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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

when t = 2s.

w=w)t+ a.t

®w =2+ 1(2) = 4rad/s

V= rw; v =0.5(4) = 2ft/s Ans.
a, =ra; a =0501)=05ft/s’

a, = w*r;,  a,= (4*0.5) = 8ft/s?

a= V8 + (05?2 = 8.02 ft/s? Ans.

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

do = adt

0} t
/ dw = / 20e 00 dr

0 0

_ 20 —0.6 ! _ —0.6
w= e ‘0—33.3<1—e ‘)

w

27.82 rad/s when t = 3s

v, = or = 27.82(1.75) = 487 ft/s Ans.

= wdt

do
0 t

/ do = / 333(1 — e %) dr
0 0

_ 1 —06:) 3, { (L) 0603 _ }
0= 33.3(r + (0.6)e =333+ g (e 1)

6 = 53.63rad = 8.54 rev Ans.
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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) o = 10.0 rad/s? Ans.
. . 2 2 rad
Applying Eq. 16-7 with «. = « = 10.0rad/s* and 6 = (10rev) X Trev
= 207 rad, we have
0? = o + 2a. (0 — )
w® = 0 + 2(10.0)(207 — 0)
® = 3545rad/s = 35.4 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
6 = 0()"‘ (L)()t +Eact

1
=0 + 3545(4) + 5(10.0)(42)

1rev

= (221. X | —
(221.79 rad) (277 ad

) = 35.3rev Ans.
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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 3
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

do
o = — = (1.5 cos 3t) rad/s
dt
By observing the above equation, the angular velocity is maximum if cos 3¢t = 1. ‘ '
Thus, the maximum angular velocity is @y, = 1.50 rad/s. The maximum speed of % = N\ A

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

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

o« = %‘;’ = (~4.5sin 31) 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 3t)(2) = (=9 sin 3¢) ft/s?

a, = o*r = (L5 cos 3t)2 (2) = (4.5 cos 3t) ft/s?

Thus,
a, = (—9 sin 3tu, + 4.5 cos? 3tun) ft/s? Ans.
®16-5. The operation of reverse gear in an automotive G .
transmission is shown. If the engine turns shaft A at )
w4 = 40 rad/s, determine the angular velocity of the drive u 1 w0, = 40rad/s
shaft, wg. The radius of each gear is listed in the figure. i
—_ ' A
—

Fawy = Feoc: 80(40) = 40w¢ oc = wp = 80rad/s \

4 r¢ = 80 mm

re =rp =40 mm
rg = rg =50 mm
rp =70 mm

WEpVrEp = Wplp: (uE(SO) = 80(40) Wg = W = 64 rad/s
WpVrp = Wplp: 64(70) = wp (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 = we re = 0.5(0.02) = 0.01 m/s

Ve 0.01
=S - _02
wg re 005 0.2 rad/s

Vg =vVvEg=wsry = 02(0.2) = 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 aradius 7, = 0.5 in. and the meshed pinion gear B on the
propeller shaft has a radius rz = 1.2 in. Determine the
angular velocity of the propellerin ¢ = 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.

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 = / 400F dt
0 0

w, = 1006413 = 506.25 rad/s

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

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

;]
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*16-8. For the outboard motor in Prob. 167, determine
the magnitude of the velocity and acceleration of point P
located on the tip of the propeller at the instant ¢ = 0.75 s.

T
(( ///K 20 1n)
4
M\x&/
Angular Motion: The angular velocity of gear A at t+ = 0.75 s must be determined
first. Applying Eq. 16-2, we have

525

do = adt

Wy 0.75s
/ do = / 4008 dt
0 0

w, = 10064077 = 31.64 rad/s
The angular acceleration of gear A at ¢ = 0.75 s is given by
ay = 400(0.75%) = 168.75 rad/s’

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

wp = 2w, = (%)(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 = wprp = 13.18(?) =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 = 7031(?) = 12.89 ft/s?
2.20

a, = whrp = (13.182)(?) = 31.86 ft/s>

The magnitude of the acceleration of point P is

ap = Va2 + i = V12.89% + 31.86> = 34.4 ft/s> Ans.
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*16-9. When only two gears are in mesh, the driving gear
A and the driven gear B will always turn in opposite
directions. In order to get them to turn in the same
direction an idler gear C is used. In the case shown,
determine the angular velocity of gear B when ¢t = 55, if
gear A starts from rest and has an angular acceleration of
ay = (3t + 2) rad/s?, where t is in seconds.

ay

Idler gear Driving gear

do = adt

w4 t
/ doy = /(3t+2)dl
0 0

wy = 152 + 2t|,5s = 47.5rad/s
(47.5)(50) = ¢ (50)

wc = 47.5rad/s

wg (75) = 47.5(50)

wp = 31.7 rad/s Ans.

16-10. During a gust of wind, the blades of the windmill @ = (020) rad /s>
are given an angular acceleration of « = (0.26) 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. 25 ﬁ\ D aie

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

wdw = adf

) 4ar
/ wdw = / 0.20d6
Srad/s 0

o = 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 § on the motor
turns with a constant angular velocity of 40rad/s,
determine the angular velocity of the can. The radii of S, can
P, drive wheel D, gears A, B, and C, are rg = 5mm,
rp = 40mm, rp = 7.5 mm, r4, = 20 mm, rz = 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,

WATpA = WgTy

s\ = (2 _
wp = 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.

Wclc = Wprp

1
wp = e = <:ﬁ>w3 = (%)(10) = 4 rads/s

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

Wplrp = wprtp

wp = <Z>wD = (%)(4) = 0.75 rad/s Ans.

*16-12. If the motor of the electric drill turns the
armature shaft § 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
Motion of Pulley A: Here, 6; = (200 rev) (%) = 4007 rad. Since the angular

acceleration of shaft s is constant, its angular velocity can be determined from

wsz = (ws)02 + 2O‘C [es - (93)0]

;2 = 07 + 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 § 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.

2mrrad
1rev

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

velocity of A can be determined from

/d05= / wdt
0 t

/ 0, = / 100z'2dt
0 0

0, = 66.67

t
0
8, = (66.67r?)rad

When 6; = 4007 rad,
4007 = 66.67t32

t =7083s

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

w; = 100(7.083)"/2 = 266 rad/s Ans.

The angular acceleration of the shaft is

dwy 1 50
= = — 12 = 2
a = 100(2 t ) (t]/z) rad/s

When ¢t = 7.083 s,

50

= T 0832 = 18.8 rad/s? Ans.

Ay
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16-14. A disk having a radius of 6 in. rotates about a fixed
axis with an angular velocity of w = (2t + 3) rad/s, where tis
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

[ao= [ o
/Oede = KI(Zt + 3)dt

olt = (2 + 31)|
0

6= (t2 + 3t> rad
When 6 = 40 rad,
40 = £ + 3t
P +3t—40=0

Solving for the positive root,

t=35s
Also,
d
a= 7? = 2 rad/s’

When t = 5s(6 = 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) = 1ft/s’ Ans.

a, = w'r, = (13)2(%) = 84.5 ft/s? Ans.
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16-15. The 50-mm-radius pulley A of the clothes
dryer rotates with an angular acceleration of
ay = (270)?) 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

/ wAde: / aAdOA

o 6,4
/ wAde = / 270A 1/2d0A
0 0

@y

wA2

= 186,
2 A

8/1

wy = (60A3/4> rad/s

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

determined from
do
[a- |
(0¥

t 04 doA
/dt = / 34
0 0 60/\

04

0

2
t = (§0A1/4)S

3 4
0,4 = (Et) rad

2
[lz) = §9A1/4

Whent =1s

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

Thus,whent = 1s,a,is

ay = 27(5.0625"2) = 60.8 rad/s? Ans.

522




© 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.

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

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

/ de = / ClAdl
N t
/ do, = /(10 + 50¢)dt
0 0

t

walor = (106 + 252,

w4 = (10t + 25t2)rad/s

Whent =3s

w4 = 10(3) + 25(3%) = 225 rad/s Ans.

*16-17. The vacuum cleaner’s armature shaft S rotates
with an angular acceleration of a = 4w>* rad/s? where o 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
/ gt = / dos
as
t o g
fo= )
0 0 4(.()5 3/4

t

w,

o= wS]/40
t = [OXN
ws = (r*) rad/s
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

wplrp = WgFyg

wp = (n)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
a, = 2rad/s?, determine the time needed for B to attain an
angular velocity of wg = 50 rad/s.

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

25
ag = %aA = (ﬁ)(Z) = 0.5 rad/s’

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

wp = (wo)p + agt
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(2m) = 4 rad can be obtained by applying Eq. 16-7.

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

® = 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 = wrp = 3.545(10) = 35.4 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)4 = ary = 0.5(20) = 10.0 ft/s*
(@4 = &?ry = (3.5452)(20) = 251.33 ft/s?
(a)p = arg = 0.5(10) = 5.00 ft/s>

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

The magnitude of the acceleration of points A and B are

(@)a = V(a)a + (@i = V10.0% + 251.332 = 252 ft/s? Ans.

(@)p = = V()i + (a,)% = V500> + 125.66> = 126 ft/s Ans.

T @, = 0.5 rad /s
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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 when ¢t = 4.

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

®w=w)+ at=0+054) =200rad/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.

vg = wrg = 2.00(10) = 20.0 ft/s Ans.

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’
(a4 = @?ry = (2.00%)(20) = 80.0 ft/s?
(a)p = arg = 0.5(10) = 5.00 ft/s?
(a,)p = o’ rg = (2.00%)(10) = 40.0 ft/s?

The magnitude of the acceleration of points A and B are

(@)a = Vi(a)a + (a,)4 = V10.02 + 80.02 = 80.6 ft/s> Ans.

(@)p = V(a)s + (a,)5 = V5.00% + 40.02 = 40.3 ft/s? Ans.

T a, = 0.5 rad /s

16.21. The disk is originally rotating at wy = 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= ro; vy =2(11) = 22 ft/s Ans.
a; = ra; (@), = 2(6) = 12.0 ft/s’ Ans.
a, = w’r; (an), = (11)%(2) = 242 ft/s? Ans.

wy = 8rad/s
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16-22. The disk is originally rotating at wy = 8 rad/s. If it wy = 8rad/s
is subjected to a constant angular acceleration of
« = 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’ = w} + 20, (0 — 6p)

w2

(8 + 2(6)[2(2m) — 0]

® = 14.66 rad/s

vg = wr = 14.66(1.5) = 22.0 ft/s Ans.
ag), = ar = 6(1.5) = 9.00 ft/s* Ans.
(ap); (

ag), = or = (14.66)%(1.5) = 322 ft/s? Ans.
( B)n

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, 6,4 = (400 rev)< ;T r:i,

) = 8007 rad. Since the angular

velocity can be determined from
wa® = (wp)0” + 2ac [OA - (9A)0]
w42 = 07 + 2(40)(8007 — 0)
w4 = 448.39 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,

wprp = WATy

2
wp = wp = <:;‘>wA - <£>(448.39) = 224 rads Ans.
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*16-24. For a short time the motor turns gear A with an
angular acceleration of a, = (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,
re¢ = 40 mm, and rp, = 100 mm, respectively.

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

/ dCL)A = / adt

N t
/ do, = / 30¢12d¢
0 0

t

waly" = 20772

0
Wy = (20t3/2) rad/s

Whent =35s
wy = 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

Wprp = WAy

2
wp = wp = (:Z)W - (%)(223.61) = 55.90 rad/s

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

Wpl'p = Wc'rc

4
wp = (:Z)w - (%)(55.90) = 22.4rad/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, ro = 40 mm, and rp = 100 mm, respectively.

1 mi 2 d
Motion of Wheel A: Here, w, = (3000 ﬂ)( mm)(Lra) = 1007 rad/s
min 60 s Irev

27 rad
1rev
A is constant, it can be determined from

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

wa® = (wp)y” + 20y [9,4 - (OA)O]
(1007)% = 07 + 2a,4 (4007 — 0)
ay = 39.27 rad/s?
Thus, the angular velocity of gear A whent = 3 sis
wy = (a)A)O + 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

wprg = WRTry

—wp= 2o, = (g)(11781)—2945rad/5
wc wp s w 4 100 . .

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

Wplrp = Wcrc

op = (:Z)“’C _ <%>(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 wgz = 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 = wpre = 5.00(4.243) = 212 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 = Va* + a& = V0 + 106.07> = 106 ft/s Ans.
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16-27. For a short time, gear A of the automobile
starter rotates with an angular acceleration of
ay = (4506 + 60) rad/s?, where ¢ is in seconds. Determine
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,
/ de/ aAdt
wy t
/ dw, = / (4502 + 60)dt
0 0

oy !
Wy = 1506 + 60r i

= (1507 + 60r) rad/s p=0°olm

Whent = 2, )'VJ;

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

/ dBA = / (Op} dl
. p T
/ do, = /(150t3 + 60¢)dt
0 0

04
0,40

t
= 37.5t* + 302

0
Q
= (37.5¢* + 30¢%) rad (@

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=wArA=a)BrB

’'a
wWp = Wy —
I'p

0.01
= (1320)<0025>
= 528 rad/s Ans.
GB - 9A<rA>
r'p
0.01
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 a4, = (50w"/?) 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
Ja-]
ay
! @A de
dt = —
A A SO(I)A 12

t 1 “a
~ o,

t’o = 25

0

wy = (625t2) rad/s

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

/ dBA =
04
K 9, = A (625¢)dr

t

Q)Adf
t

o = 20833

04

0
64 = (208.33%) rad

2 d
When 0,4 = 50 rev( 7 ra
1rev

) = 1007 rad,
1007 = 208.33¢
t=1147s

Thus, the angular velocity of gear A att = 1.147 s(6,4 = 1007 rad) is
ws = 625(1.147%) = 821.88 rad/s
Motion of Gear B: Since gear B is meshed with gear A, Fig. a, then

Vp=a)ArA=wBrB

'
wp — W —
B A rs

0.01
= 821.88(700025)

= 329 rad/s

l

Ans.

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

(rB)max = (rA)max = 50\5 mm
(rB)min = (rA)min = 50 mm
When r , is max., r is min.

wp(rg) = wary

(s = (1) = 6(505\(@

(@B)max = 849 1ad/s
Ve = (wB)max rc = 849(005\/5)

ve = 0.6 m/s

100

Ans.

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

wpalg = wplp
21.5(125) = wp (20)
wp = wg = 134375
Wprp = WETE
134.375(175) = wg(30)
wg = 783.9 rev/min

wr = 784 rev/min

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

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 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? = 0} + 2a, (0 — 6y)

w2 — (12)2 + 2(8)(2 _ O) ¥y i 125 mm rp i 175 mm
rp =20 mm rg =30 mm

® = 13 266 rev/min
wWprp = Wprp
13266(125) = wp (20)
wp = wp = 82.916
Wprp = WETE
82.916(175) = wg(30)
wp = 483.67

wp = 484 rev/min Ans.
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*16-32. The drive wheel A has a constant angular velocity
of w4. 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

r'a
wWpaly = WgFrpOr Wp :TC()A
B

During time dt, the volume of the tape exchange between the wheel is

—27Tr3dr3=27TrAdrA

drB = —<rA>drA
rsp

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

BT 4 dr

=
B

Substituting Eq.[1] into [2] yields

rﬁ-ﬁ-r% dry
w=ol\ "5 Sa

The volume of tape coming out from wheel A in time dt is
27TrAdrA = (wArAdt)T

drA_a)AT

dt 21

Substitute Eq.[4] into [3] gives
2

T
ag = ;;r% (r%‘ + r%)

de d|:I’A :| (1 drA rAdrB
— — = wy

1]

(2]

[31

[41

Ans.

o7

=N
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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 « = (1.5¢') rad/s?, where ¢ is in seconds,

determine the magnitude of the angular velocity and the

angular displacement of the rod when ¢ = 3 s. 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(7y) m, where the argument for the

sine is given in radians and y is in meters.

z=0.25 sin (my)

do = adt

® t
/ do = / 1.5¢" dt
0 0

o =15 = 1.5[¢' — 1]

df = wdt

0 t
/d9=1.5/[ef—1}dz
0 0

6 = 15[e" — 1]y = 1.5[¢' — 1 — 1]

Whent =35
o =15[e’ — 1] = 28.63 = 28.6 rad/s Ans.
=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(1.532)> + (204.89)

ap = 205 m/s? Ans.
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16-34. If the shaft and plate rotate with a constant
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
unit vector that defines the direction of w is

—0.3i + 0.2j + 0.6k 3'+2'+6k
Uoa = = 1T )Tz
V(=032 +02+06 7T 10 7
Thus,
3, 2, 6 . .
w = owup, = 14 —7l+7.]+7k = [—6i + 4j + 12Kk] 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

Ve =w X r¢
= (—6i + 4j + 12k) X (—0.3i + 0.4j)
= [-4.8i — 3.6j — 1.2k] m/s Ans.
and
ac = a Xr¢
=0+ (—6i + 4j + 12k) X [(—6i + 4j + 12k) X (—0.3i + 0.4j)]

= 4i — 64.8j + 40.8k|m/s ns.
[38.4i — 64.8j + 40.8k]m/s? Al

0.4 m y
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16-35. At the instant shown, the shaft and plate rotates z
with an angular velocity of w = l4rad/s and angular
acceleration of @ = 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 * 0.4m g
—03i + 02j + 0.6k 3..2..6, ‘
Upy = TTLrT )Ty
V(=032 +02+06 7T 10 7

Thus,

3 2 6
® = wlgy = 14(—7i + 7.] + 7k) = [—6i + 4j + 12Kk] rad/s

3 2 6
a=algy = 7<*;i + 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

Vp=w X rp

(—6i + 4j + 12k) X (=0.3i + 0.4j)

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

and

aD=oz><rD—w2rD

(—=3i + 2j + 6k) X (—0.3i + 0.4j) + (—6i + 4j + 12k) X [(—6i + 4j + 12k) X (—0.3i + 0.4j)]

= [-36.0i + 66.6j + 40.2k]m/s’ Ans.
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*16-36. Rod CD presses against AB, giving it an angular
velocity. If the angular velocity of AB is maintained at
® = 5 rad/s, determine the required magnitude of the
velocity v of CD as a function of the angle § of rod AB.

Position Coordinate Equation: From the geometry,

2
x=——=2coth
tan 6

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

dx , . do
o 2csc” 0 o
d do
However,df); = vand i 5rad/s, then from Eq. [2]

v=—2csc?0(5) = (—10 csc20)

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

positive x.

(1]

(2]

Ans.

X

=5 md/s

ft

*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 =4cos6 y=4sinf
Time Derivatives:
X = —4sin 60 However, x = —v, = —1.5ft/s
. - 0375
—1.5 = —45sin 00 0 =—

sin 0

. . 0.375
y =wv, =4cos0f = 4cost9(,7) = 1.5cot6

sin 6

Ans. (UA=I'5ft/5

N
I
| A | N
e
N O
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16-38. The block moves to the left with a constant
velocity vo. Determine the angular velocity and angular
acceleration of the bar as a function of 6.

Position Coordinate Equation: From the geometry,

x=—2 = 4coth [
tan 6

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

d de
di)tc = —acsc? QE [2]
. . . dx do
Since v, is directed toward negative x, then o = —wv,. Also, m = w.
From Eq.[2],
—vy = —a csc? (o)
Vo Yo .

= —sin%6 Ans.

w = B
acsc’ 0 a

dw .
Here, a = o Then from the above expression

vy . do
= —(2sinf 0)— 3
@=- (2 sin 6 cos 6) ar [31]
. . d@ vy . 2 . .
However,2 sin 6 cos # = sin 20 and w = m = o sin” #. Substitute these values into
Eq.[3] yields
Yo . Yo ., v\? . .2
a =—sin20( —sin“d | = | — | sin 20 sin” O Ans.
a a a
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16-39. Determine the velocity and acceleration of platform
P as a function of the angle 6 of cam C if the cam rotates with
a constant angular velocity . The pin connection does not
cause interference with the motion of P on C.The platform is Cc
constrained to move vertically by the smooth vertical guides.

P

TSRS
NI LN T AN S

Position Coordinate Equation: From the geometry.
y=rsinf +r [1]
Time Derivatives: Taking the time derivative of Eq. [1], we have

dy de
o rcosBE [2]

dy do rﬂ -
However v = —and w = —. From Eq.[2],
dt dt M \
v = wrcos 6 Ans. r 4
D

w

Taking the time derivative of the above expression, we have

dv_ { (—sin0) % + ed—“’}
o rl w(—s ar cos ar
d
= r(cos 6 de: — w®sin 9) [4]
dv dw
However a = m and o = oo 0. From Eq.[4],
a= —w’rsinf Ans.

Note: Negative sign indicates that a is directed in the opposite direction to that of
positive y.
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*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 vc = 5 m/s. How many revolutions
will A rotate about its center just after link DC completes
one revolution?

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,

s =0ur
&:éAr
5 = wy (0.15)

w, = 333 rad/s
Link
s'=2r0cp=s=04r
20cp = 624

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 6 = 30°.

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

0.6sin # = 0.15 + 0.3 sin ¢ [2]

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

x =0.6cos0 + 03V2sinf — 4sin?0 + 0.75 [3]

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

0.15(2 cos 6 — 4 sin 20 s _
ﬂ = [—0.6 sin 6 + ( ) }d@ [4] 0Bm
d \V2sin 6 — 4sin’9 + 0.75 ] dt
d do
However, & ve and — = wyp, then from Eq.[4]
dt dt
. 0.15(2 cos 0 — 4 sin 20)
ve=| —0.6sin0 + W [5]
\V2sin@ — 4sin% + 0.75

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

0.15(2 cos 30° — 4 sin 60°)
/2 sin 30° — 4sin?30° + 0.75

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

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

do do
0.6 cos 0 - 0.3 cos ¢ ar [6]
do
However, o wsc and v then from Eq.[6]
2 cos 0
wpc = ( cosd >wAB [71

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

2 cos 30°
wWpc = (m)(S) = 10.0 rad/s Ans.

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 v,, determine the velocity of B as a
function of 6.

Position Coordinate Equation:

h
tanf = — = —
x oy

Time Derivatives:

h —Y
vg = (E)UA Ans. J
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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 w and angular
acceleration « of the bar as a function of its position x.

Position Coordinate Equation: From the geometry.
r
= 1
Y Sing 1
Time Derivatives: Taking the time derivative of Eq.[1], we have
dx rcos 6de
= [2]

dt - r sin’ 0 dt

. L .\ dx do
Since v, is directed toward positive x, then ar = v,. Also, m = w. From the
2 2

. r X r . .
geometry, sin § = — and cos § = ————. Substitute these values into Eq.[2], we
X X

have
r( Vx? -2 x)
U o
< 4 > Ans
w=—|— .
xVx2 -2 A
Taking the time derivative of Eq. [2], we have
d? 1+ cos?0\/do\? d*0
7)2{ =— rz - €08 (—) — cosf—— [3]
dt sin“ 6 sin 6 dt dt

2 2
i a = 0and i Substitute into Eq.[3], we have

r 1+cos’0) ,
0=—5 - w” — acos 6
sin” 6 sin 0
1 + cos? 6
a= ( cos >w2 [4]
sin 6 cos 6

2 r2

Here,

v4. Substitute

r
and w = - —F—
()c\/x2 - r2>

However, sin 6 = %, cos 6 =
these values into Eq.[4] yields

r(2x% — r?
a = |:()Jv%4 Ans.

x2(x2 _ }’2)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
_ . _ 2 (] N S R e
® = 4rad/s and an angular acceleration & = 2 rad/s”. W:I

Q

Position Coordinate Equation: From the geometry,

x = 0.12sin0 + 0.15 [1]

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

dx de >
a 0.12 cos 6 m 2]

dx do
However v = ar and w = R From Eq.[2],

v = 0.12w cos 0 [3] ©

At the instant 6 = 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 do d
j; = 0.12{w(—sin 0) m + cos Odf(:}
= 0.12(0059@ — w’sin 9) [4]
dt
dv dw
However a = m and o = e From Eq.[4],
a= 0.12(a cos @ — w’sin 0) [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 # m
Time Derivative: Taking the time derivative,
Ve = Xc = (—0.6 sin Hé)m/s @
When 0 = 30°,é = w = 10 rad/s Thus,

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

The time derivative of Eq. (1) gives

ac = Xc = —0.6(sin 66 + cos %) m/s?

When 6 = 30°,0 = o = 2 rad/s?, and 6 = 10 rad/s. Thus, @)

ac = —0.6[sin 30°(2) + cos 30°(10%)]

—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 « = 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 6 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 ¢ = 0.6 sin (§))

When 6 = 30°,

¢ = sin~! (0.6 sin 30°) = 17.46°

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

cos d)(i) = 0.6 cos 09 ()
0.6 cosf -
=hp=—"""9p
wpc = ¢ cos ¢

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

0.6 cos 30°

“oos 17.46° (10) = 5.447 rad/s = 5.45rad/s Ans.

wpe = ¢ =

The time derivative of Eq. (2) gives
cos dm; — sin ¢(ﬁ2 = O.6(cos 00 — sin 0é2>
O.6<cos 06 — sin 662) + sin ¢?

cos ¢

ape = ¢ =

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

aBc = cos 17.46°

= —21.01 rad/s? Ans.

The negative sign indicates that agc 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
at the instant 6 = 60°.

Position Coordinates: Applying the law of cosines to the geometry shown in Fig. a, LJ L
2 =3 + 5 — 2(3)(5)cos (180°—6) |
s* = 34— 30cos (180°—0)
However, cos (180°—0) = —cos 0. Thus,

s> =34 + 30 cos 0

Time Derivatives: Taking the time derivative, ~

2s5 = 0 + 30(—sin 69)

s§ = —15sin 60 ) 60~ &S/,
When 6 = 60°,s = V34+30cos 60° = 7m.Also,§ = —0.15 m/s since s is directed =
towards the negative sense of s. Thus, Eq. (1) gives
7(—0.15) = —15sin 60°9 e
w =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 = 62 + 62—2(6)(6)cos 0
§? = <72— 72cos 6) m?
Time Derivatives: Taking the time derivative,
2s5 = 0—72(—sin 66)

5§ = 36 sin 09 @

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 092> ?)
Since § is constant,’s = 0. When 6 = 60°.
6(0) + (—0.5)2 = 36[sin 60° 6 + cos 60° (—0.09623)2}

a =0 = 0.00267 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 w = 10rad/s, determine the velocity
and acceleration of rod CD at the instant § = 30°.

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

xg = 3cosfft

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

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

vep = —3sin30°(10) = —15ft/s = 15ft/s — Ans.
Taking the time derivative of Eq.(1) gives
acp = Xp = —3<sin 00 + c05692>

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

acp 73{5111 30°(0) + cos 300(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 w = 10rad/s, determine the velocity
and acceleration of rod EF at the instant 6 = 30°.

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

yg = 3sin Oft

Time Derivatives: Taking the time derivative,

ver = Y = 3 cos Géft/s @

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

ver = 3 cos 30°(10) = 25.98 ft/s = 26 ft /s Ans.

The time derivative of Eq.(1) gives

agp = Yp = 3{cos 00 — sin 992} ft/s2

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 § = 30°.

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

§2 =157 + 122 — 2(15)(12) cos 6

s = (369 — 360 cos 6) ft? (8))
15 ft

Time Derivatives: Taking the time derivative,

2s§ = 360 sin 60

s§ = 180 sin 60 ) B 1294
. 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

. [
7.565(1) = 180 sin 30°6 A I &
6 = 0.0841 rad/s Ans. /5 fe j
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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)

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

_ Lsin(¢ —0)
ta = sin ¢

Time Derivative: Taking the time derivative,

_ L cos (¢ — 6)(—6)

X4

sin ¢
. L cos (¢ — 6)6
VA= Xy = T @
sin ¢
Since point A is on the wedge, its velocity is v, = —v. The negative sign indicates

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

o — v sin ¢ A
"~ Lecos (¢ — 6) s
*16-53. At the instant shown, the disk is rotating with an
angular velocity of w and has an angular acceleration of a.
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 6
.1 1 NN
vg=S§ = 5(34 — 30 cos 6) 2(30 sin 6)0
15 wsin 6
v = wisml Ans.
(34 — 30 cos0)’
(—l)(IS sin 0)(30 sin 00)
. 15 w cos 660 + 15w sin 6 2 @
agp = § = + 3
V34 = 30cos 6 (34 — 30 cos 0)?
15 (w? cos 8 + asin 6) 225 w? sin” 0
= - Ans.

(34 — 30 cos 0): (34 — 30 cos 0)?
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16-54. Pinion gear A rolls on the fixed gear rack B with an
angular velocity @ = 4 rad/s. Determine the velocity of the
gear rack C.

Vc = VB + VC/B

(&) ve =0+ 4(0.6)

ve = 2.40 ft/s Ans.
Also:
Ve = Vgt o X1¢/B
—vci= 0+ (4k) X (0.6j)
ve = 2.40 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

031t

Vc = Vg + Vc/B

(B)  -4=8-06w) B
o = 20rad/s Ans.

Vg = Vp + VA/B

(B)  vy=8-2003)
vy =2ft/s — Ans.
Also, Ve =4ftls L%/B
vC=vB+w><rC/B
( 0-0ft
—4i = 8i + (wk) X (0.6]) E
—4 =8 — 0.6w
The =845
® = 20rad/s Ans.

VA:vB+w><rA/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.

Vq = Vp + VA/D

2] -0+ [oas)

(i») 2=150 o = 133rad/s

Vo =Vp + Ve/p

e |0+ 1m0

(i‘») ve = 1.33ft/s — Ans.

*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)}
(i>) 2=050 = d4rad/s

Vc = Vp + Vc/D

SR
($) ve = 4ft/s — Ans.

o Vap=wrg

Ip
= w(0.5)
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16-58. A bowling ball is cast on the “alley” with a w = 10rad/s
backspin of w = 10 rad/s while its center O has a forward
velocity of vp = 8 m/s. Determine the velocity of the
contact point A in contact with the alley.

vo=8m/s
Vqa = Vo + VA/O

(=) =

Va

VA:VOJF(UXI'A/O f-\lu 6m/5
o 0~

8 + 10(0.12)

920 m/s — Ans.

i =28+ (10k) X (—0.12j 4
vai = 8i + (10K) X (~0.12)) o
(i)) va=920m/s — Ans. 7% W
Thro
W=/0rad/fs
p
o12m
A

Rio Vi Wi
=/0(0-12)

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,

Vg =Vc + o Xr1p/c
3i = —4i + (—ok) x (2.25§)

3i = (2.250 — 4)i

Equating the i components yields ?
W)
3= 2250 — 4 ) x( SR
fomnn 34t/s
® = 3.111 rad/s Ans. (2) > o
/-5+/-55m g 1 %
For points O and C, =256/ ft A\ ‘ 2.25ft .
+ o X The |
Yo = V¢ w ro/C N—
—’L‘S'
= —4i + (-3.111k) x (1.5)) Ve=44Ys
1'5Cas45°= 1. 06/ f¢
= [0.6667] 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,
Vg = Vc T o X Ipc
3i = —4i + (—ok) x (2.25))
3i = (2250 — 4)i
Equating the i components yields
3=2250 — 4
o = 3.111 rad/s
For points A and C,
VA=Vt o XTryce
(va)ei + (va),j = —4i + (-3.111k) x (—1.061i + 2.561j)
(va)ei + (va),§ = 3.9665i + 3.2998
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),> = V39665 + 32998 = 5.16 ft/s

and its direction is

_ (VA)y _4f 3.2998 .
6 = tan! (VA)X = tan 1(3.9665) =398

@
(2)

Ans.

Ans.

R S
/-5+/-55m K: 1 %
=256/ ft . ; 2.25ft
m/c ‘
|

4'} t/S 9—(\/
1'5Cas45°= 1. 06/ f¢

(@)
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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
wup = 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 vg = w4 r 5 = 6(0.075) = 0.450 m/s and
ve = wcp rep = 0.15w¢p. At the instant shown, vy and v are directed toward
negative x axis.

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

Ve = Vp + [0F: 6l X rC/B ﬂ#
—0.450i = —0.15wcpi + (wpck) X (0.08660i + 0.05§)
X, ’Uc=0-/5wcp
—0.450i = —(0.05wgc + 0.15wcp)i + 0.08660wpcj
Eeuating and i . T2
quating i and j components gives
Wae
0 = 0.08660wg:  wpc =0 V= 0-450m]s Z.
—0.450 = —[0.05(0) + 0.15wcp]  wcp = 3.00 rad/s ) 04m

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

rE 100
or = o =55

p )(3.00) = 12.0rad/s Ans.
F
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16-62. Piston P moves upward with a velocity of 300 in./s
at the instant shown. Determine the angular velocity of the
crankshaft AB at this instant.

From the geometry:

1.45 sin 30°
cos ) = % 0 = 81.66°
For link BP
vp = {300} in/s vg = —vgcos 30° + vpsin 30°% w = —wgpk

rp/p = {—5cos 81.66°1 + 5 sin 81.66°%} in.
Vp =Vp T @ XTpsp
300j = (—vgcos 30°i + vpsin30°%) + (—wppk) X (—5cos 81.66°1 + 5 sin 81.66°)
300j = (—vpcos 30°% + 5sin 81.66°wpgp)i + (vpsin 30° + 5 cos 81.66° wpp)j
Equating the i and j components yields:
0 = —vpgcos 30° + 5 sin 81.66° wgp @
300 = vpsin 30° + 5 cos 81.66° wgp ?2)
Solving Egs. (1) and (2) yields:
wpp = 83.77 rad/s vp = 478.53 in./s
For crankshaft AB: Crankshaft AB rotates about the fixed point A. Hence

Up = WABT AB

478.53 = wyp(1.45)  wyp = 330rad/s D Ans.

vp = 300 in. /s

!

5in.

1.45530°in .

50"/{ 1-45in.
’UP= 00 in,/5
A
wﬁf’ v
o P
9=6164" BN

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.

16-63. Determine the velocity of the center of gravity G
of the connecting rod at the instant shown. Piston P is

moving upward with a velocity of 300 in./s.

From the geometry:

cosf = % 6 = 81.66°

For link BP
vp = {300} in/s vg = —vpgcos 30°% + vpsin 30%
rp/p = {—5cos 81.66°1 + 5 sin 81.66°} in.

Vp:VB+le‘P/B

w = _(,()Bpk

300j = (—vgcos 30°% + vgsin30%) + (—wgpk) X (=5 cos 81.66° + 5 sin 81.66°%)

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

Equating the i and j components yields:
0 = —wvpcos 30° + 5sin 81.66° wpp
300 = vpsin 30° + 5 cos 81.66° wgp
Solving Egs. (1) and (2) yields:
wpp = 83.77 rad/s v = 478.53 in./s
vp = {300} in/s o = {—83.77k} rad/s
rgp = {225 cos 81.66°1 — 2.25 sin 81.66°} in.

VG:vP+w><rG/P

= 300j + (—83.77k) X (2.25 cos 81.66°1 — 2.25 sin 81.66°)

= {~186.49 + 272.67j} in./s

v = V(—186.49)> + 272.67> = 330in./s

272.67
= 71 = o
6 = tan (186.49) 55.6° =~

@
(2)

Ans.

vp = 300 in. /s

A
30’

5in.

1.4551n30°In.
[.45in.

VYp=300in /s

225M.
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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, wg = 0, and the sun gear S 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 =20

VBZVA+L0XI'B/A

0 = —400i + (w0, k) X (80j)

0 = —400i — 80w, i

wp = —5Srad/s = Srad/s Ans.
Vc = Vgt o X1¢/B

ve = 0 + (=5k) X (—40j) = —200i

200
®a= 00" 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+erB/D
vi =0+ (—wk) X [(R - 1)j]

vi = w(R — r)i

Equating the i components, yields

v

= o(R — —

v = o r) w=2_

Using this result,
VO_VPJ'_wer/P
12
=0+ |- k | X Rj
R
vOz(R—r y— Ans.

=2R ‘
M VA
w
f (o %
X B
U=V
,;/p'R/ ' P ré/f’=ﬁ_rv
(&)
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16-66. Determine the velocity of point A on the outer rim A
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. (/ 19)
r
R

e
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+a)XrB/D
vi =0 + (—ok) X [(R — rj]
vi = w(R — r)i
Equating the i components, yields
2
v=w(R —r) w =
R—r -.-ZR,
A A
d Va
Using this result, w
Va=Vpt+t o Xryp { <0 Vo
X B
-0+ <—Vk> X 2Rj U=V
-r

Thus,

2R
Vg = < >v—> Ans.
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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
® = 3rad/s, which causes it to slip at its contact point A.
Determine the velocity of point A.

o =3rad/s

Vg = Vo + VA/C

BRAN[EE

vy = 251t/s < Ans.

Also,
VA:VC+erA/C

26

va = 4i + (-3k) X (—Ej)

va = 4i — 6.5i = —2.5i

vy = 25ft/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

vp = wuapTap = 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 =Vt o Xrep

vei = (0.6 cos 30°1 — 0.6 sin 30%) + (wpc k) X (—0.2 sin 30°%i + 0.2 cos 30°%)
vel = (0.5196 — 0.1732wpc0)i — (0.3 + 0.1wpc)j

Equating the i and j components yields:

0=03+ 0lwgc 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]ft/s
ve = wepr X rpe = (wepek) X (=61 + 0.75§) = —0.75wcpei — 6wcpi
VE = wcpg X I'pg = <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 = Vgt wpc X 1¢/p
—0.75wcpei — 6weprj = —40j + (wpck) X (=7.5co0s 75°i + 7.5sin 75° j)
—0.750cpEi — 6weprj = —7.244wpc i — (1.9411wpge + 40)j
Equating the i and j components
—0.75wcpe = —7.244wpc )
—6wcpr = —(1.9411wpc + 40) 3) l—
X

Solving Egs. (1) and (2) yields

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

Substituting the result for wcpg into Eq. (1),

v = 0(6.898) = [41.39j] ft/s v
¢ ®)

Thus,

v = 41.41ft/s T Ans.
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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+w><rB/C

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

vpj = (3464w — 2)i + 20j

Equating the i and j components yields

0 =34640 — 2
Vg = 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 vc = 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:VCJ’_wxrB/C

vpj + —2i + (—wk) X (—4 cos 60°i + 4 sin 60° j)
vgj = (3464w — 2)i + 2wj
Equating the i components yields

0 = 34640 — 2 o = 0.5774 rad/s

Then, for points A and C using the result of w,
Va=Vet o Xryc
(V)i + (va)yJ = —2i + (—0.5774k) X (4 cos 60°i + 4 sin 60° j)
(Va)ei + (va)yj = —1.1547j

Equating the i and j components yields

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

Thus,

vy = (va), = 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.

a
wpp = 181ad/s 300 mm

vp = rppwpg = (0.5)(18) = 9m/s

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

Vp=Vpt+ o Xrpp

9j = 0 + (—wpk) X (—0.1i)

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

Vp =Vp + o Xtpp

vpj =0 + (—90Kk) X (—0.4i)

vp = 36m/s |
_vp 36 _
wy = 02 180rad/s Ans.
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¢16-73. If link AB has an angular velocity of
w4p = 4 rad/s at the instant shown, determine the velocity
of the slider block F at this instant. Also, identify the type of
motion of each of the four links.

Link AB rotates about the fixed point A. Hence
vp = wapTap = 4(2) = 81t/s
For link BD
vg = {—8 cos 60°i — 8sin 60° j} ft/s Vp = —vpi
rpp = {1i} ft
Vp = Vg + wpp X Ipp
—vpi = (=8 cos 60°i — 8sin 60°%) + (wppk) X (1i)
—vpi = —8cos 60°i + (wgp — 8 sin 60°)j
($) —vp = —8 cos 60° vp = 4ft/s
(+1) 0= wgp — 8sin 60° wgp = 6.928 rad/s
For Link DE

vp = {—4i} ft/s wpg = wpe Kk Vg = —vgi
rg/p = {2 cos 30° + 2 sin 30°j} ft
Vg = Vp T wpp X Xg/p
—vgi = —4i + (0ppk) X (2 cos 30% + 2 sin 30%)
—vgi = (=4 — 25in30° wpp)i + 2 cos 30°wpj
(B)  0=2cos30°wpp wpg = 0

(+1)  —vg = —4 — 25sin 30°(0)

wpp =

Vg = 4f‘[/S <«

(0527 k

E
I Wep
% A
60 i 4
| i#t
V=85
Ans.
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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
center G.

Vg = Vp + VG/B

[vo]-[2]+ 120

vg = 9m/s «—

Also:

V6 = Vgt w X158
vgi = 3i + (8k) X (1.5j)

VG:3_12

vg = -9m/s = 9m/s <

Ans.

Ans.

Vg1 10 s
- c/.iimlé) _8rads

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
an observer on the ground.

Vg = Vg + VG/B

o[- ]

® E=5.33rad/s 9

Also:

Vg = Vgt w XI5/
0i = 8i + (wk) X (1.5))
0=8- 15w

8
W=

5= 533rad/s D

Ans.

Ans.

15m
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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 o = 10 rad/s, determine the velocity of
point C at the instant shown.

B
Qa0 =10

Im

rad /\/
D

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

VBZO)XrB

(—=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,

sin¢  sin 135°
0.5 1

¢ = 20.70°
Applying the relative velocity equation to the kinematic diagram of link BC shown
in Fig. c,
VYp = V¢ + (076l X rB/C
3.536i + 3.536j = vci + (—wpc k) X (—1co0s20.70°i + 1 sin 20.70° j)
3.536i + 3.536] = (v¢ + 0.3536wpe)i + 0.9354wpc j
Equating the i and j components yields,
3.536 = v¢ + 0.3536wpc

3.536 = 0.9354wp

Solving,

wpc = 3.780 rad/s Ans.

ve = 2199 m/s Ans.

«)
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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 wy = 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 <
Ve = wprp = 10(0.045 + 0.045 + 0.075) = 1.65 m/s —

General Plane Motion: First, applying the relative velocity equation for O and P’
and referring to the kinematic diagram of planet gear A shown in Fig. a,

Vo = Vp + wsq X10/p
—2.4i = 1.65i + (—w4 k) X (—0.045j)
—2.4i = (1.65 — 0.045w 4)i

Thus,

—24 = 1.65 — 0.045w 4

w, = 90rad/s Ans.

Using this result to apply the relative velocity equation for P’ and P,
Vp = Vp + [OP) X rP/P'
—0.075wgi = 1.65i + (—90j) X (—0.09j)

—0.075wgi = —6.45i

Thus,

—0.075w; = —6.45 wg = 86rad/s Ans.

45 mm

X

0.09m
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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(05

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,

Yo = Vpr + [OP) X 1'0/Pr
0-045m

24i = 0 + (wqk) X (—0.0455)

2.4i = 0.045w 4 i

Vp=0-075 g

Thus, @)
2.4 = 0.0450,,

wy = 5333 rad/s = 53.3rad/s Ans.

Using this result to apply the relative velocity equation for points P’ and P,
Vp = Vp + wy X Yp/pr
0.075wg i = 0 + (53.33k) X (—0.09j)
0.075wg i = 4.8i
Thus,
0.075wg = 4.8 Ans.

wg = 64 rad/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
velocity of the center B of gear C is

VB = WAB Y AR = 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,

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

—3.75i

—0.125wi

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

v = waprg = 10(0.375) = 3.75 m/s

Vp = wplp = 5(05) =25 m/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
=3.75i = 2.5i + (wck) X (0.125j)
=3.75i = (2.5 — 0.125w()i
Thus,
—3.75 =25 = 0125w¢

wc = 50rad/s Ans.

572




© 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.

¢16-81. If the slider block A is moving to the right at
v, = 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, vz = vy j and
vc = —vucj. 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 + 4 sin 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

VB =Vat @app X Tpia
vgj = 8i + (wapp k) X (2.828i + 2.828j)
vpj = (8 — 2.828w,pp) i + 2.828w4ppj
Equating i and j components gives
0=8—2.828wapp 1

Up = 2'828wADB [2]

Solving Eqgs.[1] and [2] yields

w pp = 2.828 rad/s
vp = 8.001ft/s 1 Ans.
The x and y component of velocity of v/, are given by
Vp = Va4 + wapp X Ipj 400 fYs
(vp)si + (vp)yj = 8i + (2.828k) X (1.414i + 1.414j)
(Wp)ei + (up),j = 4.00 + 4.00] Wep 4 00 s
Equating i and j components gives

(vp)s = 400ft/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.
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16-82. Solve Prob. 16-54 using the method of
instantaneous center of zero velocity.

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

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

= 1.33 rad/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 =gy = Srad/s D Ans.
ve = (5)(40) = 200 mm/s
200
Wy = M = 1.67 rad/s 5 Ans.
T¢
£ e,
Vp:‘fmm/’"/;
¢16-85. Solve Prob. 16-58 wusing the method of = 10rad/s
instantaneous center of zero velocity.
_ 8 0.8
rOI/C_E_ -61m vo=8m/s
vy = 10(0.8 + 0.120) = 9.20 m/s Ans.
Ic
. Fose
rA’hc
/ y=8m/s
} ] f w=/0radfs
{ Va
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16-86. Solve Prob. 16-67 wusing the method of
instantaneous center of zero velocity.

o =3rad/s

4
rc/lc = = 5 = 1.33 ft
26
rape = =1, ~ 1331t = 0833t
vyq = 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°

rejic = 0.34641 m

rg/lic 02

sin 30°  sin 30°

rB/,C =02m

0.6
w—EfBrad/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
horizontal surface. If the velocity of the center of the wheel
is vc = 2 ft/s to the right, determine the velocities of points
A and B at the instant shown.

Ve = Wrejic

-3

o = 8rad/s
Vg = or = 8(2) =733ft/s — Ans
B = Wrp/ic 12 . .
3V2 W
VA= @ c = 8( e > = 2.83 ft/s Ans. A\/&
=2k 1/
0,4 = tan’l(%) =455 Ans. ,'zlﬂ ‘ -
— 6p=45"
3 V"
2L 342
(474 22 R
I Thize 1%

*16-89. If link CD has an angular velocity of
wcp = 6 rad/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

0.6
Vp = Wpgc rB/IC = (1039)(005 300) = 7.20 m/s
v 7.20

wAB:rAl;:<0,6):6rad/S 5 Ans.

sin 30°
ve = wpc reue = 10.39V/(0.6 tan 30°)% + (0.3)2 = 4.76 m/s Ans.

0.3

=tan | ———— | = 40.9° Ans.
6 = tan <O.6tan30°) 40.9° =~ ns
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16-90. At the instant shown, the truck travels to the right at Tea
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: 7/ must be determined first in order to locate the the
instantaneous center of zero velocity of the pipe. =0 rad/s

Vg = Wrpgc

3 = 6(rp/ic) Ug |

rB/,C =05m

Thus, rg/c = 1.5 = rgj;c = 1.5 — 0.5 = 1.00 m. Then TBl1c

Vg = wrG/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. A

0.125m

—_—
vo=10m/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. a. Here, rg/;¢c = 0.175 m and
r4/ic = 0.6 m. Thus, the velocity of point A can be determined using the similar
triangles shown in Fig. a,

Va Vo
w. = =
rajic Tojic 03m

va _ 10

03 0175

vy = 17.143 m/s —

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

Fajic = 0.6 m

rg/ic = 2(0.6 cos 30°) = 1.039 m

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

Va 17.143
Wyp = = = 28.57 rad/s
AB rA/IC 0.6 /
Then,
VB = WypR rB/IC = 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

repe = V0252 + 0.5 = 0.5590 m

¢ = tan*l(%> = 26.57°

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

w = va _ 4 _ l6rad/s Ans. 025Mm
rA/IC 025
] (
Then,
ve = wree = 16(0.5590) = 8.94m/s Ans. / /’x/zc
and its direction is
osm y, rz
0=d¢ =266 Ans. o
\Lq/k =4 M/$

¢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 = wpcrp = 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 rajic = 0.5657 m

rgjpc = 04tan45° = 0.4 m

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

V4 3
= A 2 _5303rad
CAB T e 05657 rad/s

Then,

VB = ®WapTp/ic

wpe (0.4) = 5.303(0.4)

wpe = 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

12)) 6
= = _—— = 2.667rad
@ rD/IC 2.25 ra /S

Then,

VE = a)rE/IC = 2667(075) = 2ft/S(_ Ans.

2254t ((f@‘ JW'
L

o075t

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 /C can be found using the similar
triangles shown in Fig. a,
rpjic 3 — rpjc

6 = T rD/IC = 1125 ft

Thus,
rojic = 1.5 — rpjyc = 1.5 — 1.125 = 0.3754t

rp/]C =225 — rD/,C =225 — 1.125 = 1.1251t
Thus, the angular velocity of the gear is

Vp 6
= = ——— =5.333rad/s = 5.33rad Ans.
w rope 1125 rad/s rad/s ns.

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

Vg = (UVF/[C = 5333(1125) = 6ft/S <«
Since vp # 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.

—_—

vp = 6ft/s
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*16-96. If C has a velocity of vc = 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 = wW(OIS)

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,

Ueile 0.45
- = 0.5434
sin 58.63°  sin 45° r'c/ic m

'sjic 0.45
= = 0.6185
sin 76.37°  sin 45° "B/IC m

Thus, the angular velocity of rod BC is

Ve

e o 550rad
rene | 05434 rad/s

Wpc =

and
VB = Wpc VB/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.

9 ft

SLET?
X
2oy

el

73

5
AFVA/S
J

33

1H

Kinematic Diagram: From the geometry, 6 = tan”(j) = 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
Vc = Wcpfcp = 6(3) = 18.0 ft/S and VUp = WREVBg = 9124(1)BE At the instant
shown, v is directed vertically while v 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 = Gngaepe | 0083
10
= —— = 60.0ft
feyic tan 9.462°
The angular velocity of link BC is given by
Ve 18.0
= ——=——=0300rad
@sC rc/IC 600 ra /S

Thus, the angular velocity of beam BE is given by

Vg = WpCrp/IC
9.124wgr = 0.300(60.83)

wpr = 2.00 rad/s

The speed of rod hanger H is given by

Vg — WRBEYEA — 200(9) = 18.0 ft/S Ans.

/OOOOOOOOO

Yo =180 Ft/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 = 0.01304

=57.5rad/s D Ans.

va = 57.5(0.05 — 0.01304) = 2.125m/s

2.125
WopA — W = 10.6 rad/s 3 Ans. '?}P—'- k)ﬁ’k
. =200025)=5m]s

Tp12é
Yp'= Wi
= 5(015)
=0.75mfs

16-99. If the hub gear H has an angular velocity
wy = 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
“s =005 15.0 rad/s Ans.
0.75
WR = 0550 = 3.00 rad/s Ans.
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*16-100. If rod AB is rotating with an angular velocity
w4p = 3 rad/s, determine the angular velocity of rod BC at
the instant shown.

4 sin 60° — 2 sin 45°
S 3 S ) = 43.10°.
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 = wuprap = 3(2) = 6.00ft/s and vc = wcprep = 4ocp. 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'p/iC B 3
sin 103.1° ~ sin 75°

rB/]C = 3.025 ft

rcyic _ 3
sin 1.898°  sin 75°

rc/[C = 0.1029 ft

The angular velocity of link BC is given by

vp 6.00
=15 - == _1 =1. Ans.
wpc ranc 3025 983 rad/s 98 rad/s ns.

460" f1
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¢16-101. If rod AB is rotating with an angular velocity
w4p = 3 rad/s,determine the angular velocity of rod CD at
the instant shown.

wyp = 3rad/s
Afs

) = 43.10°.

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

Kinematic Diagram: From the geometry. 6 = sin_1<

always directed perpendicular to links AB and CD, respectively. The magnitude of v,
and VC ar€ vg = wWyplrap — 3(2) = 6.00 ft/S and Ve = Wcptep = 4(0CD. 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

Thiic 3 Fane = 3.025 ft
sin 103.1°  sin 75° BjIC = >

rcjic 3
= = (.1029 f
sin1898°  sm7sc  Tcye = 010291

The angular velocity of link BC is given by

vp 6.00
=——=——=1983rad
@BC rB/IC 3.025 ra /S

Thus, the angular velocity of link CD is given by

Ve = wpclejic

4wcp = 1.983(0.1029)

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:

rejic 0.4

sin 60°  sin 45°

rc/lc = 0.4899 m

r'B/IC 0.4

sin75°  sin 45°

rB/[C = 0.5464 m

=— =1
®BC = 1 Sa6a 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:

r'p/ic 0.4

sin 105°  sin 45°

rB/,C = 0.54641 m

I'pjic 0.4

sin 30°  sin 45°

rD/IC = 0.28284 m

wWpp = m = 1.830 rad/s

vp = 1.830(0.28284) = 0.518 m/s \u 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 w, =10rad/s A \

B at the instant shown.

Rotation About a Fixed Axis: Referring to Figs. @ and b,
Ve = Wy te = 10(015) =1.5 m/s i
Vp = wplrp = (1)3(01) \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

resie = 0.6 sin30° = 03 m

rpjic = 0.6 cos 30° = 0.5196 m

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

Vp 1.5
=P _ =7 _5:ad
®cp repe 03 rad/s

Then,

Vp = Wcp Fpjic 0.lm
0.1) = 5(0.5196
wa(0.1) = 5(0.5196) %
wp = 26.0 rad/s Ans.

(b)
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¢16-105. If crank AB is rotating with an angular velocity
of w,p = 6rad/s, determine the velocity of the center O of
the gear at the instant shown.

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

Vp = Wypptp = 6(04) = 24m/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

Wg
rcjic Toyjic

Ve Yo

02 0.1

Ve = 21/'0

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

0.6

TBIC T o5 60° 12m

reyic = 0.6 tan 60° = 1.039 m

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

VB 2.4
= =" =2rad
[0):7ed rB/IC 12 ra /S

Then,

Vc = wpcTc/ic

2o = 2(1.039)

vo = 1.04 m/s —> Ans.

0.6 m |
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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.

7 a/1c = 0.3 cos 30° = 0.2598 m

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 Ans.
sin ¢ _ sin 60°
0.3 0.2821
¢ = 67.09°
0 = 90° — 67.09° = 22.9° I/ 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/1c = 0.3 cos 30° = 0.2598 m
® = 02508 30.792 rad/s
rgjc = 0.3sin30° = 0.15m
rojpie = V(03)? + (0.15)> — 2(0.3)(0.15) cos 30° = 0.1859 m
vp = (30.792)(0.1859) = 5.72 m/s Ans.
sin ¢ _ sin30°
015  0.1859
¢ = 23.794°
0 = 90° — 30° — 23.794° = 36.2° = Ans.
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*16-108. The mechanism produces intermittent motion of
link AB.If the sprocket § 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 vy is
always directed perpendicular to link AB and its magnitude is
vg = 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

Tpiic 015
sin 105°  sin 30°

rB/IC = (0.2898 m

rc/ic 0.15
- = 02121
sind5°  sin30° | c/cC m

The angular velocity of bar BC is given by

Ve _ 1.05
rc/lc 0.2121

wpc = = 4.950 rad/s Ans.

'Uc=/-05m/s
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©16-109. The disk is moving to the left such that it has an
angular acceleration a = 8rad/s? and angular velocity
® = 3rad/s at the instant shown. If it does not slip at A,
determine the acceleration of point B.

(+1)

Also,

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

ag = ac¢ + aB/C

ap

{i% (3)%(0.5) | +

0.5)(8)
7 30° B 30°

(ag)y = —4 + 4.5 cos 30° + 4sin 30° = 1.897 m/s2

(ag), = 0 + 4.5sin30° — 4 cos 30° = —1.214 m/s

ag = V(1.897)2 + (—1.214)> = 225 m/s?

1.214
6 = tan_1<@> =32.6° %

ag = ac¢ + a X rB/C - a)zl‘B/C

(ap)ci + (ag)yj = —4i + (8K) X (0.5 cos 30° — 0.5 sin 30%) — (3)* (0.5 cos 30°%i — 0.5 sin 30°j)

(ag)y = —4 + 8(0.5sin 30°) + (3)?(0.5 cos 30°) = 1.897 m/s’

(ap)y = 0 — 8(0.5 cos 30°) + (3)*(0.5sin 30°) = —1.214 m/s*

1.214
0= tan_l(@) = 32.6° %

ag = V(1.897)2 + (—1.214)2 = 225 m/s*

®=3rad/s
o = 8rad/s’
D
30° 45°
—=Ac
0.5 m
B
A
\
wW=3rad(*
gl
Ans. a; ~4m /51
Ans. ;W
I81e
. Qs
W =3rad[s
oL =8 radfs*
Ans.
Ans.

(Ag)=1-897mis>
)

(d,, =l:2l4'”/$
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16-110. The disk is moving to the left such that it has an ®=3rad/s
angular acceleration a = 8rad/s? and angular velocity a=8rad/s’
® = 3rad/s at the instant shown. If it does not slip at A, D
determine the acceleration of point D.
45° )

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

ap = a¢ + aD/C ap

ap = [4} + 1 (3%05) | +| 8(0.5) /)

- A 450 45°
(&) (ap). = —4 — 4.55in45° — 4 cos 45° = —10.01 m/s?
(+1)  (ap)y = 0 — 4.5 cos 45° + 4sin 45° = —0.3536 m/s> =4 m/fsz
0.3536
— -1 — o

0 = tan ( 1001 ) 2.02° 7 Ans.

ap = V(=10.01)> + (—0.3536)? = 10.0 m/s Ans.
Also,

ap = ac¢ + a X rD/C - (A)ZI‘D/C
(ap)ci + (ap),j = —4i + (8k) X (0.5 cos 45% + 0.5sin 45%) — (3)> (0.5 cos 45°i + 0.5 sin 45°)
(B)  (ap). = —4 — 8(0.55in 45°) — (3)%(0.5 cos 45°) = —10.01 m/s?

(+1)  (ap), = +8(0.5 cos 45°) — (3)% (0.5 sin 45°) = —0.3536 m/s? pte)y=xr=8005) "le

0.3536
= _1 — = °
6 = tan ( 10.01 ) 2.02° 7 Ans.
ap = V(=10.01)2 + (—0.3536)* = 10.0 m/s Ans.

/0.01mfs> 87202
N
Ay 0.3536 m/s*
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16-111. The hoop is cast on the rough surface such that it
has an angular velocity w = 4 rad/s and an angular
acceleration a = 5 rad/s%. Also, its center has a velocity
vo = 5 m/s and a deceleration a; = 2 m/s?. Determine the
acceleration of point A at this instant.

a, = ap + aA/O

A o =4rad/s
@ = Srad/s?
ap =2m/s? o
o [l vo=5m/s
\0.3m av))re f
B

ay

2]+ [wrpa ]+ [s0s)]
wu=[os] [ +3]

a, = 4.83m/s’ Ans. ay

4.8

=tan '( | =841° Ans.
0 = tan ( 0. 5) 8 & ns
Also,
a, = ap — wer/O +aXry0 (aﬂo)t__.x,v 5
=5(03)m

a, = —2i — (4)%(0.3§) + (—3k) X (0.3j) w=4radfs Re
a, = {—0.5i — 4.8j} m/s’
a, = 4.83 m/s? Ans

4.8 >
6= tan’l(f) =84.1° & Ans ( +8rfs

0.5 a4
*]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 a = 5 rad/s’. Also, its center has a velocity of a = 5rad/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 o

45° || vo =5m/s
ag = Ap + aB/O \ 0.3m
B
a3={2}+ 503) | + | (42(03) e
- P N

ap = [64548] + {2.?33}

ap = 6.86 m/s? Ans.
2.333

0= tan’1(6.4548) =19.9° =

Also:

agp =ap + a X1 — w2r3/0

ag = —2i + (—5Kk) X (0.3 cos 45°% — 0.3 sin 45°)) — (4)?(0.3 cos 45° — 0.3 sin 45°)
ag = {—6.4548i + 2.333j} m/s?

ap = 6.86 m/s? Ans.

tan*l( 2333
6.4548

0

) =19.9°

2333 mfs*
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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

—— > az =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/,C = rB/lC = 00, Thus, WARB = 0. Since wWARB = 0, vy = Vg = 61I1/S Thus, the

6
angular velocity of the wheel is wy = rva =57 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, rp4 = {5j} in..

_ >
ay = ay X Toq — Wy Tog

(—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
ap = a, + asp X Ipq — Waplp/a

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

3i = (10.0ayp + Sow) i + (17.32a45 — 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
ap = 0.4157 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 2 Ans.
vg = 4(2) = 8ft/s

8 2
(ap), = % = 16 ft/s?

aAp = Ay + aB/A

16 |+ | (ap), 34| a@) |+ | 2P
Voo 5 30° L Yeo° < 60°

(5) 16 sin 30° + (ap), cos 30° = 0 + «(4) sin 60° + 16 cos 60°

+M 16 cos 30° — (ap), sin 30° = =3 + a(4) cos 60° — 16 sin 60°
a = 7.68rad/s> D Ans.
(ap), = 30.7 ft/s?

Also,

ag =a, + ayp XIga— wer/A

. e B (8) . .
(ap); cos 30°i — (ap), sin 30°%j + (T) sin 30°1 + (T) cos 30°%j = —3j

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

(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
Tpjpc 25 ayp = 3rad/s? Y

sin30°  sin 135°

B A 45°

rB/IC = 1.7678 ft

10
® = 17678

=5.66rad/s O

(ag), = 25(2) = 50 ft/s’ g C

ac = ag + ac/B

{ac}= 6 +1 50 |+ ] (566225 +| «(2.5)
45° 5 450 A 60° ~ 30°

(&) ac = —6cos45° — 50 cos 45° + 80 cos 60° + a(2.5) cos 30°
(+1) 0= 6sin45° — 50sin 45° + 80 sin 60° — (2.5)sin 30°

a =305rad/s? D

ac = 66.5 ft/s> — Ans.
Also,
vg = 5(2) = 10ft/s
Ve = Vg t Vo
—vei = —10cos 45° + 10sin 45°%) + wk X (—2.5sin 30° — 2.5 cos 30%)
(+1)  0=10sin45° — 2.5 wsin 30°

® = 5.66 rad/s

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

. (10)* NG . . o
aci=— cos 45° — sin 45°j — 6 cos 45°i + 6sin 45°j (Ga), =008 e
=5%2)
— oy — 1 °3) — 20 oy __ ; os =50/L‘/€"
+ (ak) X (—=2.5cos 60° — 2.5 sin 60°j) — (5.66)” (—2.5 cos 60°i — 2.5 sin 60°j)

W=5.66 radjs
(B)  ac=—35355 - 4.243 + 2.165a + 40

(+T) 0 — —35.355 + 4.243 — 1.25«a + 69.282
a =305rad/s?> 9

ac = 66.5ft/s> — Ans.

(ada).t = ,Z/B
(aqa),ﬁ Wit =a(25)

= 566°(28) s
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*16-116. At the given instant member AB has the angular
motions shown. Determine the velocity and acceleration of
the slider block C at this instant.

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

VC:vB+w><rC/B C

<4)' (3) 21i + wk X (=5i — 12j) @

Vel Z 0~ vel 2 )] = <11 [0) —J1 — J

3 5 /Sﬁ/ - 5in.
3

() —08ve =21+ 120 3

(+1)  —0.6vc = 5w

Solving: ‘UB=ZI /'n./S
o = 1.125rad/s

ve = 9.375in./s = 9.38in./s ,‘{’ Ans.
(ap)y = (3)*(7) = 63 in./s* |
(ag), = (2)(7) = 14in./s* «

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

_aC<%)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 = 54.71in./s* ,‘{’ Ans.

a = —3.00 rad/s?
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*16-117. The hydraulic cylinder D extends with a velocity
of v =4ft/s and an acceleration of az = 1.5 ft/s%
Determine the acceleration of A at the instant shown.

vg =4 1ft/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,

I'p/ic = 2 cos 30° = 1.732 ft

Thus,

VB 4
= =~ =2309rad
@ap rB/IC 1.732 ra /S

Acceleration and Angular Acceleration: Here, 1,5 = 2 cos 30°i — 2sin 30°j
= [1.732i — 1j] ft. Applying the relative acceleration equation and referring to
Fig. b,

ay=apt+ asp Xryp— wABer/B
—ai = 1.5] + (—a, k)X (1.732i — 1j) — 2.309%(1.732i — 1j)
—aui = —(ayp + 9.238)i + (6.833 — 1.732a43)j
Equating the i and j components,
—ay = —(ayp + 9.238) @

0 =6.833 — 1.732a 45 (2)

Solving Egs. (1) and (2) yields

o p = 3.945 rad/s?

a, = 1326t/s? «— Ans.
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16-118. The hydraulic cylinder D extends with a velocity
of v =4ft/s and an acceleration of az = 1.5 ft/s%
Determine the acceleration of C at the instant shown.

vg =4 1ft/s

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

Thus,

= 309 ad)s
CABT e L2 T

Acceleration and Angular Acceleration: Here, ry/p = 2c0s30°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 typ — @ap Tap
—ai = 1.5] + (—aspk) X (1.732i — 1j) — 2.309%(1.732i — 1j)
—aAi = _(aAB + 92376)i + (6833 - 1732aAB)j

Equating the i and j components, we obtain

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

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

ac = ag t asp X I¢c/p — wABer/B
(ac)si + (ac)yj = 1.55 + (—3.945k) X (—0.8660i + 0.5j) — (2.309)%(—0.8660i + 0.5j)
(ac)ci + (ac),j = 6.591i + 2.25)
Equating the i and j components,
(ac), = 6.591 ft/s? — (ac), = 2.25ft/s* 1

Thus, the magnitude of a . is

ac = V(ao) + (a0)y? = V65912 + 2.25> = 6.96ft/s> Ans.

and its direction is

(ac) .
0= tanl[(a )y = tan’{%) =18.8° ¢ Ans.
Clx o
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16-119. The slider block moves with a velocity of L
vg = 5 ft/s and an acceleration of az = 3 ft/s?. Determine
the angular acceleration of rod AB at the instant shown.

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

rpc = 2sin30° = 11t ra/ic = 2cos 30° = 1.732 ft
Thus,
5
Wup = B2 Srad/s
rgc 1
Then

Vg4 = Wyp rA/IC = 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
Aln p 1.5

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

= 50 ft/s? and is directed towards the center of the circular

the relative acceleration equation and referring to Fig. b,

ay =agt+ ayp Xryp— PRIV
S0i — (a4)j = 3i + (@apk) X (—2cos 30°i + 2 sin 30°%) — 5%(—2 cos 30° i + 2 sin 30%)

50i — (aA)tj = (4630 - aAB)i + (1.732(1AB + 25)j

Equating the i components,
50 = 46.30 — ayp

aup = —3.70 rad/s? = 3.70 rad/s? D Ans.

600




© 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.

*16-120. The slider block moves with a velocity of L
vg = 5 ft/s and an acceleration of az = 3 ft/s?. Determine
the acceleration of A at the instant shown.

vg=51t/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,

rpic = 2sin30° = 11t ra/ic = 2008 30° = 1.732 1t
Thus,
- 5 (Uz,=’VA
wgp=——=—-=5rad/s

APy pic 1 / @ T

Then I
va = wapranc = 5(1.732) = 8.660 ft/s ;,zzk,
Acceleration and Angular Acceleration: Since point A travels along the circular
slot, the ?orngaém;:omponent of its acceleration has a magnitude of t pah"y\
v .

(a A)n =4 15 = 50 ft/ s? and is directed towards the center of the circular @ l ﬁ:a

,U"" W 2
@)

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

the relative acceleration equation and referring to Fig. b,

ay =apt+ agp X Typ — wap” Ya/B
50i — (a4),j = 3i + (@apk) X (—2c0s 30°i + 2 sin 30% ) —5%( 2 cos 30°% + 2 sin 30% )
50i — (a4).j = (46.30 — aup)i — (1732445 + 25)j
Equating the i and j components,

50 = 46.30—a g

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

(aa) = 1859 /s |

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

and its direction is

6 = tan! ((aA))t = tanfl(%> =204° % 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

ap = 2rad/s’. Determine the acceleration of C and the B >00 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
VB:(J)ABVB:6(O.3):1.8IH/S_) — A

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

asp = 2rad/s
rgic = 0.5sin30° = 0.25 m reyie = 0.5 cos 30° = 0.4330 m
Then,

VB 1.8
= =——="72rad
@BC rB/IC 0.25 ra /S

and

ve = wperese = 7.2(0.4330) = 3118 ft/s

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

— 2
ag = a'gp X ¥gp — wapTp

(—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

ve? 3118
has a magnitude of (ac>,, =< = o1 64.8 m/s? and is directed towards the
p .

center of the circular slot. The tangential component is directed along the tangent of
the slot. Applying the relative acceleration equation,

ac = ag + apc X Iepp — wpcTesp
64.8i—(ac).j = (0.6i — 10.8) + (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,
a pc = —346.59 rad/s? = 347rad/s®> D Ans.
(ac), = —15224 m/s* = 15224 m/s* 1
Thus, the magnitude of a- is

ac aC = \V152.24% + 64.7* = 165m/s? Ans.

and its direction is

6 = tan! ((ac))r = tan_l(lzi§4> = 66.9° 4 Ans.
acln .

‘iSO mm
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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. vqe=15m/s
a, =05m/s?

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

ra/1c = 0.6 cos 60° = 0.3 m

Then

_va _ LS _
WApc = e =03 " Srad/s

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

_ 2
ag = a4 + aspc X Ypq — WapcTB/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 - 0'5196aABC)i + (0.3C¥ABC + 12490)j

Equating the i and j components,

—ag =175 — 0.519a ¢ §))
0 = 03a5c + 12.490 2)

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

ag = —29.13 m/s?
From points B and C,
ac = ag + aspc X I¢jp — wABCZrC/B
(ac)yi + (ac)yj = [~(=29.13)i] + [—(—41.63)k] X (—0.5 cos 30°i + 0.5 sin 30°%) — 5*(—0.5 cos 30°i + 0.5 sin 30%)
(ac)ci + (ac)yj = 29.551 — 24.28 j
Equating the i and j components,

(ac)y = 29.55 m/s? (ac), = —24.28 m/s* = 2428 m/s* |

Thus, the magnitude of a . is

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

and its direction is

(ac) 24.28
6 = tan! |: @ )y = tan’l(ﬁ) =394°<g Ans.
Clx .
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16-123. Pulley A rotates with the angular velocity and 50 mm

. . B
angular acceleration shown. Determine the angular
acceleration of pulley B at the instant shown.

A

w, = 40rad/s
ay = 5rad/s?

Angular Velocity: Since pulley A rotates about a fixed axis,

ve = w14 = 40(0.05) =2m/s T

The location of the /C is indicated in Fig. a. Thus,

Ve 2
= = ——=1143rad
@B rc/]C 0.175 ra /S

Acceleration and Angular Acceleration: For pulley A,

(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
ap =ac + ag X rpc — wprpic

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

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

Equating the j components,

0 =025 - 0175ap

ap = 1.43 rad/s? Ans. Y%
(ac)t=0'25m/"L L)L
‘aE
@) )%
c ! de) (@), Y
=] s
v N w1143 o
0-125m
oljsm
(b)
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*16-124. Pulley A rotates with the angular velocity and
angular acceleration shown. Determine the acceleration of
block F at the instant shown.

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

Ve 2
= = ——=11.43rad
@B rc/]C 0.175 ra /S

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

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

ap =ac + ag Xrpc — ‘UBZVD/C
(ap)pi = (ac),i + 025j + (—agk) X (0.175i) — 11.43%(0.175i)
(ap)ni = [(ac), — 22.86]i + (0.25 — 0.175ap)j
Equating the j components,
0=025-0175a g

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

ap = ac + ag X rpc — wp’rgc
agj = [(ac),i + 0.25§] + (—1.429k) X (0.125i) — 11.43%(0.125i)
agj = [(ac), — 16.33]i + 0.0714j

Equating the j components,

ag = 0.0714 m/s?1 Ans.

50 mm

A

w, = 40rad/s
ay = Srad/s®

605




© 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 = wap (0.3)

The location of the /C for link BC is indicated in Fig. b. From the geometry of this
figure,

rejie = 0.4 m rgyic = 2(0.4 cos 30°) = 0.6928 m
Then
Ve 2
= — % _5rad
@BC rc/lc 0.4 ra /S
and

Vg = Wpc I'p/ic
w45(0.3) = 5(0.6928)

wyp = 11.55rad/s

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

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

= (02598 45)i — (0.15a 45 + 34.64)j

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

ag = ac t agc X rgic — w3c2r3/c
(0259845 — 20)i — (0.15a45 + 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°%)
(0.2598a 45 — 20)i — (0.15a 45 + 34.64)j = —(0.2a pc + 7.160)i + (0.3464a pc — 5)j
Equating the i and j components,

0.2598a 45 — 20 = —(0.2a gc + 7.160)

—(0.15a45 + 34.64) = 0.3464a g — 5

Solving,

a ge = —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
o=
r

vp = a)rB/IC = %(4") = 4v— Ans.

Vy = er/IC = E( V (2}’)2 + (27')2) = 2\/51) A 45° Ans.

r

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

l‘B/GZZ}’j rA/G: —=2ri

ag = ag + a X rB/G - (,OZI'B/G

2 2
v 2v
=0+0—-|— 2rj) = ——j
<r) (2rj) PR
2%
= — Ans.
ap , ns
a, = ag + a X rA/G - (x)zl'A/G
2 2
2
—0+0- (3) (~2ri) = i
r r
2 2
aA=f: - Ans.
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16-127. Ata given instant, the gear racks have the velocities
and accelerations shown. Determine the acceleration of
points A and B.

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 Uc
w=—=—°
'pyic  fejic

6 2
= 1l

pyic  Tcjic

Where
rpjic + rejpc = 0.5 [2]

Solving Eqgs.[1] and [2] yields
I'p/ic = 0.375 ft rcyic = 0.125 ft

Thus,

w =

VUp 6
= —160rad
ropc 0375 rad/s

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 +aXrpc— o’ rpc
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!)
2=05a—-3 «a=10.0rad/s®

The acceleration of point A can be obtained by analyzing the angular motion point
A and C. Applying Eq. 16-18 with r4,c = {—0.25i} ft, we have

ay = ac + a X rA/C - wer/C

—64.0i — 3j + (—10.0k) X (—0.25i) — 16.0? (—0.25i)
= {0.500j) ft/s?

Thus,
ay = 0500 ft/s> | Ans.

The acceleration of point B can be obtained by analyzing the angular motion point
B and C. Applying Eq. 16-18 with rz,c = {—0.251 — 0.25j} ft, we have

ag = ac¢ + a X rB/C - wer/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.

63.5
6 = tan”! 250 " 87.7° = Ans.

T a=2ft/s

W=16.0radfs

(@) =2Hfs* —~

). =/6.0°(0-25)
(ﬁ)n: é40f{/51

T >
(Gp) =16.0"025)
"= 64.041)s> @.),=3 /s
o5ft
025#

L\)=/6-0/~a¢//sl .

oA=/0-0

(aﬂ)n,=64"o &/5‘
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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.

o = 6rad/s
@ = 12rad/s?

For the gear

Vy = a)rA/IC = 6(1) = 6in./s

ap = —12(3)i = {-36i}in./s* 1y = {—2j}in. & = {12k} rad/s’

ay = Q) + a X rA/O - (x)zl'A/O

=361 + (12k) X (—2§) — (6)X(—2j)

{—12i + 72j}in./s?

a, = V(-12)? + 722 = 73.0 in./s? Ans.
72

= 112} = 80.5° = Ans.

6 = tan (12) 80.5 ns

For link AB

The IC is at 00,50 w45 = 0,1i.e.,

Vy 6
WA = -~ =90
rayic
ag = agi asp = —aypk rp/4 = {8 cos 60° + 8sin 60°} in.

ag=ay + ayp XIpa— @’ rg)

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

(5)  ag=-12 + 8sin60°(18) = 113 in./s>— Ans.
(+1) 0 =72 — 8cos 60°aup asp = 18rad/s? D Ans.

=00
I1¢
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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. R 9C

0.6 m

+—lo 5 ~ ,
IC is at o0, thus | | acp = 4rad/s

03 m wcp = 2rad/s
wWpc = 0

2 BR\A Do
Vp = V¢ = (0.9)(2) =1.8 m/S i S i &
(ac), = (2)2(0.9) = 3.6m/s> |
(ac), = 4(0.9) = 3.6 m/s> —

_ (1-8)2 _ 2 Wee
(ap), = 03 - 108 m/s? | S \,=].8mfs
5 /
ag = ac t+ agc X ¥gc — WpcIp/c
(ap);i — 10.8] = 3.6i — 3.6j + (apck) X (—0.6i — 0.6j) — 0
Iv
(__t)) (aB), =36+ 0.6 apc che
+1 -108 = 3.6 — 0.6
(+1) apc VB
age = 12 rad/s? " i
(ag), = 10.8 m/s?
10.8
Wap = g3 = 36 rad/s> D Ans. J
. 0-bm
< @,=36mfs’
[ '
W =

0-bm @),=3-6ms*

Us),= 108 ms*
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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 DFE rotates about a fixed axis, Fig. a. Thus,
VE = Wpgpltg = 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 DFE rotates about a fixed axis,
Fig.c,

_ 2
ap = apg X Yg — Wpp " 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
aFfaE-FozBXl‘F/E—wB rF/E

ap 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°)
: N . : (k)
apcos 30°i + apsin30°% = (24.13 — 0.1ap)i + (0.1732ap + 12.20)j
Equating the i and j components yields
0.8660a; = 24.13 — 0.1ap

0.5a = 0.1732a5 + 12.20

Solving,

Wor =6 radfs
Coog = 3 radfs®

<)
’LJC

ap = 27 m/s?

ap = 7.5 rad/s Ans.

oy o2y

1@,
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16-131. Gear A rotates counterclockwise with a constant
angular velocity of w4 = 10rad/s, while arm DE rotates
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 DFE and gear A rotate about a fixed axis, Figs. @ and b. Thus,
Ve = o pprg = 6(0.5) = 3m/s
vip = wyrp = 10(0.3) = 3m/s
The location of the IC for gear B is indicated in Fig. c¢. Thus,
rgie = Fre = 0.1m
Then,

VE 3
= = — = 30rad
wp o 01 rad/s

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

_ _ 2
A = apg X Ig — wpgp” Ig

(—=3k) X (0.5 cos 30°i + 0.5sin 30°j) — 6% (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 E and F of
gear B, Fig. e,

ap = ag + ap X Yp/p — szrF/E
ap cos 30°% + apsin 30°% = (—14.84i — 10.30j) + (—apk) X
(—0.2 cos 30°i — 0.2 sin 30°%) — 30*(—0.2 cos 30°i — 0.2 sin 30°j)

0.8660ari + 0.5arj = (141.05 — 0.1ap)i + (79.70 + 0.1732ap)j
Equating the i and j components yields

0.8660a; = 141.05 — 0.1ap

0.5ar = 79.70 + 0.1732ap

ar = 162 m/s?

ag = 7.5 rad/s? Ans.

(@

Coe = 3 radfs*
)
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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/Ic = rB/IC =04 m
Then,

Vg 6
= = — = 15rad/s
WAB rajic 0. /

and

VB = Wyp rB/IC = 15(04) = 6m/S

Acceleration and Angular Acceleration: The magnitude of the normal component
14 A2 62
of its acceleration of points A and B are (ay), = — = — = 90 m/s’
p

2 2
6

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

and

circular track. Since v, is constant, (a4), = 0. Thus, a4 = 90 m/s*. Applying the

relative acceleration equation to points A and B, Fig. b,

ag =a, + asp X Ty — 045 Tp0
90i — (ag),j = (—90 cos 60°i + 90 sin 60%) + (asp k) X
(—0.6928 cos 30°i + 0.6928 sin 30%) — 15%(—0.6928 cos 30% + 0.6928 sin 30°) L
4

90i — (ag),j = (—0.3464a 45 + 90)i — (0.6a4p)j (@)= Fomfs*
T g =/5fﬂd/5

Equating the i and j components yields

Op=90mfs*
90 = —0.3464a 45 + 90 )
—(ag) = —0.6a,p
aup = Orad/s2 Ans.
(ag), = 0 m/s? (b)
Thus, the magnitude of ag is
ag = V(ag),> + (ag),’ = VO + 907 = 90 m/s Ans.
and its direction is
6 = tan™! [((Zj));] = tanfl(%) =0° — Ans.
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©16-133. The retractable wing-tip float is used on an
airplane able to land on water. Determine the angular
accelerations acp, agp, 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,
ve = 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,
rep = {—2cos 45° — 2sin 45°%} ft = {—1.414i — 1.414j} ft.

ap = agp X Ypp — WEp¥ep

= (appk) X (~1.414i — 1.414j) — 0

= {1414 agpi — 1.414 agpj) /s’

The acceleration of point B can be obtained by analyzing the angular motion of
links AB about point A. Here, r 5 = {—2.828j} ft

_ 2
ag = app X I'pqa — WARTE/A

(aagk) X (—2.828j) — 0

= {2.828 ayp i} ft/s?

Link CD is subjected to general plane motion. Applying Eq. 16-18 with
rpc = {2 cos 44°%i — 2sin 45%) ft = {1.414i — 1.414j} ft, we have

ap =ac + acp X rpc — w%‘DrD/C

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

Equating i and j components, we have
1.414 arp = 1'414aCD - 0.5 [1]

—1.414app = 1.414acp [2]
Solving Eqgs.[1] and [2] yields
app = —0.1768 rad/s?

acp = 0.177 rad/s? Ans.

Link BD is subjected to general plane motion. Applying Eq. 16-18 with rg;p =
{=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

ag = ap + agp X rgp — wZBDrB/D
2.828 api = —025i + 0.25) + appk X (—1.414i — 1.414j) — 0

2.828 appi = (1414 app — 025) i + (025 — 1.414 agp) j

Equating i and j components, we have
2.828 ayp = 1.414 agp — 0.25 [3]

0=025— 1414 agp (4]
Solving Egs. [3] and [4] yields

agp = 0.177 rad/s? asg =0 Ans.

ac = 0.5 ft/s?

2.828
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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
0 = 30° and ¢ = 90°. Driving link AB is turning with a
constant angular velocity of w5 = 4 rad/s.

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

VB 8

—— = ——— = 2309 rad
rguc  3/cos 30° rad/s

Wcp =

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

4
wcp = Ye 2y rad/s D Ans.
rcp 4

ag = (ap), = (47°(2) = 32 ft/s* —

(ac), + (ac), = ag + acp X rejp — W’resp

(ac) i + (1)2(4)j = 32 cos 30°% + 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.

0¢),= Wep ¢
Golr 15?455%/5‘ %

(aﬂ)t

Weg=2309rodls
e
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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.

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

Kinematic Equations:
v = Vo + Q X1 + (V8/0)xy: @
ag=a0+ Q Xrgo + Q X (Q X 150) + 20 X (Vgo)o: + (A50) ey ()

vo=10 Z,z
ag = 0 (aa,,,),#=o-f5m/s
(’Ug/o)ma: 0 6'"/5

Q = {6k} rad/s
Q = {3k} rad/s’
rgo = {0.4i}m
(V8/0)ay: = {0.61) m/s X)x
(a5/0)xy: = {0.15i)} m/s*

Substitute the data into Egs.(1) and (2) yields:

vp = 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) + (0.15i)

= [—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 t(? the circular plate. At this same instant the pl.ate w=6radfs
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

Vvo=ap =10 w = [0K] 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
(re)xy: = (—1.5sin 45% — 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,
rcjo = (—1.414sin 45°% + 1.414 cos 45%)ft = [—1i + 1j] ft
Velocity: Applying the relative velocity equation,

Ve =Vo T wX I'c/o + (vrel)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 + @ X1/ + @ X (0 X 1c)0) + 20 X (Vee)xyz T (@ ret) 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.

2ft

m*@

T)’A %

)
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*16-137. Ball C moves with a speed of 3 m/s, which is
increasing at a constant rate of 1.5 m/s’, both measured
relative to the circular plate and directed as shown. At the
same instant the plate rotates with the angular velocity and
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

Vvo=ap =10 » = [8Kk] rad/s ® = a = [5Kk] rad/s?
For the motion of ball C with respect to the xyz frame, we have
Ycjo = [0.3j] m
(Vret)xyz = [3i] m/s

2
Vrel 32
The normal component of <are1)xyz is [(am)xyz} = @ = 03" 30 m/s2.
0 p -
Thus,

(8 ret)ye = [1.5F = 30§] m/s
Velocity: Applying the relative velocity equation,

Yc = Yo twX I'c/o + (vrel)xyz

0 + (8k) X (0.35) + (3i)
= [0.6i] m/s Ans.
Acceleration: Applying the relative acceleration equation.

ac=1ap + o X Tcjo + o X (0 X l'C/O) + 20 X (v rcl)xyz + (a rcl)xyz

0 + (5K) X (0.3§) + (8K) X [(8k) X (0.3§)] + 2(8k) X (3i) + (1.5i — 30j)

= [-1.2§] m/s? Ans.

» = 8rad/s
a = Srad/s’

0:3m

l.—(awxyt]fj omfs”

("/»d«)xyt=5 mfs
| [(awt) xyé]t_" |5 mfs*

(&)
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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. B

60 ft

w,p = 0.02 rad/s

aqp = 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 = [—0.01Kk] rad/s?

For the motion of point B with respect to the xyz frame, we have

rg4 = [60j] ft (VreD)xyz = [0.5] ft/s (Are))xy; = 0
Velocity: Applying the relative velocity equation, .
Ve =Vat+ 0ap X ¥4+ (Ve I

=0 + (—0.02k) X (60j) + 0.5j

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

v = V122 + 05 =130 ft/s Ans.
Acceleration: Applying the relative acceleration equation,
U x

ap =ay + wap X 1p4 + wap X (04 X ¥p14) + 2048 X (VieD)xyz 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. 05 ”’/‘

(% o @th/s L

&

30° 64

0’02»4f¢‘ 2
«)
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16-139. The man stands on the platform at O and runs out
toward the edge such that when heis at 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=Vo+ QX0+ (Vo)

va =0+ (0.5k) X (5)) + 2j

va = {—2.50i + 2.00j} ft/s

ay =20+ Q Xry0+ QX (QXr40) + 20 X (Vajo)y: + (04/0)0yz

ay =
a, = —1i — 1.25j — 2i + 3j
a, = {—3.00i + 1.75j) ft/s

0 + (0.2k) X (5j) + (0.5k) X (0.5k X 5j) + 2(0.5k) X (2j) + 3

w=0.5rad/s

@=02rad/s®

Ans.

~ w=05rad(s
A =o0-2Tadfs*
(uﬂa)xviz#/s

(a,b)ﬁ;.%’t/st

Ans.

X
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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 2 ff C
apc = 2 rad/s’>. Determine the angular velocity and / B O
angular acceleration of rod AB at this instant. The collar at \ P
Cis pin connected to DC and slides freely along AB. b |2 ‘ 3ft
[
\ 0
ay = 0
Q= k '
. @B (VCIL),.;L Y/.?(
Q= aABk /(aC/As)N/o{ft J
re/q = {—3i) ft N
c/A o :
(Ye/M)xyz = (Weya)rerd ) g Tom
_ . 2 ré/p Ay
(ac/a)xyz: = (ac/a)reri Wpe =4radfs
Ve = wep X ¥ejp = (—4k) X (2sin 45° + 2 cos 45°) = {5.65691 — 5.6569j} ft/s %oc =2 radfs>
ac = acp X I¢p — oD Ic/p
= (—2k) X (2sin 45° + 2 cos 45°%) — (4)? (2 sin 45° + 2 cos 45°%)
= {—19.7990i — 25.4558j} ft/s>
Ve =Vu+ Q Xreia+ (Vera)ey:

56569 — 56569 = 0 + (wa5K) X (=30) + (ve/A)nyi

56569 — 5.6569) = (Vc/a)sye i — 3045

Solving:

(Ve A)xy: = 5.6569 ft/s

wup = 1.89rad/s D Ans.

ac = a4+ Q Xre + QX (Q X xc/0) + 20 X (Veya) vz + (Ac/a)rye

~19.7990i — 25.4558 = 0 + (aapk) X (=3i) + (1.89k) X [(1.89k) X (=3i)] + 2(1.89k) X (5.656%) + (ac/)sy: i

~19.7990i — 25.4558] = [10.6667 + (ac/a)uyeli + (21.334 — 3ap)j

Solving:

(@ cra)ey: = —30.47 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 — 10 rad
and coincides with the XYZ fixed reference frame at the instant considered. Thus, ZAB _ 5 r;z /S/ 2s A
the motion of the xyz reference frame with respect to the XYZ frame is AP

ve =0 wcpg = ocpek
For the motion of point B with respect to the xyz frame,
rgc = {\/0.32 + 0.3%} m = 03V2i
(Vee)eve = (Vret) xye €08 45 + (Vyer) oy 5in 45 = 0.7071(vye1)ye i + 0.7071 (vyer) 2

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

Vp = wap X Ip
= (10k) X (=03 cos 75% + 0.3 sin 75°%)
= [-2.898i — 0.7765j] m/s
Velocity: Applying the relative velocity equation,
Vg = V¢ + wcpe X I'gic + (V rel)xyz
(—2.898i — 0.7765§) = 0 + (wcprk) X (0.3\/§i) + 0.7071L( ret) eye i + 0.7071(v,er) oy
~2.898i — 0.7765§ = 0.7071(vye1) ek + [03V 20005 + 07071 1)y i

Equating the i and j components yields
—2.898 = 0.7071(V rer)xy: @
~0.7765 = 0.3V 2wcpr + 0.7071(V )y Q)
Solving Egs. (1) and (2) yields
(Vrel)xy; = —4.098 m/s

wcpr = Srad/s Ans.
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16-142. At the instant shown rod AB has an angular
velocity wyp = 4rad/s and an angular acceleration
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.

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 Egs. 16-24 and 16-27, we have

Ve =4+ Q Xreu+ (Vora)sy: (11
ac = a4 + Q X rea + QX (Q X 1c/0) +2Q X (Vs + (Ac/a) e [2]
Motion of moving reference Motion of C with respect to moving
vi=0 reference
Ay = 0 rcja = {075i}m
Q =4k rad/s (VC/A)xyz = (UC/A)xyzi
N 2 .
Q =2k rad/s (a C/A)xyz = (aC/A)xyz 1

The velocity and acceleration of collar C can be determined using Egs. 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 ¥eip = —wcpk X (—0.4330i — 0.2505)

—0.2500cpi + 0.4330w¢ pj

_ 2
ac = acp X I¢/p — wep¥e/p

—acpk X (—0.4330i — 0.250§) — wip(—0.4330i — 0.250§)

(0.433007p — 0.250 acp) i + (0.4330acp + 0.2500¢p)j

Substitute the above data into Eq.[1] yields
Ve=vV4+ Q Xreia + (Yeya)uy:
—0250 wepi + 0.43300cp) = 0 + 4k X 0751 + (ve/p)aye

~0.250wcpi + 0.43300cpj = (Ve/a)sy: i + 3.00f

Equating i and j components and solve, we have
(vC/A)xyz = —1.732m/s
wcp = 6.928 rad/s = 6.93 rad/s Ans.
Substitute the above data into Eq.[2] yields
ac=a,+ Q X+ QX (QXre/a) +2Q X (veia)n: + (Ac/a) .
[0.4330 (6.9282) — 0.250 arep i + [0.4330acp + 0.250(6.928%) Jj
=0 + 2k X 0.75i + 4k X (4k X 0.75i) + 2 (4k) X (—1.7320) + (ac/a)yy: §
(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. = 46.85 m/s>

acp = —56.2rad/s’ = 562rad/s> D Ans.

wyp = 4rad/s
aup = 2rad/s?
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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.

B

2 ft

wyp = Srad/s
ap = 12 rad/s®

VAZO 2 ft
aA:0

Q = {5k} rad/s

O = {~12k} rad/s?

re a = {20} ft

(Vesa)xy: = (Ve a)xy- i

(Ac/a)xyz = (Ac/a)xyz

Ve = Va+ Q Xxesa + (Vesa)ny:
ve =0+ (=5K) X (20) + (ve/n) s \
= (ve/a)xy- 1 — 10

Ve = wcp X Icp T‘

Wy Sredfs

(UC/A))(yzi —10j = (—wcpk) X (2cos 60° + 2 sin 60°%)
Pag > /2 rodjer

(vC/A)xyzi - 10j = 1732wCDi - wCDj 15

Solving: R

ocp = 10rad/s D Ans. _
(Wesa)ye = 1.732(10) = 17.32 ft/s

ac =a, + Q X res + QX (Q X 1c/0) + 29 X (Veya)eye T (Ac/a) oy

0 + (—12k) X (2i) + (=5k) X [(—5k) X (2i)] + 2(=5k) X [(vc/a)yAdl + (ac/a)xy- i

[(ac/a)xye = 50]i = [10(vca)eye + 24

ac

ac = acp X I¢/p — wEp Xep
[(ac/a)ey: — 50]i = [10(17.32) + 24]j = (—acpk) X (2 cos 60°% + 2 sin 60%) — (10)*(2 cos 60° + 2 sin 60%)

[(ac/a)eye = S0Ji = (10(17.32) + 24j = (1.732 acp — 100)i — (acp + 173.2)]

Solving:
~[10(17.32) + 24] = —(acp + 1732)  acp = 24rad/s® D Ans.
(ac/a)ry: — 50 = 1.732(24) — 100 (ac/a)cy: = —843 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 w of the container at the instant it is in the
horizontal position shown.

Ig/a = 5j

VB/A = OSj 3t
4 3

vp = — gw(l)i + gw(l)J

Vg =Vu+ Q X+ (Vpra)sy:

- gw(l)i + %w(l)j =0 + (QK) X (5) + 0.5

G ('Ue/;.)x, = 0-5tfs

4 .3 . . . N
- 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 = 4 rad/s’

vy = —(12)2)i = —24ift/s

a4y =ap +aX Ya/0 = erA/O

a, = —4(0.7)i + (4k) X (0.5§) — (2)%(0.5§)
a, = —48i — 2j

va=vp+ Q Xryp+ (Vap)ry:

4
—2.4i = 0 + (wpck) X (1.61 + 1.2§) + VA/B(§>i T vass (%)J

—24i=1.6 (L)Bcj - 12 (.UBci + O.SVA/Bi + 0'6VA/Bj

24 =-1.2 wpc + 0.8 VA/B M)‘Z/W/S
& =4 radfs?
O = 1'6wBC + O.6VA/B a ) g
A
Solving, ° ™ osft
wgec = 0.720rad/s D Ans.

vam = —1.92ft/s
Gy=A1=4(07) s>
ag=ag+ Q Xryp+ QX (Q Xryp) + 20 X (Vap)ey: T (Aa/8)xy;

—4.8i — 2j = 0 + (apck) X (L6i + 1.2§) + (0.72k) X (0.72k x (1.6i + 1.2§))

+2(0.72k) X [—(0.8)(1.92)i — 0.6(1.92)j] + 0.8 api + 0.6a5/4 j

Y) 1f (vﬂb)xye

—4.8i — 2j = L.6apcj — 1.2apci — 0.8294i — 0.6221j — 2.2118j + 1.658% + 0.8a/41 + 0.6a5/4 G

~4.8 = —12apc — 0.8294 + 1.6589 + 0.8a5,

-2 = 1'6aBC — 0.6221 — 2.2118 + 0-6(13//\

Solving,
age = 2.02rad/s> D 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 mm
this instant. The rod slides freely through the smooth collar.

Reference Frame: The xyz rotating reference frame is attached to C and coincides o = 8rad/s B
with the XYZ fixed reference frame at the instant considered, Fig. a. Thus, the o = 4rad/s?

motion of the xyz reference frame with respect to the XYZ frame is

720 mm

ve=ac =10 wap = —wypk wup = —aypk

From the geometry shown in Fig.a,

rac = V03> + 072 = 0.78 m

72
6 = tan! (%) = 67.38°

For the motion of point A with respect to the xyz frame,

Tpyc = [_0-78i] 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 — 17.262j] m/s?

Velocity: Applying the relative velocity equation, we have

Vo= Ve + oap X Tc T (VeeDy:

22151 + 0.9231j = 0 + (—wupk) X (=0.78i) + (V re))xy; 1
22151 + 0.9231j = (Vre)yyz i + 0.78w 45

Equating the i and j components yields
(Veel)xyz = 2215 m/s

0.78w 45 = 0.9231 wyp = 1.183 rad/s = 1.18 rad/s Ans.

Acceleration: Applying the relative acceleration equation.
ay =ac+ oup Xty + wap X (0ap X tay0) + 2048 X (VeeDayr T (Brel)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) + (@ rer)sy.i
8.492i — 17.262) = [(drer)uye + 1.092]i + (0.78a45 — 5.244)j
Equating the j components yields
—17.262 = 0.78a,5 — 5.244

a,p = —15.41rad/s*> = 154 rad/s®> D Ans.

627




© 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.

16-147. 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 a,p = 3rad/s?, determine the angular c \
velocity and angular acceleration of CD (output) at this \\
instant. A \
|
wpp=25rad/s |
\ ap=3 rad/sz//
Yo = 0 \ /
N /
_ N -
ac = 0 \\ //
Q = _wDCk
Q = _Ochk

rB/C = {_015 i} m
(VB/C)xyz = (vB/C)xyzi
(aB/C)xyz = (aB/C)xyZi

Vg = wap X tp/4 = (—2.5k) X (—0.2 cos 15°% + 0.2 sin 15°%)

{0.1294i + 0.4830j} m/s

_ _ 2
ag = a p X Tpjqa — WapTp/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 =vc t Q X I'p/c + (VB/C)xyz

Opp=3 radfs*

0.1294i + 0.4830j = 0 + (—wpck) X (=0.151) + (Vp/c)y: i
0.1294i + 0.4830j = (vg/c)xy: i + 0.150p¢ j
Solving:

(vB/c)xyz = 0.1294 m/s

wpc = 3.22rad/s D Ans.
ag =ac + QO X rge + QX (Q X rgc) + 20 X (Vgio)rye + (@p/c)ay:
136271 + 0.2560j = 0 + (—apck) X (—0.15i) + (~3.22k) X [(=3.22k) X (=0.150)] + 2(—3.22k) X (0.1294i) + (apc).y i
1.3627i + 0.25605 = [1.5550 + (aB/C)xy: ]i + (0.15 apc — 0.8333)j
Solving:

(aB/c)xy: = —0.1923 m/s?

apc = 726 rad/s® D Ans.
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*16-148. The gear has the angular motion shown. Determine » = 4radls
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 Eqs. 16-24 and 16-27, we have

125m

Va=vVg+ Q Xryp+ (Yap)sy: (1]
ay = ap + Q X rA/B + Q X (Q X rA/B) + 20 X (VA/B)xyz + (aA/B)xyz [2]
Motion of moving reference Motion of C with respect to moving

reference

vg =0 Y ¥
ag =0 ryp = {1.25i} m ! 125 m
QO = chk (VA/B)xyz = (UA/B)xyzi o 0-5m‘ < X/K
. a4/8) v = (Aa/B)xyz 1 Ly 2
O = aBCk ( A/B) vz ( A/B) 374 b‘/ N’BC/ G i
The velocity and acceleration of peg A can be determined using Egs. 16-16 and B -
16-18 with r4/p = {0.5 cos 34.47°i + 0.5 sin 34.47°j} m = {0.4122i + 0.2830j} m. D B

B66® £33
Va=Vp+ @ X typ =0+ 4k X (0.4122i + 0.2830j)

= {~1.1319i + 1.6489j} m/s

a, = ap + a X rA/D - wer/D

6.40 sin 18.66°i + 6.40 cos 18.66% + 6k X (0.4122i + 0.2830§) — 4%(0.4122i + 0.2830j)
= {—6.2454i + 4.0094j} m/s?
Substitute the above data into Eq.[1] yields
Va=vVg+ Q Xrypt+ (Yap)y:
—1.1319i + 164895 = 0 + wpck X 1.25i + (v/p)yy i

—1.1319i + 1.6489) = (vp/8)sy:i + 1.25 wpcj

Equating i and j components and solving, we have

(va/B)xy: = —1.1319m/s Oe 04>
wpe = 1.3191 rad/s = 1.32 rad/s Ans. = b4omfs®

Substitute the above data into Eq.[2] yields

ag=ag+ Q Xryp+ QX (Q X1y + 20 X (Vap)ye + (04/8)

—6.2454i + 4.0094j = 0 + apck X 1.25i + 1.3191k X (1.3191k X 1.25i) + 2(1.3191k) X (—1.1319i) + (a/p): i

—6.2454i + 4.0094j = [(a4/8)xy. — 21751]i + (1.25apc — 2.9861)j
Equating i and j components, we have
(an/B)ry. = —4.070 m/s’

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

. . . v =3m/s
acceleration shown, determine the angular velocity and ap = 1.5m/s’
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
Yo
= =—— =120rad
@ ro/]c 0.15 ra /S
Then,
Vp = er/IC = 20(03) = 6m/S_)
. a 15 . )
Since the gear rolls on the gear rack,a = S T o1s 10 rad/s. By referring to Fig. b,

apg = Ap + a X rB/O - (,Uzl'B/O

(ap),i — (ap),j = 1.5i + (—=10k) X 0.15§ — 20%(0.15])

(ap)ii — (ap),j = 3i — 60j

Thus, %
(ag), = 3m/s’ (ap), = 60 m/s’
Reference Frame: The x'y’z’ rotating reference frame is attached to link AB and —x
coincides with the XYZ fixed reference frame, Figs. ¢ and d. Thus, v; and ay with I @e)
. Z4 e/n
respect to the XYZ frame is - Ge);
. 015,
vy = [6sin30°%1 — 6 cos 30° j] = [3i — 5.196j] m/s " d,=/5m)s*
ag = (35sin 30° — 60 cos 30°)i + (=3 cos 30° — 60 sin 30°)j \_/ ;’?/Za”’fjﬁb
=/00
= [-50.46i — 32.60j] m/s? b

For motion of the x'y’z’ frame with reference to the XYZ reference frame,
va=a,=0 wap = —wypk wap = —aupk
For the motion of point B with respect to the x'y’z" frame is
l‘B/A = [06]]111 (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 =vVayt wyp X g/ + (vrel)x’y’z'
3i —5.196j = 0 + (—wupk) X (0.6)) + (VreD)yyz
3i — 5.196j = 0.6wapi + (Viel)yy i
Equating the i and j components yields
3 = 0.6wup wyp = Srad/s Ans.
(Vrcl)x'y’z’ = —5.196 m/s
Acceleration: Applying the relative acceleration equation.

ap =a, + wap X g4 + wap X (0ap X ¥p14) + 2048 X (Vee)) vy T (A e xyz

—50.46i — 32.60j = 0 + (—a k) X (0.6j) + (—5k) X [(—5k) X (0.6j)] + 2(—5k) X (—5.196j) + (are)) 'y
—50.46i — 32.60j = (0.6a4p — 51.96)i + [(arel)x'y'z’ - 15]j
Equating the i components,

—50.46 = 0.6a 45 — 51.96

asp = 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 2m/s?,
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.

250m | 45°
15m/s
2 m/s’ C@i/
. . =< — 15m/s
Reference Frames: The xyz rotating reference frame is attached to car B and — 1 = 3 m/s?

coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Since

200 m
car B moves along the circular road, its normal component of acceleration is
_vg? 158 2 . . T25m/s
(ap)y=— = 250 0.9 m/s>. Thus, the motion of car B with respect to the XYZ A A a
p 2
frame is l AT

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
VB 15
=8 _ = _ . = [—0.06k
® ) = 250 0.06 rad/s o = [—0.06k] rad/s
a 2
o=l - 2 00 rad/s & = [—0.008k] rad/s>
p 250

The velocity of car A with respect to the XYZ reference frame is

v, = [25j] m/s a, = [-2j] m/s?

From the geometry shown in Fig. a,

rap = [~200j] m
Velocity: Applying the relative velocity equation,
Va=vp+ o Xrypt+ (Vi)
25j = —15i + (—0.06k) X (—200j) + (Vrel)xyz
25) = =271 + (Vee)xyz
(VreD)xyz = [27i + 25j] m/s Ans.
Acceleration: Applying the relative acceleration equation,
ay=ag+oXryp+oX(@Xryp) + 20X (VieDry: 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)yy-

(@ re)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 2m/s?,
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 (

200 m
car C moves along the circular road, its normal component of acceleration is T
2 2
2 15 . . 25
(ac), = < = 250 0.9 m/s%. Thus, the motion of car C with respect to the XYZ _ A a m/s
P l 2 m/s?
frame is

ve = —15 cos 45°% — 15sin 45°% = [—10.607i — 10.607j] m/s

ac = (—0.9 cos 45° — 3 cos 45°)i + (0.9 sin 45° — 3 sin 45°)j = [—2.758i — 1.485j] m/s’

Also, the angular velocity and angular acceleration of the xyz reference frame is

_Ye _ 15 _ _
w = ) =550 = 0.06 rad/s » = [—0.06k] rad/s
a 3
o = @ = — = 0.012 rad/s’ ® = [—0.012Kk] rad/s>
p 250

The velocity and accdeleration of car A with respect to the XYZ frame is

va = [25j] m/s ay = [~2j] m/s’

From the geometry shown in Fig. a,

ryc = —250sin 45°% — (450 — 250 cos 45°)j = [—176.78i — 273.22j] m ()
Velocity: Applying the relative velocity equation,
Va=Ve T o Xryet+ (Viedsy:
25j = (—10.607i — 10.607j) + (—0.06k) X (—176.78i — 273.22j) + (¥ re1)xyz
25) = =271 + (Veexyz
(VreDxyz = [27i + 25j] m/s Ans.
Acceleration: Applying the relative acceleration equation,
ag=ac+ o Xryc+oX(@Xrye)+ 20 X (Vi) + (@re)xy:
—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 + (Ae)xy;

(arel)xyz = [24i - 038.]] m/SZ 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 2m/s?,
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
(ap) vyt _ 15 09m/s> and (ac) vl _ 18 0.9 m/s?. Thus, the
ag)h =~ = 55 = U ac), = — = ~~=0. .

Bin = p 7250 ©nTp 250 '

motion of cars B and C with respect to the XYZ frame are

vg = [—15i] m/s

<
oY

ve = [—15 cos 45°1 — 15 sin 45°j] = [—-10.607i — 10.607j] m/s
c=1 il =1 il m/ (ac)nzo'qm/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

1 -
w=-"C- % = 0.06 rad/s o = [—0.06k] rad/s (__f“(ae)h'o'ﬂf”/s ”
P (aﬂ)¢=zm/5b
. (ac): 3
o = o

= Seg = 0012 rads? & = [~0.012K] rad/s> @)
p

From the geometry shown in Fig. a,
rgc = —250sin 45°% — (250 — 250 cos 45°)j = [—176.78i — 73.22 j| m
Velocity: Applying the relative velocity equation,
Vg =Ve + o Xrget+ (Vi
—15i = (—10.607i — 10.607j) + (—0.06k) X (—176.78i — 73.22j) + (Vrel)xy:
—15i = =151 + (VreD)xy:

(VreDxyz = 0 Ans.

Acceleration: Applying the relative acceleration equation,
ag=ac + o X I'p/c + o X (w X l‘B/C) + 2w 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

=2i + 095 = =3i + 0.95 + (Are)yz

(a rcl)xyz = [11] m/52 Ans.
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¢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

2 2 2 2
15 10
acceleration are (a,), = % =50 " 4.5m/s? and (ag), = b2 S0 " 2 m/s’.
Thus, the motion of boats A and B with respect to the XYZ frame are
v, = [15j] m/s vg = [—10j] m/s
a, = [—4.5i — 3j]m/s? ag = [2i — 2j] m/s?
Tt
Also, the angular velocity and angular acceleration of the xyz reference frame with Y=15m)s
respect to the XYZ reference frame are @)=45m, » (Aehn=2m/s™
s 50m
% 10
w=-"2= < = 02rad)s o = [0.2k] rad/s —Xx
p
. ag): 2 2 . 2
=——=_—=0.04rad = [0.04k] rad
® p 30 rad/s o= ] rad/s (d,,)f.sm/sb Yy=10mJs
. : : @
And the position of boat A with respect to B is
rA/B = [—20i] m
Velocity: Applying the relative velocity equation,
Va=Vg T o Xrupt (Ve)syz
15j = —10j + (0.2k) X (—20i) + (Vrep)yy:
15§ = —14j + (vrel)xyz
(vrel)xyz = [29j] l'Il/S Ans.

Acceleration: Applying the relative acceleration equation,
as=ag+ o Xrypt+oX(@Xryp) + 20X (Ve)ry, T (Arel)xy;
(—4.5i — 3j) = (2i — 2j) + (0.04k) X (—20i) + (0.2K) X [(0.2k) X (~20i)] + 2(0.2K) X (29)) + (Arer)sy
—4.51 — 3 = —8.8i — 2.8] + (Are))xy;

(Are)xyz = [4.31 — 0.2j] m/s? Ans.
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16-154. 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 B with /
respect to boat A at this instant.

15m/s
+——50m A Bl 50 m ——+
l 10
3 m/s? 2 mn}s/zs

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
lerati A1 s and (ag)y = = 1O

acceleration are (a,), = p 50 m/s” and (ag), = =30

Thus, the motion of boats A and B with respect to the XYZ frame are

=2m/s%

v, = [15j] m/s vg = [—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

vilS

® = = — = 0.3rad/s o = [0.3k] rad/s
p 50

® = (@) = 5% = 0.06 rad/s? @ = [-0.06k] rad/s?
p

And the position of boat B with respect to boat A is

rp4 = [20i] m
Velocity: Applying the relative velocity equation,
Vg =V4t+ o X4+ (VreDayz
—10j = 15j + (0.3k) X (20i) + (Vrer)xyz
—10j = 21j + (Vrel)xyz
(VeeDxyz = [—31j] m/s Ans.
Acceleration: Applying the relative acceleration equation,
ag=a, + @ Xrgu + o(® X1p/4) + 20 X (VeeDryz T (Arel)xyz
(2i — 2j) = (—4.5i — 3j) + (—0.06k) X (20i) + (0.3k) X [(0.3k) X (20i)] + 2(0.3k) X (=31j) + (Arer)ye
2i — 2§ = 1231 — 425 + (arel)xyz

Ae) . = [—10.3i + 2.2j] m/s? Ans.
(Are)ry: = [ 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
w = 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=0
The motion of point A with respect to the xyz frame is

Ya0 = [0.3j] m

(Vrel)xyz = (—25c0s 30°i + 255sin 30°j) = [-21.65i + 12.5§] m/s

(arer)xyz = (—30cos 30°i + 30sin 30°j) = [—25.98i + 15j] m/s’
Velocity: Applying the relative velocity equation.

Va=Vot+ o X140+ (Vie))xy:

0 + (—15k) X (0.3j) + (—21.65i + 12.5§)
= [-17.2i + 12.5j] m/s Ans.

Acceleration: Applying the relative acceleration equation,

ay=ap+ o X g0t oX (o X rA/O) + 20 X (Vrel)xyz + (arel)xyz

y
B

307\
A

X
o = 15rad/s
0.3 m
Clht) =25 v
@y g =30m]s*
30 A
I
r,;/o 0-3m
7 XX
/w’= /5 radfs
Cd) X=p

=0 + (—15K) X [(—15k) X (0.3))] + 2(~15k) x (—21.65i + 12.5j) + (—25.98i + 15j)

= [349i + 597j] m/s? Ans,

636




© 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.

*16-156. A ride in an amusement park consists of a rotating
arm AB having a constant angular velocity w,p = 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.

o' =05rad/s

rg/4 = (10 cos 30°i + 105sin 30°5) = {8.66i + 5j} ft
Vg = wap X tp4 = 2k X (8.66i + 5§) = {—10.0i + 17.32j} ft/s
ap = aup X T4 — WApTg/a

=0 — (2)%(8.66i + 5j) = {—34.64i — 20j) ft/s’
Q=2-05k =15k
ve =vg + Q X rep + (VesB)xyz

= —10.0i + 17.32j + 1.5k X (=2j) + 0

= {~7.00i + 17.3j} ft/s Ans.
ac = ag + QO Xrep + QX (Q X re/p) + 2Q X (Vesp)ayz + (Ac/p)ry:

= —34.64i — 20§ + 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
asp = 1rad/s® when wyp = 2rad/s at the instant shown.
Also at this instant the car mounted at the end of the arm
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
passenger C at this instant.

rs4 = (10 cos 30°% + 105in 30%) = {8.66i + 5j} ft

Vi = @ap X 54 = 2k X (8.66i + 5j) = (~10.0i + 17.32§} ft/s
ap = aup X Tgp — @aptp/a

= (1K) X (8.66i + 5j) — (2)X(8.661 + 5j) = {—39.64i — 11.34j} ft/s
Q = 2-0.5)k = 1.5k
QO =(1-06)k =04k
ve =vg+ Q Xrcp + (Vosp)sy:

= —10.0i + 17.32j + 1.5k X (=2j) + 0

= [—7.00i + 17.3) ft/s Ans.
ac = ag + Q Xxep + Q X (Q X xesp) + 20 X (Veyp)rye + (Ac/p)syz

— —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
(ag), = 9(0.1) = 0.9 m/s?

(ag), = (3)*(0.1) = 0.9 m/s?

vg = Ve + Q Xrge + (VB/c)xy:

0.3 cos 60°i + 0.3sin 60°j = 0 + (wcpk) X (0.3i) + vpci

vgie = 0.15m/s

wcp = 0.866 tad/s D Ans.
ag = ac + O X rgc + QX (Q Xrge) + 20 X (V/e)rye + (AB/C)ryz

0.9 cos 60°i — 0.9 cos 30° + 0.9 sin 60°j + 0.9 sin 30°j = 0 + (acpk) X (0.3i)
+(0.866k) X (0.866k X 0.3i) + 2(0.866k X 0.15i) + agc i

—0.3294i + 1.2294j = 0.3acpj — 0.225i + 0.2598j + agci

agc = —0.104 m/s’

acp = 323 rad/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

Vy=a,=10 wap = wypkK wp = azpk

For the motion of point D with respect to the xyz frame, we have

l‘D/A = [4l] 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 X Irp

(6k) X (2 cos30°i — 2 sin 30°j)
= [6i + 10.39j] ft/s
ap = acp X rp = wcp’rp
= (3k) X (2cos 30°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 = V4 T wyp X 'p/a + (vrel)xyz

6i + 10.39j = 0 + (wapk) X (4i) + (Vrel)xy 1

6i + 10.39) = (Vret)xyz i + 4045

Equating the i and j components yields
(VeeDhye = 61t/
10.39 = 4wy p wyp = 2.598rad/s = 2.60 rad/s Ans.
Acceleration: Applying the relative acceleration equation,
ap =a, + wsp X Ipja + @ap X (0a X Tap) T 2048 X (VeeDryz T (Arel)xyz
—59.351 + 41.20§ = 0 + (aspk) X 4i + 2.598k X [(2.598k) X (4i)] + 2(2.598k) X (6i) + (Arep)yy. |
—59.35i + 41.20j = {(arel)wZ - 27} + (4ayp + 31.18)j
Equating the i and j components yields

4120 = dap + 31.18

asp = 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 wg = 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(2.309)j = —9.238j
ap = —(4)%(2.309)i = —36.95i
Thus,
Vp=Va+ QX ¥pu+ (Vp/a)ay:
—9.238j = 0 + (ws k) X (4)) — vp/aj /Y'—’}
Solving, Oph=3695m.[5* 7238in/s
wy =0 Ans. (VP/AM:;
vpa = 9238 in./s Oz

ap=a, + QX tp/a + QX (Q Xxpsa) + 20 X (Vp/a)xy: + (ap/a)ay:
36951 = 0 + (a4k) X (4) + 0 + 0 — ap, j Oecy  Xx
Solving,
—36.95 = —4day

ay = 9.24rad/s? D Ans.

aP/A =0
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