation about point A4,
CHIMy= M)y 150(9.81)(1.25) — 600(0.5) — Np(2) = —150(4)(1.25)

Np = 114469 N = 1.14 kN Ans.
Using this result to write the force equation of motion along the y axis,
+12F, = m(ag),; N+ 1144.69 — 150(9.81) = 150(0)

Ny =32681N =327N Ans.

150(4-8)N

@)
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#17-52. The 50-kg uniform crate rests on the platform for S

which the coefficient of static friction is w, = 0.5. If the a

supporting links have an angular velocity w = 1 rad/s, w=1rad/s A‘
o /9

b=

h:d k4
Q
determine the greatest angular acceleration « they can have é‘
so that the crate does not slip or tip at the instant § = 30°.

4m

(@

Curvilinear Translation:

(ag), = (1)’(4) = 4m/s’

(a) = a(4) m/s®
BIF, = m(ag),; Fc = 50(4) sin 30° + 50(a)(4) cos30°
+T2Fy = m(ag)y; N¢ — 50(9.81) = 50(4) cos 30° — 50(«)(4) sin30°

C+EMg = 2(M)g;  Ne(x) = Fe(0.75) = 0

Assume crate is about to slip. Fr = 0.5N¢
Thus,

x =0375m > 025m

Crate must tip. Set x = 0.25 m.

Ne=605N  Fe=2012N

o = 0.587 rad/s? Ans.
Note: (FQ)max = 0.5(605) = 303N > 202N OK.
50(4)
/’50'(9'8'),4
»

3 - 1 301
. L‘ 50[a(4)]

Ne
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¢17-53. The 50-kg uniform crate rests on the platform for

k24

which the coefficient of static friction is u, = 0.5. If at the F o v
instant # = 30° the supporting links have an angular velocity w=1rad/s A
w =1 rad/s and angular acceleration « = 0.5rad/s? @ 74 ‘
determine the frictional force on the crate.

7

4m

(e

Curvilinear Translation:
(ag), = (1)*(4) = 4m/s?
(ag), = 0.5(4) m/s> = 2 m/s?
BIF, = mag),;  Fe = 50(4) sin 30° + 50(2) cos 30°
+T2Fy = m(ag)y; Nc — 50(9.81) = 50(4) cos 30° — 50(2) sin 30°
Solving,
Fc = 186.6 N
Ne = 613.7N
(FC)max = 0.5(613.7) = 3069 N > 186.6 N OK
C+3EMg = S(My)g;  Ne(x) — Fe(0.75) = 0

613.7(x) — 186.6(0.75) = 0

x =0228m < 0.25m OK
Thus, Fc = 187N Ans.

4
| 50980 Jﬂso )
2
[ GI k@
05m 50(2)
A ke
Ne
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17-54. 1If the hydraulic cylinder BE exerts a vertical force

of F=15kN on the platform, determine the force 5
developed in links AB and CD at the instant § = 90°. The E

platform is at rest when 6 = 45°. Neglect the mass of the F o
links and the platform. The 200-kg crate does not slip on / 3m

the platform. I
B

1mj—e — °D 3m

Equations of Motion: The free-body diagram of the crate and platform at the general
position is shown in Fig. a. Here, (ag), = ar = «(3) and (ag), = o’r = w*(3), where

o and « are the angular velocity and acceleration of the links. Writing the force C
equation of motion along the ¢ axis by referring to Fig. a, we have

+/73F, = m(ag), ; 200(9.81) sin & — 1500 sin § = 200[a(3)]

a = 0.77 sin 6

Kinematics: Using this result, the angular velocity of the links can be obtained by

integrating
/ wdw = / ado
® 0
/ wdow = / 0.77 sin 6 d6
0 45°

o = V1.54(0.7071 — cos 6)

When 6 = 90°,w = 1.044 rad/s. Referring to the free-body diagram of the crate and
platform when 6 = 90°, Fig. b,

5 SF, = m(ag),; Fap — Fep = 200[1.044(3) | 1)
C+EMg = 0; 1500(2) — Fap(2) — Fep(1) = 0 ()]
Solving Egs. (1) and (2) yields

Fup = 121779N = 1.22kN Fep = 564.42 N = 564N Ans.

t
S F=1500N
(cz:)t-ﬁ_ﬁ. §

200048)N

X
G G
== Fc—p
[
Fep
@) %)
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17-55. A uniform plate has a weight of 50 lb. Link AB is
subjected to a couple moment of M = 101b-ft and has a
clockwise angular velocity of 2rad/s at the instant 6 = 30°.
Determine the force developed in link CD and the tangential
component of the acceleration of the plate’s mass center at
this instant. Neglect the mass of links AB and CD.

Equations of Motion: Since the plate undergoes the cantilever translation,

(ag), = (22)(1.5) = 6 ft/s%. Referring to the free-body diagram of the plate shown B
in Fig. a, P =30°
50 A - .
SF, = m(ag),; —Fep — Bycos30° — B,sin30° + 50 sin 30° = (—322)(6) 6)) M =101b - ft
. 50
2F = m(ag):; B, sin 30° — B, cos 30° + 50 cos 30° = —— (ag), ?)

322

C+3Mg=0;  By(1) — B,(05) — Fopcos30°(1) — Fopsin30°00.5) =0 (3)

Since the mass of link AB can be neglected, we can apply the moment equation of
equilibrium to link AB. Referring to its free-body diagram, Fig. b,

C+3IM, = 0; B,(155in30°) — B,(1.5 cos 30°) — 10 = 0 @)

Solving Egs. (1) through (4) yields

B, =89751b B, = —2.5161b
Fep=9.1691b = 9.171b Ans.
(ag), = 32.18 ft/s* = 32.2 ft/s’ Ans.
054t
) Y
30}2@ 501
@, o ¢
G b
%), 1
h + | {1
B" e
e
b
‘, (a)
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*17-56. The four fan blades have a total mass of 2 kg and
moment of inertia I, = 0.18 kg+m? about an axis passing
through the fan’s center O. If the fan is subjected to a moment
of M = 3(1 — ¢ %) N -m, where ¢is in seconds, determine
its angular velocity when ¢ = 4 s starting from rest.

C+3Mo = Ioes  3(1 — e %) = 0.18a
a=1667(1 - ¢ 2(98)N

do = adt

/d(u
0

1
= 16. + — 0.2t
w = 16.67 {t 0.26 }

M=3(1-¢ %) N:m
/ 416.67(1 — e ) dr Oc

4

™R

0
w = 20.8 rad/s Ans. O?

*17-57. Cable is unwound from a spool supported on
small rollers at A and B by exerting a force of 7 = 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 gyration of kp = 1.2 m. For the calculation,
neglect the mass of the cable being unwound and the mass
of the rollers at A and B. The rollers turn with no friction.

Equations of Motion: The mass moment of inertia of the spool about point O is
given by I, = mk% = 600(1.22) = 864 kg - m%. Applying Eq. 17-16, we have

C+3My=Ipa;  —300008) = —864a  a = 02778 rad/s>

5
Kinematics: Here, the angular displacement 6 = ; =08 6.25 rad. Applying

. 1
equation § = 6, + wyt + Eatz, we have

C+) 625=0+0+ %(0.2778)t2

t=06.71s Ans.
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17-58. The single blade PB of the fan has a mass of 2 kg B
and a moment of inertia /; = 0.18 kg-m? about an axis
passing through its center of mass G. If the blade is
subjected to an angular acceleration a = 5 rad/s?, and has

|

o

an angular velocity = 6 rad/s when it is in the vertical 300 mm
position shown, determine the internal normal force N, ‘ P
shear force V, and bending moment M, which the hub o = 6rad/s
exerts on the blade at point P. @ = 5rad/s’ 75
mm

Equations of Motion: Here, (ag), = arg = 5(0.375) = 1.875m/s?> and (ag), =

w’rg = 6%(0.375) = 13.5m/s>. 20981)N T =0605)
C+3IMp = S(M)p; —Mp = —0.18(5) — 2(1.875)(0.3) de = _
2(/35) 201875 ;
Mp =2.025N-m Ans. P
SFE, = m(ag), : Np + 2(9.81) = 2(13.5) = 0.3m
Np = 738N Ans. + »
SF = m(ag); Vp = 2(1.875) = 375N Ans. Vo | P

17-59. The uniform spool is supported on small rollers at
A and B. Determine the constant force P that must be
applied to the cable in order to unwind 8 m of cable in 4 s
starting from rest. Also calculate the normal forces on the
spool at A and B during this time. The spool has a mass of
60 kg and a radius of gyration about O of kp = 0.65 m. For
the calculation neglect the mass of the cable and the mass of
the rollers at A and B.

1
I+)s =50+ vt +Eact2

1
8:0+0+§ac(4)2

a, = 1m/s’ 60(9.8)N

a = % =1.25 rad/s2 d=f'25md/5 0-8m

C+ZMy = Ipa;  P(0.8) = 60(0.65)%(1.25) {
P =396N Ans.

5 SF =ma,; Nysin15° — Ngsin15° = 0

+T2Fy =ma,;

v N, cos 15° + Ngcos 15° — 39.6 — 588.6 = 0

Ny, = Ng=325N Ans.
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*17-60. A motor supplies a constant torque M = 2 N-mto

a 50-mm-diameter shaft O connected to the center of the M
30-kg flywheel. The resultant bearing friction F, which the 0
bearing exerts on the shaft, acts tangent to the shaft and has a 25 mm
magnitude of 50 N. Determine how long the torque must be

applied to the shaft to increase the flywheel’s angular velocity
from 4 rad/s to 15 rad/s. The flywheel has a radius of gyration
ko = 0.15 m about its center O.

F

30(9.8/)N

C+3My=1Ipa; 2 — 50(0.025) = 30(0.15)%cx
a = 1.11 rad/s?

C+ w=w)+ a.t
15 =4+ (1.11)t
t=990s Ans.

¢17-61. If the motor in Prob. 17-60 is disengaged from the
shaft once the flywheel is rotating at 15 rad/s, so that M = 0,
determine how long it will take before the resultant bearing
frictional force F = 50 N stops the flywheel from rotating.

C+32My=Ipa;  50(0.025) = 30(0.15)%
a = 1.852 rad/s’

C+ I0)

wy + a.t

—15 + (1.852)¢

-
Il

8.10s Ans.
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17-62. The pendulum consists of a 30-Ib sphere and a
10-1b slender rod. Compute the reaction at the pin O just
after the cord AB is cut. } B

Mass Moment Inertia: From the inside back cover of the text.

_2 ,_2(30 2\ _ L2
(Ig)s = g mr* = ¢ (32.2>(1 ) = 03727 slug - ft

_ l 2 _ L 10 2\ _ 2
Uehr=1yml =1 <32.2>(2 ) = 0.1035 slug - ft

Equations of Motion: At the instant shown, the normal component of acceleration
of the mass center for the sphere and the rod are [(aG),,] s = T(aG)n] r = 0O since the 301b
angular velocity of the pendulum w = 0 at that instant. The tangential component of 3ft i
acceleration of the mass center for the sphere and the rod are [(ac),] s = arg = 3a 10 /b
and [(aG)t}R = arg = a. ‘
C+3Mp = S(My)o:  30(3) + 10(1) = 0.3727a + 0.1035« ,! ¢ (7))
30 10 ! |f
+ (?22)(3@(3) + (Tzz)@“) y oy
' ' 293¢ ¥z}
a = 10.90 rad/s’ (5220(3%) (Z2)@) [—n
2Fn = m(aG)n; Ox =0
T
30 10 &
3F =m(ag),; 30+10-0,= By [3(10.90)] + By (10.90) /
: ' 03727X 01035 1§t
0, = 6.1401b
Y 3ft
Thus,
Fo= V02 + 0} =V0* + 6.140° = 6.141b Ans.
17-63. The 4-kg slender rod is supported horizontally by a
spring at A and a cord at B. Determine the angular IWF_
acceleration of the rod and the acceleration of the rod’s i 2m
mass center at the instant the cord at B is cut. Hint: The B |
stiffness of the spring is not needed for the calculation. 4
Since the deflection of the spring is unchanged at the instant the cord is cut, the
reaction at A is
F 4(981)*1962N
A - . - .
2 i
. 4(981)N T {,3(4}(2’3]«
EFX = m(aG)x; 0= 4(aG)x m(a‘)x,
=
+J,EFY = m(ag)y; 4(9.81) — 19.62 = 4(ag), o
== 2nl
1
C+3Mg = Ipa;  (19.62)(1) = {E (4)(2)2}1 i G
Solving: E:;QQZN‘ m(dq),‘f‘f'(aq)?
(aG)x =0
(ag), = 4.905 m/s*
o = 14.7 rad/s? Ans.
Thus,
(ag) = 490 m/s? Ans.

681



91962_07_s17_p0641-0724 6/8/09 3:50 PM Page 682 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*17-64. The passengers, the gondola, and its swing frame
have a total mass of 50 Mg, a mass center at G, and a radius
of gyration kz = 3.5 m. Additionally, the 3-Mg steel block
at A can be considered as a point of concentrated mass.
Determine the horizontal and vertical components of
reaction at pin B if the gondola swings freely at w = 1 rad/s
when it reaches its lowest point as shown. Also, what is the
gondola’s angular acceleration at this instant?

Equations of Motion: The mass moment of inertia of the gondola and the counter
weight about point B is given by I = m, k% + myry = 50(103)(3.52) + 3(103)(32)
= 639.5(103> kg - m% At the instant shown, the normal component of acceleration of
the mass center for the gondola and the counter weight are
[(@e)nlg = @* r, = B (5) = 5.00m/s? and [(ag),|w = @* ry = 12 (3) = 3.00 m/s’.
The tangential component of acceleration of the mass center for the gondola and
the counter weight are [(aG),}g = ary = 5a and [(aG),]W = ary = 3a. Applying UGN
Eq.17-16, we have

(@), =34

C+IMy = Iy 0=1639.5(10’)a  a=0 Ans. Wt —-

* 3m
EFI = m(aG)[; BX =0 Ans. n - B){, [.{aﬁ‘}n],,"j- OOI"";"S‘
SF, = m(ag),;  3(10°)(9.81) + 50(10°)(9.81) — B, 5010 (78N iy [(aa)ﬂ]3=5oom/s=~

= 3(10°)(3.00) — 50(10°)(5.00)

B, = 760.93(10°) N = 761 kN Ans. L(Q.JJ;sx

®17-65. The passengers, the gondola, and its swing frame
have a total mass of 50 Mg, a mass center at G, and a radius
of gyration kg = 3.5 m. Additionally, the 3-Mg steel block
at A can be considered as a point of concentrated mass.
Determine the angle 6 to which the gondola will swing
before it stops momentarily, if it has an angular velocity of
o = 1 rad/s at its lowest point.

Equations of Motion: The mass moment of inertia of the gondola and the counter
weight about point B is given by I3 = m, k% + myr}y = 50(10%)(3.5?) + 3(10%)(3?)
= 639.5(10°) kg - m%. Applying Eq. 17-16, we have

C+3Mp=Iza;  3(10%)(9.81) sin 6(3)
—50(10)(9.81) sin 6(5) = 639.5(10%) a
a = —3.6970sin 0

Kinematics: Applying equation w dw = « df, we have

0 0
/ wdow = / —3.6970 sin 6 d6
1rad/s 0°

6 = 30.1° Ans.
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17-66. The kinetic diagram representing the general a
rotational motion of a rigid body about a fixed axis passing

through O is shown in the figure. Show that ;e may be P
eliminated by moving the vectors m(ag), and m(ag), to Y’

point P, located a distance 7gp = kZ/roq from the center of m(ag), » \

mass G of the body. Here ks represents the radius of Ia
gyration of the body about an axis passing through G. The € rep
point P is called the center of percussion of the body. b /m(aG)"&

oG

m(ag); rog + I a = m(ag); roc + (msz)a

However,
a
sz = roG rGp and o = ( G)t
oG
_ (ag)
m(ag); tog + Iga = m(ag), roc + (Mrog rgp) E
= m(ag)(roc + rcp) Q.E.D.

17-67. Determine the position rp of the center of

. we
percussion P of the 10-1b slender bar. (See Prob. 17-66.) °
What is the horizontal component of force that the pin at A A
exerts on the bar when it is struck at P with a force of
F =201b?
rp
Using the result of Prob 17-66, 4 ft
[ i (ml) T
k? 12\ m 1 < F
raG 1
2 _ U
Thus,
1 1 2 2
=—]+=-1==1==(4)=2. .
rp 6[ 21 3l 3(4) 2.67 ft Ans

322
a = 32.2 rad/s?

C+3IM, =1, 20(2.667) = E <£)(4)2}a

(ag): = 2(32.2) = 64.4 ft/s’

10

ESF, = m(ag),: —A,+20= <32.2

>(64.4)

A, =0 Ans.
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*17-68. The 150-kg wheel has a radius of gyration about
its center of mass O of ko = 250 mm. If it rotates
counterclockwise with an angular velocity of = 1200 rev/
min at the instant the tensile forces 7, = 2000 N and
Tz = 1000 N are applied to the brake band at A and B,
determine the time needed to stop the wheel.

Equations of Motion: Here, the mass moment of inertia of the flywheel about its Ty
mass center O is I, = mky? = 150(0.252) = 9.375 kg - m%. Referring to the free-
body diagram of the flywheel in Fig. b, we have

y diag y g 0.3m 150(981)N

C+3IMp = I 1000(0.3) — 2000(0.3) = —9.375 a = 32 rad/s?

min 1rev 60 s
angular acceleration is constant, we can apply

2 1 mi
Kinematics: Here, wj = (1200 rev)( wrad>< rmn) = 407 rad. Since the

C+ w=w)t+ a.t

0 = 407 + (—32)t

t=393s Ans.

®17-69. The 150-kg wheel has a radius of gyration about
its center of mass O of kp =250mm. If it rotates » = 1200 rev /min . >

counterclockwise with an angular velocity of w = 1200 rev/ T4
min and the tensile force applied to the brake band at A is
T, = 2000 N, determine the tensile force Tp in the band at
B so that the wheel stops in 50 revolutions after T4 and Ty
are applied.
PP B -
T,
27 rad \[ 1 mi
Kinematics: Here, oy = | 1200 ﬂ 7 L 407 rad and
min 1rev 60 s
0 = (50rev)
150(9.81)N
2
( u rad) — 1007rad
1rev

Since the angular acceleration is constant,

C+ ®* = wy? + 2a(0 — 6y)
0 = (40m)? + 2a(1007 — 0)
a = —25.13 rad/s? = 25.13 rad/s’

Equations of Motion: Here, the mass moment of inertia of the flywheel about its
mass center O is Iy = mky? = 150(0.252> = 9.375 kg - m%. Referring to the free-
body diagram of the flywheel,

CH+IMy = Ioa; T5(0.3) — 2000(0.3) = —9.375(25.13)
Tp = 121460N = 1.21 kN Ans.
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17-70. The 100-1b uniform rod is at rest in a vertical 4 ft ‘
position when the cord attached to it at B is subjected to a
force of P = 501b. Determine the rod’s initial angular
acceleration and the magnitude of the reactive force that
pin A exerts on the rod. Neglect the size of the smooth
peg at C.

Equations of Motion: Since the rod rotates about a fixed axis passing through point A, 3 ft
(ag), = arg = a(3) and (ag), = w*rg = 0. The mass moment of inertia of the

12\322
of motion about point A4,

1 (100
rod about G is I; = — (7)(62) = 9.317 slug - ft2. Writing the moment equation ~ ~

4 100
CHIMy = (My)y; so(g)(a) = %[a(:ﬁ)](f&) +9317a
a = 3220 rad/s* = 3.22 rad/s? Ans.

This result can also be obtained by applying ¥M, = [, where

I, = 9317 + (%)(32) = 37.267 slug - ft?
Thus,
C+3IMy = I, 50(%)(3) = 37.267«
a = 3220 rad/s* = 3.22 rad/s Ans.

Using this result to write the force equation of motion along the n and ¢ axes,

3 100
+13F, = m(ag),; A, + 50(5) - 100 = 327(0) A, =701b
4 100
5 SF = m(ag), ; 50(§> — A, = @[3.220(3)] A, = 1001b
Thus,
Fo=VA%*+ A2 = V10 + 70> = 70.7 b Ans.
/00
7222(0)
A
t /T
501b lg=34t
_ {J > 402 [«(3)]
55.900L
1001b
(a
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17-71. Wheels A and B have weights of 150 Ib and 100 1b,
respectively. Initially, wheel A rotates clockwise with a
constant angular velocity of w = 100 rad/s and wheel B is
at rest. If A is brought into contact with B, determine the
time required for both wheels to attain the same angular
velocity. The coefficient of kinetic friction between the two
wheels is u;, = 0.3 and the radii of gyration of A and B
about their respective centers of mass are k, = 1ft and
kg = 0.75 ft. Neglect the weight of link AC.

Equations of Motion: Wheel A will slip on wheel B until both wheels attain the

same angular velocity. The frictional force developed at the contact point is

F = u, N = 0.3N.The mass moment of inertia of wheel A about its mass center is
1

50
Iy=myky’ = 2 (12) slug - ft?. Referring to the free-body diagram of wheel A

shown in Fig. a.

B SF = mag),; 03N — Taccos30° = 0

+12F, = m(ag),; N — Tyesin30° — 150 = 0

150
C+3SMy=1I,a,: 03N(1.25) = {@(1 )}a/,
Solving,
N = 181.421b Tac = 62.851b a, = 14.60 rad/s

The mass moment of inertia of wheel B about its mass center is

100
Iz = mpkg? = o) (0.75%) slug - ft>

Writing the moment equation of motion about point B using the free-body diagram
of wheel B shown in Fig. b,

1
+3SMp = Izap;  03(181.42)(1) = %(0.752)(13

ag = 31.16 rad/s?

Kinematics: Since the angular acceleration of both wheels is constant,

C+ wy = (wa) + agt
wy = 100 + (—14.60)¢
and
C+ wp = (wp)o + apt
wp = 0 + 31.16¢
Since w 4 is required to be equal to wp, we obtain
100 + (—14.60)t = 31.16¢

t =2185s =12.19s Ans.
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*17-72. Initially, wheel A rotates clockwise with a
constant angular velocity of w = 100 rad/s. If A is brought
into contact with B, which is held fixed, determine the
number of revolutions before wheel A is brought to a stop.
The coefficient of kinetic friction between the two wheels is
me = 0.3, and the radius of gyration of A about its mass
center is k4 = 1 ft. Neglect the weight of link AC.

Equations of Motion: Since wheel B is fixed, wheel A will slip on wheel B. The
frictional force developed at the contact pointis F = p; N = 0.3N.The mass moment

150
of inertia of wheel A about its mass center is [4 = my k4> = 302 (12) slug - ft2.

Referring to the free-body diagram of wheel A shown in Fig. a,

5 3F,

m(ag)y; 03N — Tuecos30° =0

+13F, = m(ag)y; N — Tacsin30° — 150 = 0

150
C+3M,=1I,a,; 03N(125) = {@(1 )}a/,

Solving,

N =181.421b Tac =62851b ay = 14.60 rad/s N
Kinematics: Since the angular acceleration is constant,
G+ wa® = (04)70 + 2a4(0 — 6p)

0% = 100? + 2(—14.60)(6 — 0)

1rad
2ar rad

0 = 342.36 rad( ) = 5449 rev = 54.5rev Ans.

¢17-73. The bar has a mass m and length /. If it is released
from rest from the position § = 30°, determine its angular
acceleration and the horizontal and vertical components of
reaction at the pin O.

3
1299 1.30g
- -

I 1
C+EMy = Iy (mg)(g) cos 30° = —ml’ «

@ Ans.

1\/1.299
& SF, = m(ag),; o, = m(i)( 7 g) sin 30°

O, = 0.325mg Ans.

l 1.299g) .
= m(z)( / cos 30

, = 0.438mg Ans.

+13F, =

3
=
<
\<c
S

3
N

|

Q
Il
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17-74. The uniform slender rod has a mass of 9 kg. If the

spring is unstretched when 6 = 0°, determine the magnitude

of the reactive force exerted on the rod by pin A when

0 = 45°, if at this instant w = 6rad/s. The spring has a A
stiffness of k = 150 N/m and always remains in the

horizontal position.

Equations of Motion: The stretch of the spring when 6 =45° is
s = 0.8 — 0.8 cos 45° = 0.2343 m. Thus, Fg, = ks = 150(0.2343) = 35.15 N. Since
the rod rotates about a fixed axis passing through point A, (ag), = arg = «(0.4) and
(ag)n = w’rg = 6%(0.4) = 14.4 m/s>. The mass moment of inertia of the rod about

1 1
its mass center is I = mi* = D (9)(0.82) = 0.48 kg - m?. Writing the moment

equation of motion about point A, Fig. a,

C+IMy = S(My),: 3515 cos 45°(0.8) — 9(9.81) cos 45°(0.4)

= —9[a(0.4)](0.4) — 0.48a
a = 2.651 rad/s?

The above result can also be obtained by applying XM, = 4 a, where
Iy = I + md® = i(9)(0.82) +9(042) = 1.92 kg - m?
12
Thus,

C+3My = I,a; 35.15 cos 45°(0.8) — 9(9.81) cos 45°(0.4) = —1.92a

a = 2.651 rad/s?

Using this result and writing the force equation of motion along the n and ¢ axes,

+/2F, = m(ag),; 9(9.81) cos 45° — 35.15 cos 45° — A, = 9[2.651(0.4)]
A, =28.03N

+N\ZF, = m(ag),; A, — 9(9.81) sin 45° — 35.15sin 45° = 9(14.4)
A, = 216.88 N

Thus,

Fo=VAZ+ A2 = \V28.03% + 216.8%?

= 218.69N = 219N Ans.

fg=o4m
4(44) Ky s>
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17-75. Determine the angular acceleration of the 25-kg o
diving board and the horizontal and vertical components of yy"’ '
reaction at the pin A the instant the man jumps off. Assume
that the board is uniform and rigid, and that at the instant /
he jumps off the spring is compressed a maximum amount F—15m *”‘7 1.5 m— _
of 200 mm, w = 0, and the board is horizontal. Take A #\ — -
k = 7kN/m. \. % k
1

CHDIMy =140 1.5(1400 — 245.25) = {5 (25)(3)2}a
+1> F = m(ag),; 1400 — 24525 — A, = 25(1.5a)
(j—_EFn:m(aG)n; Ax:()
Solving, 24525 N

A, =0 Ans. &L +|:] _ 0 Lia

A, = 289N Ans. ‘P'S mr l5m

1,400 N 25(1
o = 23.1rad/s? Ans. By 1500
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*17-76. The slender rod of length L and mass m is A

released from rest when 6 = 0°. Determine as a function of 0
0 the normal and the frictional forces which are exerted by

the ledge on the rod at A as it falls downward. At what

angle 6 does the rod begin to slip if the coefficient of static L \
friction at A is u? /

Equations of Motion: The mass moment inertia of the rod about its mass center is

given by I; = I mL?. At the instant shown, the normal component of acceleration
L
of the mass center for the rod is (ag), = w’rg = w’ (5) The tangential component
L t
of acceleration of the mass center for the rod is (ag), = ary, = a(E). 8
{
L 1 L L
g +2XM, = E(Mk)o ; —mg Cos 9(5) = —(EmLz)a - m[a(z) :|(E) 7 E
3g Na %
@ = - cos 0 I
t
3g L
+/3F, = m(ag), ; mgcos — Ny =m| > cos 6
mg
Ny = e cos 6 Ans.
m [(%)]
L
N+2F, = m(ag),; F;— mgsing = m[aﬁ(E)} @
Kinematics: Applying equation w dow = a df, we have
o 6 3g
wdo = — cos 6 db
0 o 2L
38
2 .
= —sin6
@ 7 Sin
. , 38 . . .
Substitute w” = - sin 6 into Eq. (1) gives
Smg |
F; = 5 sin 0 Ans.

If the rod is on the verge of slipping at A, Fy = uN,4. Substitute the data obtained
above, we have

Sm m
2g sin § = M(Tg cos 0)

= — Ans.
6 = tan ( 1 O) ns
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¢17-77. The 100-kg pendulum has a center of mass at G
and a radius of gyration about G of kg = 250 mm.
Determine the horizontal and vertical components of
reaction on the beam by the pin A and the normal reaction
of the roller B at the instant # = 90° when the pendulum is
rotating at = 8 rad/s. Neglect the weight of the beam and
the support. 1

Equations of Motion: Since the pendulum rotates about the fixed axis passing AR

through point C, (ag), = arg = a(0.75) and (ag), = w’rg = 84(0.75) = 48 m/s.
Here, the mass moment of inertia of the pendulum about this axis is
I = 100(0.25)* + 100(0.75%) = 62.5 kg-m? Writing the moment equation of
motion about point C and referring to the free-body diagram of the pendulum,
Fig. a, we have

0.6 m 0.6 m

C+EMe = I 0 = 625« a=0
Using this result to write the force equations of motion along the n and ¢ axes,
& SF = m(ag),;  —C, = 100[0(0.75)] C, =0

+13F, = m(ag),;  C, — 100(9.81) = 10048)  C, = 5781 N

Equilibrium: Writing the moment equation of equilibrium about point A and using L 075m i (N T e
the free-body diagram of the beam in Fig. b, we have G

+3M, =0, Ny(12) —5781(0.6) =0 Ny =28905N =289kN  Ans. 100(9.81) N

Using this result to write the force equations of equilibrium along the x and y axes,
we have

B IF =0, A, =0 Ans.
+1SF,=0; A, +28905-5781=0 A, =2890.5N =289kN  Ans. (@)
Co=578IN
— (:=0
Im
Ay ? . y ¥
| o6m 0.6m
Ay Ne
(b)
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17-78. The 100-kg pendulum has a center of mass at G and
a radius of gyration about G of kg = 250 mm. Determine the
horizontal and vertical components of reaction on the beam
by the pin A and the normal reaction of the roller B at the
instant 6 = 0° when the pendulum is rotating at = 4 rad/s.
Neglect the weight of the beam and the support.

Equations of Motion: Since the pendulum rotates about the fixed axis passing AR

through point C, (ag), = arg = «(0.75) and (ag), = w’rg = 4%0.75) = 12 m/s%.
Here, the mass moment of inertia of the pendulum about this axis is 0.6m 0.6m
Ic = 100(0.25%) + 100(0.75)* = 62.5 kg-m?. Writing the moment equation of ' '
motion about point C and referring to the free-body diagram shown in Fig. a,

C+EIM¢ = Ica; —100(9.81)(0.75) = —62.5 o = 11.772 rad/s’
Using this result to write the force equations of motion along the n and ¢ axes,
we have

+13F, = m(ag),; C, — 100(9.81) = —100[11.772(0.75)] C, = 981N
E3F, = m(ag),:  C, = 100(12) C,=1200N

Equilibrium: Writing the moment equation of equilibrium about point A and using
the free-body diagram of the beam in Fig. b,

+ISM,4=0; Ng(12) —98.1(0.6) — 1200(1) =0 N = 1049.05N = 1.05kN Ans.

Using this result to write the force equations of equilibrium along the x and y axes,
we have

BHIF, =0, 1200 - A, =0 A, = 1200N = 1.20 kN Ans.

+1SF,=0; 1049.05-981- A, =0 A, =095095N=95IN  Ans.

G=98.1 N

100(9.8)N Go=1200N
-

|m

@on, A 4
l * ;0-6»“" T oem

& Qo 1 A% N
(&) (b)
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17-79. 1If the support at B is suddenly removed, determine
the initial horizontal and vertical components of reaction
that the pin A exerts on the rod ACB. Segments AC and CB
each have a weight of 10 1b.

Equations of Motion: The mass moment inertia of the rod segment AC and BC

1 1 10
about their respective mass center is I =-—ml®=— (32)

2™ T 12\32

= 0.2329 slug - ft?. At the instant shown, the normal component of acceleration of
the mass center for rod segment AB and BC are [(ag),]ap = [(ag).lsc = O since
the angular velocity of the assembly w = 0 at that instant. The tangential
component of acceleration of the mass center for rod segment AC and BC are

[(aG)dap = 1.5 aand [ (ag);]sc = V11.25¢.

C+SMy = S(My),;  10(15) + 10(3) = 023290 + (312—02)(1.5a)(1.5)

+0.2329a + (%)(\/ 11.25¢) (V11.25)

a = 9.660 rad/s’

B 3SF, = mlag),; Ay = (ﬂ)[ V/11.25 (9.660) | sin 26.57°

322
A, =4501b Ans.
10
+13F, = m(ag),; A, —20 =~ oY) [ 1.5(9.660)]
10
(32 [ V11.25 (9.660) ] cos 26.57°
A, =6501b Ans.

‘ 3ft }
,7(:'( \e)A
31t
L B
-«
101b
!.
10 1b ¢ git A)&
3ft A
4
Il
12.)(15%)
1541
- A
0.23290 W
-7 {1125 ft
2657"
0
—\"'(fz—zj(rl MZ5X )
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*17-80. The hose is wrapped in a spiral on the reel and is
pulled off the reel by a horizontal force of P = 200 N.
Determine the angular acceleration of the reel after it has
turned 2 revolutions. Initially, the radius is r = 500 mm. The
hose is 15 m long and has a mass per unit length of 10 kg/m.
Treat the wound-up hose as a disk.

Equations of Motion: The mass of the hose on the reel when it rotates through an
angle 0 is m = 15(10) — r6(10) = (150 — 10r@) kg. Then, the mass moment of

L . . . 1
inertia of the reel about point O at any instant is Iy = 5 mr? = > (150 — 10r9)r>.

Also, the acceleration of the unwound hose is a = ar. Writing the moment equation
of motion about point O,

1
C+IMy = S(My)o ; —200(r) = — 3 (150 — 10r0)r2}a — 10r0(ar)r
200
a=-—""
75r + 5r%0
0 0.005 27 rad
However, r = 0.5 — =—(0.01) = 0.5 — —— 6. Thus, when 0 = 2rev< LRL >
2 T 1rev
=4qrrad, r = 0.48 m. Then
200
a=
75(0.48) + 5(0.48%)(4r)
= 3.96 rad/s* Ans.

(180-109)(281)
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¢17-81. The disk has a mass of 20 kg and is originally
spinning at the end of the strut with an angular velocity of
o = 60 rad/s. If it is then placed against the wall, where the
coefficient of kinetic friction is u; = 0.3, determine the
time required for the motion to stop. What is the force in
strut BC during this time?

B SF, = m(ag),; Fcpsin30° — N, =0

+12F, = m(ag)y;  Fcpcos30° — 20(9.81) + 03N, =0

C+3IMpz=1Iga; 03N,4(0.15) = B (20)(0.15)2}1

N, =966N
Fcg = 193N Ans.
a = 19.3 rad/s?
C+ w=w)+ a.t

0=060+ (—193)¢

t=311s Ans.
17-82. The 50-kg uniform beam (slender rod) is lying on C
the floor when the man exerts a force of F = 300 N on the F—300N M =
rope, which passes over a small smooth peg at C. Determine
the initial angular acceleration of the beam. Also find the §§
horizontal and vertical reactions on the beam at A [ [ s

(considered to be a pin) at this instant.

Equations of Motion: Since the beam rotates about a fixed axis passing through
point A, (ag), = arg = a(3) and (ag), = w’rg = 0*(3). However, the beam is 0 :607'

initially at rest, so @ = 0. Thus, (aG>,, = 0. Here, the mass moment of inertia of the | = 1B
1 1
beam about its mass center is I = D ml? = D (50)(62) = 150 kg - m?. Writing the 6m
moment equation of motion about point A, Fig. a,
C+3IM, = S(My),:  300sin 60°(6) — 50(9.81)(3) = 50[a(3)](3) + 150a 50960 F=300N
a = 0.1456 rad/s? = 0.146 rad/s> Ans. ‘ &0
: . . s—t t
This result can also be obtained by applying XM, = I, a, where Ac A |
1 3m T 3m
= 2) + 2) = . m2 A ]
Ii=1, (50)(6%) + 50(32) = 600 kg - m * 2t
so(o) 2P
Thus,
K
CHEIM 4 = Z(w)as 300 sin 60°(6) — 50(9.81)(3) = 600« A 150,
2 2 lg=3m
a = 0.1456 rad/s” = 0.146 rad/s Ans.
Using this result to write the force equations of motion along the n and ¢ axes, @>

& SF, = m(ag);  300cos 60° — A, = 50(0) A, = 150N Ans.
+1SF, = m(ag),; A, + 300sin60° — 50(9.81) = 50[0.1456(3)]

A, =25253N = 253N Ans.
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17-83. At the instant shown, two forces act on the 30-1b

slender rod which is pinned at O. Determine the magnitude — §8;0
of force F and the initial angular acceleration of the rod so
that the horizontal reaction which the pin exerts on the rod 3 ft

is 5 Ib directed to the right.

—— | [ €e——201b
Equations of Motion: The mass moment of inertia of the rod about point O is given

1/ 30 30 . 3 ft
= = 2 - - (== 2y o+ [ 2y — ) . 2.
by Ip = I = mrg B (32'2)(8 ) (32.2)(4 ) = 19.88 slug - ft*. At the instant
shown, the tangential component of acceleration of the mass center for the rod is —+— | |«—F

(ag); = ar, = 4a. Applying Eq. 17-16, we have

C+HEIMp = Ip —20(3) — F(6) = —19.88« @ 0
>F (ag) 20+ F =5 (30 )(4) ?2)
= m(ag);; -5=\|==

! G 220 Q=51 p

Solving Egs. (1) and (2) yields: 34t ,301b - |
a=121rad/s> F =3001Ib Ans. —5 ‘[*—30’5 ) @,
3t i
(%) =4

*17-84. The 50-kg flywheel has a radius of gyration about P

its center of mass of kp = 250 mm. It rotates with a
constant angular velocity of 1200 rev/min before the brake
is applied. If the coefficient of kinetic friction between the
brake pad B and the wheel’s rim is w;, = 0.5, and a force of 02m
P = 300N is applied to the braking mechanism’s handle,
determine the time required to stop the wheel.

Equilibrium: Writing the moment equation of equilibrium about point A, we have
C+ZM, =0, N (1) + 0.5Np (0.2) — 300(1.5) =0
Np = 409.09 N

Equations of Motion: The mass moment of inertia of the flywheel about its center is
I = 50(0.25%) = 3.125 kg - m’. Referring to the free-body diagram of the flywheel
shown in Fig. b, we have

+3Mp = Ip o 0.5(409.09)(0.3) = 3.125«
a = 19.64 rad/s?

27 rad \( 1 mi
Kinematics: Here, o, = (1200 ﬂ)( 7rIa )( mln) = 407 rad/s. Since the
min/\ 1rev 60 s

angular acceleration is constant,

G+ w=w)+ a
0 = 407 + (—19.64)

t =640s Ans.
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¢17-85. The 50-kg flywheel has a radius of gyration about P
its center of mass of kp = 250 mm. It rotates with a constant
angular velocity of 1200 rev/min before the brake is applied.
If the coefficient of kinetic friction between the brake pad B
and the wheel’s rim is u; = 0.5, determine the constant
force P that must be applied to the braking mechanism’s
handle in order to stop the wheel in 100 revolutions.

Kinematics: Here,

rev \/ 27 rad \/ 1 min
= {1200 — )| — = 4
@0 ( 00 min)( 1rev )( 60 s ) O rad/s

and
2ar rad
1rev

6 = (100 rev)( ) = 2007 rad

Since the angular acceleration is constant,
Ct+ o =+ ad — )

0> = (407)? + 2a(2007 — 0)

a = —12.57 rad/s® = 12.57 rad/s’

Equilibrium: Writing the moment equation of equilibrium about point A using the
free-body diagram of the brake shown in Fig. q,

C+SM,=0; Ng(l) + 0.5N5(02) — P(1.5) = 0
Nj = 1.3636P

Equations of Motion: The mass moment of inertia of the flywheel about its center is
Iy = mky? = 50(0.25%) = 3.125 kg - m%. Referring to the free-body diagram of the
flywheel shown in Fig. b,

+SMy = Ipe;  0.5(1.3636 P)(0.3) = 3.125(12.57)
P =191.98N = 192N Ans.

17-86. The 5-kg cylinder is initially at rest when it is
placed in contact with the wall B and the rotor at A. If the
rotor always maintains a constant clockwise angular
velocity o = 6 rad/s, determine the initial angular
acceleration of the cylinder. The coefficient of kinetic
friction at the contacting surfaces B and Cis u;, = 0.2.

B
Equations of Motion: The mass moment of inertia of the cylinder about point O is |25 mm
1 1
given by I, = Emrz =3 (5)(0.125%) = 0.0390625 kg - m>. Applying Eq. 17-16, S @
we have 2N))A
C
B 3F, = m(ag),; Np+ 02N ,cos45° — N sin45° =0 @ = =

+13F, = m(ag),;  02Ng + 02N, sin 45° + N, cos 45° — 5(9.81) = 0 @)
C+3IMy =Ipa; 02N, (0.125) — 0.2Ng (0.125) = 0.0390625a ®))
Solving Egs. (1), (2), and (3) yields;

N, =5101N  Ng=288N

a = 14.2 rad/s? Ans.

697



91962_07_s17_p0641-0724 6/8/09 4:00 PM Page 698 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

17-87. The drum has a weight of 50 Ib and a radius of
gyration k4 = 0.4 ft. A 35-ft-long chain having a weight of
2 Ib/ft is wrapped around the outer surface of the drum so
that a chain length of s = 3 ft is suspended as shown. If the
drum is originally at rest, determine its angular velocity
after the end B has descended s = 13 ft. Neglect the
thickness of the chain.

2s 50 ,  2(35-—y) 5
+ = ; 6) == 6)](0.6) + || === )(0.4)*> + == (0.
Cramy = 30 2500 = (53 i@00106) + | (25 o + 25 067«
1.2s = 0.02236sa + (0.24845 + 0.7826 — 0.02236s)a
1.164s = «
adb = a(%) = wdw
ds
1.164s| — | =
6 S(O.6> wdw
13 2}
1.9398/ sds=/ wdw
3 0
Y Y] 1 °
(13 } ~ )
1.9398{ 2 S| =3¢
w = 17.6 rad/s Ans. ¥ <4
25 2,5 :
(45) [wcot]

*17-88. Disk D turns with a constant clockwise angular
velocity of 30 rad/s. Disk E has a weight of 60 1b and is
initially at rest when it is brought into contact with D.
Determine the time required for disk E to attain the same
angular velocity as disk D. The coefficient of kinetic
friction between the two disks is u;, = 0.3. Neglect the
weight of bar BC.

Equations of Motion: The mass moment of inertia of disk E about point B is given

1 1( 60
by Iy = —mr? == (—)(12) = 0.9317 slug - ft>. Applying Eq. 17-16, we have

2 2\322
B IF, = m(ag),; 03N — Fyccos45° =0 (i)
+12F, = m(ag)y; N — Fpcsind5® — 60 =0 Q?)
C+EMy = Ipa; 0.3N(1) = 0.9317a A3)

Solving Egs. (1), (2) and (3) yields:
Fge =36371b N =85711b  « = 27.60rad/s?
Kinematics: Applying equation w = w, + «,, we have
(C+) 30 = 0 + 27.60¢
t =1.09s Ans.

T E
1ft
1ft
D
o =30rad/s
6o lb
s
‘ jo’.
X
=20-3N
e 70
N
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¢17-89. A 17-kg roll of paper, originally at rest, is
supported by bracket AB. If the roll rests against a wall
where the coefficient of kinetic friction is u- = 0.3, and a B @
constant force of 30 N is applied to the end of the sheet,
determine the tension in the bracket as the paper unwraps,
and the angular acceleration of the roll. For the calculation,
treat the roll as a cylinder.

Equations of Motion: The mass moment of inertia of the paper roll about point A is C
1 1

given by I, = Emr2 =5(17) (0.122) = 0.1224 kg-m>. Applying Eq. 17-16,
we have
EX > in 60°

EFX = m(aG)x; NC - FAB E + 30sin 60° = 0 (1)

12
+12F, = m(ag),; 03N + Fup )" 30 cos 60° — 17(9.81) = 0 ?2)
CHEIMy = I e 30(0.12) — 0.3N¢(0.12) = 0.1224« A3)
Solving Egs. (1), (2), and (3) yields:
Fu,g=183N o = 16.4rad/s’ Ans.

Ne = 4423N
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17-90. The cord is wrapped around the inner core of the
spool. If a 5-1b block B is suspended from the cord and
released from rest, determine the spool’s angular velocity
when ¢t = 3 s. Neglect the mass of the cord. The spool has a
weight of 180 1b and the radius of gyration about the axle A
is k4, = 1.25ft. Solve the problem in two ways, first by
considering the “system” consisting of the block and spool,
and then by considering the block and spool separately.

System:
C+IMy = 32(Mp) 4 5(1.5) = (@)(1.25)% + (i)(1.5a)(1.5)
322 322
o = 0.8256 rad/s?
C+) o=wy+a.t
w =0 + (0.8256) (3)
® = 2.48rad/s
Also,
Spool:
C+3M,=1,0, T(15) = (%)(1.25)%
Weight:

5
5-T-= <ﬁ)(15a)
o = 0.8256 rad/s?

+ 2F, = m(ag)y;

c+) =yt a.t

0 + (0.8256) (3)

(0]

o = 2.48rad/s

Ans.

Ans.

Y

51b

A ) 75 fit
15t &

h
Bl

(é%%)(ﬁzs‘)cz

T

Qp= 150

5lb
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17-91. 1If a disk rolls without slipping on a horizontal
surface, show that when moments are summed about the
instantaneous center of zero velocity, IC, it is possible to use
the moment equation 2M;c = [;ca, where ;¢ represents
the moment of inertia of the disk calculated about the
instantaneous axis of zero velocity.

C+2IMic = 2 (Mp)ic;  EMic = Iga + (mag)r
Since there is no slipping, ag = ar.
Thus, EMIC = (IG + mrz) .

By the parallel-axis theorem, the term in parenthesis represents /;c. Thus,

EMic = Iica Q.E.D.

*17-92. The 10-kg semicircular disk is rotating at

o = 4rad/s at the instant § = 60°. Determine the normal w
and frictional forces it exerts on the ground at A at this 0
instant. Assume the disk does not slip as it rolls. 0.4 m
Equations of Motion: The mass moment of inertia of the semicircular disk about its 0
1

center of mass is given by Ig = - (10) (0.42) — 10(0.1698?) = 0.5118 kg - m”. From A
the geometry, rg/4 = 1V0.1698% + 0.42 — 2(0.1698)(0.4) cos 60° = 0.3477 m. Also,

sin® _ sin 60° 10(481)N

0 = 25.01°. Applying Eq. 17-16, we have

using the law of sines,

0.1698  0.3477° 01698 Sinbo"m

C+IMy = S(My),:  10(9.81)(0.1698 sin 60°) = 0.5118a

+ 10(ag), cos 25.01° (0.3477)

+ 10(ag), sin 25.01°(0.3477) )
E3F, = m(ag)s Fy = 10(ac), @
+1F, = m(ag),; N —10(9.81) = —10(ac), 3

Kinematics: Since the semicircular disk does not slip at A, then (a,4), = 0. Here,
rg/a = {—0.3477 sin 25.01° + 0.3477 cos 25.01°j} m = {—0.1470i + 0.3151j} m.
Applying Eq. 16-18, we have

ag =ay +a X IG/a — wer/A
—(ag)i — (ag),j = 6.40j + ak X (—0.1470i + 0.3151j) — 4%(~0.1470i + 0.3151j)

—(ag) i — (ag),j = (23523 — 0.3151a) i + (13581 — 0.1470a)j

Equating i and j components, we have

(ag), = 03151 — 2.3523 @)
rJ x
(a), = 0.1470a — 1.3581 5) Gl
0
Solving Egs. (1), (2), (3), (4), and (5) yields: h A, =640 mfs >
a =1385rad/s>  (ag), = 2012m/s*  (ag), = 0.6779 m/s’ d‘\‘
F;=201N N =913N Ans. (aﬁ)} 25.0/°
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¢17-93. The semicircular disk having a mass of 10 kg is
rotating at o = 4 rad/s at the instant 6 = 60°. If the
coefficient of static friction at A is u, = 0.5, determine if the
disk slips at this instant.

Equations of Motion: The mass moment of inertia of the semicircular disk about its

1
center of mass is given by I5 = 5 (10) (0.42> — 10 (0.1698%) = 0.5118 kg - m?. From
the geometry, rg.4 = V0.1698” + 0.4> — 2(0.1698) (0.4) cos 60° = 0.3477 m Also,
sinf  sin 60°

using law of sines, 0 = 25.01°. Applying Eq. 17-16, we have

0.1698 ~ 0.3477°
C+3IM, = S(M)a:  10(9.81)(0.1698 sin 60°) = 0.5118c

+ 10(ag), cos 25.01°(0.3477)

+ 10(ag), sin 25.01°(0.3477) 50}
E3F, = m(ag)s; Fy = 10(ag), ¢))
+1F, = m(ag),; N —10(9.81) = —10(ac), 3)

Kinematics: Assume that the semicircular disk does not slip at A, then (a,), = 0.
Here, rg/4 = {—0.3477 sin 25.01° + 0.3477 cos 25.01°%} m = {—0.1470i + 0.3151j} m.
Applying Eq. 16-18, we have

ag = a, + a Xrga — wer/A
—(ag), i — (ag),j = 6.40j + ak X (—0.1470i + 0.3151j) — 4*(—0.1470i + 0.3151j)
—(ag)xi — (ag)yj = (2.3523 — 03151 a) i + (1.3581 — 0.1470c)j
Equating i and j components, we have

(ag)y = 0.3151a — 2.3523 @)

(ag)y = 0.1470a — 1.3581 )

Solving Egs. (1), (2), (3), (4), and (5) yields:
a =1385rad/s*  (ag), = 2.012m/s*  (ag), = 0.6779 m/s>

Fy =20.12N N =9132N

Since Fy < (Ff)max = sV = 0.5(91.32) = 45.66 N, then the semicircular
disk does not slip. Ans.
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17-94. The uniform 50-1b board is suspended from cords
at C and D. If these cords are subjected to constant forces
of 30 Ib and 45 Ib, respectively, determine the initial
acceleration of the board’s center and the board’s angular
acceleration. Assume the board is a thin plate. Neglect the
mass of the pulleys at E and F.

+12F, = m(ag),; 45+ 30 — 50 = (352—02) ag

ag = 16.1 ft/s? Ans.

CH+SMg = Iga;  —30(5) + 45(5) = { 112 (352%)(10)2% ‘L'_T—ﬁé

a = 5.80 rad/s? Ans. Soth

301b 451b

17-95. The rocket consists of the main section A having a A

mass of 10 Mg and a center of mass at G 4. The two identical

booster rockets B and C each have a mass of 2 Mg with B

centers of mass at Gy and Gg, respectively. At the instant G
. . . . . I A

shown, the rocket is traveling vertically and is at an altitude f

where the acceleration due to gravity is g = 8.75 m/s?. If '
the booster rockets B and C suddenly supply a thrust of 6'm
Tg = 30kN and T = 20 kN, respectively, determine the c B

angular acceleration of the rocket. The radius of gyration of
A about G4 is k4 = 2 m and the radii of gyration of B and
C about Gg and G are kg = k¢ = 0.75 m. Ge \mj

Equations of Motion: The mass moment of inertia of the main section and booster Te = 20kN
rockets about G is TT

(16)a = 10(10%)(22) + 2(2(103)(0.752) +2(10%)(1.5% + 62)>

T, = 150 kN
= 195.25(10%) kg - m?

+T2Fy = m(aG)y;

150(10%) + 20(10%) + 30(10%)

1000)(BT5)N
- {2(103) +2(10°)
= 1000
; 3
+10(10 )}(8.75) S
4040% &
= {2(103) +2(10°) + 10(103)}61 11250

a = 5536 m/s> = 5.54 m/s*]

+3(Mg)a = SUg)aes  30(10%)(1.5) — 20(10°)(1.5) = 195.25(10°)x

a = 0.0768 rad/s’
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*17-96. The 75-kg wheel has a radius of gyration about the
z axis of k, = 150 mm. If the belt of negligible mass is
subjected to a force of P = 150 N, determine the acceleration
of the mass center and the angular acceleration of the wheel.
The surface is smooth and the wheel is free to slide.

Equations of Motion: The mass moment of inertia of the wheel about the z axis is
(Ug), = mk,? = 75(0.152) = 1.6875 kg - m?. Referring to the free-body diagram of
the wheel shown in Fig. a, we have

+|3F, = m(ag)y; 150 = 75a5 ag = 2m/s? Ans. P=150N

C+EIMg = Iza —150(0.25) = —1.6875« a =2222rad/s> Ans.

©17-97. The wheel has a weight of 30 1b and a radius of
gyration of ks = 0.6 ft. If the coefficients of static and
kinetic friction between the wheel and the plane are
ms = 0.2 and uy = 0.15, determine the wheel’s angular
acceleration as it rolls down the incline. Set 6§ = 12°.

. 30
+ = . o_ =21
V2F, = m(ag)y; 30 sin 12 F (32.2>aG

NIZF, = m(ag)y; N —30cos12° =0

30
C+=Mg = Ige;  F(1.25) = K—) (0.6)2}1
322
Assume the wheel does not slip. g
ag = (125)a .
L2
Solving: i
F=1171b
N =129341b
ag = 5.44 ft/s?
a = 435 rad/s? Ans.
Frax = 02(29.34) = 5871b > 1.171b OK
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17-98. The wheel has a weight of 30 Ib and a radius of
gyration of kg = 0.6 ft. If the coefficients of static and
kinetic friction between the wheel and the plane are
ms = 0.2 and u; = 0.15, determine the maximum angle 6 of

the inclined plane so that the wheel rolls without slipping. @
1.25 ft

Since wheel is on the verge of slipping:

30

+ = : ing — 02N =
V3F, = m(ag),; 30sin6 — 02N (32.2

)(1.25a) )

+N\2F, = m(ag),; N —30cos6 =0 )] ol

C+SMe = Ige;  02N(1.25) = {(%)(0-6)2}1 ) g Fz0.2N

Substituting Egs.(2) and (3) into Eq. (1),
30sin @ — 6 cos 6 = 26.042 cos 0
30 sin 6 = 32.042 cos 6
tan 6 = 1.068

0 = 46.9° Ans.

17-99. Two men exert constant vertical forces of 40 Ib
and 30 1b at ends A and B of a uniform plank which has a
weight of 50 Ib. If the plank is originally at rest in the A
horizontal position, determine the initial acceleration of A
its center and its angular acceleration. Assume the plank
to be a slender rod.

=]

»
>

15 ft
401b 301b

Equations of Motion: The mass moment of inertia of the plank about its mass center % aq
1 1/ 50
is given by I = ml? = 5 (ﬂ> (15%) = 29.115 slug - ft> Applying Eq. 17-14, i 1‘ )d

we have

+13F, = m(ag),; 40 + 30 — 50 = (%)ac

h
ag = 129 ft/s? Ans. 1 & g

75f | 757t
401b 301b

C+3IMg = Iga 30(7.5) — 40(7.5) = —29.115

a = 2.58 rad/s? Ans.
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#17-100. The circular concrete culvert rolls with an angular
velocity of @ = 0.5 rad/s when the man is at the position
shown. At this instant the center of gravity of the culvert and
the man is located at point G, and the radius of gyration
about G is kg = 3.5 ft. Determine the angular acceleration
of the culvert. The combined weight of the culvert and the
man is 500 Ib. Assume that the culvert rolls without slipping,
and the man does not move within the culvert.

Equations of Motion: The mass moment of inertia of the system about its mass

500
centeris I = mkg? = 3272(3.52> = 190.22 slug - ft>. Writing the moment equation

of motion about point A, Fig. a,

+3SM, = S(My)a; —500(0.5) = —%(ac)xm) - %(ac)y(O.S) ~190.22a (1)

Kinematics: Since the culvert rolls without slipping,
ag = ar = a(4) —>
Applying the relative acceleration equation and referring to Fig. b,
aG = apta X rGjo = w? YG/A
(ag)s 1 — (ag)yj = 4ai + (—ak) X (0.5i) — 0.5%(0.5i)
(ag)s1 — (ag)yj = (4a — 0.125)i — 0.5¢j
Equating the i and j components,
(ag)x = 4a — 0.125 ?2)
(ag)y = 0.5a K))

Substituting Egs. (2) and (3) into Eq. (1),

~500(0.5) = —%(401 ~ 0.125)(4) — %(O.Sa)(O.S) ~ 190.22a
a = 0.582 rad/s Ans.

(a)
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¢17-101. The lawn roller has a mass of 80 kg and a radius 200N
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 u; = 0.12
and u, = 0.1, respectively.
E3F, = m(ag)y; 200 cos 45° — F 4 = 80ag o
+13F, = m(ag),: N, — 80(9.81) — 200sin45° = 0 -—
/
C+=Mg = Iga; F 4(0.2) = 80(0.175)* a A
Assume no slipping: a; = 0.2«
o % 808N
Fp=6132N 49— 86
x
Ny = 9262N
45
a = 5.01 rad/s? Ans. 7
02m
(F )max = #s N4 = 0.12(926.2) = 111.1 N > 61.32N OK
—_—
fa
Ma
17-102. Solve Prob. 17-101 if u, = 0.6 and u; = 0.45. 200N
& SF. = m(ag),;  200cos45° — F, = 80ag
+13F, = m(ag),; N, — 80(9.81) — 200 sin 45° =
C+3IMg = Ig o F 4(0.2) = 80(0.175)% G
45°
Assume no slipping: ag = 0.2 « 200 mm
F,=6132N 4
Ny =9262N
a = 5.01 rad/s’ Ans. 'yaﬁ ol 808N
(F )max = msN4 = 0.6(926.2N) = 555.7N > 61.32 N OK 4—;' 200N
X
45
02m §
—
h
Na
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17-103. The spool has a mass of 100 kg and a radius of

gyration of kg = 0.3 m. If the coefficients of static and > P
kinetic friction at A are wu, =02 and pu; = 0.15,
respectively, determine the angular acceleration of the
spool if P = 50 N.
5 3F, = ;50 + F4 =100
x m(aG).x ’ A aG ‘# o ,00(981")!\'
+13F, = m(ag),;  Na— 1009.81) = 0 ‘—}WQ
72 IR
C+3IMg = Iga; 50(0.25) — F 4(0.4) = [100(0.3)*]a >

Assume no slipping: ag = 0.4«

@ = 1.30 rad/s Ans.

N LW
N
iTII |
-
3

ag =0520m/s> N,=981N  F,=200N

Since (F 4)max = 0.2(981) = 1962 N > 2.00 N OK

*17-104. Solve Prob. 17-103 if the cord and force
P = 50 N are directed vertically upwards.

B SF, = m(ag),; F4 = 100ag
+13F, = m(ag)y;  Na + 50 —100(9.81) = 0

C+E=Mg = Iga; 50(0.25) — F 4(0.4) = [100(0.3)*]a

Assume no slipping: ag = 0.4 «
a = 0.500 rad/s? Ans.
ag=02m/s> N,=93IN F,=20N

Since (F g)max = 0.2(931) = 1862 N > 20N OK
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©17-105. The spool has a mass of 100 kg and a radius of
gyration ks = 0.3 m. If the coefficients of static and kinetic
friction at A are u; = 0.2 and u, = 0.15, respectively,
determine the angular acceleration of the spool if P = 600 N.

B SF, = m(ag)y; 600 + F4 = 100ag
+12F, = m(ag);  Na — 100(9.81) = 0
C+3IMg = Iga;  600(0.25) — F,(0.4) = [100(0.3)*]a

Assume no slipping: ag = 0.4«
a = 15.6 rad/s?
ag =624m/s> N,=981N  F,=240N

Since (F )max = 0.2(981) = 1962 N > 240N

Ans.

OK

f"_= 600N

0.25m

f A
iy
A

17-106. The truck carries the spool which has a weight of
500 Ib and a radius of gyration of ks = 2 ft. Determine the
angular acceleration of the spool if it is not tied down on the
truck and the truck begins to accelerate at 3 ft/s>. Assume
the spool does not slip on the bed of the truck.

500
- 2F, = m(aG)x; F = (ﬁ)aG

C+ Mg =I;a; FQ3) = (%)(2)%[

ay = ag + (a46) + (ag6)
o[- ] ] o]
<$> 3 =ag + 3a

Solving Egs. (1), (2), and (3) yields:
F =14331b  ag = 0.923 ft/s

o = 0.692 rad/s.

@

?

3

Ans.

—_—
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17-107. The truck carries the spool which has a weight of
200 1b and a radius of gyration of k; = 2 ft. Determine the
angular acceleration of the spool if it is not tied down on
the truck and the truck begins to accelerate at 5 ft/s%. The
coefficients of static and kinetic friction between the spool
and the truck bed are u; = 0.15 and p;, = 0.1, respectively.

+ 13F, = m(ag),; N —200=0 N =2001b

200
+ _ :
_ i _ 200 2
CHEMg = Iow;  F(3) (322)@) @
Assume no slipping occurs at the point of contact. Hence, (a4), = 5 ft/s%. & =
ay = ag + (a46) + (g6
=

o] + ][]+ [] + [ o (B

<d’+>5=aG+3a 3) '\o(

Solving Egs. (1), (2), and (3) yields:
F =9551b  ag=1.538ft/s?
a = 1.15 rad/s? Ans.

Since Fray = (200 1b)(0.15) = 301b > 9.556 Ib OK

*17-108. A uniform rod having a weight of 10 b is pin d A
supported at A from a roller which rides on a horizontal } rc/\ F
track. If the rod is originally at rest, and a horizontal force of T Pt

= 151b is applied to the roller, determine the
acceleration of the roller. Neglect the mass of the roller and
its size d in the computations.

Y

Equations of Motion: The mass moment of inertia of the rod about its mass center is

. _ 1, 1/(10 ) )
given by I = 12 ml 12 (32 2)(2 ) = 0.1035 slug - ft*. At the instant force F is
applied, the angular velocity of the rod w = 0. Thus, the normal component of

acceleration of the mass center for the rod (ag), = 0. Applying Eq. 17-16, we have g
15 1k

10

2F, = m(ag); 15 = (322

)aG ag = 483 ft/s?

C+IMy = S(Mp)y; 0= <3122)(48 3)(1) — 0.1035 a
101

o = 144.9 rad/s? l_—t
=
It

Kinematics: Since w = 0, (ag/4), = 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 = ay + (ag/a): + (ag/a)n

{4&3} - [a;,} + {144.2(1)} + M @Lj fjfjj:,d/‘l

el (” i
(5) 483 = a, — 1449 CN R, L W0

a, = 193 ft/s? Ans.
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¢17-109. Solve Prob. 17-108 assuming that the roller at A d A
is replaced by a slider block having a negligible mass. The | (g/\
coefficient of kinetic friction between the block and the s
track is u;, = 0.2. Neglect the dimension d and the size of
the block in the computations.

Y

Equations of Motion: The mass moment of inertia of the rod about its mass center is 21t

i LI Y U P 2 , :
given by I = % mi® = 12(32.2>(2 ) = 0.1035 slug - ft°. At the instant force F is
applied, the angular velocity of the rod w = 0. Thus, the normal component of

acceleration of the mass center for the rod (ag), = 0. Applying Eq. 17-16, we have

v v
2F, = m(ag),; 100-N=0 N =10.01b
10
2F, = m(ag), ; 15 — 0.2(10.0) = (7)6&; ag = 41.86 ft/s?
322 15;0.2‘”
10 N
CH+IM,=3(Mpa; 0= 2 (41.86)(1) — 0.1035«
a = 125.58 rad/s? (01b .
Kinematics: Since o = 0, (ag/4), = 0.The acceleration of block A can be obtain by
analyzing the motion of points A and G. Applying Eq. 16-17, we have
ag = a, + (ag/a) + (ag/adn
{41.86} = {aA}+[125.58(1)]+[0]
1), =
(5) 41.86 = a, — 125.58 )=
a, = 167 ft/s? Ans.

17-110. The ship has a weight of 4(10°) Ib and center of
gravity at G. Two tugboats of negligible weight are used to
turn it. If each tugboat pushes on it with a force of T=2000 Ib
T = 2000 b, determine the initial acceleration of its center
of gravity G and its angular acceleration. Its radius of
gyration about its center of gravity is kg = 125 ft. Neglect
water resistance.

Equations of Motion: Here, ‘[6he mass moment of inertia of the ship about its mass
4(10
center is I = mkg? = ;2 2) (125%) = 1.941(10°) slug - ft>. Referring to the free-

body diagrams of the ship shown in Fig. a,

4(10%)
+13F, = m(ag),; 2000 — 2000 = —-—"a
a=0 Ans. a
C+SMg = Ige: 2000(100)+2000(200) = 1.941(10°)x <0001k “ P
a = 0.30912(107%) rad/s* = 0.309(10°) rad/s’>  Ans. ¢
|
7,
2ooft
-;Ooft ZOOG:"L»
(a)
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17-111. The 15-Ib cylinder is initially at rest on a 5-1b M = 40 Ib-ft
plate. If a couple moment M = 401b - ft is applied to the

cylinder, determine the angular acceleration of the 125 ft
cylinder and the time needed for the end B of the plate to B

trayel 3 ft to the r.ight and strike the wall. Assume the ® "0 © 0 0.0 0 0 ®
cylinder does not slip on the plate, and neglect the mass of A 3
the rollers under the plate.

Equation of Motions: The mass moment of inertia of the cylinder about its mass oibft 151 %K =036290(.
_1 1 2 2
center is given by Ig = 2 mr? = (322)(1 257%) = 0.3639 slug - ft*. Applying c-ziﬂ
Eq. 17-16 to the cylinder [FBD(a)], we have ' \
s D
C+EIM, = Z(M)a; —40 = 22 ag(1.25) — 0.363%« @ A
+ _ ] (15
2Fx - m(aG)xa Ff - 3272 ac (2) N
: (€

Applying the equation of motion to the place [FBD(b)], we have
Nt51b  Zp
-—-).-

5 SF, = may F; = (32%)@ 3) g

Kinematics: Analyzing the motion of points G and A by applying Eq. 16-18 with T
rg/a = {1.25§} ft, we have '
ac =a, + a X 1G4 — wer/A b)

—agi = (a), i + (as),j + ak X (1.25j) — o*(1.25j) "
—agi = [(ax), — 125a]i + [(an), - 125 ?]j -

Equating i components, we have

|
T I
ag = 1250 — (a,), ) z‘iﬂ"')ﬂg
X

Since the cylinder rolls without slipping on the plate, then ap = (a,),. Substitute r.%/A
into Eq. (4) yields

aG = 125a — ap 5)

Solving Egs. (1), (2), (3), and (5) yields:
o = 73.27 rad/s? Ans.

ag = 22.90ft/s*  ap = 68.69ft/s>  F; = 10.671b
The time required for the plate to travel 3 ft is given by
1 2
s=3s5, T U0t+5(lpl

1
3=0+0+ 5(68.69)t2

t =0.29%s Ans.
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*17-112. The assembly consists of an 8-kg disk and a 10-kg
bar which is pin connected to the disk. If the system is
released from rest, determine the angular acceleration of
the disk. The coefficients of static and kinetic friction
between the disk and the inclined plane are u; = 0.6 and
ne = 0.4, respectively. Neglect friction at B.

Equation of Motions:

Disk:
+NIF, = m(ag),; A, — Fc + 8(9.81) sin 30° = 8ag @
+/72F, = m(ag)y; Ne — A, — 8(9.81) cos 30° = 2)
C+3IM,y =140,  Fo(03) = B(S)(O.?})z}a 3
Bar:
+NIF, = m(ag),; 10(9.81) sin 30° — A, = 10ag “)
+72F, = m(ag)y; Np + A, —10(9.81) cos 30° = 0 Q)
C+EMg = Iza —Npg (0.5 cos 17.46°) + A, (0.5 sin 17.46°)

+ A, (0.5c0s17.46°) = 0 ©6)

Kinematics: Assume no slipping of the disk:
ag = 03a ™
Solving Egs. (1) through (7):

A, =892N A, =411N N =439N

ag = 4.01 m/s?

a = 13.4rad/s’ Ans.
Ne = 109N

Fe=161N

(FQ)max = 0.6(109) = 654N > 16.1 N OK

8(9.8)N o J0(9 BN ks
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¢17-113. Solve Prob. 17-112 if the bar is removed. The
coefficients of static and kinetic friction between the disk
and inclined plane are u; = 0.15 and u, = 0.1, respectively.

Equation of Motions:

+NEF, = m(ag),; 8(9.81) sin 30° — F¢ = 8ag a

+72F, = m(ag)y ; —8(9.81) cos 30° + Nc = 0 ?2)
1

C+2IMg = Iga; F-(0.3) = {5 (8)(0.3)2}05 3)

Kinematics: Assume no slipping: ag = 0.3«
Solving Egs. (1)-(3):
N¢c =6797N
ag = 327 m/s?
a = 10.9 rad/s?
Fc =13.08 N
(Fe)max = 0.15(67.97) = 102N < 13.08 N NG

Slipping occurs:

Fe = 0.1N¢
Solving Egs. (1) through (3):
Ne = 6797 N
a = 5.66 rad/s’ Ans.
ag = 4.06 m/s? y

8(9.8)N o«
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17-114. The 20-kg disk A is attached to the 10-kg block B
using the cable and pulley system shown. If the disk rolls
without slipping, determine its angular acceleration and the
acceleration of the block when they are released. Also, what
is the tension in the cable? Neglect the mass of the pulleys.

Equation of Motions:

Disk:

Block:

+I2F, = m(ag),;  10(9.81) — 2T = 10ap

Kinematics:
2SB + Sq4 = [
2@3 = —day
Also,
a, = 0.2a
Thus,
ag = —Ola

Note the direction for « and ap are the same for all equations.

Solving Egs. (1) through (3):
ag = 0.755m/s> = 0.755 m/s> |

« = —7.55rad/s* = 7.55 rad/s* D

T =453N

Y& a08)N T

0.2Zm

M

ZE

0.2’ m

C+EM;c = S(MY)c;  T02) = - %(20)(0.2)2 + 20(0.2)? | @

2

3

Ans.
Ans.

Ans.

s

10(3.81)N

"l

o

715
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17-115. Determine the minimum coefficient of static
friction between the disk and the surface in Prob. 17-114 so
that the disk will roll without slipping. Neglect the mass of
the pulleys.

Equation of Motions:

& G
0.2’ m

B

Disk:
1
C+EM;e = S(Mp)c; T(0.2) = —=|=(20)(0.2)* + 20(0.2)? | §))
2 Yo 208N
& EF,( = m(aG)x; -T + FA = 20LIA :; &
+T2Fy = m(ag)y; N, —2009.81) =0 %
Block: T
+l2Fy = m(ag),; 10(9.81) — 2T = 10ap ) 0.2m
Kinematics:
ZSB + Sq4 = l FA’ IC
2613 = —dayu NA
Also, T T
a, = 0.2
Thus,
ag = —0.1a 3)
Note the direction for a and ap are the same for all equations. Solving
Egs. (1) through (3):
ap = 0.755m/s?
a = —7.55 rad/s* QB
T =453N
Also,
4y = 02(~755) = —1.509m/s>, N, =1962N, F,=1509N 10(9.81) N
15.09 S
min = (o = 0.0769 Ans. X
%
ﬁ r
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*17-116. The 20-kg square plate is pinned to the 5-kg
smooth collar. Determine the initial angular acceleration
of the plate when P = 100 N is applied to the collar. The
plate is originally at rest.

Equations of Motion: The mass moment of inertia of the plate about its mass center

is I = im(az +b?) = 11—2(20)(0.32 +0.3?) = 0.3 kg~ m>.

12
B SF = m(ag)y; 100 = 5a, + 20(ag), @
C+3IM, = S(m)a: 0= 20(ag), (0.3 sin 45°) — 0.3a Q?)

Kinematics: Applying the relative acceleration equation and referring to Fig. b,
ag =asq t+ a X 1G4 — wer/A
(ag)ci + (ag)yj = aai + (—ak) X (=0.3sin45°j) — 0
(ag)«i + (ag)yj = (as — 02121 )i
Equating the i and j components,
(ag)y = a4 — 02121 A3)
(ag)y =0
Solving Egs. (1) through (3) yields:
a, =10m/s*> —
(ag)y = 2.5m/s*> —

a = 354 rad/s? Ans.

e
0.35in45 °m

y

200),.
03X
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¢17-117. The 20-kg square plate is pinned to the 5-kg
smooth collar. Determine the initial acceleration of the
collar when P = 100 N is applied to the collar. The plate is
originally at rest.

Equations of Motion: The mass moment of inertia of the plate about its mass center

is I = lem(az +b?) = %(20)(0.32 +0.3?) = 0.3kg-m?.

BSF = m(ag)y;, 100 = 5a, + 20(ag), 50}
CHEIM, = () a; 0 = 20(ag ),(0.3sin 45°) — 0.3« ?2)
Kinematics: Applying the relative acceleration equation and referring to Fig. b,
ag = a, + a X 1G4 — w'¥G)
(ag)«i + (ag)yj = asi + (—ak) X (—0.3sin 45%) — 0
(ag)i + (ag)yj = (aa — 02121@)i
Equating the i and j components,
(ag)y = a4 — 02121 A3)
(ag)y =0
Solving Egs. (1) through (3) yields

a, =10m/s* — Ans.

(ag)y = 2.5 m/s*> —

a = 354 rad/s?
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17-118. The spool has a mass of 100 kg and a radius of
gyration of k; = 200 mm about its center of mass G. If a
vertical force of P = 200N is applied to the cable,
determine the  acceleration of G and the angular
acceleration of the spool. The coefficients of static and
kinetic friction between the rail and the spool are u, = 0.3
and p;, = 0.25, respectively.

Equations of Motion: The mass moment of inertia of the spool about its mass center
is I = mkg? = 100(0.22) = 4 kg~ m?. Yp

E3F, = m(ag)y; Fy = 100ag (§))

+13F, = m(ag),; N —1009.81) =200 =0 N = 1181 N

C+3IMg = Iga; 20003) — F/(0.15) = 4a @) 100(4.81)N
0:3m

44'0(.

Kinematics: Assuming that the spool rolls without slipping on the rail,

ag = arg = a(0.15) A3) x
Solving Egs. (1) through (3) yields: 0.15m

a = 9.60 rad/s? Ans.

ag = 144 m/s* — Ans.

Fy = 144N N
Since Fy < uxN = 0.3(1181) = 354.3 N, the spool does not slip as assumed. ¢

<00N
CP
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17-119. The spool has a mass of 100 kg and a radius of
gyration of k; = 200 mm about its center of mass G. If a
vertical force of P = 500 N is applied to the cable, determine
the acceleration of G and the angular acceleration of the spool.
The coefficients of static and kinetic friction between the rail
and the spool are uy = 0.2 and u;, = 0.15, respectively.

Equations of Motion: The mass moment of inertia of the spool about its mass center
is I = mkg? = 100(0.2%) = 4 kg~ m>. Yp

& SF, = m(ag),,  Fy = 100ag ()]

+13F, = m(ag)y; N —10009.81) =500 =0 N = 1481 N

CH+EIMg = Iga; 500(0.3) — F#(0.15) = 4 ?2)
10028
Kinematics: Assuming that the spool rolls without slipping on the rail, 0.3m B)N
ag = arg = a(OlS) (3)

Solving Egs. (1) through (3) yields:
a = 24 rad/s? ag = 3.6 m/s? F; = 360N

Since Fy > w, N = 0.2(1481) = 296.2 N, the spool slips. Thus, the solution must be
reworked using Fy = u, N = 0.15(1481) = 222.15 N. Substituting this result into
Egs. (1) and (2),

222.15 = 100ag ag = 222 m/s* — Ans.

500(0.3) — 222.15(0.15) = 4a a = 29.17 rad/s*> = 29.2 rad/s* Ans.
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#17-120. If the truck accelerates at a constant rate of 6m/s?,
starting from rest, determine the initial angular acceleration of
the 20-kg ladder. The ladder can be considered as a uniform
slender rod. The support at B is smooth.

Equations of Motion: We must first show that the ladder will rotate when the
acceleration of the truck is 6 m/s?. This can be done by determining the minimum
acceleration of the truck that will cause the ladder to lose contact at B, Nz = 0.
Writing the moment equation of motion about point A using Fig. a,

CHIM,y = (M) 20(9.81) cos 60°(2) = 20ap,;, (2 sin 60°)

Apmin = 5.664 m/s?
Since ap;, < 6 m/ s?, the ladder will in the fact rotate. The mass moment of inertia about
its mass center is I; = lml2 = ;7(20)(42) = 26.67 kg - m%. Referring to Fig. b,
C+IMy = (M), 20(9.81)cos 60°(2) = —20(ag),(2 sin 60°)

— 20(ag), (2 cos 60°) — 26.67a @)

Kinematics: The acceleration of A is equal to that of the truck. Thus,
a, = 6 m/s> < . Applying the relative acceleration equation and referring to Fig. c,

ag = a, + a X 1G4 — ©IG/a
(ag)si + (ag)yj = —6i + (—ak) X (=2 cos 60°i + 2sin 60°j) — 0
(ag)i + (ag)yj = (2sin 60°a — 6)i + aj
Equating the i and j components,
(ag)y = 2sin 60°a — 6 ?2)

@ 3

(aG)y
Substituting Egs. (2) and (3) into Eq. (1),

o = 0.1092 rad/s?> = 0.109 rad/s? Ans.

20(98)N

20(4‘)7_
2E7e

= 208
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¢17-121. The 75-kg wheel has a radius of gyration about its
mass center of kg = 375 mm. If it is subjected to a torque of
M = 100 N-m, determine its angular acceleration. The
coefficients of static and kinetic friction between the wheel
and the ground are u; = 0.2 and w, = 0.15, respectively.

Equations of Motion: The mass moment of inertia of the wheel about its mass
centeris Iy = mkg? = 75(0.3752) = 10.55 kg - m%. Writing the moment equation of
motion about point A,
C+IM, = Z(My)4; 100 = 75a5(0.45) + 10.55« @
Assuming that the wheel rolls without slipping.
ag = arg = a(0.45) 2)

Solving Egs. (1) and (2) yields:

o = 3.886 rad/s? = 3.89 rad/s? Ans.

ag = 1.749 m/s?
Writing the force equation of motion along the x and y axes,

+12F, = m(ag),; N —75(9.81) = 0 N = 73575N

£ SF, = m(ag),; Fy = 75(1.749) = 131.15N

Since Fy < uN = 0.2(735.75) = 147.15N, the wheel does not slip as assumed.

75(9.81)N

@)
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17-122. The 75-kg wheel has a radius of gyration about its
mass center of kg = 375 mm. If it is subjected to a torque of
M = 150 N-m, determine its angular acceleration. The
coefficients of static and kinetic friction between the wheel
and the ground are u, = 0.2 and p; = 0.15, respectively.

Equations of Motion: The mass moment of inertia of the wheel about its mass
centeris I; = mkg? = 75(0.3752) = 10.55 kg - m?. Writing the moment equation of
motion about point A, we have

C+IMy = S(w)a; 150 = 75a5(0.45) + 10.55a @)

Assuming that the wheel rolls without slipping,
ag = arg = a(0.45) ?2)

Solving Egs. (1) and (2) yields

ag = 2.623 m/s?

a = 5.829 rad/s’
Writing the force equations of motion along the x and y axes,
+13F, = m(ag)y; N —75(9.81) =0 N = 73575N
ESF, = mag),;  Fy=752623) = 19672 N

Since Fy > pN = 0.2(735.75) = 147.15 N, the wheel slips. The solution must be
reworked using Fy = w, N = 0.15(735.75) = 110.36 N. Thus,

ESF = mlag),; 11036 = T5ag ag = 1.4715 m/s?
Substituting this result into Eq. (1), we obtain
150 = 75(1.4715)(0.45) + 10.55«

a = 9.513 rad/s? = 9.51 rad/s? Ans.

75(9.81)N
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17-123. The 500-kg concrete culvert has a mean radius of
0.5 m. If the truck has an acceleration of 3m/s?, determine
the culvert’s angular acceleration. Assume that the culvert
does not slip on the truck bed, and neglect its thickness.

Equations of Motion: The mass moment of inertia of the culvert about its mass
center is I = mr? = 500(0.52) = 125 kg-m’. Writing the moment equation of
motion about point A using Fig. a,

Kinematics: Since the culvert does not slip at A, (a,), = 3 m/s>. Applying the
relative acceleration equation and referring to Fig. b,

ag = a, + a X 1G4 — 0'rga
agi — 3i + (ax)nj + (ek X 0.5)) — 0*(0.5§)
agi = 3 = 0.5)i + [(aa), — 0.50%]j
Equating the i components,
ag =3 — 0.5a )
Solving Egs. (1) and (2) yields

ag = 1.5m/s*> —

« = 3rad/s? Ans.
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*18-1. At a given instant the body of mass m has an IC
angular velocity @ and its mass center has a velocity vg.
Show that its kinetic energy can be represented as
T = %I 1cw?, where I, is the moment of inertia of the body
computed about the instantaneous axis of zero velocity,
located a distance r/;c from the mass center as shown. G

YGic

VG o

1 2 1 2
T:Eva‘i‘EIG(D where UG:(UVG/]C

1 1
=5 m(wrgc)* + 5 I o

1
- §<mr2G/1c + Ig)o? However mrgc + I = I ¢

1
= E IIC (1)2 Q.E.D-

18-2. The double pulley consists of two parts that are o =20rad/s
attached to one another. It has a weight of 50 Ib and a radius
of gyration about its center of ky = 0.6 ft. If it rotates 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
T = Elowé + EmAVix + Eva%
5| 301b
1( 50 ) ) 1(20) 5 1(30) ) Al 201b
= (255 (0. + s + s }
T 2 (32.2 06) >(20) 2\322 [(20)(1)} 2\32.2 [(20)(0 5)]
=283 ft-1b Ans.
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18-3. A force of P = 20 N is applied to the cable, which
causes the 175-kg reel to turn without slipping on the two
rollers A and B of the dispenser. Determine the angular
velocity of the reel after it has rotated two revolutions
starting from rest. Neglect the mass of the cable. Each roller
can be considered as an 18-kg cylinder, having a radius of
0.1 m. The radius of gyration of the reel about its center axis
is kg = 0.42 m.

System:

Tl + 2U1,2 = T2

[0 + 0 + 0] + 20(2)(27)(0.250) = %[175(0.422)]0)2 + %{%(18)(0.1)2}0)3 L4oo mm#

v = w, (0.1) = «(0.5) .
o, = S0 P=20N  175(9.8)N
Solving:

o = 1.88rad/s Ans. 025m

18(9.81)N
bx

*18-4. The spool of cable, originally at rest, has a mass of -
200 kg and a radius of gyration of ks = 325 mm. If the \ \\
spool rests on two small rollers A and B and a constant A\ \

horizontal force of P = 400 N is applied to the end of the \ 800 mm
cable, determine the angular velocity of the spool when 8 m \\ \\\\\\\\\\\ N\ >
200

N\ _
of cable has been unwound. Neglect friction and the mass of mm- G \ | P=400N
the rollers and unwound cable. \ \ \
@
T+ 201 ,=T, \\\\\‘\\\

[200(0.325) |w} \\\&&\&

AR

0 + (400)(8) =

N | =

w, = 17.4rad/s Ans.
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Tl + EUI*Z = T2

w, = 2.83rad/s

¢18-5. 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, 0 = 90°.

0 + (50)(9.81)(1.25) = %[(50)(1.75)2]@

[-25 M

- \W=50(98)N

originally at rest.

1
0+ MHZEIGwZ

2

_ 1 |wFd
@ kG m

M = Fd torotate the ship through an angular displacement of § =

T1+ EUl*ZZTZ

0+ Fd(%) — 2 (k)

18-6. The two tugboats each exert a constant force F on
the ship. These forces are always directed perpendicular to
the ship’s centerline. If the ship has a mass m and a radius
of gyration about its center of mass G of kg, determine the
angular velocity of the ship after it turns 90°. The ship is

Principle of Work and Energy: The two tugboats create a couple moment of

2

moment of inertia about its mass center is I; = mk%. Applying Eq. 18-14, we have

aa
— rad. The mass

727




91962_08_s18_p0725-0778 6/8/09 4:12 PM Page 728

4

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

18-7. 'The drum has a mass of 50 kg and a radius of gyration
about the pin at O of kp = 0.23 m. Starting from rest, the
suspended 15-kg block B is allowed to fall 3 m without
applying the brake ACD. Determine the speed of the block at
this instant. If the coefficient of kinetic friction at the brake
pad Cis u; = 0.5,determine the force P that must be applied
at the brake handle which will then stop the block after it
descends another 3 m. Neglect the thickness of the handle.

Before braking:
Tl + EUI—Z = T2

0+ 15(9.81)(3) = %(15)1;,23 + %[50(0_23)2]((:%>2

vp = 2.58 m/s

Sp Sc

0.15 025

Set s = 3 m, then s¢c = 5Sm.
T+ 22U, =T,
0 — F(5) + 15(9.81)(6) = 0
F =176.6 N

176.6
N = 05 3532N

Brake arm:
C+=M, =0; —353.2(0.5) + P(1.25) =0

P =141N

500981)N
0.zZ5m

50(9-81)N
O.15m

15(9.81)N

. Sa—

0.75m
0.25m
0.15m
opH°
0.5m
Al
B
Ans.
Ans.
0.15m
— P
0.75m
h
~
0.5m
=
AJC-
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*18-8. The drum has a mass of 50 kg and a radius of

gyration about the pin at O of kp = 0.23 m. If the 15-kg D%ﬁ_
block is moving downward at 3 m/s, and a force of
P =100 N is applied to the brake arm, determine how far
the block descends from the instant the brake is applied 075 m
until it stops. Neglect the thickness of the handle. The 025m
coefficient of kinetic friction at the brake padis u; = 0.5. 0.15m

Brake arm: o
_A_

C+=M, =0 —N(0.5) + 100(1.25) = 0
0.5 m
N = 250N

F =0.5(250) = 125N °

If block descends s, then F acts through a distance s’ = s(%)

Tl + EU1,2 = T2

2
[(50)(0-23)2](0%5) + %(15)(3)2 + 15(9.81)(s) — 125@)(%) =0

N | =

s =975m Ans.
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*18-9. The spool has a weight of 150 Ib and a radius of
gyration ko = 2.25 ft. If a cord is wrapped around its inner
core and the end is pulled with a horizontal force of
P = 40 1b, determine the angular velocity of the spool after
the center O has moved 10 ft to the right. The spool starts
from rest and does not slip at A as it rolls. Neglect the mass
of the cord.

Kinematics: Since the spool rolls without slipping, the instantaneous center of zero
velocity is located at point A. Thus,

Vo = Wrojic = w(3)

Also, using similar triangles

Lo 5= 16671t

Free-Body Diagram: The 40 Ib force does positive work since it acts in the same
direction of its displacement s . The normal reaction N and the weight of the spool
do no work since they do not displace. Also, since the spool does not slip, friction
does no work.

Principle of Work and Energy: The mass moment of inertia of the spool about point

150
Oisly = mkd = (@)(2.252) = 23.58 slug - ft2. Applying Eq. 1814, we have

T1+EU1,2:T2
1 1
0+P(SP):5mU20+5100)2

0 + 40(16.67) = %(312%)[&)(3)]2 + %(23.58) o’

W ‘/’\ s
. AL

A\

3

3t

o = 4.51 rad/s Ans.

2 ft
3 ft

W=/501b

>F-401b
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18-10. A man having a weight of 180 Ib sits in a chair of
the Ferris wheel, which, excluding the man, has a weight of
15 000 Ib and a radius of gyration ko = 37 ft. If a torque
M = 80(10% Ib-ft is applied about O, determine the
angular velocity of the wheel after it has rotated 180°.
Neglect the weight of the chairs and note that the man
remains in an upright position as the wheel rotates. The
wheel starts from rest in the position shown.

T] + EUI—Z = T2

0+ 80(103)(77) — (180)(120) = %[(122(?20)(37)2}02 +

o = 0.836 rad/s

1/ 180 )
2(32.2)(60“’)

Ans.

15000 Ib
M= 80wodIb-ft

@- e

baft
(80 Ib
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18-11. A man having a weight of 150 Ib crouches down on
the end of a diving board as shown. In this position the radius
of gyration about his center of gravity is kg = 1.2 ft. While
holding this position at # = 0°, he rotates about his toes at A
until he loses contact with the board when 6 = 90°. If he
remains rigid, determine approximately how many revolutions
he makes before striking the water after falling 30 ft.

0

1h
i NN

T] + 2U1_2:T2 ]

0 + 150(1.5) = %(%)(1.5@2 + %{ (;25—3)(1.2)2}02 :|—|4

o = 5.117 rad/s

v = (1.5)(5.117) = 7.675 ft/s

During the fall no forces act on the man to cause an angular acceleration, so & = 0.

+1 s=s0-i-vot+lacz2
( 2

30

1
0+ 7.675 + (32.2)¢

Choosing the positive root,

t =1147s

1
C+) 0=00+wot+§act2

0 =0+ 5.117(1.147) + 0

6 = 5.870 rad = 0.934 rev. Ans.
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*18-12. The spool has a mass of 60 kg and a radius of
gyration kg = 0.3 m. If it is released from rest, determine
how far its center descends down the smooth plane before it
attains an angular velocity of w = 6 rad/s. Neglect friction
and the mass of the cord which is wound around the
central core.

Tl + EU1,2 = T2

0 + 60(9.81) sin 30°(s) = %[60(0.3)2}(6)2 + %(60)[0.3(6)]2
s = 0.661 m Ans.
©0(9.81)N
w / 0-3m T
= WT;
=030
Ky

*18-13. Solve Prob. 18-12 if the coefficient of kinetic
friction between the spool and plane at A is u;, = 0.2.

S6 __ Sa
03 (0.5 —03)

Sq = 06667SG
N2F, =0; N 4 — 60(9.81) cos 30° =
N4 =509.7N

T] + EU],Z = T2

0 + 60(9.81) sin 30°(sg) — 0.2(509.7)(0.6667s¢) = %[60(0.3)2}(6)2

+ %(60)[(0.3)(6)}2

sg = 0.859m
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18-14. The spool has a weight of 500 Ib and a radius of
gyration of k; = 1.75 ft. A horizontal force of P = 15 lb is
applied to the cable wrapped around its inner core. If the
spool is originally at rest, determine its angular velocity
after the mass center G has moved 6 ft to the left. The spool
rolls without slipping. Neglect the mass of the cable.

For s = 6 ft,then s, = 8 ft.

Ty + SU, =T,
1|/ 500 2| 4 1(500) )
+ ==\ == . + -\ == .
0 + 15(8) > {(32-2)(1 75) }w \ 32 (2.4w)

o = 1.32rad/s Ans.

e il
3.2ft @
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18-15. If the system is released from rest, determine the
speed of the 20-kg cylinders A and B after A has moved
downward a distance of 2 m. The differential pulley has a
mass of 15 kg with a radius of gyration about its center of
mass of ko = 100 mm.

Kinetic Energy and Work: The kinetic energy of the pulley and cylinders A and B is

— 1 2 _ 1 2 2 _ 2
Tp=51ow’ =5 {15(0.1 )}w = 0.0750

1 1
Tyo==-myvy?=—-(20)v, 2 = 10v,>
2 2
_1 21 2 2
TB mpgVvp (20)1/'3 1OVB
2 2
Thus, the kinetic energy of the system is j(.'J

T = TP + TA + TB
T = 00750 + 10v,2 + 10v2 ) 0-.075m

However, since the pulley rotates about a fixed axis,

then
Vp = wrg = 6667VA (0075) = O.SVA
Substituting these results into Eq. (1), we obtain

T = 15.833v 42

Since the system is initially at rest,

T,=0 V\Q:,e,o (781)N

Referring to Fig. a, F, does no work, while W, does positive work, and W does
negative work. Thus,

Up = Wysy Up = —Wpgsp W‘=30(?51)N

Here, s, = 2m. Thus, the pulley rotates through an angle of 6 = ;L:= 02?
= 13.33 rad. Then, sz = rgf = 0.075(13.33) = 1 m. Thus,

U, =2009.81)(2) = 392.4]

Up = —2009.81)(1) = —196.27J
Principle of Work and Energy:
T+ 22U, =T,
0+ [392.4 + (~196.2)] = 15.833v,2

v4=3520m/s = 3.52m/s! Ans.
Then

vg = 0.5(3.520) = 1.76 m/s Ans.
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*18-16. If the motor M exerts a constant force of
P = 300N on the cable wrapped around the reel’s outer
rim, determine the velocity of the 50-kg cylinder after it has
traveled a distance of 2 m. Initially, the system is at rest. The
reel has a mass of 25 kg, and the radius of gyration about its
center of mass A is k4 = 125 mm.

Kinetic Energy and Work: Since the reel rotates about a fixed axis, v¢ = w, r¢ or Wh= 25(9.81) N
~

_Yc_ _Yc
Or e T 0075
centers is /4, = m,k,? = 25(0.125%) = 0.390625 kg - m>. Thus, the kinetic energy of

the system is

= 13.33v¢. The mass moment of inertia of the reel about its mass

T=T,+T¢

1,1
:EIA(U, +Emcvc

2

1 1
> (0.390625)(13.33v¢)* + > (50)v¢2

= 59.72v.?

Since the system is initially at rest, 7y = 0. Referring to Fig. a, Ay, A ,and W,
do no work, while P does positive work, and W does negative work. When the

cylinder displaces upwards through a distance of sc = 2 m, the wheel rotates (a)
S, 2
9=-"C=_—"" —2667rad Thus, P displaces a distance of sp = rpf
rc 0.075
= 0.15(26.67) = 4 m. The work done by P and W . is therefore Y
W = 50(98)N

Up = Psp = 300(4) = 1200]
Uw,. = —Wesec = —5009.81)(2) = —9811]
Principle of Work and Energy:
T+ 32U,,=T,
0 + [1200 + (—981)] = 59.72v2

ve = 1.91 m/s?t Ans.
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*18-17. The 6-kg lid on the box is held in equilibrium by
the torsional spring at § = 60°. If the lid is forced closed,
0 = 0°, and then released, determine its angular velocity at
the instant it opens to § = 45°.

Equilibrium: Here, M = k6, = 206,, where 6, is the initial angle of twist for the
torsional spring. Referring to Fig. a, we have

+SMe = 0 6(9.81) cos 60°(0.3) — 206, = 0 9, = 0.44145 rad

Kinetic Energy and Work: Since the cover rotates about a fixed axis passing through

1
point C, the kinetic energy of the cover can be obtained by applying T = 5 Ic o?,
1 1
where I = 3 mb* = 3 (6)(0.62) = 0.72 kg - m?. Thus,

1 1
T = 5 Icw® = 5 (0.72)0? = 0.360”

Since the cover is initially at rest (§ = 0°), T; = 0. Referring to Fig. b, C, and Cy do no
work. M does positive work, and W does negative work. When 6 = 0° and 45°, the angles
of twist for the torsional spring are §; = 1.489 rad and 6, = 1.489 — % = 0.703 rad,
respectively. Also, when 6 = 45°, W displaces vertically upward through a distance of
h = 0.3 sin 45° = 0.2121 m. Thus, the work done by M and W are

0, 1.4886 rad

Uy = / M do = / 200 do = 106> =17.227J

0, 0.7032 rad
Uy = —Wh = —6(9.81)(0.2121) = —12.497J

Principle of Work and Energy:

Tl + EUI—Z = T2
0+ [17.22 + (—12.49)] = 0.360”
w = 3.62rad/s Ans.

W=6(281)N

737



91962_08_s18_p0725-0778 6/8/09 4:14 PM Page 738 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

18-18. The wheel and the attached reel have a combined
weight of 50 1b and a radius of gyration about their center of
k, = 6in.If pulley B attached to the motor is subjected to
a torque of M = 40(2 — ¢ %) Ib- ft, where 6 is in radians,
determine the velocity of the 200-Ib crate after it has moved
upwards a distance of 5 ft, starting from rest. Neglect the
mass of pulley B.

Kinetic Energy and Work: Since the wheel rotates about a fixed axis,

ve = wre = »(0.375). The mass moment of inertia of A about its mass center is

50
Iy = mhky* = (32—2)(0.52) = 0.3882 slug - ft%. Thus, the kinetic energy of the

system is

T:TA+TC

1 1
:EIA(‘)Z +§vaC2

1 1 /200
) (0.3882)w? + 5 (32—2)[@(0.375)}2

0.6308w?

Since the system is initially at rest, 7y = 0. Referring to Fig. b, A, Ay, and W 4 do no
work, M does positive work, and W . does negative work. When crate C moves 5 ft
Sc 5

upward, wheel A rotates through an angle of 64 = S T o3 13.333 rad. Then,

¥A 0.625
pulley B rotates through an angle of 6z = 70‘4 = | —— J(13.333) = 33.33 rad.
B

0.25
Thus, the work done by M and W - is

33.33rad
Uy = / Mdoy = / 40(2 — 1) ag
0

33.33 rad 0-L25ft W,=50 b
0
= 2280.93 ft - Ib 025§t 03754t

Uy, = ~Wese = —200(5) = —1000 ft-Ib
/(‘ B Ax

= {40(29 + 10e—0-19)}

Principle of Work and Energy: M=40(2-€" B,,ﬁg) b4t l
Tl + EU1,2 = T2 B} A}
0 + [2280.93 — 1000] = 0.6308> @)

® = 45.06 rad/s

Thus,

ve = 45.06(0.375) = 169 ft/s 1 Ans.

We=2001b
(b)
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18-19. The wheel and the attached reel have a combined
weight of 50 1b and a radius of gyration about their center of
k4, = 6in. If pulley B that is attached to the motor is
subjected to a torque of M = 501b-ft, determine the
velocity of the 200-lb crate after the pulley has turned
5 revolutions. Neglect the mass of the pulley.

Kinetic Energy and Work: Since the wheel at A rotates about a fixed axis,
ve = wre = »(0.375). The mass moment of inertia of wheel A about its mass center

50
is I, =mky? = (3272)(0.52) = 0.3882 slug - ft>. Thus, the kinetic energy of the
system is
T = TA + TC

1
ZEIAQ)Z +§mch2

1 1 (200
== (0.3882)w* + = | —— . 2
5 (03882)” + - (32.2)[(0(0 375)]

= 0.63080?

Since the system is initially at rest, Ty = 0. Referring to Fig. b, A, Ay, and W, dono
work, M does positive work, and W does negative work. When pulley B rotates

2 d
0g = (5 rev)( ;Tr:/ ) = 107 rad, the wheel rotates through an angle of
rg 0.25 .
04 = —0p = |- |(10m) = 47. Thus, the crate displaces upwards through a
ryg 0625

distance of s¢ = r¢ 04 = 0.375(4w) = 1.57 ft. Thus, the work done by M and W . is

Uy = Mg = 50(107r) = 5007 ft-1b

Uw,.= —Wc¢sc = —200(1.57) = =300 ft-1b
Principle of Work and Energy:

T+ 32U, ,=T,

0 + [5007 — 3007] = 0.6308w”

w = 31.56 rad/s

Thus,

ve = 31.56(0.375) = 11.8 ft/s
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*18-20. The 30-1b ladder is placed against the wall at an
angle of 6 = 45° as shown. If it is released from rest,
determine its angular velocity at the instant just before
6 = 0°. Neglect friction and assume the ladder is a uniform
slender rod.

Kinetic Energy and Work: Referring to Fig. a,

(vg)2 = wor, G/IC = w(4)

The mass moment of inertia of the ladder about its mass center is

_ i 2 i ﬂ 2\ _ 2 . . . .
I = D ml- = B (32.2)(8 ) = 4.969 slug - ft*. Thus, the final kinetic energy is

1 1
T, = Em(VG)ZZ + Elcwzz

- %(%)[wz @P+ %(4.969)(:)22

= 9.938w,>

Since the ladder is initially at rest, 7y = 0. Referring to Fig. b, N, and N do no
work, while W does positive work. When 6 = 0°, W displaces vertically through a
distance of 4 = 4 sin 45° ft = 2.828 ft. Thus, the work done by W is

Uy = Wh = 30(2.828) = 84.85ft-1b

Principle of Work and Energy:
Tl + EU1,2 = Tz
0 + 84.85 = 9.938w,

wy = 2.92rad/s Ans.

(r;,.rc

G/ze

@)
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¢18-21. Determine the angular velocity of the two 10-kg \B /
rods when 6 = 180° if they are released from rest in the
position § = 60°. Neglect friction.

0
Kinetic Energy and Work: Due to symmetry, the velocity of point B is directed along 3m 3m
the wvertical, as shown in Fig. a. Also, (wap); = (wpc), = w, and
(VGAB)Q = <VGBC>2 = (vg)2- Here, (vg), = worgiic = @5(1.5). The mass moment of
inertia of the rods about their respective mass centers is
1 2 1 2 2 . . . . A C
I = ) ml® = I (10)(3 ) = 7.5 kg - m”. Thus, the final kinetic energy is

Ty, = (Tap) + (Te)

1 1
= 2{5 m(vg),® + Elngz}

= 2{%(10)[(»2(1.5)}2 + %(7.5)(022}
= 30w,

Since the system is initially at rest, 7; = 0. Referring to Fig. b, N does no work, while
W does positive work. When 6 = 180°, W displaces vertically downward through a
distance of 4 = 1.5 cos 30° = 1.2990 m. Thus, the work done by W is

Uy = Wh = 10(9.81)(1.2990) = 127.44 J

Principle of Work and Energy:
T] + EU] -2 = Tz
0 + 2(127.44) = 30w,>

wr = 291 rad/s Ans.

W=10(98))N W=/0(9-81)N

[:5m

I g
Vi ( Blre ’

e

(¢/rc
rsm 106k "oy N N

@)
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18-22. Determine the angular velocity of the two 10-kg \B /
rods when 6 = 90° if they are released from rest in the
position § = 60°. Neglect friction.

0
Kinetic Energy and Work: Due to symmetry, the velocity of point B is directed along 3m 3m
the wvertical, as shown in Fig. a. Also, (w4p); = (wpc), = w, and
(VGAB)Q = <vGB(,)2 = (vg),- From the geometry of this diagram, rg/;c = 1.5 m. Thus,
(vg)2 = worgyic = wy(1.5). The mass moment of inertia of the rod about its mass A h

1
centeris I = E<10)<32) = 7.5 kg - m?%. Thus, the final kinetic energy is
Ty = (Tap)2 + (Tpc)

1 1
= 2|:5m(VG)22 + 51(;&)22}

= 2{%(10)[(,)2(1.5)]2 + %(7.5)(«)22}
= 30w,>

Since the system is initially at rest,7; = 0. Referring to Fig. b, N does no work, while
W does positive work. When 6 = 90°, W displaces vertically downward through a
distance of &7 = 1.5 cos 30° — 1.5 cos 45° = 0.2384 m. Thus, the work done by W is

Uy = Wh = 10(9.81)(0.2384) = 23.38]
Principle of Work and Energy:
T+ 32U, =T,
0 + 2(23.38) = 30w,

w, = 1.25rad/s Ans.
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18-23. If the 50-1b bucket is released from rest, determine
its velocity after it has fallen a distance of 10 ft. The windlass
A can be considered as a 30-1b cylinder, while the spokes are
slender rods, each having a weight of 2 1b. Neglect the
pulley’s weight.

Kinetic Energy and Work: Since the windlass rotates about a fixed axis, ve = war 4
1% 12

or wy = < 70C5 = 2vc. The mass moment of inertia of the windlass about its

ra .

mass center is

1/ 30 2 1 2 ) 2 5 :| ,
=5 S+ 4 = === )|0.5%) + ——(o0. = 0. .
4 2(32-2)(0 i ) 4{12 (32.2)(0 > ) 32_2<0 75 ) 0.2614 slug - ft
Thus, the kinetic energy of the system is
T=Ty4+T¢

1 1
51 sz + Emcvc

2

1 2 1 50 2
= —(0.

= 12992y

Since the system is initially at rest, 7y = 0. Referring to Fig.a, W4, A, Ay, and R,
do no work, while W does positive work. Thus, the work done by W, when it
displaces vertically downward through a distance of sc = 10 ft, is

Uy, = Wese = 50(10) = 500 fe - Ib

Principle of Work and Energy:

Tl + EUI*Z = T2

v
0 + 500 = 1.2992v,.> W.=50b

ve = 19.6 ft/s Ans.

743



91962 _08_s18 p0725-0778 6/8/09 4:15 PM Page 744 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*18-24. If corner A of the 60-kg plate is subjected to a
vertical force of P = 500 N, and the plate is released from
rest when 6 = 0°, determine the angular velocity of the
plate when 6 = 45°.

Kinetic Energy and Work: Since the plate is initially at rest, 7; = 0. Referring to
Fig. a,

(VG)Z = wlg/ic = w2(1 cos 450) = 07071(1)2

The mass moment of inertia of the plate about its mass center is

1 1
I = Em(az + b2> = E(6O)<12 + 12) = 10kg-m? Thus, the final kinetic

energy is

1 1
T, = Em(Vc)z2 + Elcwz2

= %m(60)(0.7071w2)2 + %(10)&)22

= 20(1)2 2

Referring to Fig. b, N, and N do no work, while P does positive work, and W does
negative work. When 6 = 45°, W and P displace upwards through a distance of
h = 1cos45° — 0.5 = 0.2071 m and sp = 2(1 cos 45°) — 1 = 0.4142 m. Thus, the
work done by P and W is

Up = Psp = 500(0.4142) = 207.11J

Uy = —Wh = —60(9.81)(0.2071) = —121.90J
Principle of Work and Energy:

T+ 2U,=T,

0 + [207.11 — 121.90] = 20w,?

w, = 2.06 rad/s Ans.

f\(\/")z. p=500N

|
1
F
5
&
X
D
S
=
P

[Cos45°m .
Nh d
> h
45°
6=45" _;‘@
Ne Ne
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¢18-25. The spool has a mass of 100 kg and a radius of
gyration of 400 mm about its center of mass O. If it is released
from rest, determine its angular velocity after its center O has
moved down the plane a distance of 2 m. The contact surface
between the spool and the inclined plane is smooth.

Kinetic Energy and Work: Referring to Fig. a,
Vo = a)ro/lc = (1)(03)

The mass moment of inertia of the spool about its mass center is
Ip = mky? = 100(0.42) = 16 kg - m?. Thus, the final kinetic energy of the spool is

1 1
T = EI’I’IVO2 + Elowz

- %(100)@)(0.3)]2 + %(16>w2

= 12.50%

Since the spool is initially at rest, 7y = 0. Referring to Fig. b, T and N do no work,
while W does positive work. When the center of the spool moves down the
plane through a distance of sp =2m, W displaces vertically downward
h = spcos 45° = 2 cos 45° = 1.4142 m. Thus, the work done by W is

Uy = Wh = 100(9.81)(1.4142) = 1387.34 N
Principle of Work and Energy:
T+ 2U,=T,
0 + 1387.34 = 12.50°

o = 10.5rad/s Ans.

Tone

0-3m

@)
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18-26. The spool has a mass of 100 kg and a radius of
gyration of 400 mm about its center of mass O. If it is
released from rest, determine its angular velocity after its
center O has moved down the plane a distance of 2 m. The
coefficient of kinetic friction between the spool and the
inclined plane is w; = 0.15.

Kinetic Energy and Work: Referring to Fig. a,

Vo = &)ro/[C = w(03)

The mass moment of inertia of the spool about its mass center is
Ip = mky? = 100(0.42) = 16 kg - m?. Thus, the kinetic energy of the spool is

1 1
T = EmVOZ + 510&)2

- %(100)[(”(0.3)]2 + %(16)w2

= 12.50°

Since the spool is initially at rest, 7y = 0. Referring to Fig. b, T and N do no work,
while W does positive work, and F,does negative work. Since the spool slips at the
contact point on the inclined plane, F; = N = 0.15N, where N can be obtained 0 Qa

using the equation of motion, ( )

SFy = m(a,)y; N —100(9.81) cos 45° = 0 N = 693.67N

Thus, F; = 0.15(693.67) = 104.05 N. When the center of the spool moves down the

inclined plane through a distance of sp = 2 m, W displaces vertically downward T
h = spsin 45° = 2sin 45° = 1.4142 m. Also, the contact point A on the outer rim of

. ra/ic
the spool travels a distance of s, = | ——

0.9
)so = —2) = 6 m, Fig. a. Thus, the
ro/lc 0.3

work done by W and F, is
Uw = Wh = 100(9.81)(1.4142) = 1387.347J
Up, = —Fssq = —104.05(6) = —624.30J

Principle of Work and Energy: h

Tl + EUI*Z = T2

0 + [1387.34 — 624.30] = 12.5°

o = 7.81 rad/s Ans.
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18-27. The uniform door has a mass of 20 kg and can be
treated as a thin plate having the dimensions shown. If it is
connected to a torsional spring at A, which has a stiffness of
k = 80 N -m/rad, determine the required initial twist of the
spring in radians so that the door has an angular velocity of
12 rad/s when it closes at 6 = 0° after being opened at
6 = 90° and released from rest. Hint: For a torsional spring
M = k6, when k is the stiffness and 6 is the angle of twist.

T] + EU]_Z = TZ

0+ / v 800 do = %B (20)(0.8)2}(12)2

0o
40{(00 + 2P - eg} = 3072

0o = 1.66 rad Ans.
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20 ft/s when the brake is applied. If wheel B must be brought
to a stop after it has rotated 5 revolutions, determine the
constant force P that must be applied to the brake arm. The
coefficient of kinetic friction between the brake pad C and
the wheel is p; = 0.5. The wheel’s weight is 25 1b, and the
radius of gyration about its center of mass is k = 0.6 ft.

*18-28. The 50-Ib cylinder A is descending with a speed of 0.75 ft ﬁ

[
N —

T w ‘ ;
D
~

9

[1
]
y
/
/
/
b
/
y
,
,
,
,

=

0.375 ft

Equilibrium: Referring to Fig. a, we have

C+=Mp =0; Ne(1.5) = 0.5N¢(0.5) — P(45) =0

NC =36P

v
Kinetic Energy and Work: Since the wheel rotates about a fixed axis, (wg); = Y

r'a
20
= 0375 53.33 rad/s. The mass moment of inertia of the wheel about its mass
' 25

centeris [y = mgk? = ﬂ(Oﬁz) = 0.2795 slug - ft>. Thus, the initial kinetic energy

of the system is

T,

(T + (Tl 5—'-0'5/\/‘

1 1
= EmA(VA)% + EIB((UB)%

e o

i

TP T b
s wmasrmas = 8w

S TR

UFRRRE R,

= 708.07 ft-1b

Since the system is brought to rest, T, = 0. Referring to Fig. b, B,, B, Wy, and N

54

do no work, while W , does positive work, and F,does negative work. When wheel B

27 rad
rotates through the angle 6 = (5 rev)( ;Trf::] ) = 107 rad, W, displaces (a )

sa4 = ra0 = 0.375(107r) = 3.757 ft vertically downward, and the contact point C on
the outer rim of the wheel travels a distance of s¢c = rgf = 0.75(107) = 7.57. Thus,

the work done by W , and Ffis

U, = Wsa = 50(3.75m) = 18757 ft-1b

Up, = —Fssc = —18P(1.5m) = —13.57P P
=3,

Principle of Work and Energy:
~05@3-6p)=/8p
Tl + EU172 = T2 B
708.07 + [187.570 — 13.57P] = 0 ?

P =30.61b Ans.
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arm, the 50-1b cylinder A is descending with a speed of
20 ft/s. Determine the number of revolutions wheel B will
rotate before it is brought to a stop. The coefficient of
kinetic friction between the brake pad C and the wheel is
me = 0.5. The wheel’s weight is 25 1b, and the radius of
gyration about its center of mass is k = 0.6 ft.

¢18-29. When a force of P = 30 1bis applied to the brake 0.75 ft ﬁ

9

[1
]
y
/
/
/
b
/
y
,
,
,
,

0.375 ft

Equilibrium: Referring to Fig. a,

C+IMp = 0; Nc(1.5) — 0.5N¢(0.5) — 30(4.5) = 0

N¢ = 1081b

Kinetic Energy and Work: Since the wheel rotates about a fixed axis, (wp),

_van 20 L .
= = ——— = 53.33 rad/s. The mass moment of inertia of the wheel about its
ra 0.375
25
mass center is Iz = mgk® = 3272(0.62) = 0.2795 slug ft>. Thus, the initial kinetic

energy of the system is

T,

(Ta) + (Tph

1 1
= EmA(VA)% + 513 (wp)]

1/ 50

- E(@)@Oz) - %(0.2795)(53.332)

= 708.07 ft-1b

Since the system is brought to rest, T, = 0. Referring to Fig. b, B,, By, W, and N
do no work, while W , does positive work, and F,does negative work. When wheel B
rotates through the angle 6, W , displaces s4 = r 46 = 0.3756 and the contact point
on the outer rim of the wheel travels a distance of sc = rg6 = 0.7560. Thus, the work
done by W, and Ff are

Uw, = Was, = 50(0.3750) = 18.750

Up, = —Fpsc = —0.5(108)(0.756) = —40.56
k=05C28)=5¢1b

N,=/081b

Principle of Work and Energy:
T 1 + EU 12 = T2

708.07 + [18.750 — 40.50] = 0

1
6 = 32.55 rad(ﬂ) = 5.18rev Ans. 57
21

(b)

v

Wy=50 Ib
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18-30. The 100-1b block is transported a short distance by
using two cylindrical rollers, each having a weight of 35 Ib. If
a horizontal force P = 251b is applied to the block,
determine the block’s speed after it has been displaced 2 ft
to the left. Originally the block is at rest. No slipping occurs.

Tl + EUl*Z = Tz

vg = 5.05 ft/s

1001b

| = P-251b

o350 = 1 (19 Yo+ ()2 - YA Jasr)(2)

Ans.

P=251b

wsile)

wsile)

18-31. The slender beam having a weight of 150 1b is
supported by two cables. If the cable at end B is cut so that
the beam is released from rest when = 30°, determine the
speed at which end A strikes the wall. Neglect friction at B.

In the final position, the rod is in translation since the /C is at infinity.

Tl + E U172 = T2
1/ 150
0 + 15025 — 1.75) = 5 (32—2)#@

vg = vy = 6.95ft/s

Initial Position
Final Position

Ans.

4t
A 7.5 ft

0 10 ft)
A
W=0 |l
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*18-32. The assembly consists of two 15-1b slender rods B

and a 20-1b disk. If the spring is unstretched when 6 = 45°

and the assembly is released from rest at this position,

determine the angular velocity of rod AB at the instant
= (0°.The disk rolls without slipping.

Tl + EUl_zz Tz

h A,
S A

k = 41b/it

[0 + 0] + 2(15)(1.5) sin 45° — %(4)[6 —2(3) cos 45° = 2{% (%(%)(3)2>w%43]

wyp = 428 rad/s Ans.

15 Ib 151k

[55in@

18-33. The beam has a weight of 1500 1b and is being
raised to a vertical position by pulling very slowly on its
bottom end A. If the cord fails when 6 = 60° and the beam C
is essentially at rest, determine the speed of A at the instant £
cord BC becomes vertical. Neglect friction and the mass of /
the cords, and treat the beam as a slender rod. pd 7 ft

12 ft

Tl + EUI*Z = T2 fﬁ.:_:___.\-\x\“x_

1 /1500 - N
0 + 1500(5.629) — 1500(2:5) = 5 ( 2 )(VG)Z \B %9 Ny 4

vg = vy = 1421t/s Ans.

1 Ltk £ L LA

{ 500-“: "H}
’ Vg 45004

SH-I /7 % Va
tM! I-0£0 Nast

56AR
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18-34. The uniform slender bar that has a mass m and a
length L is subjected to a uniform distributed load w,
which is always directed perpendicular to the axis of the
bar. If the bar is released from rest from the position shown,
determine its angular velocity at the instant it has rotated
90°. Solve the problem for rotation in (a) the horizontal
plane, and (b) the vertical plane.

a) Tl + EUI,Q = T2

[0] + A ’ [ " vy dx)(x dB) =%(%mL2>w2

us L2
/2 . do = 1mLZa)z
o 6

2

wo L2 ( [
) = SmL
2 <2) it

13 ( )
w = S Ans.
2 \m

Note: The work of the distributed load can also be determined from its resultant.

o L Wo )
L=wl{ Z)2) = 2t
Uiz = wo <z)<2> 4"

b) Tl + EUI,Q = T2

L 1/1
[0] + %WLZ + mg(5> =3 (5 mL2>w2

L 6
2_§W07T +mg()

@~ 2 mL 2mL
3mwy 38
=, ==+ == .
) > I Ans,

Wo

18-35. Solve Prob. 18-5 using the conservation of energy
equation.

Datum at lowest point.
T] + V] = T2 + V2

0 + 50(9.81)(1.25) = %[50(1.75)2]0)2 +0

o = 2.83 rad/s Ans.
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*18-36. Solve Prob. 18-12 using the conservation of
energy equation.

Datum at lowest point through G.

T1+V1:T2+V2

0 + 60(9.81)(s sin 30°) = —[60(0.3)?](6)> + %(60)[(0.3)(6)]2 +0

N | =

s = 0.661 m Ans.

U)p

*18-37. Solve Prob. 18-32 using the conservation of B
energy equation.

Datum at lowest point.

T1+V1:T2+V2

b A
S A
k = 41 /ft

0 + 2[15(1.5sin 45°)| = ZB G (%)(3)2)(&3} + %(4)[6 ~2(3cos45%) P + 0

wyp = 428 rad/s Ans.

3ft

|57 )
Gﬁc IT@K .

IC
___._———-——-:; ‘VC=O 'Uczo
1] \Jeme
J ,p‘ Uac f&c=/5a248 —_—
Vp=hlie g —?;,j‘::a)w
=560A6
753
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18-38. Solve Prob. 18-31 using the conservation of energy
equation.

T1+V1:T2+V2

0 + 150(2.5) = %(%)v% + 150(1.75)

vG = 6.95 ft/s

Since the rod is in translation at the final instant, then

va = 6.95ft/s Ans.

N

18-39. Solve Prob. 18-11 using the conservation of energy
equation.

60—,
Datum at A. .
G
T1+V1:T2+V2 T I.Sft/\
\ A o

0 + 150(1.5) = %{(%)(1.2)2}(}2 + %(%)(1.5@2 +0 '

® = 5117 rad/s .
30 ft

s =59+ vt +%act2

Time to fall:

1
30 =0+ 1.5(5.117) + 5 (32.2)¢
Choosing the positive root: t = 1.147 s
L5
6 = 90 + (1)0[ +Eact

0 =0+ 5.117(1.147) + 0 = 5.870 rad = 0.934 rev. Ans.
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*18-40. At the instant shown, the 50-Ib bar rotates CO__
clockwise at 2 rad/s. The spring attached to its end always
remains vertical due to the roller guide at C. If the spring
has an unstretched length of 2 ft and a stiffness of

k = 6 1b/ft, determine the angular velocity of the bar the k 4ft
instant it has rotated 30° clockwise.
b A
Datum through A. ‘p L ——
TW+Vi=T,+V, ‘ 2rad/s
| 6 ft |
1{1( 50 PRV | ) 1{1(50) 2}2
= == + — — - | = =
2 {3 (32.2)(6) }(2) 2O =27 =515522) O [
1 2
+ 5(6)(7 —2)7 — 50(1.5)
o = 2.30rad/s Ans.
=501b
w=5 E
_Datum

)

3sin30=/54t

6sin30°=3ft
*18-41. At the instant shown, the 50-b bar rotates C@if
clockwise at 2 rad/s. The spring attached to its end always
remains vertical due to the roller guide at C. If the spring has <
an unstretched length of 2 ft and a stiffness of k = 12 Ib/ft, S;
determine the angle 6, measured from the horizontal, to k:E 4ft
which the bar rotates before it momentarily stops. 33
A
]77
g ;
‘ 2rad/s
T1+V1:T2+V2 ‘ 6 ft
11/ 50 2 1 1 .
NI e 22+ - (12)(4 =2 =0+~ (12)(4 + -2)% - i
2{3 (32.2)(6) }( ) 2( )( =0 2( )( 6sin @ )> — 50(3 sin 0)
61.2671 = 24(1 + 3 sin §)> — 150sin @
372671 = —6sin 6 + 216 sin® 0
Set x = sin 6, and solve the quadratic equation for the positive root: e : —Datum
sin = 0.4295
bsing
6 =254°
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18-42. A chain that has a negligible mass is draped over the 100 mm
sprocket which has a mass of 2 kg and a radius of gyration of ’
ko = 50 mm. If the 4-kg block A is released from rest from T &8,
the position s = 1 m, determine the angular velocity of the
sprocket at the instant s = 2 m.
s=1m
T] + V] = T2 + V2
1 2, 1 2] 2
0+0+0= 5(4)(0.1 w)” + > [2(0.05) }w — 4(9.81)(1) 48
® = 41.8rad/s Ans.
18-43. Solve Prob. 18-42 if the chain has a mass per unit 100 mm
length of 0.8 kg/m. For the calculation neglect the portion of
the chain that wraps over the sprocket. T ’ Lo

T1+V1:T2+V2

0 — 4(9.81)(1) — 2[0.8(1)(9.81)(0.5)] = %(4)(0.1 w)? + %[2(0.05)2}(»2 s=lm

+ %(0.8)(2)(0.1 w)? — 4(9.81)(2) — 0.8(2)(9.81)(1)

R
® = 39.3 rad/s Ans.
W=
w=o0 " - 0.1
A% Datum
\_4 0-5m
— 4 Im
Im
2o — /m
Y Ly
: l OB(N9B)N Y [os@@sn
"Uf.-:O J A 4
4(9-6)N
=W
u:o-f(ﬂb
4(9.81)N
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*18-44. The system consists of 60-1b and 20-1b blocks A and
B, respectively, and 5-1b pulleys C and D that can be treated C
as thin disks. Determine the speed of block A after block B
has risen 5 ft, starting from rest. Assume that the cord does
not slip on the pulleys, and neglect the mass of the cord.

0.5 ft

Kinematics: The speed of block A and B can be related using the position A
coordinate equation.

0.5 ft
s+ 2sp =1 @

Asy +2As5 =0 Asy, +2(5) =0 Asy = —10ft = 10 ft|
Taking time derivative of Eq. (1), we have

UA+2'UB:0 g = _O.S'UA

Potential Energy: Datum is set at fixed pulley C. When blocks A and B (pulley D) are

at their initial position, their centers of gravity are located at s, and s. Their initial

gravitational potential energies are —60s 4, —20sp, and —5s5. When block B (pulley

D) rises 5 ft, block A decends 10 ft. Thus, the final position of blocks A and B (pulley

D) are (s4 + 10) ft and (s — 5) ft below datum. Hence, their respective final V777774
gravitational potential energy are —60(s, + 10), —20(sz — 5), and —5(sp — 5).

Thus, the initial and final potential energy are — g

V] = _60SA_20SB_5SB: _60SA_25SB 5;

—¥ ]
Vy = —60(s4 + 10) — 20(sg — 5) — 5(sg — 5) = —60s, — 2555 — 475 56

Kinetic Energy: The mass moment inertia of the pulley about its mass center is b

1/°5
I; = > (m)(O.Sz) = 0.01941 slug - ft>. Since pulley D rolls without slipping,

wp = :LB = (1)% = 2ug = 2(—0.5v,) = —v,4. Pulley C rotates about the fixed point
D .

v v
hence wc = A= ﬁ = 2v,4. Since the system is at initially rest, the initial kinectic
rc .

energy is 71 = 0.The final kinetic energy is given by

1 1 1 1 1
T2 = EmAUE\ + EmBU%; + EmDU% + ElezD + EIG(.U%

1/60\,  1(/20 ) 1( 5 ) )
= () + 2 (25 (o +— (=2 )(~o0.
2(32.2)”A 2(32.2)( 05va)" + 5 (355 )(70-5va4)

1 1
+ 2 (0.01941)(v)” + - (0.01941)(2v,4)°

= 1.0773v%
Conservation of Energy: Applying Eq. 18-19, we have
T, +V,=T,+V,
0 + (—60s, — 25s5) = 1.0773v% + (—60s, — 2555 — 475)

vy = 21.0 ft/s Ans.
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*18-45. The system consists of a 20-1b 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°.

T1+V1:T2+V2

ve = 133 ft/s
[ Ib
41b
<0 Ib
35in45°ft
1.5 5in45 Mt
Datum

0 + 4(1.5 sin 45°) + 1(3 sin 45°) = %B(é)(a)z}(%)z + %(3217)(%)2 +0

Ans.

201b 41b

Datum

Vo
=— =0
/* u)"* Yoie
. ’]}5 =0
0.8% rSl:t
1c
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18-46. The system consists of a 20-1b disk A, 4-Ib 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
6 = 30°.The system is released from rest when 6 = 45°.

Vp = OS(UA
_Ys_ _Y¢ _ VY
@BCT 15 T 2598 15
Thus,
Vp = Vg = 1'5wBC Ve = 2598wBC

wy = 1875 wWpc

Tl + V1 = Tz + V2
0 + 4(1.5 sin 45°) + 1(3 sin 45°)

_ %{%(%)(0.8)2}(1.875(»36)2 + %(%)(1.5 wpc)’

%{%2(%)(3)2}»& " %(%)(150)302

1/ 1
+E(—)(2.598wm)2 + 4(1.5 5in 30°) + 1(3 sin 30°)

322

wpc = 1.180 rad/s

Thus,

ve = 2.598(1.180) = 3.07 ft/s Ans.

116 |1b

3Sin30"Jt

—— 35in45°ft 5o

1.5 5454t

U Datum U

Datum

-
0.8t
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18-47. The pendulum consists of a 2-1b rod BA and a 6-1b
disk. The spring is stretched 0.3 ft when the rod is horizontal
as shown. If the pendulum is released from rest and rotates
about point D, determine its angular velocity at the instant
the rod becomes vertical. The roller at C allows the spring to
remain vertical as the rod falls.

{1 Q

ﬁ
=4

AAAAAAAAR

AAAAAAL =

center of gravity is located 1.25 ft below the datum. Its gravitational potential energy
at this positionis — 2(1.25) ft-Ib. The initial and final stretch of the spring are 0.3 ft
and (1.25 + 0.3) ft = 1.55 ft, respectively. Hence, the initial and final elastic

1 1
potential energy are (2)(03%) = 0.09 1b- ft and 5(2)(1.552) = 2.4025 1b- ft. Thus,

Potential Energy: Datum is set at point O. When rod AB is at vertical position, its
1ft

Vi=0091b-ft  V,=24025 + [-2(1.25)] = —0.0975 Ib- ft

Kinetic Energy: The mass moment inertia for rod AB and the disk about point O are

1/ 2\, 2 , ,
= —\ — + [ —— A = (. .

and

_1/6 2N )
(Up)o = 2<32.2)(0.25 ) = 0.005823 slug - ft

Since rod AB and the disk are initially at rest, the initial kinetic energy is 7; = 0.
The final kinetic energy is given by

1 1
T, = E(IAB)O o + E(ID)O“’Z

= %(0.1178) w? + %(0.005823) w?

0.06179 o’

Conservation of Energy: Applying Eq. 18-19, we have
Tl + Vl = T2 + VZ
0 + 0.09 = 0.06179 w® + (—0.0975)

o = 1.74 rad/s Ans.
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*18-48. The uniform garage door has a mass of 150 kg and
is guided along smooth tracks at its ends. Lifting is done using
the two springs, each of which is attached to the anchor
bracket at A and to the counterbalance shaft at B and C. As
the door is raised, the springs begin to unwind from the shaft,
thereby assisting the lift. If each spring provides a torsional
moment of M = (0.70) N-m, where 6 is in radians,
determine the angle 6, at which both the left-wound and
right-wound spring should be attached so that the door is
completely balanced by the springs, i.e., when the door is in
the vertical position and is given a slight force upwards, the
springs will lift the door along the side tracks to the horizontal
plane with no final angular velocity. Note: The elastic potential
energy of a torsional spring is V, = %k@z, where M = k6 and
in this case k = 0.7 N-m/rad.

Datum at initial position.

T] + V] = T2 + V2
1
0+ 2{5(0.7)93} +0 =0+ 150(9.81)(1.5)

0y = 56.15 rad = 8.94 rev.

/
77
5

W=150(9.81)N

Ans.

W=150(4-81)N
Datum

.5m
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*18-49. The garage door CD has a mass of 50 kg and can be \ 2m

treated as a thin plate. Determine the required unstretched

(@)

length of each of the two side springs when the door is in the
open position, so that when the door falls freely from the open
position it comes to rest when it reaches the fully closed position, 1m
i.e., when AC rotates 180°. Each of the two side springs has a
stiffness of & = 350 N/m. Neglect the mass of the side bars AC. 1

B

T] + V] = T2 + V2
1 2 1 2
0+ 2|3 (350)(¥1)* | = 0+ 2| 2 (350)(x, + 17 |=50(9.81)(1)
x; = 0201 m

Thus,

I, =05m — 0201l m = 299 mm Ans.

50(9.81)N =

C
fE >

LA

i N50980N

>
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18-50. The uniform rectangular door panel has a mass of
25 kg and is held in equilibrium above the horizontal at the
position 6 = 60° by rod BC. Determine the required
stiffness of the torsional spring at A, so that the door’s
angular velocity becomes zero when the door reaches the
closed position (f = 0°) once the supporting rod BC is
removed. The spring is undeformed when 6 = 60°.

Potential Energy: With reference to the datum in Fig. a, the gravitational potential
energy of the panel at positions (1) and (2) is

(Vi = W(ye) = 25(9.81)(0.6 sin 60°) = 127.44

(Ve = W(ye): = 25(9.81)(0) = 0

Since the spring is initially untwisted, (V,); = 0. The elastic potential energy of the

spring when 0 = 60° = grad is

1, 1 772_772
Vo= 340 =203 ) = Tk

Thus, the potential energy of the panel is

Vi= (Vi + (Vo = 12744 + 0 = 127.44]

6o’

j ; ~ Datum
Kinetic Energy. Since the rod is at rest at position (1) and is required to stop when it (a )

is at position (2),7; = T, = 0.

2 2

T o
V2: (Vg)2+ (Ve)zz 0 +Ek =Ek

Conservation of Energy.

T1+V1:T2+V2

)
0+ 12744 =0+ —k
18

k =232N-m/rad Ans.
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18-51. The 30 kg pendulum has its mass center at G and a
radius of gyration about point G of kg = 300 mm. If it is
released from rest when 6 = 0°, determine its angular
velocity at the instant § = 90°. Spring AB has a stiffness of
k = 300 N/m and is unstretched when 6 = 0°.

(V)i = W(ye) = 30(9.81)(0) = 0

(Ve)r = ~W(y6), = —30(9.81)(0.35) = —103.005

Since the spring is unstretched initially, (V,); = 0. When 6 = 90°, the spring
stretches s = AB — A'B = V0.45% + 0.6> — 0.15 = 0.6 m. Thus,

1 2 1 2
(Voo = 5 ks” = E(300)(0.6 ) =543

and

0

Vi= (Ve + (Vo

Vo= (V)o + (V,), = —103.005 + 54 = —49.005 J

Kinetic Energy: Since the pendulum rotates about a fixed axis, vg = wrg = (0.35).
The mass moment of inertia of the pendulum about its mass center is
Ig = mkg? = 30(0.32) = 2.7 kg - m% Thus, the kinetic energy of the pendulum is

T

1 1
5 mvg 2“1‘5[(;(1)2

1 1
E(30)[w(0.35)]2 + 57’ = 3187507

Conservation of Energy:
Tl + Vl = T2 + V2
0 + 0 = 3.1875w” — 49.005

o = 3.92rad/s Ans.

0.45m (M*

= @)
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k = 20 Ib/ft

attached to a spring having a stiffness of k = 20 Ib/ft. If the
plate is released from rest when 6 = 0°, determine its
angular velocity when 6 = 90°. The spring is unstretched
when 6 = 0°.

*18-52. The 50-Ib square plate is pinned at corner A and ] I‘z c

Potential Energy: With reference to the datum shown in Fig. a, the gravitational
potential energy of the plate at position (1) and (2) is —r g

(Vg)l = W(ye)1 = 50(0) =0

<Vg)2 = —W(ys)>» = —50(1 cos 45°) = —=35.361b-ft

Since the spring is initially unstretched, (V,); = 0. When the plate is at position (2), 1 ft
the spring stetches s = BC — B'C = 2[1 cos 22.5°] — 2(1 cos 67.5°) = 1.082 ft.
Therefore,
(V.), = Lo = 1(20)(1 0822) = 11.721b - ft
e)2 2 2 . .
Thus,

Vi=(Vehi +(V.)i=0+0=0
Vo= (V)o + (V), = —3536 + 11.72 = —23.64 ft - Ib

Kinetic Energy: Since the plate rotates about a fixed axis passing through point A,

e . 1
its kinetic energy can be determined from 7 = EI 4 0%, where

1/ 50 30
=—— {12+ 13)+ —q(1 45°)2 = 1. lug - f2
4 12(32.2)( ) + 355 (1cos 4597 = 1.035 slug- ft

Thus,

1
T==-1,0%= 5(1.035)(»2 = 0.51760*

Since the plate is initially at rest 7y = 0.

Conservation of Energy:

Tl + Vl = Tz + V2
0+ 0 = 0.51760* — 23.64

® = 6.76 rad/s Ans.
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*18-53. A spring having a stiffness of & = 300 N/m is
attached to the end of the 15-kg rod, and it is unstretched
when 0 = 0°. If the rod is released from rest when 0 = 0°,
determine its angular velocity at the instant § = 30°. The
motion is in the vertical plane.

k =300 N/m

Potential Energy: With reference to the datum in Fig. a, the gravitational potential
energy of the rod at positions (1) and (2) is

(V)i = W(yeh = 15(9.81)(0) = 0

(Vie)r = ~W(r6), = —15(9.81)(0.3 sin 30°) = —22.0725J

Since the spring is initially unstretched, (V,); = 0. When 6 = 30°, the stretch of the
spring is sp = 0.6 sin 30° = 0.3 m. Thus, the final elastic potential energy of the

spring is
(Vo) = %ksp2 - %(300)(0.32) = 135)
Thus,
Vi=Wei + (Vo1 =0+0=0

Vo= (Vo) + (Vo), = —22.0725 + 13.5 = —8.5725]

Kinetic Energy: Since the rod is initially at rest,7y = 0. From the geometry shown in
Fig. b, rg/ic = 03 m. Thus, (V) = worgic = w; (0.3). The mass moment of inertia

1 1
of the rod about its mass center is I = D) ml® = 5(15)(0.62> = 0.45 kg - m?. Thus,

the final kinetic energy of the rod is

1 1
T, = Em(VG)ZZ + Elawzz

= L1 [n(03)F + 2(0.85)0?
= 09w,

Conservation of Energy:

Tl + Vl = T2 + V2
0+ 0=09w,> — 85725

wy = 3.09 rad/s Ans.
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18-54. If the 6-kg rod is released from rest at 6 = 30°,
determine the angular velocity of the rod at the instant
6 = 0°.The attached spring has a stiffness of k& = 600 N/m,
with an unstretched length of 300 mm.

Potential Energy: With reference to the datum in Fig. a, the gravitational potential

energy of the rod at positions (1) and (2) is [ k = 600 N/m

(Vg)1 = —W(ys) = —6(9.81)(0.15 sin 30°) = —4.4145] 200 mm
(Vo) = W(re)s = 6(981)(0) = 0

The stretch of the spring when the rod is in positions (1) and (2) is
51 = B'C — Iy = V037 + 0.4 — 2(0.3)(0.4) cos 120° — 0.3 = 0.3083 m and 200 mr\“/

s, = BC — [, = V0.3% + 04°> — 0.3 = 02 m. Thus, the initial and final elastic
potential energy of the spring is

(Vo) = %ksf = %(600)(0.30832> = 28510
(Vo) = %ksf = %(600)(0.22) =127
Thus, Daturm

Vi= Vo + (Vo)1 = —4.4145 + 28,510 = 24.096 J

V2 = (Vg)Z + (Ve)Z =0+ 12=121J

Kinetic Energy: Since the rod rotates about a fixed axis passing through point B, its

1
kinetic energy can be determined from 7' = 5 I gw?, where
_1 2 2\ = 2
Iy = 5(©(0.7°) + 6(0.15°) = 0.38kg*m

Thus,

1 1
T = EIBwZ = 5(0.38)(92 = 0.19¢?

Since the rod is initially at rest, 7y = 0.
Conservation of Energy:
T,+V,=T,+V,
0 + 24.096 = 0.190” + 12

® = 7.98 rad/s Ans.
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18-55. The 50-kg rectangular door panel is held in the
vertical position by rod CB. When the rod is removed, the
panel closes due to its own weight. The motion of the panel
is controlled by a spring attached to a cable that wraps
around the half pulley. To reduce excessive slamming, the
door panel’s angular velocity is limited to 0.5 rad/s at the
instant of closure. Determine the minimum stiffness k of
the spring if the spring is unstretched when the panel is in
the vertical position. Neglect the half pulley’s mass.

Potential Energy: With reference to the datum in Fig. a, the gravitational potential
energy of the door panel at its open and closed positions is

(V)i = W(ye) = 50(9.81)(0.6) = 294.3]

(Ve)o = W(ye)n = 50(9.81)(0) = 0

Since the spring is unstretched when the door panel is at the open position,

(V)1 = 0. When the door is closed, the half pulley rotates through and angle of

(?fq)fo'ém

0= grad.Thus, the spring stretches s = rf = 0.15(%) = 0.0757 m. Then,

1,1 2 _ 2 Datum =
(Vo = 5 ks = 2 k(0.075m)? = 0.00281257 k @
Thus,
Vi= (Vo) + (Vo) = 2943 + 0 = 29437

Vv, = (Vg)2 + (V,), = 0 + 0.00281257%k = 0.00281257°k

Kinetic Energy: Since the door panel rotates about a fixed axis passing through

1
point A, its kinetic energy can be determined from 7' = > I 4 @?, where
_1 2 2) — 2
T4 =15 (50)(1.2°) + 50(0.6°) = 24kg*m

Thus,

1
T==1,0"= 5(24)w2 = 120?

1
2
Since the door panel is at rest in the open position and required to have an angular
velocity of w = 0.5 rad/s at closure, then
T, =0 T, = 12(0.52) = 37

Conservation of Energy:

Tl + Vl = T2 + V2

0 + 294.3 = 3 + 0.00281257°k

k = 10494.17 N/m = 10.5 kN/m Ans.
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*18-56. Rods AB and BC have weights of 15 Ib and 30 1b,
respectively. Collar C, which slides freely along the smooth
vertical guide, has a weight of 5 Ib. If the system is released A
from rest when 6 = 0°, determine the angular velocity of
the rods when 6 = 90°. The attached spring is unstretched
when 6 = 0°.

s k =20 1b/ft
Potential Energy: From the geometry in Fig. a, § = sin™! (?) = 30°. With
reference to the datum, the initial and final gravitational potential energy of the
system is

(Vg)l = Wap o)1 = Wae (V21 = We (Yaah c

15(0) — 30(1.5 cos 30°) — 5(3 cos 30°)

=\
= —51.96ft-1b
(Vg)Z = ~Wup (Y612 = Wae (Ve2)2 = We (Vo3)2
= —15(0.75) — 30(3) — 5(4.5)
= —123.75ft-1b
Since the spring is initially unstretched, (V,); = 0. When 6 = 90°, the spring
stretches s = 4.5 — 3 cos 30° = 1.902 ft. Thus,
V), = Ly = 1(20)(1 9022) = 36.17 ft-Ib
2= 5 > . .
And,
Vi= (V)i + (Vo) = —51.96 + 0 = =51.96 ft - 1b
Vo= (V) + (V), = —123.75 + 36.17 = —87.58 ft - b
Kinetic Energy: Since the system is initially at rest 7y = 0. Referring to Fig. b,
_ _ ~ (ve)2  (wap)a(1.5)
(v8)2 = (wap)2 73 = (wap)2(1.5). Then (wpc); = = 3 = 0.5(w4p)-
rp/iC
7 —
Datum ’
(WB -Stt
Wbl
(fe) o ’
(% (%l)b 444’ ! w
(% ’)b ( 69)& . 54t
3)2, ndr
¥ '8
(%2), T
= |54+
Téajz
:Jﬁ I¢
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*18-56. Continued

Subsequently, (ch)z = ((J)Bc)z er/Ic = OS((,UAB)z(lS) = 0'75(wAB)2' Since point C
is located at the IC, v¢ = 0. The mass moments of inertia of AB about point A and
1

1/ 15
BC about its mass center are ({45)4 = gml2 =3 (3272><1.52) = 0.3494 slug/ft?

12 12 \32.2
energy of the system is

1 1 /(30
and (Ipc)ge = —=ml* = — (7)(32) = 0.6988 slug/ft>. Thus, the final kinetic

T,

1 1 1
=5 (Iap)a (@ap)2* + {5 mpc (vgo)* + 5 (Ipc)c2 (“’BC)ZZ} + 5 me ve?

%(0.3494)(%,3)22 + P (ﬂ)[o.ﬁ(w/w)z}z + %(0.6988)[0.5(%3)2]2} +0

2\322

0.5241(w 1),

Conservation of Energy:
T] + Vl = T2 + V2

0 — 51.96 = 0.5241(w4p),> — 87.58

(wap)y = 8244 rad/s = 8.24 rad/s Ans.
Thus,
(wpc)r = 0.5(8.244) = 4.12 rad/s Ans.
¢18-57. Determine the stiffness k of the torsional spring at
A, so that if the bars are released from rest when 6 = 0°,
bar AB has an angular velocity of 0.5 rad/s at the closed

position, # = 90°. The spring is uncoiled when 6 = 0°. The
bars have a mass per unit length of 10 kg/m.

Potential Energy: With reference to the datum in Fig. a, the gravitational potential
energy of the system at its open and closed positions is

(Vg)l = Wag (o)1 + Wae Voot
= 10(3)(9.81)(1.5) + 10(4)(9.81)(1.5) = 1030.5J

(Vg)Z = Wag(yo1)2 + Wae (Y62)2

= 10(3)(9.81)(0) + 10(4)(9.81)(0) = 0
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¢18-57. Continued

Since the spring is initially uncoiled, (V,); = 0. When the panels are in the closed

position, the coiled angle of the spring is 6 = %rad. Thus,

R B A
(Vg)zfzke 72k(2) = 8k

And so,

Vi= (Vi + (V) = 10305 + 0 = 10305

772

2
w
Va= (Vo + (Vo =0+ ok =k

Kinetic Energy: Since the system is initially at rest, T; = 0. Referring to Fig. b,

1.
) _ 75 = 0375 rad/s.

(vg)2 = (wap)2rp = 0.5(3) = 1.5m/s. Then, (wpc), =
rp/ic

Subsequently, (vg), = (wpc)2Fgorc = 0.375(2) = 0.75 m/s. The mass moments of
inertia of AB about point A and BC about its mass center are

[10(3)](3?) = 90 kg - m?

(SR

1
(Uap)a = g ml* =

and

1 1
(Inc)or = 5 ml* = 15 [10@4)](#) = 5333 kg - m

Thus,

1 1 1
T, = E(IAB)A (wap)2® + {5 mpc(ver)® + 5 (Ipc)c2 (ch)zz}

= %(90)(0.52) + B [10(4)](0.75%) + %(53.33)(0.3752)}

=2625]

Conservation of Energy:

T1+V1:T2+V2

)
0 + 1030.5 = 26.25 + ?k

k = 814 N-m/rad Ans.

3m__ ) 4m
e . Tejre JC

=
(o osragy PR Tate |
m

A B :,—-———"; %).z; (ch.z.)z,
- (b)

(%,), ® (%z)ff’ﬁm

Datum
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k = 900 N - m/rad and is uncoiled when # = 0°. Determine
the angular velocity of the bars, AB and BC, when 6 = 0°,if
they are released from rest at the closed position, § = 90°.
The bars have a mass per unit length of 10 kg/m.

18-58. The torsional spring at A has a stiffness of \B /\

4m

Potential Energy: With reference to the datum in Fig. a, the gravitational potential
energy of the system at its open and closed positions is

(Vg)l = Wug (o)1 + Wae (Vo)1
= 10(3)(9.81)(0) + 10(4)(9.81)(0) = 0

(Vg)Z =Wag(Yo1)2 * Wae (V62)2
= 10(3)(9.81)(1.5) + 10(4)(9.81)(1.5) = 1030.05 ]

When the panel is in the closed position, the coiled angle of the spring is 6 = % rad.

Thus,

1 n 1 m 2 2
Ven = 2k0 = 2(900)(2) = 112.57°]

The spring is uncoiled when the panel is in the open position (§ = 0°). Thus,

Ve)2 =0 &
And so, =
Vi= (Vi + (V)1 = 0 + 112577 = 112,577 ) (%'L’(y‘%ﬂm
V, = (Vg)2 + (V,), = 1030.05 + 0 = 1030.05J Datum
Kinetic Energy: Since the panel is at rest in the closed position, 7; = 0. Referring to (a)

Fig. b, the IC for BC is located at infinity. Thus,

((,L)Bc)z =0 Ans.
Then,

(vg)2 = (v)2 = (©wap)27p = (wap)2(3)

The mass moments of inertia of AB about point A and BC about its mass center are

<

(Iap)a = %mﬂ = %[10(3)](32) = 90 kg - m? (VBJg,
and 3,,,
(Ipc)er = f—zmz2 = 11—2 [10(4)](4?) = 5333 kg~ m? (w“):

Thus, -

1
T,= E(IAB)A(‘”AB)22 + EmBC(VGZ)Z

SO0 @ag)” + 5 10 a2

225(“’,43)22
Conservation of Energy:
T )+ V=T, +V,
0 + 112.572 = 225(w4p),> + 1030.05

(wap)2 = 0.597 rad/s Ans.
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18-59. The arm and seat of the amusement-park ride have
amass of 1.5 Mg, with the center of mass located at point G;.
The passenger seated at A has a mass of 125 kg, with the
center of mass located at G, If the arm is raised to a position
where 6 = 150° and released from rest, determine the speed
of the passenger at the instant # = 0°. The arm has a radius of
gyration of k;; = 12 m about its center of mass G;. Neglect
the size of the passenger.

Potential Energy: With reference to the datum shown in Fig. a, the gravitational
potential energy of the system at position (1) and (2) is

Vi= (Vg)l = Wiy + Wa(ye

= 1500(9.81)(4 sin 60°) + 125(9.81)(20 sin 60°)

= 72213537

Vo= (Vg)Z = =Wi(e1)2 = W2 (y62)2

—1500(9.81)(4) — 125(9.81)(20)

—83385J

Kinetic Energy: Since the arm rotates about a fixed axis passing through B,
Vg1 = wrg; = w(4) and vg, = wrg; = »(20). The mass moment of inertia of the
arm about its mass center is I, = m k% = 1500(122> = 216 000 kg - m2. Thus, the
kinetic energy of the system is

1 1 1
T = {5 my(vg)® + Elclwz} + Emz(vaz)2

{%(1500)[60(4)]2 + %(216 000)64 + %(125)[60(20)]2

= 145 0000 G,
Since the system is initially at rest, 7; = 0.
Conservation of Energy: (gg 4 A«)]r' 205in60°m
Tl + Vl = T2 + V2 @
G
0 + 72213.53 = 145 000w’ — 83 385 J ?
w Dot o .S/me)’ =4 5in6o°’m
o = 1.0359 rad/s
v = wr = (1.0359 rad/s)(20 m) = 20.7 m/s Ans. y
G
@ (%,5,) =20M
(%""' ;-Fm 1 %
¥
Gz
@
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18-60. The assembly consists of a 3-kg pulley A and 10-kg
pulley B. If a 2-kg block is suspended from the cord,
determine the block’s speed after it descends 0.5 m starting
from rest. Neglect the mass of the cord and treat the pulleys
as thin disks. No slipping occurs.

T1+V1:T2+V2

[0+0+0]+][0]= %{%(3)(0.03)2}0%4 + %B (10)(0.1)2}1;%; + %(2)(%)2 — 2(9.81)(0.5)

Ve = wp (01) = 0.03 (O}

Thus,
wg = 10 vc
o = 33.33vc
Substituting and solving yields,
ve = 1.52m/s Ans.

¢18-61. The motion of the uniform 80-Ib garage door is
guided at its ends by the track. Determine the required
initial stretch in the spring when the door is open, 8 = 0°,so
that when it falls freely it comes to rest when it just reaches
the fully closed position, § = 90°. Assume the door can be
treated as a thin plate, and there is a spring and pulley
system on each of the two sides of the door.

k =91b/it
(@W

sq+ 25, =1 ol
Asy4 = —2As,
8ft = —2As; s
As, = —4ft

T, +Vi=T,+V,
[1 2 1 2
0+2 5(9)s } =0-80(4) + 2{5(9)(4 + 5) }

952 = =320 + 9(16 + 8s + 5°)

s = 2.44 ft Ans.

w=80Ib

?_"__

Datum >

A
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0 = 30°. The spring is originally stretched 1 ft when the
door is held open, 8 = 0°. Assume the door can be treated
as a thin plate, and there is a spring and pulley system on
each of the two sides of the door.

8 ft
Vg = 4o
Sqt+ 2s, =1
Asy = —2As; N
41t = —2As,
As, = —2ft

T\ +V, =T, +V,
o+ o] - L (2 e+ L[5 (22 o2 - ssn

+ 2{% 92 + 1)2}

o = 1.82rad/s Ans.

18-62. The motion of the uniform 80-lb garage door is k = 91b/ft
guided at its ends by the track. If it is released from rest at N e W
6 = 0°, determine the door’s angular velocity at the instant C
1 7%
Y

8 ft
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18-63. The 500-g rod AB rests along the smooth inner
surface of a hemispherical bowl. If the rod is released from
rest from the position shown, determine its angular velocity
at the instant it swings downward and becomes horizontal.

Select datum at the bottom of the bowl.
0.1

—un =) = o

6 = sin ( 0. 2) 30

h = 0.1 sin 30° = 0.05

CE = V(02> — (0.1)> = 0.1732m

ED =02 — 0.1732 = 0.02679

T1+V1:T2+V2

0 + (0.5)(9.81)(0.05) = %“—2 (0.5)(0.2)2}0)3,3 + %(0.5)(%;)2 + (0.5)(9.81)(0.02679)

Since vg = 0.1732w 45

wyp = 3.70 rad/s Ans.
C
0-
E
] =
D
o.|m
*18-64. The 25-1b slender rod AB is attached to spring BC B

which has an unstretched length of 4 ft. If the rod is released
from rest when 6 = 30°, determine its angular velocity at
the instant § = 90°.

k= 51b/ft
4ft

1= V(@42 + (4)% — 2(4)(4) cos 150° = 7.727 ft
41t |

T1+V]:T2+V2 !

0 + 25(2) sin 30° + %(5)(7.727 — 42 = %E (%)(4)2}02 + 25(2)

+ %(5)(4\/2 — 4y

o = 1.18 rad/s Ans.
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¢18-65. The 25-1b slender rod AB is attached to spring BC B
which has an unstretched length of 4 ft. If the rod is released
from rest when 0 = 30°, determine the angular velocity of
the rod the instant the spring becomes unstretched.

k = 51b/it

4 ft

I=V(4)P + (4 — 2(4)(4) cos 150° = 7.727 ft

T1+V1:T2+V2 I 4 ft |
, 1 , 1125\ ], ,
0 +252)sin30° +  (5)(7.727 = 4)° = 5 | 2 575 J@? [ + 25(2)(sin 60°) + 0

o = 2.82rad/s Ans.

18-66. The assembly consists of two 8-1b bars which are pin
connected to the two 10-1b disks. If the bars are released
from rest when 6 = 60°, determine their angular velocities
at the instant # = 0°. Assume the disks roll without slipping.

wAp = WpC

T1+V1:T2+V2

[0] + 2(8)(1.5 sin 60°) = 2{% (%) (%)(3)2 wz} 4 (0]
® = 5.28 rad/s Ans.
5 a 44t 1C
1 E'T 7 J&_"m"
Wit y-3ung W

18-67. The assembly consists of two 8-1b bars which are pin
connected to the two 10-1b disks. If the bars are released from
rest when 6 = 60°, determine their angular velocities at the
instant # = 30°. Assume the disks roll without slipping.

Va
wp =05 va = wup(15)
wp = 3wAB Vg = 1.5(1)AB

T1+V1:T2+V2

[0 + 0] + 2[8(1.5 sin 60°)]

2 (5% )07 fGousr + 1 (55 wss 5P

- %(%)(1.5%3)2 + %{% <%>(3)2}(W3)2} + 2[8(1.5 sin 30°)]

wyp = 221 rad/s Ans.

Il
)
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V. = k6 where M = k6 and k = 0.3(107°) Ib - ft/rad.

CD?> —11.591CD + 32 =0

Selecting the smaller root:
CD = 45352 ft

T1+V1:T2+V2

k = 100 1b/ft

*18-68. The uniform window shade AB has a total weight of
0.4 1b. When it is released, it winds up around the spring-loaded
core O. Motion is caused by a spring within the core, which is
coiled so that it exerts a torque M = 0.3(1073)6 Ib - ft, where
6 is in radians, on the core. If the shade is released from rest,
determine the angular velocity of the core at the instant the
shade is completely rolled up, i.e., after 12 revolutions. When
this occurs, the spring becomes uncoiled and the radius of
gyration of the shade about the axle at O is kp = 0.9 in.
Note: The elastic potential energy of the torsional spring is

(2)? = (6)> + (CD)?* — 2(6)(CD) cos 15°

0+0=0+2 %(k)(S — 4.5352)% | — 200(6)

Ans.

M

@B,

stopped when it has rotated clockwise 90°.

T1+V1:T2+V2

k = 42.8N/m

18-69. When the slender 10-kg bar AB is horizontal it is at
rest and the spring is unstretched. Determine the stiffness k
of the spring so that the motion of the bar is momentarily

0+0=0+ %(k)(3.3541 — 1572 — 98.1(1

Ans.

778




91962_09_s19 p0779-0826 6/8/09 4:38 PM Page 779 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

¢19-1. The rigid body (slab) has a mass m and rotates with mvg

an angular velocity @ about an axis passing through the ®
fixed point O. Show that the momenta of all the particles
composing the body can be represented by a single vector
having a magnitude mvg; and acting through point P, called
the center of percussion, which lies at a distance
rpiG = k%;/rg/o from the mass center G. Here ks is the
radius of gyration of the body, computed about an axis
perpendicular to the plane of motion and passing through G.

HO = (rG/O + rp/G) mvg = rG/O (va) + IGQ), where IG = mk%;

r6/0 (mvg) + rpjg (M) = rgjo (mvg) + (mkg)
kg

VG
However, Vg = Wrgio O TIgio = —
w

ke
rpig = 610 Q.E.D.

19-2. At a given instant, the body has a linear momentum

L = mvg and an angular momentum H; = I computed mve

about its mass center. Show that the angular momentum of

the body computed about the instantaneous center of zero \G :
fel’d

velocity IC can be expressed as H;c = I;cw, where I;¢
represents the body’s moment of inertia computed about
the instantaneous axis of zero velocity. As shown, the IC is
located at a distance rg/;c away from the mass center G.

LYeyilel
H]C = rG/,C (mvc) + IG w, where Vg = U.)VG/]C
c

= rgyc (morgc) + Igw

=g+ m”%;/lc) w

=1 icw Q.E.D.
19-3. Show that if a slab is rotating about a fixed axis P
perpendicular to the slab and passing through its mass center Pe
G, the angular momentum is the same when computed about
any other point P.

Since vg = 0, the linear momentum L = mvg = 0. Hence the angular momentum
about any point P is

Hp:IG(x)

Since w is a free vector,soisHp . Q.E.D.
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*19-4. The pilot of a crippled jet was able to control his
plane by throttling the two engines. If the plane has a weight
of 17 000 Ib and a radius of gyration of k; = 4.7 ft about the
mass center G, determine the angular velocity of the plane
and the velocity of its mass center G in ¢ = 5 s if the thrust in
each engine is altered to 77 = 50001b and 7, = 800 b as
shown. Originally the plane is flying straight at 1200 ft/s.
Neglect the effects of drag and the loss of fuel.

(C+) (Ho) + E/Mcdt = (Hg),

17 000

0 + 5000(5)(1.25) — 800(5)(1.25) = [(W)(M)Z}w

® = 2.25rad/s

<$) mvgy) + = / Fydt = m(vgy),

(1;2?20)(1200) + 5800(5) = (1;292())(%)2

(ve), = 1.25(10%) ft/s

Ans.

Ans.

¢19-5. The assembly weighs 10 Ib and has a radius of
gyration kg = 0.6 ft about its center of mass G. The kinetic
energy of the assembly is 31 ft-1b when it is in the position
shown. If it rolls counterclockwise on the surface without
slipping, determine its linear momentum at this instant.

Kinetic Energy: Since the assembly rolls without slipping, then w =

1 1
T = Emv%; + Elez

110\, 1[10 2} R
== + = z=(0. .
1 2(322) v 2{32.2(06) (0.8333v5)

vg = 12.64 ft/s
Linear Momentum: Applying Eq. 19-7, we have

10
L = mvg = ﬂ(12.64) = 3.92 slug - ft/s

VG vG

= 0.8333. ropc 1.2

Ans.

L W=0.8333Y

Eff

19-6. The impact wrench consists of a slender 1-kg rod AB
which is 580 mm long, and cylindrical end weights at A and B
that each have a diameter of 20 mm and a mass of 1 kg. This
assembly is free to rotate about the handle and socket, which
are attached to the lug nut on the wheel of a car. If the rod AB
is given an angular velocity of 4 rad/s and it strikes the bracket
C on the handle without rebounding, determine the angular
impulse imparted to the lug nut.

1 1
Le = E(1)(0.6 —0.02)2 + 2 5(1)(0.01)2 + 1(0.3)* | = 0.2081 kg - m?

/ Mdt = Iy, o = 0.2081(4) = 0.833 kg - m?%/s

Ans.

780




91962_09_s19 p0779-0826 6/8/09 4:39 PM Page 781

4

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently

exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

19-7. 'The space shuttle is located in “deep space,” where the
effects of gravity can be neglected. It has a mass of 120 Mg, a
center of mass at G, and a radius of gyration (kg), = 14 m
about the x axis. It is originally traveling forward at
v = 3 km/s when the pilot turns on the engine at A, creating
a thrust 7 = 600(1 — e *¥) kN, where ¢ is in seconds.
Determine the shuttle’s angular velocity 2 s later.

€6 o+ Mg = iy
2
0+ / 600(10%)(1 — ¢*3)(2) dr = [120(10%)(14)?|w
0
1200(103){t = —°~3'r = 120(10%)(14)?
03¢ |~ (14w

o = 0.0253 rad/s

T=6o0@oy(r-€7*¢)N

*19-8. The 50-kg cylinder has an angular velocity of
30 rad/s when it is brought into contact with the horizontal
surface at C. If the coefficient of kinetic friction is uc = 0.2,
determine how long it will take for the cylinder to stop
spinning. What force is developed in link AB during this
time? The axle through the cylinder is connected to two
symmetrical links. (Only AB is shown.) For the computation,
neglect the weight of the links.

Principle of Impulse and Momentum: The mass moment inertia of the cylinder about

1
its mass center is [ = 5 (50)(0.22) = 1.00 kg - m?. Applying Eq. 19-14, we have

o) + 3 [ Fde = o)

+1 0 + N(t) + 2F,5in 20° (¢) — 50(9.81)(¢) = 0

o)+ 3 [ Fedi = mlug),
n

() 0 + 02N(f) — 2F o5 cos 20°(t) = 0
IGa)l + E/ZMGdl = IGwZ
(C+) ~1.00(30) + [0.2N(1)](0.2) = 0

Solving Egs. (1), (2), and (3) yields
F,p=487N t=164s
N = 45722 N

@

2

3

Ans.

o =30rad/s

50(281) N
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¢19-9. If the cord is subjected to a horizontal force of 75 mm
P = 150 N, and the gear rack is fixed to the horizontal plane,
determine the angular velocity of the gear in 4 s, starting from P=150N

rest. The mass of the gear is 50 kg, and it has a radius of 150 mm ‘= i

gyration about its center of mass O of kp = 125 mm.

Kinematics: Referring to Fig. a,
Vo = a)ro/lc = (1)(015)

Principle of Angular Impulse and Momentum: The mass moment of inertia of the gear
about its mass center is Iy = mko? = 50(0.1252) = (.78125 kg - m?. From Fig. b,

5]
C+Ipa)1 + E/ MP d[ = Ipa)z
n

0 + 150(4)(0.225) = 0.78125w + 50[w(0.15)](0.15)
o = 70.8 rad/s Ans.

50981)(4)N-s

Nemisk
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19-10. If the cord is subjected to a horizontal force of
P = 150N, and gear is supported by a fixed pin at O,
determine the angular velocity of the gear and the velocity
of the 20-kg gear rack in 4 s, starting from rest. The mass of
the gear is 50 kg and it has a radius of gyration of
ko = 125 mm. Assume that the contact surface between
the gear rack and the horizontal plane is smooth.

free-body diagram of the gear shown in Fig. a,

5]
Q+10w1 + 2/ Modt = 10(02
51

0 + F(4)(0.15) — 150(4)(0.075) = —0.78125w ,
F=75— 13020,

free-body diagram of the gear rack shown in Fig. b,

I
(¢) mv1+2/2det=mv2
4

0 + F(4) = 20[w,4 (0.15)]
F = 0.750,4

Equating Egs. (1) and (2),
075w, =75 — 130204

w, = 36.548 rad/s = 36.5 rad/s

Then,

v = 36.548(0.15) = 5.48 m/s

4
50989 |}

75 mm

150 mm a "

Principle of Impulse and Momentum: The mass moment of inertia of the gear about
its mass center is Iy = mko? = 50(0.1252) = (.78125 kg - m?. Referring to the

@

Since the gear rotates about the fixed axis, vp = w rp = w4(0.15). Referring to the

¢

Ans.

20098,)N

F

|

(b)
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19-11. A motor transmits a torque of M = 0.05N-m to
the center of gear A. Determine the angular velocity of each
of the three (equal) smaller gears in 2 s starting from rest.
The smaller gears (B) are pinned at their centers, and the
masses and centroidal radii of gyration of the gears are
given in the figure.

Gear A:
C+) (Ha + 3 [ Made = (.,
0 — 3(F)(2)(0.04) + 0.05(2) = [0.8(0.031))] w4
Gear B:
(C+) (Han+ 3 [Mydi =

0 + (F)(2)(0.02) = [0.3(0.015)*] wp
Since 0.04w,4 = 0.02wp, or wg = 2w 4, then solving,
F =0214N
wy = 633 rad/s

wp = 127 rad/s Ans.

o8N %

3(9.8! )
0.3(
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#19-12. The 200-1b flywheel has a radius of gyration about
its center of gravity O of ko = 0.75ft. If it rotates
counterclockwise with an angular velocity of 1200 rev/min
before the brake is applied, determine the time required for
the wheel to come to rest when a force of P = 2001b is
applied to the handle. The coefficient of kinetic friction
between the belt and the wheel rim is w, = 0.3. (Hint:
Recall from the statics text that the relation of the tension
in the belt is given by Tz = T e*#, where 8 is the angle of
contact in radians.)

Equilibrium: Writing the moment equation of equilibrium about point A and
referring to the free-body diagram of the arm brake shown in Fig. a,

C+EIM, =0 Tp(1.25) — 200(3.75) = 0 Tg = 6001b
Using the belt friction formula,

Tp=Tce®

600 = Tce®™

Te = 233.801b

Principle of Angular Impulse and Momentum: The mass moment of inertia of the

200
wheel about its mass center is I, = mky? = (g)(OﬂSz) = 3.494 slug - ft*, and
27 rad /1 mi
the initial angular velocity of the wheel is w; = (1200 re—v)( URL )( mm>
min 1rev 60 s

= 407 rad/s. Applying the angular impulse and momentum equation about point O
using the free-body diagram of the wheel shown in Fig. b,

5]
Q+ 100)1"’2/ Modt:Isz
4

3.494(407) + 233.80()(1) — 600(r)(1) = 0

t=120s Ans.

Ts 200|b

| £t

\}
T=o.80 T =éoolb

(b)
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¢19-13. The 200-1b flywheel has a radius of gyration about
its center of gravity O of ko = 0.75ft. If it rotates
counterclockwise with a constant angular velocity of
1200 rev/min before the brake is applied, determine the
required force P that must be applied to the handle to stop
the wheel in 2 s. The coefficient of kinetic friction between
the belt and the wheel rim is w;, = 0.3. (Hint: Recall from the
statics text that the relation of the tension in the belt is given
by T = T¢e#P, where B is the angle of contact in radians.)

Principle of Angular Impulse and Momentum: The mass moment of inertia of the ‘

200
wheel about its mass center is I, = mky? = (g)(OﬂSz) = 3.494 slug - ft*, and

27 rad /1 mi

the initial angular velocity of the wheel is w; = (1200 re—v)( URL )( mm>
min 1rev 60 s

= 407 rad/s. Applying the angular impulse and momentum equation about point O

using the free-body diagram shown in Fig. a,

)
Q““ 10(1)] + E/ Modt = Iowz
n

3.494(40m) + T (2)(1) — T (2)(1) =0
Ty — Tc =219.52 @

Using the belt friction formula,
Ty =Tce

Tp=Tce" ™ ()

Solving Egs. (1) and (2),

Tc = 140.151b Tg = 359.671b

Equilibrium: Using this result and writing the moment equation of equilibrium ¢
about point A using the free-body diagram of the brake arm shown in Fig. b, T Y
C+SM, =0 359.67(125) — P(3.75) = 0 < A
(@)
P =1201b Ans.

To=350.67 b
#

(b)
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19-14. The 12-kg disk has an angular velocity of
w = 20 rad/s. If the brake ABC is applied such that the
magnitude of force P varies with time as shown, determine
the time needed to stop the disk. The coefficient of kinetic
friction at B is u;, = 0.4. Neglect the thickness of the brake.

Equation of Equilibrium: Since slipping occurs at B, the friction Fy = u; Np = 0.4Np.
From FBD(a), the normal reaction Ny can be obtained directed by summing
moments about point A.

C+=M, =0 Np(0.5) — 04Ny (04) — P(1) =0
Np = 2941P

Thus, the friction Fy = 0.4Np = 0.4(2.941P) = 1.176P. P
L O5m | _osm |

Principle of Impulse and Momentum: The mass moment inertia of the cylinder r B |:

about its mass center is Ip = %(12)(0.22) = 0.240 kg - m% Applying Eq. 19-14, pr——

we have O §:5.4Nb

&)
10(1)1“1‘ 2/ Modt:Isz e Nb
f [ AF-
C+ —0.240(20) + {—(1.176/ sz) 0.2 } =0 @ A
(C+) (20) [ par )02) t (@)
t
However, / Pdt is the area under the P—t graph. Assuming ¢ > 2 s, then
0 1} .‘Ug =2-'?4'.|’ P
t w £
1 ¥ 2=/176
/Pdt=5(5)(2)+5(t—2)=(5z—5)N-s ) s 2 SIS
0 % : 1ZLG B M
Substitute into Eq. (1) yields gc. T 0-Zm
—0.240(20) + [—1.176(5¢t — 5)(0.2)] = 0 07

t =508s Ans.

Since t = 5.08 s > 2 s, the above assumption is correct.
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19-15. The 1.25-1b tennis racket has a center of gravity at
G and a radius of gyration about G of ks = 0.625 ft.
Determine the position P where the ball must be hit so that
‘no sting’ is felt by the hand holding the racket, i.e., the
horizontal force exerted by the racket on the hand is zero.

Principle of Impulse and Momentum: Here, we will assume that the tennis racket is
initially at rest and rotates about point A with an angular velocity of w immediately

after it is hit by the ball, which exerts an impulse of / Fdt on the racket, Fig. a. The

1.25
mass moment of inertia of the racket about its mass center is I; = ( 0 2)(0.6252)

= 0.01516 slug - ft%. Since the racket about point 4,

(vg) = wrg = w(1). Referring to Fig. b,
(&)
(j_— m(vc)l + 2/ Fx dt = m(VG)z
3|

0+ / Fdr = (%)[m(l)]

/ Fdt = 0.03882w @

and

C+ (Han + EszAdl = (Ha)

0+ </Fdl>rp = 0.015160 + ;2% [w(D)](1)

/th _ 0.05398w @
rp

Equating Egs. (1) and (2) yields

0053980

0.03882w = rp = 1391t Ans.

JFa
' £28 [urc1)]

322

+ . Vo-d/ffé w
/
JEA =0 Ift

| ¥

- ——

=z
A
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*19-16. If the boxer hits the 75-kg punching bag with an
impulse of I = 20 N -s, determine the angular velocity of
the bag immediately after it has been hit. Also, find the
location d of point B, about which the bag appears to rotate.
Treat the bag as a uniform cylinder.

Principle of Impulse and Momentum: The mass moment of inertia of the bag about
: : _1 2 2y _ 1 2 2| = 2
its mass center is I = Em(3r + h ) = 6(75){3(0.25 ) + 1.5 = 1523 kg-m".

Referring to the impulse and momentum diagrams of the bag shown in Fig. a,

5]

(;t)) m(VG)] + E/ FX dt = m(VG)z

n

0+ 20 = 75vg vg = 0.2667 m/s

and

5]

Q+ IGwl + 2/ MG dt = IGw2
I

0 + 20(0.25) = 1523w

o = 0.3282 rad/s = 0.328 rad/s Ans.

Kinematics: Referring to Fig. b,

VG = wrg/ic
0.2667 = 0.3282(0.75 + d)

d = 0.0625 m Ans.

Te (4t)

75G81)(At) d

/ 0'75!'”

G . :
: G i 75 w
E;?;fl 1*/5-25»»:' "ane A\ Y=0-2667s
'S W= 0.328 dfs

(@) (b)
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¢19-17. The 5-kg ball is cast on the alley with a backspin 100 mm
of wy = 10 rad/s, and the velocity of its center of mass O is wy = 10rad/s
vy = 5 m/s. Determine the time for the ball to stop back vy =5m/s

spinning, and the velocity of its center of mass at this
instant. The coefficient of kinetic friction between the ball
and the alley is u;, = 0.08.

Principle of Impulse and Momentum: Since the ball slips, Fy = ;N = 0.08N.
The mass moment of inertia of the ball about its mass center is

_2 2_2 2\ _ 2
lo=5Smr = g(5)(0.1 ) = 0.02kg-m

Referring to Fig. a,

(+T> m{(vo)y}1 + 2~/1 F, dt = m[(vo)y}2
0+ N(t) — 5(9.81)t = 0 N = 49.05N
C (Hpy + 3 / Madt = (H,),

0.02(10) — 5(5)(0.1) + 0 = —5(vp), (0.1)
(vo), = 46m/s Ans.

() m{on]i + 2 / F dt = m{(vo).):

5(5) — 0.08(49.05)(t) = 5(4.6)
t =0.510s Ans.

5(5)kpmls  5@8®)

+ 4 5(),

0:lm 0 lm
F=0.08N(®) A

A
0.02(10) tf.m‘/j A

N@®)
(»
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19-18. The smooth rod assembly shown is at rest when it
is struck by a hammer at A with an impulse of 10 N-s.
Determine the angular velocity of the assembly and the
magnitude of velocity of its mass center immediately after it
has been struck. The rods have a mass per unit length of
6 kg/m.

Principle of Impulse and Momentum: The total mass of the assembly
is m = 3[6(0.4)] = 7.2 kg. The mass moment of inertia of the assembly about its
mass center is

Ig = % [6(0.4)](0.4%) + 2{11—2[6(0.4)](0.42) + 6(0.4)(0.22)} = 0.288 kg - m?
Referring to Fig. b,

)
(+‘|’) m(vx)l + E/' det = m(vx)Z
L5t
0 + 10 cos 30° = 7.2(vg), (vg)x = 1.203m/s

5]
($) m(vy) + E/ F,dt = m(v,),
4
0 + 10 sin 30° = 7.2(vg), (vg)y = 0.6944 m/s

Thus, the magnitude of v, is

v = V(ve): + (v)} = V12032 + 0.6944% = 1.39 m/s Ans.

Also

5]
Q““ IGwl + E/ MGdt = IG(D2
h
0 + [~10 cos 30°(0.2) — 10 sin 30°(0.2)] = —0.288w

o = 9.49 rad/s Ans.

=T 2V
l% ¢ ~ G 72(4)?
| = — %

| == |
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19-19. The flywheel A has a mass of 30 kg and a radius of M
gyration of kc = 95 mm. Disk B has a mass of 25 kg, is 125 mm B 125 mm
pinned at D, and is coupled to the flywheel using a belt

which is subjected to a tension such that it does not slip at its

contacting surfaces. If a motor supplies a counterclockwise C
torque or twist to the flywheel, having a magnitude of

M = (12t) N - m, where ¢ is in seconds, determine the

angular velocity of the disk 3 s after the motor is turned on.

Initially, the flywheel is at rest.

Principle of Impulse and Momentum: The mass moment inertia of the flywheel 1#
about point C is I = 30(0.095%) = 0.27075 kg - m?. Applying Eq. 19-14 to the 30491) w
flywheel [FBD(a)], we have

5]
Ica)1+2/ Mcdt:ICa)z
3l
3s
C+) 0+ / 12t dt + [T (3)](0.125) — T, (3)](0.125) = 0.27075w
0

54.0 + 0.375T, — 0.375T, = 0.27075w (0)]

1
The mass moment inertia of the disk about point D is Ip = > (25)(0.1252)
= 0.1953125 kg - m?. Applying Eq. 19-14 to the disk [FBD(b)], we have

15}
IDCU1+E/ MDdl:ID(Uz
151

C+) 0+ [7®]0.125) — [T (3)](0.125) = 0.1953125w
0.375T, — 0.375T; = —0.1953125w )

Substitute Eq. (2) into Eq. (1) and solving yields
o = 116 rad/s Ans.

792



91962_09_s19 p0779-0826 6/8/09 4:56 PM Page 793 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

#19-20. The 30-1b flywheel A has a radius of gyration M = (500) Ib-ft
about its center of 4 in. Disk B weighs 50 1b and is coupled to
the flywheel by means of a belt which does not slip at its
contacting surfaces. If a motor supplies a counterclockwise
torque to the flywheel of M = (50¢) Ib - ft, where ¢ is in
seconds, determine the time required for the disk to attain
an angular velocity of 60 rad/s starting from rest.

Principle of Impulse and Momentum: The mass moment inertia of the flywheel

2
about point C is I = % (%) = 0.1035 slug - ft2. The angular velocity of the
. rp 0.75 .
flywheel is w,y = P s (60) = 90.0 rad/s. Applying Eq. 19-14 to the
A .

flywheel [FBD(a)], we have 301p ’g, W

"
1)
]Cw1+ E/ Mcdlzlc(x)z M:?Ot 7_
13
t C:L
(C+) 0+ / 50 drt + | / T, (dn)](0.5) — | / Ty(d1)(0.5) = 0.1035(90)
0
05ft T

252 + 0.5 / (T, — Ty)dt = 9317 ) C‘f

The mass moment inertia of the disk about point D is Ip = 2\322

= 0.4367 slug - ft>. Applying Eq. 19-14 to the disk [FBD(b)], we have

= <ﬁ>(0.752) (0‘)

Ile + E/tzMD dt = ID(UQ
C+) 0+ / T, (dr)](0.75) — | / T, (d)](0.75) = 0.4367(60)

/ (T, — T))dt = —34.94 @)
Substitute Eq. (2) into Eq. (1) and solving yields

t =1.04s Ans.
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¢19-21. For safety reasons, the 20-kg supporting leg of a
sign is designed to break away with negligible resistance at
B when the leg is subjected to the impact of a car. Assuming
that the leg is pinned at A and approximates a thin rod,
determine the impulse the car bumper exerts on it, if after
the impact the leg appears to rotate clockwise to a
maximum angle of 6,,,, = 150°.

1)
(+D) IA(UIJFE/ MAdt:IACUZ
n

0+ I(1.75) = E (20)(2)2}02
wy = 0.0656251
Tz + VZ = T3 + V3

L B (20)(2)2}(0.0656251)2 + 20(9.81)(—=1) = 0 + 20(9.81)(1 sin 60°)

2
I =798N-s Ans.
W=20¢9.81)N
ﬁ}({) —F
Lw,=0 ISinGom
5 h—Al) @ Dk 6"'
Al | 20(9.81)(%) C i r W=20(7.61N
+ 175m = L,
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19-22. The slender rod has a mass m and is suspended at
its end A by a cord. If the rod receives a horizontal blow
giving it an impulse I at its bottom B, determine the location
y of the point P about which the rod appears to rotate A

during the impact. -
——|olp
|
y
Principle of Impulse and Momentum:
1)
(Q+) IGwl + 2/ MG dl=IGw2 I ;B
i
[ 1 1
0+ 1(5) = [Emlz}w 1= gmlw
1)
(=) s + 3 [ Fodt = mioa,
151
1 /
O+gmlw=va UG =

Kinematics: Point P is the IC.
vp = wy

Using similar triangles,

2
_—= — y=§l Ans.

mg(t) Mg

Tew
=(GEmf)w

._
-
 —
I
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19-23. The 25-kg circular disk is attached to the yoke by
means of a smooth axle A. Screw C is used to lock the disk
to the yoke. If the yoke is subjected to a torque of
M = (5t*) N+m, where ¢ is in seconds, and the disk is
unlocked, determine the angular velocity of the yoke when
t = 3 s, starting from rest. Neglect the mass of the yoke.

Principle of Angular Momentum: Since the disk is not rigidly attached to the yoke,
only the linear momentum of its mass center contributes to the angular momentum
about point O. Here, the yoke rotates about the fixed axis, thus v, = wrps = 0(0.3).
Referring to Fig. a,

G+ (Ho) + E[ZModt = (Ho),

3s
0+ / 5%t = 25[(0.3)](0.3)
0

5t3 3s

—| =225

3|, @

o = 20rad/s Ans.

_—@ + f@’oz — o O
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*19-24. The 25-kg circular disk is attached to the yoke by
means of a smooth axle A. Screw C is used to lock the disk
to the yoke. If the yoke is subjected to a torque of
M = (5t*) N-m, where ¢ is in seconds, and the disk is
locked, determine the angular velocity of the yoke when
t = 3 s, starting from rest. Neglect the mass of the yoke.

Principle of Angular Momentum: The mass moment of inertia of the disk about its
1 1
mass centeris I , = 5 mr? = 5(25)<0.152) = 0.28125 kg - m. Since the yoke rotates

about a fixed axis, v, = wrp, = w(0.3). Referring to Fig.

C+ (Ho) + E/ZMO dt = (Hop),

3s
0+ / 522t = 0281250 + 25[w(0.3)](0.3)
0

313s
S 2.53125w
310
o = 17.8 rad/s Ans.

0.28125W"

0 )

M=(tonm 03m

@ 25 [wr(0.3)]
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©19-25. If the shaft is subjected to a torque of

M = (15*)N-m, where ¢ is in seconds, determine the T~ /‘ M=(15%)N-m
angular velocity of the assembly when ¢ = 3 s, starting from
rest. Rods AB and BC each have a mass of 9 kg.

Principle of Impulse and Momentum: The mass moment of inertia of the rods
1 1

about their mass center is I = Eml2 T (9)(12) = 0.75kg-m?. Since the

assembly rotates about the fixed axis, (vg)az = w(rg)ap = @(0.5) and

(vg)pe = o(rg)pc = w(\/12 + (0.5)2) = w(1.118). Referring to Fig. a,

CH+ (H)+ S / M. dr = (i),

3s
0+ / 15¢2dt = 9[w(0.5)](0.5) + 0.75w + 9[w(1.118)](1.118) + 0.750
0

3s
= 15w
0

® = 9rad/s Ans.

56
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19-26. The body and bucket of a skid steer loader has a TS |
weight of 2000 Ib, and its center of gravity is located at G. ' -
Each of the four wheels has a weight of 100 1b and a radius =
of gyration about its center of gravity of 1 ft. If the engine
supplies a torque of M = 100 1b - ft to each of the rear drive
wheels, determine the speed of the loader in ¢ = 10s,
starting from rest. The wheels roll without slipping.

Principle of Impulse and Momentum. The mass moment of inertia of the wheels

about their mass center are [, = Iz = 2mk> = 2(@><12) = 6.211 slug - ft2. A’}
322
. S v , 00) Ib.ft
Since the wheels roll without slipping, w = 15 0.8v. From Figs. a, b, and ¢,
" Ac
C+  (How + E/ Mcdt = (Hc),
| 125
0 + 2(100)(10) — A,(10)(1.25) = 6.211(0.8v) + ZK%)V}(LZS) ﬁ . 100)1b
A, =160 — 1.019v @ FC' C
and
[2 Ne
C+ )+ [ My de = (i1, (@)
0 + B,(10)(1.25) = 6.211(0.8v) + 2{(%)%(1.25) B}
B, = 1.019v 2 2(100) b
From Fig. d,
rom Fig | - B
(<i) ZICONIED / Fydt = m{(vG)s)2 125§
5] L
_ (2000 R
0 + A,(10) — B,(10) = (32.2 )v 3) D b
Substituting Egs. (1) and (2) into Eq. (3), ND
(160 — 1.019v)(10) — 1.019v(10) = (%)v (b)

v =194 ft/s Ans.

6.21(08V)




91962_09_s19 p0779-0826 6/8/09 4:56 PM Page 800 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

19-27. The body and bucket of a skid steer loader has a PR T
weight of 2000 Ib, and its center of gravity is located at G. FHEEEEEEE
Each of the four wheels has a weight of 100 1b and a radius =
of gyration about its center of gravity of 1 ft. If the loader
attains a speed of 20ft/s in 10 s, starting from rest,
determine the torque M supplied to each of the rear drive
wheels. The wheels roll without slipping.

Principle of Impulse and Momentum: The mass momentum of inertia of the wheels

100
about their mass centers are [, = Iz = 2mk> = 2(32 2>(12) = 6.211 slug - ft2.
20
Since the wheels roll without slipping, w = ; =125 16 rad/s. From Figs. a, b,

and c,

G+ (Ho) + E[ZMcdf = (Hc)»

0 + 2M(10) — A,(10)(1.25) = 6.211(16) + 2{312%(20)}(1.25)
A, = 1.6M — 20.37 @

and

¢+ (Hp) + E[ZMDdf = (Hp)»

0 + B,(10)(1.25) = 6.211(16) + 2{%(20)}(1.25)
B, =20371b )
From Fig. d,

<¢> m[(ve) ] + = /l IZFX dt = m|{(v6)x >

0+ A,(10) — B,(10) = 233703 (20) Q3)

Substituting Egs. (1) and (2) into Eq. (3), ( b)

2000
(L6M = 20.37)(10) — 20.37(10) = ~=7(20)

M =1031b-ft Ans.

2] 24 (0)] S4g-H¢s
&6-211(16) .5/«; ‘ ﬂ%

1255t

W,
«)
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*19-28. The two rods each have a mass m and a length /,
and lie on the smooth horizontal plane. If an impulse I is
applied at an angle of 45° to one of the rods at midlength as
shown, determine the angular velocity of each rod just after
the impact. The rods are pin connected at B.

Bar BC:
€+ o+ 3 [ Modi = (Hop

0+ / B, dr (é) = I M
) mo)i + 3 [ By di = mvey,

= / B, dr + I'sin45° = m(vg), @)

Bar AB:
€+ oy + 3 [ Modi = (1),

0+ [B,ai(}) = 100 &
(+1)  m@g) + = / Fy di = m(vgy)s

0+ / B, di = m(ve), )

Vg = Vg + VB/G' = Vg + VB/G

(+1) ey = (vo)y + wap (é) = (v)y — ch(é> 5)

f dt m(’lé)}
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*19-28. Continued
Eliminate / B, dt from Egs. (1) and (2), from Egs. (3) and (4), and between
Egs. (1) and (3). This yields

/
IG wpc = 5 (I sin 45° — m(VG)y)

l
m(VG)y <5) = lg wup
WRC = W4pR

Substituting into Eq. (5),
1 2 / WAB 2 I . ° l
(Do = oua(5) = 50)(7) | psms = (5)
1
( )IGU)AB‘F(HABI—*SIH“-SO
m

4 1
7)( mlz)wAB + wABl = —sin 45°
ml m

4 1
3wABI = Sin450
G
WA = Wpec = — ~\ — Ans.
4\/2 \ml

(%;)3 (’Ua),l. (%)? )
| (Uo)y a4,
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©19-29. The car strikes the side of a light pole, which is
designed to break away from its base with negligible
resistance. From a video taken of the collision it is observed
that the pole was given an angular velocity of 60 rad/s
when AC was vertical. The pole has a mass of 175 kg, a
center of mass at G, and a radius of gyration about an axis
perpendicular to the plane of the pole assembly and passing
through G of kg = 2.25m. Determine the horizontal
impulse which the car exerts on the pole at the instant AC is
essentially vertical.

(C+)  (Hon + E/MG dt = (Hg),
0+ { / F dr}(3.5) = 175(2.25)* (60)

/th = 152kN-s

Ans.

3.5m

A 4

~G

L W=175(9.8)N

w
> %
X

Ax-'—“o
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19-30. The frame of the roller has a mass of 5.5 Mg and a
center of mass at G. The roller has a mass of 2 Mg and
a radius of gyration about its mass center of k4, = 0.45 m. If
a torque of M = 600 N-m is applied to the rear wheels,
determine the speed of the compactor in ¢t = 4 s, starting
from rest. No slipping occurs. Neglect the mass of the
driving wheels.

Driving Wheels: (mass is neglected)

C+3Mp=0; 600 — Fc(05) =0
Fe = 1200N

Frame and driving wheels:
<(:t> m(va)l + 2/Fx dt = m(VGx)Z

0 + 1200(4) — A, (4) = 5500vg
A, = 1200 — 1375v¢ @

Roller:

vg = vy, = 0.6w
(C+)  (Hpy+ 3 / My di = (Hy),

0+ A, (4)(0.6) = [2000(0.45)2](5—%) + [2000(v) |(0.6)

A, = 78125v; 2)
Solving Egs. (1) and (2):
A, = 435N
v = 0.557 m/s Ans.

Vg 5500(2.81)N r? .
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19-31. The 200-kg satellite has a radius of gyration about z
the centroidal z axis of k, = 1.25 m. Initially it is rotating

with a constant angular velocity of @, = {1500 k} rev/min. T = (5¢-/19) kN
If the two jets A and B are fired simultaneously and produce

athrust of T = (5¢~%!*) kN, where ¢ is in seconds, determine L5 m

the angular velocity of the satellite, five seconds after firing. (,,:\,,
Ap
Principle of Angular Impulse and Momentum: The mass moment of inertia of the
satellite about its centroidal z axis is 7, = mk2 = 200(1.25?) = 312.5 kg - m>. The
27rrad )/ 1 mi
initial angular velocity of the satellite is w; = (1500 rﬂ)( URL )( m1n>

min 1rev 60 s
= 507 rad/s. Applying the angular impulse and momentum equation about the z axis,

T = (5¢7/1") kN

15}
Izwl + E/ Mzd[ = Izwz
13}

Ss
312.5(50m) — [2 / 500060'1’(1.5)dti| = 312.5w,
0

Ss

= 3125w,
0

156257 + (150 000e 1)

Thus,

w, = [—31.8k] rad/s Ans.

*19-32. If the shaft is subjected to a torque of
M = (30e~%1) N -m, where ¢ is in seconds, determine the
angular velocity of the assembly when ¢ = 5 s, starting from
rest. The rectangular plate has a mass of 25 kg. Rods AC and
BC have the same mass of 5 kg.

N

0.6

.6 m

M= (30N - m
0.6 m

C

Principle of Angular Impulse and Momentum: The mass moment of inertia of the

1 1
assembly about the z axisis [, = 2{5(5)(0,62) } + {E (25)(0.62) + 25(0.6 sin 600)2}
= 8.70 kg - m?. Using the free-body diagram of the assembly shown in Fig. a,

15}
Q+IZU)1+E/ Mzdt=lza)2
L&

Ss
0+ / 30e""dt = 8.70w,
0

Ss
(=300e~1)| = 8.70w,
0
Thus,
w, = 13.6 rad/s Ans.
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©19-33. The 75-kg gymnast lets go of the horizontal bar in
a fully stretched position A, rotating with an angular
velocity of w, = 3rad/s. Estimate his angular velocity
when he assumes a tucked position B. Assume the gymnast
at positions A and B as a uniform slender rod and a uniform
circular disk, respectively.

Conservation of Angular Momentum: Other than the weight, there is no external
impulse during the motion. Thus, the angular momentum of the gymnast is
conserved about his mass center G. The mass moments of inertia of the gymnast at

1 1
the fully-stretched and tucked positions are (I,)g = Eml2 =E(75)(1.752)

1 1
= . *m-~ an B)G — ~mr- = —~ . = D. ‘m-. us,
19.14 kg - m? and (1 5 2 575 0.375%) = 5273 kg-m? Th

(Ha)e = (Hp)g

19.14(3) = 5273wy

wp = 109 rad/s Ans.
19-34. A 75-kg man stands on the turntable A and rotates a z
6-kg slender rod over his head. If the angular velocity of the h Ilm—}~—1m ﬁ
rod is w, = 5rad/s measured relative to the man and the §

turntable is observed to be rotating in the opposite direction

with an angular velocity of w, = 3 rad/s, determine the radius
of gyration of the man about the z axis. Consider the turntable

as a thin circular disk of 300-mm radius and 5-kg mass.

Conservation of Angular Momentum: The mass moment of inertia of the rod about

1 1
the z axis is (/,), = Eml2 = 6(6)(22> = 2kg-m? and the mass moment of

1
inertia of the man and the turntable about the z axis is (1,,), = 5 (5)(0.32) + 75Kk2

=0.225 + 75k2. Since no external angular impulse acts on the system, the angular
momentum of the system is conserverved about the z axis.

(H) = (H2)s

0 = 2(w,) — (0.225 + 75k2)(3)
w, = @, + Im

@, = —3+5=2rad/s

2(2) = (0225 + 75k2)3

k,=0122m Ans.
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19-35. A horizontal circular platform has a weight of z

300 1b 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 maintains a speed of 4 ft/s relative

to the platform, determine the angular velocity of the o
platform. Neglect friction. 101t

Vo = Vp + Vi

<is> V= —100 + 4

(g"_) (Hz)l = (HZ)2 60
0= —(%)(8)% + (%)(—10(0 + 4)(10) | [oft
o = 0.175 rad/s Ans. P Y,
% > Vm
Vp=t0r —_—
= /00) Vnjp=4f¢/s

*19-36. 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 1b throws a 15-1b block off the edge of the
platform with a horizontal velocity of 5 ft/s, measured
relative to the platform. Determine the angular velocity of
the platform if the block is thrown (a) tangent to the
platform, along the +¢ axis, and (b) outward along a radial
line, or +n axis. Neglect the size of the man.

a) (Hz)l = (Hz)Z
vy, = 228w

vV, =V, + Vi/m

(i>) vy = =100 + 5
228w = —10w + 5
= 0.0210 rad/s Ans.
b) (H)1 = (H2), v
b

040=0— (%)(8)2 0 - (%)(10(0)(10) VprOF ey

w=0 Ans.
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©19-37. The man sits on the swivel chair holding two 5-1b
weights with his arms outstretched. If he is rotating 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 1b 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.

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

(1), = (%)(0.552) + 2{325—2 (2.52)} = 3.444 slug - ft?

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

160

(1.), = (ﬁ>(0.552) + 2{325—2 (0.32)} = 1.531 slug - ft?

Conservation of Angular Momentum: Applying Eq. 19-17, we have
(H) = (Hy),
3.444(3) = 1.531(w,),

(w,), = 6.75rad/s Ans.

19-38. The satellite’s body C has a mass of 200 kg and a
radius of gyration about the z axis of k, = 0.2 m. If the
satellite rotates about the z axis with an angular velocity of
S rev/s, when the solar panels A and B are in a position of
0 = 0°,determine the angular velocity of the satellite when
the solar panels are rotated to a position of 6 = 90°.
Consider each solar panel to be a thin plate having a mass
of 30 kg. Neglect the mass of the rods.

Conservation of Angular Momentum: When 6 = 0° and 6 = 90°, the mass
momentum of inertia of the satellite are

(I,); = 200(0.22) + 2{% (30)(0.5% + 0.4%) + 30(0.752)}
= 438 kg~ m’

(1,), = 200(0.22) + 2[11—2 (30)(0.5%) + 30(0.752)}
= 43 kg - m?

Thus,

(Ho)i = (Ho),

(I = (), @

43.8(5) = 43w,

wy = 5.09 rev/s Ans.
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19-39. A 150-1b man leaps off the circular platform with a Uy = S Mt/s
velocity of w,,, = 5ft/s, relative to the platform.
Determine the angular velocity of the platform afterwards.
Initially the man and platform are at rest. The platform
weighs 300 1b and can be treated as a uniform circular disk.

Kinematics: Since the platform rotates about a fixed axis, the speed of point P on
the platform to which the man leaps is vp = wr = w(8). Applying the relative
velocity equation,

Vi = Vp + Vpyp

(+1) v

—w(®) + 5 1)

Conservation of Angular Momentum: As shown in Fig. b, the impulse / Fdt

generated during the leap is internal to the system. Thus, angular momentum of
the system is conserved about the axis perpendicular to the page passing through
point O. The mass moment of inertia of the platform about this axis is

1 (300
Io=-mr*=_ (- )(10*) = 465.84 slug - ft*
0=5mr 2(32'2)(0) 65.84 slug - ft

Then ’Mr V!Vl
(Ho)1 = (Ho)z

150
0= (3272 Vm)(S) — 465.84w

vy = 1250 Q)

Solving Egs. (1) and (2) yields V
o = 0.244 rad/s Ans. gﬂ r

v, = 3.05 ft/s

465.8¢ W
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*19-40. The 150-kg platform can be considered as a
circular disk. Two men, A and B, of 60-kg and 75-kg mass,
respectively, stand on the platform when it is at rest. If they
start to walk around the circular paths with speeds of
vy, = 1.5m/s and vg), = 2 m/s, measured relative to the
platform, determine the angular velocity of the platform.

Kinematics: Since the platform rotates about a fixed axis, the speed of points P and
P’ on the platform at which men B and A are located is vp = wrp = w(2.5) and
vp = wrp = w(2). Applying the relative velocity equation,

Vg = Vp + vpjp
(+l> 1]

and

—w(2.5) + 2 @

VA= Vp + Vap

(+1)  vg=w(2) +15 @)

Conservation of Angular Momentum: As shown in Fig. b, the impulses / F,dt

and / Fp dt are internal to the system. Thus, angular momentum of the system is
conserved about the axis perpendicular to the page passing through point O. The

1 1
mass moment of inertia of the platform about this axis is /o = 5 mr? = 5 (150)(32)
= 675 kg - m’. Then

(Ho)i = (Ho),
0 = 75v5 (2.5) — 60v,4 (2) — 675w A3
Substituting Egs. (1) and (2) into Eq. (3),
0 = 75(=2.50 + 2)(2.5) — 602w + 1.5)(2) — 675w VB W \{q
® = 0.141 rad/s Ans. (a)

‘-8-5!" ;Zm 7'

N
/

CIeW
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¢19-41. Two children A and B, each having a mass of 30 kg,
sit at the edge of the merry-go-round which rotates at
® = 2 rad/s. Excluding the children, the merry-go-round
has a mass of 180 kg and a radius of gyration k, = 0.6 m.
Determine the angular velocity of the merry-go-round if A
jumps off horizontally in the —n direction with a speed of
2 m/s, measured relative to the merry-go-round. What is the
merry-go-round’s angular velocity if B then jumps off
horizontally in the —r direction with a speed of 2 m/s,
measured relative to the merry-go-round? Neglect friction
and the size of each child.

w =2rad/s
Mass Moment of Inertia: The mass moment inertia of the merry-go-round about the
z axis when both children are still on it is
(1,); = 180(0.6%) + 2[30(0.75%)] = 98.55 kg - m?
The mass moment inertia of the merry-go-round about z axis when child A jumps off
(1,), = 180(0.6%) + 30(0.75?) = 81.675 kg - m’
The mass moment inertia of the merry-go-round about z axis when both children
jump off
(1,); = 180(0.6%) + 0 = 64.80 kg - m?
Conservation of Angular Momentum: When child A jumps off in the —» direction,
applying Eq. 19-17, we have
(Hz)l = (Hz)z
(U)o = ()0
98.55(2) = 81.675w,

w, = 2413 rad/s = 2.41 rad/s Ans.

Subsequently, when child B jumps off from the merry-go-round in the —¢ direction, +

applying Eq. 19-17, we have
(H.), = (H);
(1) w3 = (I)3 03 — (mpvp)(0.75)

81.675(2.413) = 64.80w; — 30vy (0.75) @)

Relative Velocity: The speed of a point located on the edge of the merry-go-round at
the instant child B jumps off is vy, = w53 (0.75).

VUp = —Vy + UB/M = Tw3 (075) +2 (2)

Substituting Eq. (2) into Eq. (1) and solving yields

w3 = 2.96 rad/s Ans.
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19-42. A thin square plate of mass m rotates on the PB

smooth surface with an angular velocity w;. Determine its

new angular velocity just after the hook at its corner strikes

the peg P and the plate starts to rotate about P without <a a>\
rebounding. —

Mass Moment of Inertia: The mass moment inertia of the thin plate about the z axis
passing through its mass center is

) = 1172(’”) (a2 + az) = %ma2

The mass moment inertia of the thin plate about z axis passing through peg P is

(I)p = 11*2('71)(a2 +a?) + m[ (g)z + (;’)12 = %maz

Conservation of Angular Momentum: Applying Eq. 19-17, we have

He = Hp
1 2
<7 maz)wl = (7 ma2>w2
3
1
wy = Zwl Ans.
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19-43. A ball having a mass of 8 kg and initial speed of
v; = 0.2 m/s rolls over a 30-mm-long depression. Assuming
that the ball rolls off the edges of contact first A, then B,
without slipping, determine its final velocity v, when it
reaches the other side.

_ 0.2 _ Uy
@1= 008 1.6 rad/s @ = 0705 8v,
15
=gin =) = °
0 = sin (125) 6.8921

h =125 — 125 cos 6.8921° = 0.90326 mm

Tl + Vl = Tz + Vz
%(8)(0.2)2 + %E (8)(0.125)2}(1.6)2 +0

= —(0.90326)(1073)8(9.81) + %(8)&(0.125)2 + %E (8)(0.125)2}(@2
® = 1.836 rad/s
(Hp)2 = (Hp)s
{% (8)(0.125)2}(1.836) + 8(1.836)(0.125) cos 6.892°(0.125 cos 6.892°)

— 8(0.22948 sin 6.892°)(0.125 sin 6.892°)

B98N 8(98)N

_ [%(8)(0.125)2}@, + 8(0.125)w; (0.125)
w3 = 1.7980 rad/s

T3+ V;=T,+V,

%E (8)(0.125)2}(1.7980)2 + %(8)(1.7980)2(0.125)2 +0

— 8(9.81)(0.90326(10%)) + %E (8)(0.125)2}((1)4)2

+ %(8)((»4)2(0.125)2

wy = 1.56 rad/s

So that

v, = 1.56(0.125) = 0.195 m/s Ans.

Tagsey 830 RD  gloisw,) 8(%80N 8@8HN
4 h

— ._.L_. @ b 2
i 6
' @ : a2./25m
0125m O125mp . .
s T
0.0/5m
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*19-44. The 15-kg thin ring strikes the 20-mm-high step.
Determine the smallest angular velocity w; the ring can have
so that it will just roll over the step at A without slipping

\\ -
A [20 mm
The weight is non-impulsive.
(Ha)1 = (Ha),
15(w1)(0.18)(0.18 — 0.02) + [15(0.18)%|(w;) = [15(0.18)? + 15(0.18) |,
wy = 09444&)1
NEF, = m(ag),;  (15)(9.81) cos § — N,y = 1503 (0.18)
When hoop is about to rebound, N 4, — 0. Also, cos § = 1%, and so
®, = 6.9602 rad/s
0 = (6)34612421 = 7.37 rad/s Ans.
o M), = 15[0x(0-18)]
- [;5(0.;81)1 W, L W, 15(9.81)N
= (1501841 Ws, t
\Nﬁlom

@)= 18[w,(018)

0-18m

(0.18-0.02)m
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©19-45. The uniform pole has a mass of 15 kg and falls

from rest when 6 = 90°. It strikes the edge at A when

0 = 60°. If the pole then begins to pivot about this point C
after contact, determine the pole’s angular velocity just

after the impact. Assume that the pole does not slip at B as

it falls until it strikes A.

3m
Conservation of Energy: Datum is set at point B. When the pole is at its initial and A
final position, its center of gravity is located 1.5 m and 1.5 sin 60° m = 1.299 m above !
the datum. Its initial and final potential energy are 15(9.81)(1.5) = 220.725 N -m B 015 m
and 15(9.81)(1.299) = 191.15 N - m. The mass moment of inertia about point B is (
0

1
Is=15 (15)(32) + 15(1.52) = 45.0 kg - m?. The kinetic energy of the pole before
1 1
the impact is 515 wr = 5 (45.0)w? = 22.507. Applying Eq. 1818, we have

T] + V] = T2 + V2
0 + 220.725 = 22.5w? + 191.15
w; = 1.146 rad/s

15(781)
Conservation of Angular Momentum: Since the weight of the pole is nonimpulsive
force, the angular momentum is conserved about point A. The velocity of its mass
center before impact is vg = w; rgg = 1.146(1.5) = 1.720 m/s. The mass moment
of inertia of the pole about its mass center and point A are
_ 2\ — 2 R

Ig = E(15)(3 ) = 11.25kg-m A

and Ny

0.5
sin 60°

1 2 : 2
I, = E<15)(3 ) + 15(1.5 - ) = 24.02kg-m

Applying Eq. 19-17, we have
(Ha)1 = (Ha)
(mug)(rga) + Igwyr = 14w

sin 60°
w, = 1.53 rad/s Ans.

[15(1.720)](1.5 - ) + 11.25(1.146) = 24.02w,
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19-46. The 10-1b block slides on the smooth surface when
the corner D hits a stop block S. Determine the minimum
velocity v the block should have which would allow it to tip
over on its side and land in the position shown. Neglect the
size of S. Hint: During impact consider the weight of the
block to be nonimpulsive.

A B

SgD C
Conservation of Energy: If the block tips over about point D, it must at least achieve
the dash position shown. Datum is set at point D. When the block is at its initial and
final position, its center of gravity is located 0.5 ft and 0.7071 ft above the datum. Its
initial and  final potential energy are 10(0.5) = 5.00ft-1Ib  and
10(0.7071) = 7.071 ft - Ib. The mass moment of inertia of the block about point D is
1016

. (ﬂ)(lz +12) + ( 10 )(\/(m)2 = 0.2070 slug - ft?

12\322 322

1 1
The initial kinetic energy of the block (after the impact) is ) Ipwl = 5 (0.2070) w3.

Teo=0T011 ¢
Applying Eq. 18-18, we have SRma:10L

7

M=o.54

T2+V2:T3+V3 5
-

1
= (0.2070) w3 + 5.00 = 0 + 7.071
2( ) 2 ﬁ!

w, = 4.472 rad/s

Conservation of Angular Momentum: Since the weight of the block and the normal
reaction N are nonimpulsive forces, the angular momentum is conserves about
point D. Applying Eq. 19-17, we have

(Hp)1 = (Hp), s %
Vd ~
(mvg)(r') = Ip w, A {) o

K%)v}(O.S) = 0.2070(4.472) OEE‘[ ‘\\‘ ,/ -,ovgoj;j:

v = 5.96 ft/s Ans.
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19-47. The target is a thin 5-kg circular disk that can
rotate freely about the z axis. A 25-g bullet, traveling at
600 m/s, strikes the target at A and becomes embedded in
it. Determine the angular velocity of the target after the
impact. Initially, it is at rest.

Ia]

Conservation of Angular Momentum: Referring to Fig. a, the sum of the angular

impulse of the system about the z axis is zero. Thus, the angular impulse of the

system is conserved about the z axis. The mass moment of inertia of the target about
1

1
the z axis is I, = Zmr2 = Z(S)(0.32) = 0.1125 kg - m>. Since the target rotates

about the z axis when the bullet is embedded in the target, the bullet’s velocity is
(vp)» = @(0.2). Then,

(Hz)l = (HZ)2
0.025(600)(0.2) = 0.1125w + 0.025[(0.2)](0.2)

w = 26.4rad/s Ans.

oML W

0-025(600) ?m/s : 0.026 (W' (02)]

817



91962_09_s19 p0779-0826 6/8/09 5:00 PM Page 818 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*19-48. A 2-kg mass of putty D strikes the uniform 10-kg
plank ABC with a velocity of 10 m/s. If the putty remains
attached to the plank, determine the maximum angle 6 of
swing before the plank momentarily stops. Neglect the size
of the putty.

Conservation of Angular Momentum: Referring to Fig. a, the sum of the angular
impulses about point B is zero. Thus, angular impulse of the system is conserved
about this point. Since rod AC rotates about point B, (Vgac)s = wirgac = @2(0.2)
and (vp), = wyrgp = ®,(0.3). The mass moment of inertia of rod AC about its mass

1 1
center is Igc = Eml2 = 5(10)(1.22) = 1.2 kg-m? Then,

(Hp)) = (Hp),
2(10)(03) = 1.2, + 10[@5(0.2)(0.2) + 2[w(0.3)](0.3)

w, = 3.371 rad/s Ans.

Conservation of Energy: With reference to the datum in Fig. a,

V, = (Vg)Z = Wac (Voac)2 + Wp(yep)2 = 0

and

V3= (Vg>3 = Wac VGac)s = Wp(Yen)s
= 10(9.81)(0.2 sin 6) — 2(9.81)(0.3 sin 6) = 13.734 sin 6

The initial kinetic energy of the system is

1 1
T, = 5 Iac wy® + 5 Mac (vgac)® + EmD(VGD)Zz

_1 2y, 1 2 1 2 =
= 5(1.2)(3.371 )+ 5(10)[3.371(0.2)} + 5(2)[3.371(0.3)} =10.117J
Since the system is required to be at rest in the final position, 73 = 0.Then,

T2 + V2 = T3 + V3
10.11 + 0 = 0 + 13.734sin 0
0 = 47.4° Ans.

238DAt=0

~U10) kg-mfs 10G8)At=0
0:3m

+ = —
B AN 2

(&)

‘ 300 mm b
) B ‘ C
———1{/o\ |
_.Q._
800 mm 400 mm —|

10[W(o-2)] 4 [w(03)

03m
02

2
/.24
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©19-49. The uniform 6-kg slender rod AB is given a slight
horizontal disturbance when it is in the vertical position and
rotates about B without slipping. Subsequently, it strikes the
step at C. The impact is perfectly plastic and so the rod
rotates about C without slipping after the impact.
Determine the angular velocity of the rod when it is in the
horizontal position shown.

0.225
Conservation of Energy: From the geometry of Fig. a,§ = tan™! (ﬁ) = 36.87°

and BC = V0.3? + 0.225% = 0.375 m. Thus, r¢g = 0.5 — 0.375 = 0.125 m. With
reference to the datum, V| = W(yg); = 6(9.81)(0.5) = 29.43J,V, = V3 = W(y5)3
= 6(9.81)(0.5 sin 36.87°) = 17.658 J,and V4 = W(ys)s = 6(9.81)(0.225)= 13.2435J.
Since the rod is initially at rest, 7y = 0.The rod rotates about point B before impact.
Thus, (vg), = wyrpg = , (0.5). The mass moment of inertia of the rod about its mass

1 2\ _ 2 _ 1 2 1 2
E(6)(1 ) = 0.5kg-m2 Then, T, = S mva)’ + 5 Igw

1
center is I = — mi*> = 2

12
= % (6)[n(0.5) 2 + %(0.5)@2 = 1w, Therefore,

TW+Vy=T,+V,
0 + 29.43 = 1w, + 17.658
w, = 3.431 rad/s
The rod rotates about point C after impact. Thus, vg = wrcg = w(0.125). Then,

1

= 5(6)[:»(0.125)}2 + %(O.S)wz = 0.296875w*

= IGw2

1
m(vg)® + >

1
T ==
2

so that

T; = 0.296875w;% and T, = 0.296875w,>

T3 + V3 = T4 + V4
0.296875w;% + 17.658

w,? — w3° = 14.87

= 0.296875w,> + 13.2435
@
Conservation of Angular Momentum: Referring to Fig. b, the sum of the angular

impulses about point C is zero. Thus, angular momentum of the rod is conserved
about this point during the impact. Then,

(He) = (He),
6[3.431(0.5)(0.125) + 0.5(3.431) = 6]w5(0.125)](0.125) + 0.5w5
w3 = 5.056 rad/s

Substituting this result into Eq. (1), we obtain

w,? — (5.056)* = 14.87

A
t (c/
 — 1
0.225m
B
03 m

-
(s)=05m

Datum

wy = 6.36 rad/s Ans.
6@8)At 20

0.5(3431) G5 0.5,

6 [3-421(05)] 4 i = &
o[W; (0-125)]
. f E dt 0-125m
(b)
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19-50. The rigid 30-1b plank is struck by the 15-1b hammer /‘
head H. Just before the impact the hammer is gripped |
loosely and has a vertical velocity of 75 ft/s. If the coefficient
of restitution between the hammer head and the plank is
e = (.5,determine the maximum height attained by the 50-1b
block D. The block can slide freely along the two vertical
guide rods. The plank is initially in a horizontal position.

Conservation of Angular Momentum: Referring to Fig. a, the sum of the angular
impulses about point B is zero. Thus, angular momentum of the system is conserved
about this point during the impact. Since the plank rotates about point B,
(vp)2 = wy(1) and (vg), = w,(1.25). The mass moment of inertia of the plank about

1 1/ 30
its mass centeris I = — ml*> = — (7) (4.52) = 1.572 slug - ft>. Thus,

2™ T 12\322
(Hp) = (Hp),
50

325 90 = 355 (D)D) + 52 n129]125) + 157200 = 22 00)

4581w, — 1398(vy), = 104.81 )

Coefficient of Restitution: Here, (v4), = w,(3) |. Thus,
_ (va)2 = ()
(1) e (v — (vah
—0(3) = (vu)
=75 -0
3(1)2 + (VH)Z = 375 (2)

0.5 =

Solving Egs. (1) and (2),
wy = 17.92 rad/s (i), = —16.26 ft/s = 16.26 ft/s |

Conservation of Energy: With reference to the datum in Fig. b, V, = (Vg)z
= WD(yG)Z = 0 and V3 = (Vg)3 = WD(yG)3 = 50h.

(vb)r = w(1) = 17.92(1) = 17.92 ft/s and (vp); = 0
Thus,

1 , _1(50 5
Ty = 5 mp(vp)y’ = 5 (327)(17.92 ) = 24933 ft-lband 75 = 0

Then
T, +V,=T3+V;
24933 + 0 = 0 + 50h
h =499 ft Ans.

f;b;—(?s)s/ag-ﬁ/,_ 504t ~0

20507

| 3 l (l} a0 I
] ] < L

15At 20 32 (i),

-

| [
8 B 'millfs?z%

J5 "'t(a) 22 [ 2)]
820
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19-51. The disk has a mass of 15 kg. If it is released from
rest when 6 = 30°, determine the maximum angle 6 of
rebound after it collides with the wall. The coefficient of
restitution between the disk and the wall is e = 0.6. When
0 = 0°, the disk hangs such that it just touches the wall.
Neglect friction at the pin C.

‘«150 mm-—|

Datum at lower position of G.

hL+WV=5HL+V

0 + (15)(9.81)(0.15)(1 — cos 30°) = E (15)(0.15)2}»2 +0

N | =

w = 3.418rad/s

0 = (~0.150")
+ —ae - (0Dw)
( > ¢ =06 = 34180015 — 0

o' = 2.0508 rad/s

T2 + V2 = T3 + ‘/3
1|3 5 5
215 (19)(0.15)7 |(2.0508)” + 0 = 0 + 15(981)(015)(1 — cos 0)

6 =17.9° Ans.

w=15(9.8)N
o-l5m

}
= 3
h=05(I-cas

Datum

821



91962_09_s19 p0779-0826 6/8/09 5:01 PM Page 822 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*19-52. The mass center of the 3-1b ball has a velocity of
(vg)1 = 6 ft/s when it strikes the end of the smooth 5-1b
slender bar which is at rest. Determine the angular velocity
of the bar about the z axis just after impact if e = 0.8.

2ft

\/
(vo)1 = Ot/

0.5 ft

Conservation of Angular Momentum: Since force F due to the impact is internal to
the system consisting of the slender bar and the ball, it will cancel out. Thus, angular
momentum is conserved about the z axis. The mass moment of inertia of the slender F =05 ft

5\, ) (vp)
322)(4 ) = 0.2070 slug - ft%. Here, w, = 5

1
bar about the z axis is /I, = E(
Applying Eq. 19-17, we have
(H) = (Hy),

[, (o1 |(r) = I, + [my () )(rv)

<3§ 2)(6)(2) =0 2070[( 3)2} (32 2>(UG)2(2) 1y

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

_ (ws) — (v),
(ve)r — (vph

_ (v)2 — (v6)2
0.8 = 27 @

Solving Egs. (1) and (2) yields

(vG)r = 2143 1t/s  (vp), = 6.943 ft/s

Thus, the angular velocity of the slender rod is given by

6.943
Wy, = % =5 = 3.47 rad/s Ans.
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¢19-53. The 300-1b bell is at rest in the vertical position
before it is struck by a 75-1b wooden post suspended from
two equal-length ropes. If the post is released from rest at
6 = 45°, determine the angular velocity of the bell and the
velocity of the post immediately after the impact. The
coefficient of restitution between the bell and the post is
e = 0.6. The center of gravity of the bell is located at point
G and its radius of gyration about G is kg = 1.5 ft.

Conservation of Energy: With reference to the datum in Fig. a, V| = (Vg)1
= —W(ye) = —75(3cos45°) = —159.10ft-Ib  and  V, = (V,), = ~W(ye)
= —75(3) = —225ft-1b. Since the post is initially at rest, 7; = 0. The post

L { 5 }(vp)zz. Thus,

.- . 1
undergoes curvilinear translation, 7, = 5 m(vp)y? = 21302

T1+V1:T2+V2

0 + (~159.10) = ﬂ

(Vp)2 = 7.522 ft/S

75

32_2}(%)22 + (—225)

Conservation of Angular Momentum: The sum of the angular impulses about point
O is zero. Thus, angular momentum of the system is conserved about this point
during the impact. Since the bell rotates about point O, (vg); = wsrog = w3(4.5).

L . . 1
The mass moment of inertia of the bell about its mass center is IG = — mkg?

12
_ 300 /oy _ o2
=32 (1.5 ) = 20.96 slug - ft*. Thus,
(Hp), = (Hp)s
75 300 75
5 (7. = 5)|(4.5) + 20. - =
255 752)6) = 35 [05(4.5)](4.5) + 209605 320vP0)
209.63w; — 6.988(vp); = 52.56 )

Coefficient of Restitution: The impact point A on the bell along the line of impact
(x axis) is [ (v4)3]« = w3(3). Thus,

_ [(VAHX = (vp)3

o e — [Wa)a)s

& _ —3(3) — (vp)s
( ) 06 —-7.522 - 0
3w3 + (vp); = 4.513 2)

Solving Egs. (1) and (2),

w3 = 0.365 rad/s (vp)z = 3.421t/s Ans.
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19-54. The 4-1b rod AB hangs in the vertical position. A
2-1b block, sliding on a smooth horizontal surface with a
velocity of 12 ft/s, strikes the rod at its end B. Determine A
the velocity of the block immediately after the collision. The
coefficient of restitution between the block and the rod at B

(o

ise =0.8. 34
12 ft /s
e
_UB
Conservation of Angular Momentum: Since force F due to the impact is internal to
the system consisting of the slender rod and the block, it will cancel out. Thus,
angular momentum is conserved about point A. The mass moment of inertia of the — L oo
1 4 4
1 int Ais I, = — (== )(3%) + == (1.5%) = 0.3727 slug - ft°.
slender rod about point A is [ 4 o <32'2><3) 32.2< 5) 0.3727 slug - ft
(vp)

Here, w, = EE Applying Eq. 19-17, we have

(Ha)1 = (Ha)2
[mb (Ub)l](rb) =lpm + [mb (Ub)z](rb)

(vg)2

<$)(12)(3) = 0.3727{7} + (%)(vh)z(:;) @®

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

_ (g — (W)
(vp)1 — (vph

(%) 0.8 = 7(”’-?22 — ((;’b)z @

Solving Egs. (1) and (2) yields
(vp), = 3.36 ft/s — Ans.
(UB)Z = 12.96 ft/S -
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19-55. The pendulum consists of a 10-Ib sphere and 4-1b
rod. If it is released from rest when 6 = 90°, determine the
angle 0 of rebound after the sphere strikes the floor. Take

e = 0.8.
1/ 4\, 2(10 ) <10> X 2
“2\299 + = —— (0.3 + | — )(2.3)* = 1. .
Ia=3 <32.2>(2) 5(32.2)(0 3)° + (355 )23 = 18197 slug - ft

Just before impact:

Datum through O.

Ih+Vi=5L+V,

1
0 + 4(1) + 10(2.3) = 5 (1.8197)a? + 0
w, = 5.4475 rad/s

v = 23(5.4475) = 12.529 ft/s We=/0 lb

Since the floor does not move,

s n -0 Wr=4Ib
(+1)  e=08=5— (—12.529)
= 10.023
1(;1:))233 s p— 2.357 1t
w3 =5 = 4358 rad/s [3in6
Drtum

T3+1/3: T4+‘/4

1

—(1.8197)(4.358)> + 0 = 4(1sin 6;) + 10(2.3 sin 6,
2

0, = 39.8° Ans.

2:3 4t | L
(WDo=5-4475 re ad/f

UM

Y

Wply=5.4475(23) s
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#19-56. The solid ball of mass m is dropped with a
velocity v; onto the edge of the rough step. If it rebounds
horizontally off the step with a velocity v,, determine the
angle 6 at which contact occurs. Assume no slipping when
the ball strikes the step. The coefficient of restitution is e.

Conservation of Angular Momentum: Since the weight of the solid ball is a
nonimpulsive force, then angular momentum is conserved about point A. The mass

moment of inertia of the solid ball about its mass center is /5 = gmrz. Here,

v, cos 6

Wy = . Applying Eq. 19-17, we have

(H )1 = (Ha)

[y, (W) |(r') = I n + [my (up)a](r")

(mwy)(r sin 6) = (% mrz) (@) + (muy)(r cos 0)

v _ étanB
V1 7

Coefficient of Restitution: Applying Eq. 19-20, we have
_ 0= ()
(vp)1 — 0
~ —(v;sin 0)

e

—vq cos 6

v; ecosf

vy sin 6

Equating Egs. (1) and (2) yields

5t ecos 6

Ztan = —

7 sin 6
tan’6 = —e

@

(2

Ans.

~ K lvl

\Z

m

$r-‘

line of impact
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R2-1. An automobile transmission consists of the
planetary gear system shown. If the ring gear R is held fixed
so that wp = 0, and the shaft s and sun gear S, rotates at
20 rad/s, determine the angular velocity of each planet gear
P and the angular velocity of the connecting rack D, which
is free to rotate about the center shaft s.

4
For planet gear P: The velocity of point A is v, = w,ry = 20<E> = 6.667 ft/s.
Vp = Vy + VB/A
4
0=16.667|+ —
[6:667] [“’”(12)}
4
& 0 = 6.667 — wp| 1 wp = 20 rad/s Ans.
For connecting rack D:
Ve = Vy + VC/A
2
=16.667| + | 20| —
] - loa)+ (5
2
($) ve = 6.667 — 20(5) ve = 3.333 ft/s
The rack is rotating about a fixed axis (shaft s). Hence,
Uc = wprp
6
3333 = wp 12 wp = 6.67 rad/s Ans.

Uy 0p o
kz wp (J&zT) ((Dp

Vep= Wp e/a Wh=
=20(Z) ' 2ordfe

L
lon =6.66774
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R2-2. An automobile transmission consists of the
planetary gear system shown. If the ring gear R rotates at
wgr = 2rad/s, and the shaft s and sun gear S, rotates at
20 rad/s, determine the angular velocity of each planet gear
P and the angular velocity of the connecting rack D, which
is free to rotate about the center shaft s.

4
For planet gear P: The velocity of points A and B are vy = wgrg = 20<*>

12
8
=6.6607 ft/s and vg = wpry = Z(E) = 1.333 ft/s.

Vp = Vy + vB/A

-] (2]

<$> —~1.333 = 6.667 — wp(%) wp = 24 rad/s Ans.

For connecting rack D:

Vo = Vy + Vc/A

[oc] - [os] +[(2)]
<$> ve = 6.667 — 24<%> ve = 2.667 ft/s

The rack is rotating about a fixed axis (shaft s). Hence,

2.667 = wD(%) wp = 533 rad/s Ans.
Vp=1333 /s 5 V= Wp o
= Wp (-
P '53) (Uk)p
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R2-3. The 6-1b slender rod AB is released from rest when
it is in the horizontal position so that it begins to rotate

(e

clockwise. A 1-1b ball is thrown at the rod with a velocity A
v = 50 ft/s. The ball strikes the rod at C at the instant the
rod is in the vertical position as shown. Determine the
angular velocity of the rod just after the impact. Take d
e=07andd = 2ft.

C
Datum at A: Q -
_—

T1+VI:T2+V2 U:50ft/s

W€

0+0=%{;C£5y$ﬂwﬁ—a13
® = 5.675 rad/s
G+ (Hah = (Ha)
25600 - |1 (55 )62 669 = |50 ) fon + 505 0w

Vc — VBL

¢ =07 = T S5

Ve = 2(02
Solving,
w, = 3.81rad/s Ans.
VBL — -35.3 ft/S
ve = 7.61 ft/s

A = 2 £y=5awnqk —

W l1b [t wi=6b 2t 2
5675(2) ft/s

F F -dhedhﬁ- =t Ve
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*R2-4. The 6-1b slender rod AB is originally at rest, ——
suspended in the vertical position. A 1-1b ball is thrown at Ao
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 e = 0.7 and d = 2 ft. d
C+ (Ha = (Ha) c 3 ft
1 1/ 6 1 Ol
5 )60Q2) = |2 55 )3 |2 + 5 2
(325 )50@ = |5 (505 )@ jon + 5350002 -
v =501t/s
_Yc ~ VBL U |
e =07 50-0 B
Ve = 2(1)2
Thus,
w, = 773 rad/s Ans.

VBL — -19.5 ft/S

W,=61b aft 2t

—t) )
50ft/s Yhe ‘
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R2-5. The 6-1b slender rod is originally at rest, suspended
in the vertical position. Determine the distance d where the 4
1-1b ball, traveling at v = 50 ft/s, should strike the rod so

that it does not create a horizontal impulse at A. What is the

rod’s angular velocity just after the impact? Take e = 0.5.

(e

Rod: 31t

C
C+ (Hgn + E/MG dt = (Hg), —@ o

v=>50ft/s

o €

0+ /F dt(d — 1.5) = (é (m)(3)2)w
m(vg) + E/F dt = m(vg),
0+ /F dt = m(1.5w)
Thus,
1 2
m(l.5w)(d — 1.5) = E(m)(?’) ®

d=2ft Ans.

This is called the center of percussion. See Example 19-5.

C+ (Ha)1 = (Ha)

L 50)2) = F (L)@)z}wz T )

322 3\32.2 322
_ _Yc T VB
e =105 S0—0
Ve = 2(1)2
Thus,
wy = 6.82rad/s Ans.

vpr = —11.4 ft/s
By 1 “J; Uk A
=Wl ’lt
=1.5W

e * ;? 22

ey — - Saa
Wr=0lb !
. W =6lb W "

A 154t Wj=11b d=2# d=2ft

— F Jhe > Ve

F F 50ft/s U

831
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R2-6. At a given instant, the wheel rotates with the A

angular motions shown. Determine the acceleration of the A ——1/0

collar at A at this instant. goo ]

Using instantaneous center method: o =8rad/s %0 mm
a = 16 rad /s>

vy 8(0.15)
rgic 0.5 tan 30°
ag = 16(0.15)i — 82 (0.15)j = {2.4i — 9.6j} m/s?

Wwag = = 4.157 rad/s
a, = —a, cos 60° + ay sin 60° a = ak rp4 = {—0.5i} m
ag=ay +aXrpy— wer/A
2.4i — 9.6j = (—a, cos 60° + a, sin 60%) + (ak) X (—0.5i) — (4.157)%(—0.5i)
2.4i — 9.6 = (—ay cos 60° + 8.64)i + (—0.5a + a, sin 60°)j
Equating the i and j components yields:
2.4 = —a, cos 60° + 8.64 a, = 12.5m/s* — Ans.

—9.6 = —0.5a + (12.5)sin 60° a = 40.8rad/s> O

@)= 6o mls*
(@), = 16¢0-15) m/s*

fUB=3(o-r5) mfs

832



91962_10_R2_p0827-0866 6/5/09 4:12 PM Page 833 CE

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

R2-7. The small gear which has a mass m can be treated as
a uniform disk. If it is released from rest at 6 = 0°, and rolls
along the fixed circular gear rack, determine the angular
velocity of the radial line AB at the instant § = 90°.

Potential Energy: Datum is set at point A. When the gear is at its final position
(6 = 90°), its center of gravity is located (R — r) below the datum. Its gravitational
potential energy at this position is —mg(R — r). Thus, the initial and final potential
energies are

Vi=0 V,=-mg(R —r)

Kinetic Energy: When gear B is at its final position (6 = 90°), the velocity of its

. Up . . .
mass center is vg = w, r or w, = — since the gear rolls without slipping on the
r

fixed circular gear track. The mass moment of inertia of the gear about its mass
center is Ig = Emrz. Since the gear is at rest initially, the initial kinetic energy is
T, = 0.The final kinetic energy is given by

1 1 1 1 (1 z)("j)z _3 5
AV A

T, =~mvy + =~ Iz =—mvy + —
2T 5 MV T 5 [ W = 5 MUR

Conservation of Energy: Applying Eq. 18-18, we have

T1+V]:T2+V2

3
0+0= va% + [-mg(R — r)]

B [4g(R — 1)
VUp = 3

Thus, the angular velocity of the radical line AB is given by

wup = Us_ 4 Ans,
BT R—r N3R-7) )
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30 rad/s when it is brought into contact with the surface at
C.If the coefficient of kinetic friction is u;, = 0.2, determine
how long it will take for the cylinder to stop spinning. What
force is developed in link AB during this time? The axis of
the cylinder is connected to two symmetrical links. (Only
AB is shown.) For the computation, neglect the weight of

*R2-8. The 50-kg cylinder has an angular velocity of 500 mmT w=30rad/s
B

the links.
(+T) m(vAy)l + 2/ Fydt = m('UAy)z ?
g 50(9.861)N )
0+ Nc(t) — 5009.81)(1) =0 Nc = 490.5N “-’x
- mva) + = tzFx dt = m(vuy)»

( ) / Zfas —

0 + 0.2(490.5)(t)—2F 45 (1) =0  F,p = 490N Ans. 0.zm
(C+) ]Ba)1+2[2MBdt:IBw2 ?:o,ch

—B (50)(0.2)2}(30) + 0.2(490.5)(0.2)(r) = 0 Ne

t =1.53s Ans.

R2-9. The gear rack has a mass of 6 kg, and the gears each
have a mass of 4 kg and a radius of gyration of £ = 30 mm
about their center. If the rack is originally moving
downward at 2 m/s, when s = 0, determine the speed of the
rack when s = 600 mm. The gears are free to rotate about
their centers, A and B.

2
Originally, both gears rotate with an angular velocity of w, = 005 - 40 rad/s. After
the rack has traveled s = 600 mm, both gears rotate with an angular velocity of
W, = OU%, where v, is the speed of the rack at that moment.

Put datum through points A and B.

T1+V1:T2+V2

%(6)(2)2 + {; [4(0.03)2](40)2} +0= %(6)1;% + 2{; [4(0.03)2]((;55)}—6(9.81)(0.6)

v, = 3.46m/s Ans.

834



91962_10_R2_p0827-0866 6/5/09 4:13 PM Page 835 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

R2-10. The gear has a mass of 2 kg and a radius of
gyration k, = 0.15 m. The connecting link AB (slender
rod) and slider block at B have a mass of 4 kg and 1 kg,
respectively. If the gear has an angular velocity w = 8 rad/s
at the instant # = 45°, determine the gear’s angular velocity
when 6 = 0°.

w = 8rad/s

At position 1:

(o) = 16 s rad/s  (vg); =0
rA/IC 0.6

(UAB)l = (a)AB)l rG/lC = 26667(03) =0.8 m/S

.. 45°
At position 2: \/

(va)2  @(0.2)
= = = 0.2357
(wa)2 raic 0.6 )

cos 45°

(UB)Z = (wAB)Z rB/]C = 0.2357 (,02(06) = 01414&)2

(UAB)Z = (a)AB)z rG/IC = 02357 (1)2(06708) = 015810)2

T, = %[(2)(0.15)2}(8)2 + %(2)(1.6)2 + %(4)(0.8)2 + %{% (4)(0.6)2}(2-6667)2
= 57067 ]
T, = %[(2)(0.15)2}(@)2 + %(2)(0.2 ) + %(4)(01581&’2)2

+ %[11—2 (4)(0.6)2}(0-235%02)2 + %(1)(0-1414%)2

T, = 0.1258 w3

Put datum through bar in position 2.

V) = 2(9.81)(0.6 sin 45°) + 4(9.81)(0.3 sin 45°) = 16.6481J Vo, =0
T] + V] = T2 + V2

5.7067 + 16.6481 = 0.1258w3 + 0

w, = 133 rad/s

Uh)=8(02)
=/6mfs

r,’,ﬂgo-éﬂ
-y
Alrc” Cos45°

e =4 064 0-3%
=0-6708m
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*R2-11. The operation of a doorbell requires the use of
an electromagnet, that attracts the iron clapper AB that is
pinned at end A and consists of a 0.2-kg slender rod to
which is attached a 0.04-kg steel ball having a radius of
6 mm. If the attractive force of the magnet at C is 0.5 N
when the switch is on, determine the initial angular
acceleration of the clapper. The spring is originally
stretched 20 mm.

Equation of Motion: The spring force is given by F, = kx = 20(0.02) = 0.4 N. The

1
mass moment of inertia for the clapper AB is (I4p)a :E(O'Z)<O'1342) +

2 - ,
02(0.067°) + S(0.04)(0.006’) + 0.04(0.14?) = 1.9816(10) ke - m’.  Applying

Eq. 17-12, we have

+EMA:IACZ;

a = 12.6 rad/s?

0.4(0.05) — 0.5(0.09) = —1.9816(1073)

Ans.

T
k=20N/m “0mm
WWWWWA —-
40 mm
TR |
C 44 mm
AN

Ay

05N

02(980N

A
-

0-04(280N

*R2-12. The revolving door consists of four doors which
are attached to an axle AB. Each door can be assumed to be
a 50-1b thin plate. Friction at the axle contributes a moment
of 2 1b - ft which resists the rotation of the doors. If a woman
passes through one door by always pushing with a force
P = 15 Ib perpendicular to the plane of the door as shown,
determine the door’s angular velocity after it has rotated
90°. The doors are originally at rest.

Moment of inertia of the door about axle AB:

1 /100

— [ Y 2| — .12
Lis 2{12 (32.2)(6)} 18.6335 slug - ft

T] + EU]_Z = T2

0+ {15(2.5)(727) - 2(727)} = %(18.6335) w?

o = 2.45rad/s

Ans.

=)

2 lb.
] #t

25ft

vl

P=i51p U
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R2-13. The 10-Ib cylinder rests on the 20-1b dolly. If the
system is released from rest, determine the angular velocity
of the cylinder in 2 s. The cylinder does not slip on the dolly.
Neglect the mass of the wheels on the dolly.

For the cylinder,

5]
(+) mvey); + 3 / Fodt = m(vey)s
51

0 + 10sin 30°(2) — F(2) = (%)vc 1)

)
(C+) Icw1+2/ Mcd[:ICu)z
4

0 + F(0.5)(2) = B (%)(0.5)2}9 ?)

For the dolly,

5]
(+N) mupe)y + 3 / Fydt = m(upy)s
4

0 + F(2) + 205sin 30°(2) = (%)UD 3)

(+N) vp=vc+ vpe
vp = ve — 0.5 ()]
Solving Egs. (1) to (4) yields:
=0 Ans.

ve = 322 ft/s vp = 32.2ft/s F=0

101b

05t
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R2-14. Solve Prob. R2-13 if the coefficients of static and
kinetic friction between the cylinder and the dolly are
ws = 0.3 and u = 0.2, respectively.

For the cylinder,

5]
(+\) m(vi’)l + E/ Fx’ dt = m(vi’)Z
b

0 + 105sin 30°(2) — F(2) = <%>UC @)

5]
(C+) Icw1+ E/ Mcdt:]sz
n

1/ 10

0+ F(0.5)() = {5 (@)(O.S)Z}w Q)

For the dolly,

1)
(+) m(upe); + / Fodi = m(vpe)s
n

. oy [ 20
0 + F(2) + 20sin 30°(2) = (732.2>‘UD A3)
(+N) vp =ve + vpe
Vp = V¢ — 0.5 (4)

Solving Egs. (1) to (4) yields:

w=0 Ans.

Il
o

ve = 3221ft/)s vy =23221ft)s F

Note: No friction force develops.

U
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R2-15. Gears H and C each have a weight of 0.4 1b and a
radius of gyration about their mass center of (ky)z =
(kc)4 = 2 in. Link AB has a weight of 0.2 1b and a radius of
gyration of (k45) 4 = 3 in., whereas link DFE has a weight of
0.15 Ib and a radius of gyration of (kpg)p = 4.5in. If a
couple moment of M = 31b-ft is applied to link AB and
the assembly is originally at rest, determine the angular
velocity of link DE when link AB has rotated 360°. Gear C
is prevented from rotating, and motion occurs in the
horizontal plane. Also, gear H and link DE rotate together
about the same axle at B.

For link AB,
6
Up = WABTAB = W4B 12 = 05045
For gear H,
Up O.SO)AB )
Onp = ——— = = 2w
£ rB/IC 3/12 AB
1
WAB = EwDE
1 6
vp = (Ea)DE)E = 025wDE
- . ZH
Principle of Work and Energy: For the system, =z

Tl + EU172 = T2

DI B (s

1704 ,  1[[015\(45 2} , 1(0.15) , ¥
" 2(32-2)(0'25“’”) ! 2K32.2>(12) wpE * 5\ 322 )(0250pe) Y,
B

wpr = 132 rad/s Ans.
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*R2-16. The inner hub of the roller bearing rotates with
an angular velocity of w; = 6 rad/s, while the outer hub 25 mm
rotates in the opposite direction at w, = 4 rad/s. Determine
the angular velocity of each of the rollers if they roll on the
hubs without slipping.

w,=4rad/s

Since the hub does not slip, vy = w;r; = 6(0.05) = 0.3 m/s and vy = wporp =
4(0.1) = 0.4 m/s.

Vp = Vyu + VB/A

{Of‘} - [Of } ! ["’(Oi“)}

(+1)  04=-03+0050 = 14rad/s) Ans.

Yh=03m]s 0-05m

w
0.05m Y-q) =0.4.m/5 A
8 s
"UM =w Q/A
=wW(005)
840
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R2-17. The hoop (thin ring) has a mass of 5 kg and is
released down the inclined plane such that it has a backspin -3

. . o= 8rad/s
o = 8rad/s and its center has a velocity vG = 3 m/s as
shown. If the coefficient of kinetic friction between the
hoop and the plane is u; = 0.6, determine how long the
hoop rolls before it stops slipping.

+N) mvy; + E/Fydt = mvy,

0 + Ny, (1) — 5(9.81)¢ cos 30° = 0

N, = 2479 N

g,

W+)  mvy + E/FX dt = mv,, 30 \/x

5(3) + 5(9.181) sin 30°(r) — 25.487t = 5vg

Fj, = 0.6N, = 0.6(42.479 N) = 25487 N B5(9.81)N

(C+)  (Heh + E/MG dt = (Hg),

v fi=25.487N
—5(0.5)%(8) + 25.487(0.5)(t) = 5(0'5)2<E)
' o-5m
Solving,

Nh,

vg = 2.75m/s

t =132s Ans.

R2-18. The hoop (thin ring) has a mass of 5 kg and is
released down the inclined plane such that it has a backspin ©=8rad/s
o = 8rad/s and its center has a velocity vG = 3m/s as
shown. If the coefficient of kinetic friction between the
hoop and the plane is u; = 0.6, determine the hoop’s
angular velocity 1 s after it is released.

See solution to Prob. R2-17. Since backspin will not stopin¢ = 1s < 1.32's, then

(+N) mvy; + E/Fy dt = mvy,

0+ Ny (t) — 5(9.81)t cos 30° =

N, = 42479N 5(9.81)N ¥ Vg
Fj = 06N, = 0.6(42.479 N) = 25.487 N 30 \/7&
C+ on+ s [Mai = g,

—5(0.5)%(8) + 25.487(0.5)(1) = —5(0.5) w
o =219rad/s D Ans. 61-':254'67/\’

o5m
Ny,
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R2-19. Determine the angular velocity of rod CD at the D
instant § = 30°. Rod AB moves to the left at a constant
speed of v = Sm/s.

T A5

o m

0.3

X = tan 0 = 0.3cotf
¥ =v4p = —0.3csc? 00
Here 6 = wcp, vag = =5 m/s and 6 = 30°.
—5 = —0.03 csc? 30°(wcp) wcp = 4.17 rad/s Ans.
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*R2-20. Determine the angular acceleration of rod CD at D

the instant § = 30°. Rod AB has zero velocity, i.e., v 5 = 0,

and an acceleration of a,z = 2m/s* to the right when Vs
i s i e o

9 = 30°. <28
= P}
wep %4( . .. B
0.3m
28

0.3
X = = 03coth
tan 6
¥ =vu = —03csc? 60

X =aup = —0.3{csc2 00 — 2 csc? 0 cot Oéz} = 0.3 csc? 9(2 cot 9% — 0)
Here(:) = Wcp>,VAB — O,CIAB = Zm/sz,é = aCD,andO = 30°.
0 = —0.3 csc? 30°(wep) wep =0

2 = 0.3 esc? 30°[2 cot 30°(0)® — acp] acp = —1.67 rad/s? Ans.
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R2-21. If the angular velocity of the drum is increased
uniformly from 6 rad/s when ¢ = 0to 12 rad/s whent = 5,
determine the magnitudes of the velocity and acceleration
of points A and B on the belt when ¢ = 1 s. At this instant
the points are located as shown.

Angular Motion: The angular acceleration of drum must be determined first.
Applying Eq. 16-5, we have

w=wy+ ot
12 =6+ a.(5)
a, = 1.20 rad/s?

The angular velocity of the drum at ¢ = 1 s is given by

®w=wy)t+ at=6+120(1) = 7.20rad/s

Motion of P: The magnitude of the velocity of points A and B can be determined
using Eq. 16-8.

4
vy =vg = wr = 7'20(6) = 2.40 ft/s Ans.
Also,
4 2
ay = (a)y = a.r =120 o)~ 0.400 ft/s Ans.

The tangential and normal components of the acceleration of points B can be
determined using Egs. 16-11 and 16-12, respectively.

4
(a)p = acr = LZO(E) = 0.400 ft/52

4
_ 2 _ 2 _ 2
(a,)p = o?r = (7.20 )( N 2) 17.28 ft/s

The magnitude of the acceleration of points B is

ag = V(a)s + (a,)% = V0.400* + 17.28% = 17.3 ft/s? Ans.
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R2-22. Pulley A and the attached drum B have a weight
of 20 1b and a radius of gyration of kg = 0.6 ft. If pulley P
“rolls” downward on the cord without slipping, determine
the speed of the 20-1b crate C at the instant s = 10 ft.
Initially, the crate is released from rest when s = 5 ft. For
the calculation, neglect the mass of pulley P and the cord.

Kinematics: Since pulley A is rotating about a fixed point B and pulley P rolls down
without slipping, the velocity of points D and E on the pulley P are given by
vp = 04w, and vy = 0.8w,4 Where w4 is the angular velocity of pulley A. Thus, the
instantaneous center of zero velocity can be located using similar triangles.

X x + 04
= = 04ft
0dw, 08w,
Thus, the velocity of block C is given by
E 3 0.4(1)A 0 L_>(=o'4')tth O'Z{Q QZH
0.6 04 €704 [
\“n
D !
Potential Energy: Datumn is set at point B. When block C is at its initial and final ®— E W
position, its locations are 5 ft and 10 ft below the datum. Its initial and final Ir J P
gravitational potential energies are 20(—5) = —100 ft - Ib and 20(—10) = —200 ft - Ib,
respectively. Thus, the initial and final potential energy are Y =O-4'kk ¥
N 0BV
V= —100ft-1b V, = —200ft-1b (A

Kinetic Energy: The mass moment of inertia of pulley A about point B is

20
Iz = mky = 302 (0.62) = 0.2236 slug - ft. Since the system is initially at rest, the

initial kinetic energy is 71 = 0.The final kinetic energy is given by

1
TZZEva%-i-EIBw%\

1/ 20 1
=7 (@)(0.6%\)2 +3 (0.2236) w%

= 0.22360%

Conservation of Energy: Applying Eq. 18-19, we have
T1+Vi=T,+V,
0 + —100 = 0.22360% + (—200)
wy = 21.15rad/s
Thus, the speed of block C at the instant s = 10 ft is

ve = 06w, = 0.6(21.15) = 12.7 ft/s Ans.
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R2-23. By pressing down with the finger at B, a thin ring

having a mass m is given an initial velocity v; and a B
backspin w; when the finger is released. If the coefficient of
kinetic friction between the table and the ring is wu,
determine the distance the ring travels forward before the
backspin stops.

@1

Vi

Equations of Motion: The mass moment of inertia of the ring about its mass center
is given by I; = mr?. Applying Eq. 17-16, we have

+13F, = m(ag),; N-mg=0 N=mg
BIF, = m(ag), pmg = mag  ag = pg
C+IMg =Iga; wmgr = mr’ a a:Lg

r

Kinematics: The time required for the ring to stop back spinning can be determined
by applying Eq. 16-5.

w=w)t+ a.t

c+) 0=0w + (—'%g)t

The distance traveled by the ring just before back spinning stops can be determine
by applying Eq. 12-5.

& s=s0+v0t+lact2
< 2

wr 1 wr 2
1 g 2( ©g) g

— Qu; — oyr Ans.
g 1 1
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*R2-24. The pavement roller is traveling down the incline
at v; = 5 ft/s when the motor is disengaged. Determine the
speed of the roller when it has traveled 20 ft down the
plane. The body of the roller, excluding the rollers, has a
weight of 8000 1b and a center of gravity at G. Each of the
two rear rollers weighs 400 1b and has a radius of gyration of
ko = 3.3 ft. The front roller has a weight of 800 Ib and a
radius of gyration of kp = 1.8 ft. The rollers do not slip as
they turn.

The wheels roll without slipping, hence w = UTG

n=s (e 3l (5s)e () (B3| G)

= 4168.81 ft- Ib

n (e (G )er () (B3 )oer 55

= 166.753 v*

Put datum through the mass center of the wheels and body of the roller when it is in
the initial position.

V1:0

Vs

—800(20 sin 30°) — 8000(20 sin 30°) — 800(20 sin 30°)

—96000 ft- 1b
Tl + Vl = Tz + Vz
4168.81 + 0 = 166.753v% — 96000

v = 245 ft/s Ans.

R2-25. The cylinder B rolls on the fixed cylinder A without
slipping. If bar CD rotates with an angular velocity
wcp = 5rad/s,determine the angular velocity of cylinder B.
Point C is a fixed point.

vp = 5(04) = 2m/s

wp = % = 6.67 rad/s Ans.
Vo= Wep lep Y2mk oy
__oem 4
AL
w@=5md/5
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R2-26. The disk has a mass M and a radius R. If a block of
mass m is attached to the cord, determine the angular

acceleration of the disk when the block is released from
rest. Also, what is the distance the block falls from rest in
the time ¢?
1 :
Iy = - MR’ Y
0= 5 %
1 " !
C +2ZMp = ZtMy)y;  mgR = EMR2 (2) + m(aR)R g
2mg
= — Ans.
* T RM + 2m) s
. h
The displacement 7 = R, hence 6 = R
1 2
6 - 90 + wot +Eact
h 1 2mg )
—=0+0+ |5 )P
R 2 (R(M + 2m)
m
h _M8 p Ans.

= t
M + 2m

Mg La

q):

0 R

ma.= mR)

£
!

v

mg
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R2-27. The tub of the mixer has a weight of 70 1b and a —
radius of gyration ks = 1.3 ft about its center of gravity G. 0
If a constant torque M = 60 b - ft is applied to the dumping

wheel, determine the angular velocity of the tub when it has 0.8 ft
rotated # = 90°. Originally the tub is at rest when 6 = 0°.

Neglect the mass of the wheel.

Tl + EUl*Z = T2

0+ 60(%) ~70(0.8) = %[(%)(1.3)2}(@2 + %{%}(0.&»)2

w = 3.89 rad/s Ans.

*R2-28. Solve Prob. R2-27 if the applied torque is —
M = (500) 1b - ft, where 6 is in radians. 0

Tl + 2U1_2 = T2 o8t

/2
11/ 70 .1 { 70 } 5
+ — 70(0.8) = | | == (.. + = |=——=|(.
0 /0 506 d6 — 70(0.8) 2[<32.2)(13) }w 1322 (0.8w)

o = 1.50 rad/s Ans.
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R2-29. The spool has a weight of 30 1b and a radius of
gyration ko = 0.45 ft. A cord is wrapped around the spool’s
inner hub and its end subjected to a horizontal force
P = 51b. Determine the spool’s angular velocity in 4 s
starting from rest. Assume the spool rolls without slipping.

5}
(+D) IAwl-i-E/ MAdt=IAa)2
131

0 + 5(0.6)(4) = [(%)(0.45)2 + (%)(0.9)2}1)2

w, = 12.7rad/s

R2-30. The 75-kg man and 40-kg boy sit on the horizontal
seesaw, which has negligible mass. At the instant the man
lifts his feet from the ground, determine their accelerations
if each sits upright, i.e., they do not rotate. The centers of
mass of the man and boy are at G,, and Gy, respectively.

CHEM4 = 2(M)a;  40(981)(2) — 75(981)(1.5)
= —40ay, (2) — 75a,, (1.5)
Since the seesaw is rotating about point A, then

a a
a= 2b = 1*"' or a,, = 0.75a,

Solving Egs. (1) and (2) yields:

a, =145m/s>  a, = 1.94m/s’

1]

(2]

Ans.

40(4-83 ﬁ 5 75¢9.81) N
ey Aﬁ. '(§
Ay
404, I 754,
A §>
=) [ &5
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R2-31. A sphere and cylinder are released from rest on
the ramp at ¢ = 0. If each has a mass m and a radius r,
determine their angular velocities at time ¢. Assume no
slipping occurs.

Principle of Impulse and Momentum: For the sphere,

)
(+Q) IA(L)l‘I‘E/ MAdIZIsz
5}

0 + mg sin 6(r)(r) = Eer + mrﬂ(ws)z

(w5)y = S5gsin 6 ; A
wg ) = 7 ns.
Principle of Impulse and Momentum: For the cyclinder,
5]
("rg) IA(,()1+E/ MAd[=IAa)2
131
: L > 2
0 + mgsin 6(r)(t) = Smr + mr |(wc),
_ 2gsinf A
((Uc)2 = 3 t ns.
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*R2-32. At a given instant, link AB has an angular
acceleration a,p = 12rad/s> and an angular velocity
wyp = 4rad/s. Determine the angular velocity and angular
acceleration of link CD at this instant.

Ve = Vg + Ve

ve | | 10 +[2ch]
30° 4595, !

(&) ve cos 30° = 10 cos 45° + 0

(+1)  vesin30° = — 10sin 45° + 2wpe
wpc = 5.58 rad/s

ve = 8.16 ft/s

8.16
wep = g T 5.44 rad/s Ans.

ac = ag + ac/B

4444 | | (ac) | _| 30 |, | 40 +{2(5.58)2}+[20@CJ
~%60° 30°7 45°% 45°7 e !

(&) —44.44cos 60° + (ac), cos 30° = 30 cos 45° + 40 cos 45° + 62.21
(+) 44.44 sin 60° + (ac), sin 30° = —30sin 45° + 40 sin 45° + 2apc
(ac), = 1551t/s*>  apc = 54.4rad/s?

155

acp =< = 103 rad/s*d Ans.
Vs=hg %
°= 4{% f‘;; =10 ft/s
L 2 ft J 24t .
e
Wegc
’U(_ys"‘ Wec I/

=2Wg
Ce)y=%slha (Aels)n=Wee Meys
=(-58%)2) s

Qg

Wy =558 radfs

@) |
(db)ﬁ, =Wy /7 t(ddf w::') fep

= 4*)(2s) =408 =G-44¥)(1:5)
=44 44 /1%5 >

Oge)y=%pe [
= .Z/Mk
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R2-33. At a given instant, link CD has an angular
acceleration acp = Srad/s> and an angular velocity
wcp = 2 rad/s. Determine the angular velocity and angular
acceleration of link AB at this instant.

frc-c _ 2 B
sin 45°  sin 75° ric—c = 1.464 ft

ficep _ 2 .
sin 60°  sin 75° ric-p = 1.793 ft

wpc = m = 2.0490 rad/s
Vg = 2.0490(1.793) = 3.6742 ft/s
3.6742
Wap =5 = 1.47 rad/s D Ans.

v (3.6742)°
(aB)n B 19: ¥ N 25

2 2

_ Ve _ (3) _ 2

(ac), = ren " 15 6 ft/s

= 5.4000 ft/s’

(ac), = acp(rep) = 5(1.5) = 7.5 ft/s?
ap = ac + a X rgc — o rp;c
—5.400 cos 45°1 — 5.400 sin 45°j — (ap), cos 45° + (ap), sin 45°% = 6sin 30°i — 6 cos 30°j
—7.5 cos 30°% — 7.5sin 30% + (ak) X (—2i) — (2.0490)%(—2i)
—3.818 — (ap),(0.7071) = 3 — 6.495 + 8.3971
—3.818 + (ap),(0.7071) = —=5.1962 — 3.75 — 2«
(ap), = —12.332 ft/s?

a = 1.80 rad/s?
12.332

Y 493 rad/s> D Ans.
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R2-34. The spool and the wire wrapped around its core
have a mass of 50 kg and a centroidal radius of gyration of
kg = 235 mm. If the coefficient of kinetic friction at the
surface is u;, = 0.15, determine the angular acceleration of
the spool after it is released from rest.

I = mkZ = 500(0.235)* = 2.76125 kg - m?

+/2F, = m(ag)y;  50(9.81)sin45° — T — 0.15Np = 50as a
+ NZF, = m(ag)y ; Npg — 50(9.81) cos 45° = 0 )
C+3Mg = Ige; T(0.1) — 0.15N(0.4) = 2.76125« 3

The spool does not slip at point A, therefore

ag = 0.1a )

Solving Egs. (1) to (4) yields:
Ny =3468N T =281.5N  a; = 02659 m/s

a = 2.66 rad/s*D Ans.

50(9.8)N
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R2-35. The bar is confined to move along the vertical and
inclined planes. If the velocity of the roller at A is
vy = 6ft/s when 6 = 45°, determine the bar’s angular
velocity and the velocity of B at this instant.

spcos 30° = 5sin 6

sp = 5.774sin 6

Sp = 5.774 cos 00 )
5cosf = 5,4 + sgsin 30°
—5sin06 = §, + §psin 30° 2
Combine Egs. (1) and (2):
~5sin66 = —6 + 5.774 cos 6(6)(sin 30°)
—3.5360 = —6 + 2.0416 —
o = 6 = 1.08 rad/s Ans. 5~Ft [ 54
From Eq. (1),
vg = sp = 5.774 cos 45°(1.076) = 4.39 ft/s Ans. >\
.« 3p -
*R2-36. The bar is confined to move along the vertical
and inclined planes. If the roller at A has a constant velocity
of v, = 6 ft/s, determine the bar’s angular acceleration and
the acceleration of B when 6 = 45°. lv N
See solution to Prob. R2-35.
Taking the time derivatives of Egs. (1) and (2) yields:
ag = sy = —5.774sin 6(6)* + 5.774 cos 6(6)
~5¢0s 606> — 5sin6(h) = 5,4 + 5psin 30°
Substitute the data:
ag = —5.774 sin 45°(1.076)% + 5.774 cos 45°(6)
—5 cos 45°(1.076)? — 5sin 45°(6) = 0 + a sin 30°
ag = —4.726 + 4.083 6 —
ap = —8.185 — 7.071 6 50t 3 Sa
Solving:
6 = —0.310 rad/s’ Ans. >\
ag = —5.99 ft/s’ Ans.
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R2-37. The uniform girder AB has a mass of 8 Mg.
Determine the internal axial force, shear, and bending
moment at the center of the girder if a crane gives it an
upward acceleration of 3 m/s’.

A 60°
Equations of Motion: By considering the entire beam [FBD(a)], we have 7'._.-, 5? 166 8 & N
+13F, = ma,; 2T sin 60° — 8000(9.81) = 8000(3)
T = 59166.86 N 4000 (?5/) A}
6o\ 7| M

From the FBD(b) (beam segment),

CH+3Mp=3(M)o: M + 4000(9.81)(1) +N

—59166.86 sin 60°(2) = —4000(3)(1) e
M =51240N-m = 512kN-m Ans. s
B SF, = m(ag), ; 59166.86 cos 60° + N = 0 .
N = —29583.43 N = —29.6 kN Ans. A 4000(3)
+13F, = mlag),:  59166.86 sin 60° — 4000(9.81) — V = 4000(3)
| %
V=0 Ans. 0
Im
856



91962_10_R2_p0827-0866 6/5/09 4:19 PM Page 857

4

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

R2-38. Each gear has a mass of 2 kg and a radius of gyration
about its pinned mass centers A and B of k, = 40 mm.
Each link has a mass of 2 kg and a radius of gyration about
its pinned ends A and B of k; = 50 mm. If originally the
spring is unstretched when the couple moment
M = 20 N -m is applied to link AC, determine the angular
velocities of the links at the instant link AC rotates § = 45°.
Each gear and link is connected together and rotates in the
horizontal plane about the fixed pins A and B.

Consider the system of both gears and the links.

The spring stretches s = 2(0.2 sin 45°) = 0.2828 m.

T1 + 2U1_2 = T2

0+ {20(2) - ;(200)(0.2828)2} = 2{;[(2)(0.05)2 + (2)(0.04)2]w2}

» = 30.7 rad/s

Note that work is done by the tangential force between the gears since each move.
For the system, though, this force is equal but opposite and the work cancels.

Ans.

> <
an

R2-39. The 5-1b rod AB supports the 3-1b disk at its end A.
If the disk is given an angular velocity wp = 8 rad/s while
the rod is held stationary and then released, determine the
angular velocity of the rod after the disk has stopped
spinning relative to the rod due to frictional resistance at the
bearing A. Motion is in the horizontal plane. Neglect friction
at the fixed bearing B.

Conservation of Momentum:

C+2(Hp) = Z(Hp),

(oo [k

+B (3237)(0.5)2}() + (3237)(&0)(3)

» = 0.0708 rad/s

Ans.
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*R2-40. A cord is wrapped around the rim of each 10-1b
disk. If disk B is released from rest, determine the angular
velocity of disk A in 2 s. Neglect the mass of the cord.
Principle of Impulse and Momentum: The mass moment inertia of disk A about
1/ 10 B
point O'is Io = (@)(0.52) = 0.03882 slug - ft%. Applying Eq. 19-14 to disk A O.Sft/
[FBD(a)], we have
t 1?
low + 2 / Modt = Ipw
0 W1 A o 0 W —VJA‘
101b D
(+) 0 — [T(2)](0.5) = —0.03882w 4 @
X
L . . . 1/ 10 )
The mass moment inertia of disk B about its mass center is I; = >\ 30 (0.5 ) =
0.03882 slug - ft>. Applying Eq. 19-14 to disk B [FBD(b)], we have Ht 0)(.
15}
m(vcy>1 + E/ Fy dt = m(v(;y)l T
f O?’
10 @)
+Mh 0+ T2)—102) = - —== Jvg )
322
2] U
Icwl“l‘E/ M(;dl:IGwz ? CT
t
1 7 10 b Wy
G+ 0 — [T(2)](0.5) = —0.03882w A3) )
(€ +) [T(2)](05) 5 - 5
Kinematics: The speed of point C on disk B is ve = wyry = 0.50,4. Here, /
ve/g = wprejc = 0.5wp which is directed vertically upward. Applying Eq. 16-15, &
we have v
Vo = Vg + VC/G (b)
O.SO)A = [UG:| + 05(1)3
l l 1
051t
(+T) _OSCOA = TVg + 05(1)3 (4)
We
Solving Egs. (1), (2), (3), and (4) yields: c v
<f
w4 = 51.5rad/s Ans. g G
wp = 51.52 rad/s vg = 51.52 ft/s T =2.001b
v q
’UC=O'5COA
<)

858



91962_10_R2_p0827-0866 6/5/09 4:20 PM Page 859 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

R2-41. A cord is wrapped around the rim of each 10-1b
disk. If disk B is released from rest, determine how much
time ¢ is required before A attains an angular velocity
w, = Srad/s.

Principle of Impulse and Momentum: The mass moment inertia of disk A about

1/ 10
point O is I, = 5(m>(0.52) = 0.03882 slug - ft%. Applying Eq. 19-14 to disk A

[FBD(a)], we have
Ioa)l + Z/ZModt = ]0(()2
(+) 0 — [T()](0.5) = —0.03882(5) @

L . . . 1/ 10
The mass moment inertia of disk B about its mass center is I; = ( )

2\322
(0.5%) = 0.03882 slug - ft. Applying Eq. 19-14 to disk B [FBD(b)],

we have
o)+ 2 [ Fd = m{ug),
+h 0+ T(t) — 10(t) = —(312%)1;6 )
Igw, + z/ttzMG dt = Ig w,
(C +) 0 — [T(1)](0.5) = —0.03882w 3)

Kinematics: The speed of point C on disk B is v¢ = wyry = 0.5(5) = 2.50 ft/s.
Here, v¢/g = wprejg = 0.5wp which is directed vertically upward. Applying Eq.
16-15, we have

Ve = Vg + VC/G

|:250J = |:UGJ + OS(UB
l ! 1

+M —2.50 = —vg + 0.5wp [4]

Solving Egs. (1), (2), (3), and (4) yields:

t =0.19%s Ans.

wg = 5.00 rad/s v = 5.00 ft/s T =2.001b

0.5 ft

10 b D

Gt 0)(‘
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R2-42. The 15-kg disk is pinned at O and is initially at rest.
If a 10-g bullet is fired into the disk with a velocity of
200 m/s, as shown, determine the maximum angle 6 to which
the disk swings. The bullet becomes embedded in the disk.

C+(Ho) = (Ho), : o5 (1-Cose)

0.01(200 cos 30°)(0.15) = {[%(15)(0.15)2 +15(0.15)* |w 3 b
I

o = 0.5132 rad/s L
h
Tl + Vl = T2 + V2

W=/5(981)N

Datum

11
3 5(15)(0.15)2 + 15(0.15)2}(0.5132)2 + 0 =0+ 15(9.81)(0.15)(1 — cos 6)
0 = 4.45° Ans.

Note that the calculation neglects the small mass of the bullet after it becomes
embedded in the plate, since its position in the plate is not specified.
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R2-43. The disk rotates at a constant rate of 4 rad/s as it
falls freely so that its center G has an acceleration of
32.2 ft/s?. Determine the accelerations of points A and B on
the rim of the disk at the instant shown.

ay =ag + (ay6) + (as6)

|:(aA)xj| + {(aA)y} = {32.2} +0+ [(4)2(1.5)] w=4rad/s B
- ) ! l
( - ) (aA)x =0

(+1) (@), = =322 — (4)*(1.5) = =562 ft/s* = 56.2 ft/s* |
ay = (ay), = 562 ft/s* | Ans.

ag = ag + (ag); + (apc)n

{(ZB)X} + [(?B)y] = {33.2} +0+ {(4)251.5)}

(—t) (ap), = —(4)X(1.5) = =24 ft/s> = 24 ft/s> <

—

+1) (ap), = —3221t/s> = 3221t/ |

ag = V(ap): + (ap); = V24 + 3227 = 402 ft/s Ans.
6 = tan”! <EZ§;1> = tan’l(%) = 53.3°> Ans.
(@) =W
A7 Gaah” 42015 e/
A\
|55t I W=4ra4/s ; M
" Va0 oo M4\ \ w=4radfs
G
)42
J aﬂ = 322}%&
|-5 ¢ [-5#
w=4radfs [~ | W=4radfs_Is
O{ =
(aW‘)n - wzrélﬁ
> = 4%1.5)3?
ré/q

(@es5),=0
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*R2-44. The operation of “reverse” for a three-speed
automotive transmission is illustrated schematically in the
figure. If the shaft G is turning with an angular velocity of
wg = 60 rad/s, determine the angular velocity of the drive
shaft H. Each of the gears rotates about a fixed axis. Note
that gears A and B,C and D, E and F are in mesh. The
radius of each of these gears is reported in the figure.

90
wc = wg = EwG = %(60) = 180 rad/s

re 30
= wp = -Cwe =2 (180) = 108 rad
wp = wp P we =5y (180) rad/s
70
wg = :—in = < (108) = 126 rad/s Ans.

R2-45. Shown is the internal gearing of a “spinner” used
for drilling wells. With constant angular acceleration, the
motor M rotates the shaft § to 100 rev/min in ¢ = 2s
starting from rest. Determine the angular acceleration of
the drill-pipe connection D and the number of revolutions
it makes during the 2-s startup.

For shaft S,

w=w)t+ a.t

100(27)

o ~0tas (2)  ag=5236rad/s?

1 2
6 = 00“1‘ w0t+§acl

1
6s=0+0+ 3 (5.236)(2)? = 10.472 rad

For connection D,

_rs o _ 60 _ 2
ap = . @ = 150 (5.236) = 2.09 rad/s Ans.
60
Op = 50 = — (10.472) = 4.19 rad = 0.667 rev Ans.
5 T 150
862
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R2-46. Gear A has a mass of 0.5 kg and a radius of
gyration of k4 = 40 mm, and gear B has a mass of 0.8 kg
and a radius of gyration of kg = 55 mm. The link is pinned
at C and has a mass of 0.35 kg. If the link can be treated as a
slender rod, determine the angular velocity of the link after
the assembly is released from rest when # = 0° and falls to
6 = 90°.

Kinematics: The velocity of the mass center of gear A is vp = 0.25 wcp, and since is
rolls without slipping on the fixed circular gear track, the location of the
instantaneous center of zero velocity is as shown. Thus,

Up _ 0.25 wcp

wy = = SwCD VE = WaATE/C = SwCD (01) =0.5 wWcp

rD/IC B 0.05

The velocity of the mass center of gear B is vp = 0.125w¢p. The location of the
instantaneous center of zero velocity is as shown. Thus,

Vg 0.5 wWcp
T T4 T Pwep

wp =

rE/(,C)1 0.1

Potential Energy: Datum is set at point C. When gears A, B and link AC are at their

initial position (# = 0°), their centers of gravity are located 0.25 m, 0.125 m, and

0.125 m above the datum, respectively. The total gravitational potential energy when

they are at these positions is 0.5(9.81)(0.25) + 0.8(9.81)(0.125) + 0.35(9.81)(0.125)
= 2.636 N - m. Thus, the initial and final potential energy is

V,=2636Nm V,=0

Kinetic Energy: The mass moment of inertia of gears A and B about their mass center
is Ip = 0.5(0.042) = 0.8(10°) kg-m? and I = 0.8(0.055?) = 2.42(107%) kg - m™.
The mass moment of inertia of link CD about point C is (Icp)c = % (0.35)(0.252) +

0.35(0.125%) = 7.292(107) kg - m” Since the system is at rest initially, the initial kinetic

energy is 71 = 0.The final kinetic energy is given by

1 1 1 1 1
T, = EmAU%) + EIDwg‘l + Emb’v% + EIFw% * E(ICD)CG%D

= %(0.5)(0.25 wep)? + %[0.8(10*3)}(5%,))2 + %(0.8)(0.125 wep)?
+ %[2.42(10*3)](5 wep) + %[7.292(10*3)}(&@)

= 0.06577 w&p

Conservation of Energy: Applying Eq. 18-19, we have

Tl + Vl = T2 + V2
0 + 2.636 = 0.06577 wép

wcp = 6.33 rad/s Ans.
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R2-47. The 15-kg cylinder rotates with an angular F=6N
velocity of w = 40rad/s. If a force F = 6 N is applied to
bar AB, as shown, determine the time needed to stop the
rotation. The coefficient of kinetic friction between AB and 400 mm ‘ 500 mm ﬂ

the cylinder is u; = 0.4. Neglect the thickness of the bar. (" C ]
For link AB, ! 150 mm C g
C+EZMp=0; 6(0.9) — Ng(0.5) =0 Np =108N !
Ic= %mrz = %(15)(0.15)2 = 0.16875 kg - m? I '

CHIMe = Ica; —0.4(10.8)(0.15) = 0.16875(cx) a = —3.84 rad/s?
C+o =wy + at

0=40 + (—3.84) ¢t

t =104s Ans.

Fzé')\, NE =/0-86N
0. i
4m _l_ o.5m E-dete
=0.4(08N

I15(9-60)N

Ne BU

*R2-48. 1If link AB rotates at w,p = 6 rad/s, determine
the angular velocities of links BC and CD at the instant
shown.

Link AB rotates about the fixed point A. Hence,
vg = waprap = 6(0.25) = 1.5m/s
For link BC,
rgjic = 0.3 cos 30° = 0.2598 m reyic = 0.3 cos 60° = 0.15m

. 1.5
rB/IC 0.2598

wpc = = 5.77 rad/s Ans.
Ve = Wpc rc/IC = 577(015) = 0.8660 m/s
Link CD rotates about the fixed point D. Hence,

Uc = @wcpTep

0.8660 = wep (04)  wep = 2.17 tad/s Ans.

IUB =/5mfs
I 0:3m i
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R2-49. If the thin hoop has a weight W and radius r and is
thrown onto a rough surface with a velocity v parallel to
the surface, determine the backspin, e, it must be given so
that it stops spinning at the same instant that its forward
velocity is zero. It is not necessary to know the coefficient of

V
kinetic friction at A for the calculation. ¢

Equations of Motion: The mass moment of inertia of the hoop about its mass center

w
is given by I = mr? = ? 2. Applying Eq. 17-16, we have

+ 13F, = m(ag),; N-W=0 N=W

w
53F, = m(ag),; uw =-""a

G ac = ng

w
C+3IMg =15 /.LWI'Z?FZCY a=ig

Kinematics: The time required for the hoop to stop back spinning can be
determined by applying Eq. 16-5.

w=w)t+ al r,

(C+) o=w+(—“7g)t1 =N

l]zig
I
N

The time required for the hoop to stop can be determined by applying Eq. 12-4.
( &+ ) v=uvy + at

0=vg+ (—pg)t

VG
1224

1, =

It is required that t; = t,. Thus,

wr _ Y6
1524 1524
v
0= Ans.
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R2-50. The wheel has a mass of 50 kg and a radius of
gyration kg = 0.4 m. If it rolls without slipping down the
inclined plank, determine the horizontal and vertical
components of reaction at A, and the normal reaction at the
smooth support B at the instant the wheel is located at the
midpoint of the plank. The plank has negligible thickness
and has a mass of 20 kg.

Equations of Motion: Since the tire rolls down the plane without slipping, then
ag = ar = 0.6a.The mass moment of inertia of the tire about its mass center is given

by I = mk = 50(0.42) = 8.00 kg - m?. Applying Eq. 17-16 to [FBD(a)], we have

N+3F, = m(ag)y: N —50(9.81)cos30° =0 N =42479N

50(98)N oL a

C+3F . = m(ag)y ; 50(9.81) sin 30° — Ff = 50(0.6a) (§))

h/*"

C+3IMg = Iga F4(0.6) = 8.00a Q)
Solving Egs. [1] and [2] yields
Fy=7546N  a = 5.660rad/s’
Equations of Equilibrium: From FBD(b).
C+ZM, =0, Np(4) — 20(9.81) cos 30°(2) — 424.79(2) = 0

Np =29735N =297 N Ans.

+13F, =0, A, +297.35cos 30° — 20(9.81)
— 424.79 cos 30° — 75.46 5in 30° = 0

A, = 344N Ans.

5 2F, =0 A, + 424.79 sin 30° — 75.46 cos 30° — 297.35sin 30° = 0

A, =163N Ans.
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