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16-1.

The angular velocity of the disk is defined by
o = (5% + 2) rad/s, where ¢ is in seconds. Determine the
magnitudes of the velocity and acceleration of point A on

the disk whent = 0.5s.

SOLUTION

o= (51> + 2)rad/s

dw
== 10¢
t=05s
® = 3.25rad/s
a = 5rad/s?

vy = or = 3.25(0.8) = 2.60 m/s
a, = ar = 5(0.8) = 4m/s’
a, = o*r = (3.25)%(0.8) = 8.45m/s’

as = V(4)?+ (845)% = 935m/s?

Ans.

Ans.

Ans:
vy = 2.60m/s
a, = 9.35m/s?
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16-2. The angular acceleration of the disk is defined by
a =(3t>+ 12) rad/s% where ¢ is in seconds. If the disk is
originally rotating at wy, = 12 rad/s, determine the
magnitude of the velocity and the n and ¢ components of
acceleration of point A on the disk when ¢t = 2.

SOLUTION

Angular Motion. The angular velocity of the disk can be determined by integrating
dw = a dt with the initial condition @ = 12rad/s att = 0.

® 2s
/ do = (362 + 12)dt
12 rad/s 0

2s
o —12= (£ + 12)

0

o = 44.0rad/s
Motion of Point A. The magnitude of the velocity is
vy = wry = 44.0(0.5) = 22.0m/s Ans.

At t=2s, a=3(2%) + 12 = 24rad/s>. Thus, the tangential and normal
components of the acceleration are

(as),

(a4), = o’ry = (44.07)(0.5) = 968 m /s Ans.

ary = 24(0.5) = 12.0 m/s? Ans.

wy = 12rad/s

Ans:

vy =22.0m/s
(ay), = 120m/s’
(ay), = 968 m/s?
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16-3.

The disk is originally rotating at w, = 12 rad/s. If it is
subjected to a constant angular acceleration of
a = 20 rad/s%, determine the magnitudes of the velocity
and the n and  components of acceleration of point A at the
instant t = 2.

SOLUTION

Angular Motion. The angular velocity of the disk can be determined using
® = ) t+ ad w =12 + 20(2) = 52rad/s

Motion of Point A. The magnitude of the velocity is

vy = wry = 52(0.5) = 26.0m/s Ans.

The tangential and normal component of acceleration are

(a4); = ar = 20(0.5) = 10.0 m/s* Ans.

(aq), = o’r = (522)(0.5) = 1352 m/s> Ans.

wy = 12rad/s

Ans:

vy = 26.0m/s
(ay), = 10.0m/s’
(ay), = 1352m/s’
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*16—4.

The disk is originally rotating at wy = 12rad/s. If it wy = 12rad/s
is subjected to a constant angular acceleration of
« = 20rad/s?, determine the magnitudes of the velocity
and the n and t components of acceleration of point B when
the disk undergoes 2 revolutions.

SOLUTION
Angular Motion. The angular velocity of the disk can be determined using
o = Wb + 20,(0 — 6,); o® = 122 + 2(20)[2(27) — 0]
o = 2543 rad/s

Motion of Point B. The magnitude of the velocity is

vg = wrg = 25.43(04) = 10.17m/s = 10.2m/s Ans.
The tangential and normal components of acceleration are

(ag), = arg = 20(0.4) = 8.00 m/s? Ans.

(ag), = w’ry = (25.432)(0.4) = 258.66 m/s*> = 259 m /s’ Ans.

Ans:

vg = 102 m/s
(ag), = 8.00 m/s?
(ag), = 259 m/s?
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16-5.

The disk is driven by a motor such that the angular position
of the disk is defined by 8 = (20t + 4¢%) rad, where ¢ is in
seconds. Determine the number of revolutions, the angular
velocity, and angular acceleration of the disk when ¢ = 90s.

SOLUTION

Angular Displacement: Att = 90 s,

1rev
27 rad

6 = 20(90) + 4(90%) = (34200 rad) X ( ) = 5443 rev

Angular Velocity: Applying Eq. 16-1, we have

do
w=""-=20+8

I = 740 rad/s

t=90s

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

d
o= d—(;) = 8 rad/s’

Ans.

Ans.

Ans.

Ans:

0 = 5443 rev
o = 740 rad/s
o = 8rad/s?
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16-6.

A wheel has an initial clockwise angular velocity of 10 rad/s
and a constant angular acceleration of 3 rad/s?. Determine
the number of revolutions it must undergo to acquire a
clockwise angular velocity of 15rad/s. What time is
required?

SOLUTION
w* = o + 2a.0 — 6)

(15)? = (10)> + 2(3)(6—0)
1

6 = 20.83rad = 20.83<> = 3.32rev
21

w=w)t+ a.t
15 =10 + 3¢

t =1.67s

Ans.

Ans.

Ans:
6 = 3.32rev
t=1.67s
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16-7.

If gear A rotates with a constant angular acceleration of
oy = 90rad/s?, starting from rest, determine the time
required for gear D to attain an angular velocity of 600 rpm.
Also, find the number of revolutions of gear D to attain this
angular velocity. Gears A, B, C, and D have radii of 15 mm,
50 mm, 25 mm, and 75 mm, respectively.

SOLUTION

Gear B is in mesh with gear A. Thus,

ABIp = QAT 4

ap = <r—A)aA - (%)(90) = 27 rad/s?

'p
Since gears C and B share the same shaft, o = az = 27 rad/s%. Also, gear D is in
mesh with gear C. Thus,

Apr'p = Qcrc
_(Tc _ (% _ 2
ap = (rD)aC = (75)(27) = 9rad/s

600 27 rad \/1mi
The final angular velocity of gear D is wp = ( m;ev)( ;Trreif )( 61(;11511) =

207 rad/s. Applying the constant acceleration equation,

wp = (wp)y + apt
20 =0+ 9¢

t =698s Ans.

and

wp” = (wp)y® + 2ap[0p — (0p)o]

(207)% = 0% + 2(9)(6p — 0)

27 rad
= 349 rev Ans.

0, = (219.32 rad)< 1 rev )

Ans:
t=698s
0p = 349 rev
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*16-8.

If gear A rotates with an angular velocity of w, =
(04 + 1)rad/s, where 6, is the angular displacement of
gear A, measured in radians, determine the angular
acceleration of gear D when 6,4 = 3 rad, starting from rest.
Gears A, B, C, and D have radii of 15 mm, 50 mm, 25 mm,
and 75 mm, respectively.

SOLUTION
Motion of Gear A:

OZAdOA = a)Ade

C(AdOA (0A+1)d(0A+ 1)
C!AdGA = (0A + 1) dGA
oy = (GA + 1)

At6, = 3rad,

ay=3+1=4rad/s®

Motion of Gear D: Gear A is in mesh with gear B. Thus,

Since gears C and B share the same shaft a¢ = ap = 1.20 rad/s%. Also, gear D is in
mesh with gear C. Thus,

aprp = &clc

25
ap = (%)ac = (%)(1.20) = 0.4 rad/s’ Ans.

Ans:
ap = 0.4rad/s?
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16-9.

At the instant w4 = 5rad/s, pulley A is given an angular

acceleration « = (0.80) rad/ s?, where 6 is in radians. o,
Determine the magnitude of acceleration of point B on oy
pulley C when A rotates 3 revolutions. Pulley C has an inner

hub which is fixed to its outer one and turns with it.

SOLUTION

Angular Motion. The angular velocity of pulley A can be determined by integrating
» do = a df with the initial condition w4, = Srad/satf, = 0.

wy 6,
/ wdw = / 0.80d6
Srad/s 0

2 |wa [N
= = (0.46%)
2 Srad/s 0
2 2
WA 5 2
— - — =040
2 2 A

wy = {\/0.80124 + 25} rad/s

At6, = 3(2m) = 67 rad,
wy = \/m = 17.585rad/s
ay = 0.8(6m) = 4.87 rad/s?
Since pulleys A and C are connected by a non-slip belt,
WCre = Walg; wc(40) = 17.585(50)
wc = 21.982rad/s
Qacrc = aara; ac(40) = (4.8m)(50)
ac = 6mrad/s?

Motion of Point B. The tangential and normal components of acceleration of
point B can be determined from

(ap), = acrg = 6m(0.06) = 1.1310 m /s’
(ag), = wirg = (21.982%)(0.06) = 28.9917 m/s’

Thus, the magnitude of ap is

ag = Vag)? + (ag)2 = V(1.1310)% + (28.9917)2

= 29.01 m/s? = 29.0 m/s? Ans.

Ans:
ag = 29.0m/s’
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16-10.

At the instant w4 = Srad/s, pulley A is given a constant

angular acceleration a, = 6rad/s’>. Determine the wy
magnitude of acceleration of point B on pulley C when A ay
rotates 2 revolutions. Pulley C has an inner hub which is

fixed to its outer one and turns with it.

40 mm

SOLUTION

Angular Motion. Since the angular acceleration of pulley A is constant, we can
apply 60 mm

wy = (wA)g + 2a4[04 — (6.4)0]
w4 = 52+ 2(6)[227) — 0]
13.2588 rad /s

w4
Since pulleys A and C are connected by a non-slip belt,
Wclrc = Warg; wc(40) = 13.2588(50)
wc = 16.5735 rad/s
acrc = aara; ac(40) = 6(50)
ac = 7.50rad/s’

Motion of Point B. The tangential and normal component of acceleration of
point B can be determined from

(ap), = acry = 7.50(0.06) = 0.450 m /s>
(ag), = wtrg = (16.57352)(0.06) = 16.4809 m /s’
Thus, the magnitude of ap is
ag = V(ag)? + (a3)2 = V(0.450)% + (16.4809)>
16.4871 m/s* = 16.5m /s’ Ans.

Ans:
ag = 16.5m/s’
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16-11.
The cord, which is wrapped around the disk, is given an a = (10f) m/s®
acceleration of a = (10¢) m/s?, where ¢ is in seconds. ——

Starting from rest, determine the angular displacement,
angular velocity, and angular acceleration of the disk when
t=3s.

SOLUTION

Motion of Point P. The tangential component of acceleration of a point on the rim
is equal to the acceleration of the cord. Thus

(a,) = ar; 10t = a(0.5)
a = {20t} rad/s’
Whent = 35,
a = 20(3) = 60rad/s’ Ans.

Angular Motion. The angular velocity of the disk can be determined by integrating
dw = a dt with the initial condition w = 0 att = 0.

® t
/ do / 20t dt
0 0

o = {10¢%} rad/s

Whent = 35,

o = 10(3?) = 90.0rad/s Ans.

The angular displacement of the disk can be determined by integrating df = w dt
with the initial condition § = O at¢ = 0.

0 t
/dG = /10t2dt
0 0
10
0= {?ﬁ} rad

0= 13—0(33) = 90.0 rad Ans.

Whent = 35,

Ans:

« = 60rad/s’
® = 90.0 rad/s
0 = 90.0 rad
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*16-12.

The power of a bus engine is transmitted using the belt-and-
pulley arrangement shown. If the engine turns pulley A at
w4 = (20r + 40) rad/s, where ¢ is in seconds, determine the
angular velocities of the generator pulley B and the
air-conditioning pulley C when ¢t = 3.

SOLUTION

Whent = 3s
wy = 20(3) + 40 = 100 rad/s

The speed of a point P on the belt wrapped around A is
vp = wyry = 100(0.075) = 7.5m/s

Vp 7.5
wp — =

rp 0025

The speed of a point P’ on the belt wrapped around the outer periphery of B is

v', = wgrg = 300(0.1) = 30m/s
v’ 30
Hence, wc = rCP =005 600 rad/s Ans.

——— =300 rad/s Ans.

Ans:
wp = 300rad/s
wc = 600rad/s
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16-13.

The power of a bus engine is transmitted using the belt-and-
pulley arrangement shown. If the engine turns pulley A at
wy = 60rad/s, determine the angular velocities of the
generator pulley B and the air-conditioning pulley C. The
hub at D is rigidly connected to B and turns with it.

SOLUTION

The speed of a point P on the belt wrapped around A is
vp = wyry = 60(0.075) = 4.5m/s
Vp _ 4.5

wp = — = 180 rad/s Ans.

rp 0.025
The speed of a point P’ on the belt wrapped around the outer periphery of B is
v'p = wgrg = 180(0.1) = 18 m/s

U,p 18

Hence, wc = — = —— = 360rad/s Ans.

re 005

Ans:
wp = 180rad/s
wc = 360 rad/s
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16-14.

The disk starts from rest and is given an angular acceleration
a = (2t*) rad/s?, where ¢ is in seconds. Determine the
angular velocity of the disk and its angular displacement
whent = 4s.

SOLUTION
do
= =27
T ar
w t
/dw= /2t2dt
0 0
2 4 !
==t
[0} 3,
2 3
==t
©73
Whent = 4s,
2 3
w = 5(4) = 427 rad/s Ans.
] t
2
do = /*t3dt
A 03
1
6=—r
6
Whent = 4s,
1
0= g(4)4 = 42.7 rad Ans.

Ans:
w = 42.7rad/s
6 = 42.7 rad
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16-15.

The disk starts from rest and is given an angular acceleration
a = (5t'?) rad/s?, where t is in seconds. Determine the
magnitudes of the normal and tangential components of
acceleration of a point P on the rim of the disk when ¢ = 2s.

SOLUTION
Motion of the Disk: Here,whent = 0,0 = 0.
do = adt
[0] t
do = / Sed
0 0
© 10 ;5|
w|l =1
0 0
10 3
w = {?ﬁ} rad/s
Whent = 2,
10
w =5 (2) = 9428 rad/s

Whent = 2,
a = 5(27) = 7.071 rad/s

Motion of point P: The tangential and normal components of the acceleration of
point P when ¢t = 2 s are

a, = ar = 7.071(0.4) = 2.83 m/s? Ans.

a, = o*r = 9.428%(0.4) = 35.6 m/s? Ans.

Ans:
a, = 2.83m/s’
a, = 35.6m/s?
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*16-16.

The disk starts at wo= 1 rad/s when 6 = 0, and is given an
angular acceleration & = (0.36) rad/sz, where 6 is in radians.
Determine the magnitudes of the normal and tangential
components of acceleration of a point P on the rim of the

disk when 6 =1 rev.

SOLUTION
a = 0.30
) 0
/wdw: /0.30d0
1 0
2| 2 0
—~w = 0.150
2 | 0
2
W
— — 0.5 = 0.15¢"
) 0.5 = 0.1560

o =\V030+1
At6 = 1rev = 27 rad

o= \V032m)? +1

w = 3.584 rad/s
a, = ar = 0.3(27) rad/s?(0.4 m) = 0.7540 m/s>
a, = o’r = (3.584 rad/s)*(0.4 m) = 5.137 m/s’

a, = V(0.7540)> + (5.137)? = 5.19 m/s?
» ( )

Ans.

Ans.

Ans:
a, = 0.7540 m/s?
a, = 5137 m/s?
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16-17.

A motor gives gear A an angular acceleration of
ay = (2 + 0.006 6%) rad/s%, where 6 is in radians. If this
gear is initially turning at w, = 15rad/s, determine the
angular velocity of gear B after A undergoes an angular
displacement of 10 rev.

SOLUTION

Angular Motion. The angular velocity of the gear A can be determined by

integrating  dw = « df with initial condition w, = 15rad/s at 6, = 0.

Wy 64
/ wdo = / (2 + 0.006 6%)do
1 0

Srad/s
(,()2 w4 04
— = (20 + 0.002 6°)
2 15 rad/s 0
2 2
Wy 15
7 - 7 =260, + 0.002 9?4

ws = V0.004 63 + 46 + 2251ad/s
At6, = 10(2m) = 20 rad,
ws = V0.004207) + 4(207) + 225

= 383214 rad/s

Since gear B is meshed with gear A,

WBrE = T4 wp(175) = 38.3214(100)
wp = 21.8979 rad/s
=219rad/s O

Ans.

Ans:
wg = 219rad/s D
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16-18.

A motor gives gear A an angular acceleration of
a, = (2% rad/s?, where ¢ is in seconds. If this gear is
initially turning at w, = 15rad/s, determine the angular
velocity of gear B whent = 3s.
ap

SOLUTION

Angular Motion. The angular velocity of gear A can be determined by integrating
dw = a dt with initial condition w4 = 15rad/satt = 0s.

wy t
/ dw = / 203 de
15 rad/s 0

t
wA—15=1t4

0
1 4
wy = ? + 15 p rad/s
Att = 3s,
1 4
wy = 5(3 ) + 15 = 55.5rad/s

Since gear B meshed with gear A,
Wprp = Wal'y; wp(175) = 55.5(100)

wp = 31.7143 rad/s

= 31.7rad/s D Ans.

Ans:
wp = 31.7rad/s D
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16-19. Morse Industrial manufactures the speed reducer
shown. If a motor drives the gear shaft S with an angular
acceleration a = (4w 3)rad/s’, where o is in rad/s,
determine the angular velocity of shaft E at time t =2 s after
starting from an angular velocity 1 rad/s when ¢ = 0. The
radius of each gear is listed in the figure. Note that gears B
and C are fixed connected to the same shaft.

74 =20 mm
rg = 80 mm
re =30 mm

rp = 120 mm

SOLUTION

Given:

r4 = 20 mm

rg = 80 mm

rc = 30 mm

rp = 120 mm

wp = 1 rad/s
k = 4 rad/s’
1 =2s
7] a1
Guess @ = 1 rad/s Given J kdt =J @ do W) = Find(a)l)
0 N
4\l rc
w1 = 2.397 rad/s o =|— || — | o = 0.150rad/s  Ans.
B )\ "D

Ans:
wp = 0.150 rad/s
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*16-20.

A motor gives gear A an angular acceleration of
a, = (4% rad/s?, where ¢ is in seconds. If this gear is (@4) = 20 rad/s
initially turning at (w,4)y = 20 rad/s, determine the angular
velocity of gear B whent = 2.

SOLUTION
ay = 4[3
do = adt

Wy t t
/ dez/aAdt=/4t3dt
20 0 0

Wy = t4 + 20
Whent = 25,
w4 = 36rad/s
wplry = Wplp
36(0.05) = wp(0.15)

wp = 12rad/s Ans.

Ans:
wp = 12rad/s
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16-21.

The motor turns the disk with an angular velocity of
o = (5¢> + 3t) rad/s, where ¢ is in seconds. Determine the
magnitudes of the velocity and the n and ¢ components of
acceleration of the point A on the disk when ¢t = 3s.

SOLUTION
Angular Motion. Att = 3,
o = 5(3%) + 3(3) = 54rad/s
The angular acceleration of the disk can be determined using

_dw.

= = = + 2
o a = {10t + 3} rad/s

a

Att = 3s,
a = 10(3) + 3 = 33 rad/s?

Motion of Point A. The magnitude of the velocity is
vy = wry = 54(0.15) = 8.10m/s

The tangential and normal component of acceleration are
(ay), = ary = 33(0.15) = 495m/s?

(ay), = w’ry = (54%)(0.15) = 437.4m/s* = 437 m/s>

Ans.

Ans.

Ans.

Ans:

vy = 810m/s
(ay), = 4.95m/s?
(ay), = 437 m/s’
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16-22.

If the motor turns gear A with an angular acceleration of
a4 = 2rad/s> when the angular velocity is w, = 20 rad/s,
determine the angular acceleration and angular velocity of
gear D.

SOLUTION

Angular Motion: The angular velocity and acceleration of gear B must be
determined first. Here,w, r4 = wgrgand ay r4 = aprg.Then,

40
wp = %:w/; = (ﬁ)(zo) = 8.00 rad/s

40
ap = %a = (@)(2) = 0.800 rad/s?

Since gear C is attached to gear B, then wc = wp = 8rad/s and
ac = ap = 0.8 rad/s?. Realizing that wcre = oprp and acre = aprp, then

wp = TD wc = <TOO)(8.OO) = 4.00 rad/s Ans.
_re (50 _ 2
ap = " ac = (100)(0.800) = 0.400 rad/s Ans.

Ans:

wp = 4.00rad/s
ap = 0.400 rad /s’
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16-23.

If the motor turns gear A with an angular acceleration of
a4 = 3rad/s> when the angular velocity is w4 = 60 rad/s,
determine the angular acceleration and angular velocity of
gear D.

SOLUTION

Angular Motion: The angular velocity and acceleration of gear B must be
determined first. Here, w4 r4 = wgrgand ay r4 = aprg.Then,

40
wp = %w a = (ﬁ)(m) = 24.0 rad/s

40
ap = %a = (m>(3) = 1.20 rad/s

Since gear C is attached to gear B, then wc = wp = 24.0rad/s and
ac = ap = 1.20 rad/s?. Realizing that wcrc = wprp and acre = apr p, then

wp = ™ wc = (*100)(24.0) = 12.0rad/s Ans.
_re _ (50 _ 2
ap = " ac = <1OO)(1.2O) = 0.600 rad/s Ans.

Ans:

wp = 12.0rad/s
ap = 0.600 rad/s?
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*16-24. The 50-mm-radius pulley A of the -clothes

dryer rotates with an angular acceleration of

A = (2704?) rad/s?, where 6, is in radians. Determine its
angular acceleration when ¢ = 1 s, starting from rest.

SOLUTION

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

/ 4 de = / oy dGA
w4 0,4
/ wadw, = / 276 ,%d6 4
0 0

2w
[y
A7 =186
2 o 4

wy = (60A3/4) rad/s

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

determined from
do
/df /o

%1 de ,
60 3/4

2 04
t _ 2 1/4
o 30 .

2
= (§6A1/4)S
4
04 = (%t) rad

Whent = 1s

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

Thus,whent = 1s,ay,is

ay = 27(5.0625'2) = 60.8 rad/s” Ans.

Ans:
oy = 60.8 rad/s’
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16-25.  If the 50-mm-radius motor pulley A of the clothes
dryer rotates with an angular acceleration of
ay = (10 + 50¢) rad/s?, where ¢ is in seconds, determine its
angular velocity when ¢ = 3 s, starting from rest.

SOLUTION

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

/dez / C(Adl

o t
/ dw, = / (10 + 50¢)dt
0 0

t

walor = (100 + 252)|
ws = (100 + 25¢)rad/s
Whent = 3s

w, = 10(3) + 25(3%) = 225 rad/s

Ans.

Ans:
wy = 225rad/s
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16-26.

The pinion gear A on the motor shaft is given a constant
angular acceleration @ = 3 rad/s’. If the gears A and B
have the dimensions shown, determine the angular velocity
and angular displacement of the output shaft C, when
t = 2 s starting from rest. The shaft is fixed to B and turns
with it.

SOLUTION
w=w;t+ at

wy =0+ 3(2) =6rad/s

1 2
0=00+w0t+5act

0,=0+0+ %(3)(2)2

0, = 6rad

WpATp = WRTE

6(35) = wp(125)

wc = wp = 1.68 rad/s Ans.
Oorp =0prp

6(35) = 05 (125)

0c = 6 = 1.68 rad Ans.

Ans:
wc = 1.68rad/s
0 = 1.68 rad
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16-27.

A stamp S, located on the revolving drum, is used to label
canisters. If the canisters are centered 200 mm apart on the
conveyor, determine the radius r4 of the driving wheel A
and the radius r of the conveyor belt drum so that for each
revolution of the stamp it marks the top of a canister. How
many canisters are marked per minute if the drum at B is
rotating at wg = 0.2 rad/s? Note that the driving belt is

twisted as it passes between the wheels.

SOLUTION
| = 27T(rA)
200
ry = o = 31.8 mm

For the drum at B:

12277(7'3)
200

rg = —— =31.8mm
2

Int =60s

0 = 00 + wot

0 =0+ 02(60) = 12rad

I = 9ry = 12(31.8) = 382.0 mm

Hence,

3820

T 1.91 canisters marked per minute

Ans.

Ans.

Ans.

Ans:

ry = 31.8 mm

rg = 31.8 mm

1.91 canisters per minute
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*16-28.

At the instant shown, gear A is rotating with a constant
angular velocity of w, = 6rad/s. Determine the largest
angular velocity of gear B and the maximum speed of
point C.

SOLUTION
(rB)max = (rA)max = 50\6 mm

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

wp(rp) = wary

o) o)

(0B)max = 849 rad/s
Ve = (0p)mac e = 8.49(0.05V2)

ve = 0.6 m/s

Ans.

Ans.

100

mm

Ans:

(wB)max = 8.49rad/s
(V) max = 0.6 m/s
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16-29.

For a short time a motor of the random-orbit sander drives
the gear A with an angular velocity of
w4 = 40(2 + 6t) rad/s, where ¢ is in seconds. This gear is
connected to gear B, which is fixed connected to the shaft
CD. The end of this shaft is connected to the eccentric
spindle EF and pad P, which causes the pad to orbit around
shaft CD at a radius of 15 mm. Determine the magnitudes
of the velocity and the tangential and normal components
of acceleration of the spindle EF when t = 2s after
starting from rest.

SOLUTION
WpaTp = WRTp
0,4 (10) = wp(40)
1

wWp = T Wy

4

Ve = wprp = %wA (0.015) = %(40)(? + 61)(0.015)

vp = 3m/s

d
o % _ %[40(;3 + 6t)] = 1201 + 240

A lp = Qplp
a, (10) = ap (40)

1
ap = Z&A

1
(ag), = agrg = (1207 + 240)(0.015)

t=2

(ag), = 2.70 m/s’

1 2
(ap)y = wprg = {Z “0)(£ + 6t)} (0.015)

=2

(ag), = 600 m/s?

=2

Ans.

Ans.

Ans.

Ans:

vg =3m/s

(ag), = 2.70m/s?
(ag), = 600 m/s?
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16-30.

Determine the distance the load W is lifted in ¢t = 5 s using 300 mm
the hoist. The shaft of the motor M turns with an angular 3

velocity w = 100(4 + ¢) rad/s, where ¢ is in seconds. 40 mm

-
N

SOLUTION

Angular Motion: The angular displacement of gear A at¢t = 5 s must be determined
first. Applying Eq. 16-1, we have

df = wdt

0, Ss
/ do = / 100(4 + 1) dt
0 0

04 = 3250 rad

Here, r4 6 4 = rp 6. Then, the angular displacement of gear B is given by

_Ta, _ (40 _
05 =, 0a= ( > 5)(3250) 577.78 rad

Since gear C is attached to the same shaft as gear B, then 6. = 6 = 577.78 rad.
Also,rp 0p = rc 6c, then, the angular displacement of gear D is given by

_Cy - 2) _
GD = . GC = (300 (57778) = 57.78 rad

Since shaft E is attached to gear D, 6 = 6p = 57.78 rad. The distance at which the
load W is lifted is

sy = rpbg = (0.05)(57.78) = 2.89 m Ans.

Ans:
sy = 2.89m
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16-31.

The driving belt is twisted so that pulley B rotates in the
opposite direction to that of drive wheel A. If the angular
displacement of A is 6, = (5 + 10¢%) rad, where ¢ is in
seconds, determine the angular velocity and angular
acceleration of B whent = 3s.

SOLUTION

Motion of Wheel A: The angular velocity and angular acceleration of wheel A can
be determined from

de
w4 = 7;4 = (15t2 + 20t) rad/s
and
d
ay = 24 = (300 + 20) rad/s?
Whent = 35,

wy = 15(3%) + 20(3) = 195 rad/s
ay = 30(3) + 20 = 110 rad/s’
Motion of Wheel B: Since wheels A and B are connected by a nonslip belt, then

Wprg = Wpl'y

_(ra), - (200 _
wp = <rB)wA = (125)(195) = 312 rad/s Ans.
aplp = @l

_(ra), _ (290 _ 2
ag = (rB)aA = (125>(110) = 176 rad/s Ans.

Ans:

wp = 312rad/s
ag = 176 rad /s
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*16-32.

The driving belt is twisted so that pulley B rotates in the
opposite direction to that of drive wheel A. If A has a
constant angular acceleration of a4 = 30 rad/s?, determine
the tangential and normal components of acceleration of a
point located at the rim of B when ¢t = 3 s, starting from rest.

SOLUTION

Motion of Wheel A: Since the angular acceleration of wheel A is constant, its
angular velocity can be determined from

wy = (wa)o + act
=0 + 30(3) = 90rad/s
Motion of Wheel B: Since wheels A and B are connected by a nonslip belt, then

Wprg = Wpl'y

2
o = (%)w - (%)(90) = 144 rad/s

and
QBI'p = QA4

2
ap = (:—;‘)aA - ( 122)(30) = 48 rad/s?

Thus, the tangential and normal components of the acceleration of point P located
at the rim of wheel B are

(a,), = aprg = 48(0.125) = 6 m/s’ Ans.

(ay), = wp’rg = (144%)(0.125) = 2592 m/s* Ans.

Ans:
(ay), =6 m/s2
(ay), = 2592 m/s
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16-33.

The rope of diameter d is wrapped around the tapered drum
which has the dimensions shown. If the drum is rotating at
a constant rate of w, determine the upward acceleration of the

SOLUTION
V = wr
B d(wr)
“TTa
“a T %
dr
= o)

dr 2
1 ry rq

=2, O de
Thus,a = & (2" ")q
ua =5 )

the block. Neglect the small horizontal displacement of the block.

2
2,

7
g

7

Ans.
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16-34.

A tape having a thickness s wraps around the wheel which
is turning at a constant rate . Assuming the unwrapped
portion of tape remains horizontal, determine the
acceleration of point P of the unwrapped tape when the
radius of the wrapped tape is r. Hint: Since vp = wr, take
the time derivative and note that dr/dt = w(s/27).

SOLUTION
vp = wr
_dvp _de - dr
a4 T
. do
Since o =0,

~o()
a = w dt

In one revolution r is increased by s, so that

2 _ s

0 Ar
Hence,

K

Ar = —06

! 2
ar _ s
dr 2w
a= %wz Ans.
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16-35.

If the shaft and plate rotates 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.

SOLUTION

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
Ups = =Sl )Tz
V(=03 +022+062 7T 77 7
Thus,
3. 2, 6 . .
®w = wup,y = 14 771+5]+7k = [—6i + 4j + 12k] rad/s
Since w is constant
a=0

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

Ve = @ X I¢
= (—6i + 4j + 12k) X (—0.3i + 0.4j)
= [-4.8i — 3.6j — 1.2k] m/s Ans.
and
ac=aXrct+wX(wXr)
=0+ (—6i + 4j + 12k) X [(—6i + 4j + 12k) X (—0.3i + 0.4j)]

= A4i — 64.8) + 40.8k|m/s ns.
[38.4i — 64.8] + 40.8k]m/s> A

Ans:

ve = {—4.8i — 3.6 — 1.2k} m/s
ac = {38.4i — 64.8j + 40.8k} m/s’
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*16-36.

At the instant shown, the shaft and plate rotates with an z
angular velocity of w = 14 rad/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.

SOLUTION

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 X 04m
—0.3i + 0.2j + 0.6k 3. 2. 6 B
Upy = =—i+-j+-k
V(=032 +022+062 7T 77 7

Thus,

3, 2.6 . .
w = oupy = 14 *7l+7.]+?k = [—6i + 4j + 12k] rad/s
3, 2., 6 . .
a=aupy =7 —7l+7j+7k = [-3i + 2j + 6k]rad/s

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

VD:(,()XrD

(—6i + 4j + 12k) x (0.3i — 0.4j)

[4.8i + 3.6§ + 1.2k] m/s Ans.

and

aD:aXrD—wzrD

(=3i + 2j + 6k) X (—=0.3i + 0.4j) + (=61 + 4j + 12k) X [(—=6i + 4j + 12k) X (—0.3i + 0.4j)]

= [—36.0i + 66.6j — 40.2k] m/s ns.
[—36.0i + 66.6j — 40.2k] m/s? A

Ans:
vp = [4.8i + 3.6 + 1.2k] m/s
ap = [—36.0i + 66.6j — 40.2k] m /s>
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16-37.

The rod assembly is supported by ball-and-socket joints at
A and B. At the instant shown it is rotating about the y axis
with an angular velocity @ = Srad/s and has an angular
acceleration « = 8rad/s>. Determine the magnitudes of
the velocity and acceleration of point C at this instant.
Solve the problem using Cartesian vectors and Eqs. 16-9
and 16-13.

SOLUTION
ve=wXr
ve = 5j X (—0.4i + 0.3k) = {1.5i + 2k} m/s
ve = V152 + 22 = 250 m/s

ac =a X r—w’r

= 8j X (—0.4i + 0.3k)—5? (—0.4i + 0.3k)
= {12.4i — 4.3k} m/s?

ac = V(12.4)? + (—4.3)? = 13.1 m/s?

Ans.

Ans.

Ans:
Ve =
ac

2.50 m/s
13.1m/s?
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16-38. 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°.

SOLUTION

Given:

o, = 05rad /s rc =20 mm

6 = 30° r¢ = 50 mm
rgy = 200 mm
VC = W I'C
ve = 0.0lm/s
vc
g = —
Ts
wg = 0.2 rad/s

V4= VE= W5 T4

V4 = 05 Ty vy = 40 mm/s Ans.
Points 4 and E move along circular paths. The vertical component closes the window.

Yy = Vg cos(H) vy = 34.6 mm/s Ans.

Ans:
vy = 40 mm/s
v,, = 34.6 mm/s
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16-39.

The end A of the bar is moving downward along the slotted
guide with a constant velocity v4. Determine the angular
velocity @ and angular acceleration @ of the bar as a
function of its position y.

SOLUTION

Position coordinate equation:
. r
sinf = —
y

Time derivatives:

2 2
. r .
cos 00 = _LZ); however, cosf = yfand V=-vy0 =0

<y2_r2> _r . Tva

y )T 0T e

a=w=rv-y2(* - 22+ (y7) () - ) @)
_ Ay - r)

- 3
v =)y

Ans.

Ans.

Ans:

rvy

yVy? —r?

_ iy~ )
V(3?2 — r2)¥?
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*16-40.

At the instant § = 60°, the slotted guide rod is moving
to the left with an acceleration of 2 m/s? and a velocity of
5 m/s. Determine the angular acceleration and angular
velocity of link AB at this instant.

SOLUTION

Position Coordinate Equation. The rectilinear motion of the guide rod can be
related to the angular motion of the crank by relating x and 6 using the geometry
shown in Fig. a, which is

x = 02cosfm

Time Derivatives. Using the chain rule,

x = —0.2(sin 6)0 @

¥ = —0.2[(cos 0)6> + (sin 6)6] Q?)

Here x = v, ¥ =a,0 = o and § = a when § = 60°. Realizing that the velocity
and acceleration of the guide rod are directed toward the negative sense of x,
v = —-5m/sand a = —2 m/s*>. Then Eq (1) gives

—s = (—0.2(sin 60°)w
w = 28.87rad/s = 289 rad/s D Ans.
Subsequently, Eq. (2) gives
—2 = —0.2[cos 60°(28.87%) + (sin 60°)a]
a = —469.57 rad/s> = 470 rad /s> Ans.

The negative sign indicates that « is directed in the negative sense of 6.

)= EMmfs
A= umfs?
s

Ans:
o = 289rad/s D

a = 470rad/s* D
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16-41.

At the instant 6 = 50°, the slotted guide is moving upward
with an acceleration of 3m/s> and a velocity of 2m/s.
Determine the angular acceleration and angular velocity of
link AB at this instant. Note: The upward motion of the
guide is in the negative y direction.

SOLUTION
y =0.3cos6
y = v, = —03sin 06

y=a, = —O.S(Sineé + cos 992)

Here v, = —2m/s,a, = =3 m/s?, and 6 = 0,0 = 0,0 = a,0 = 50°.

—2 = —0.3 sin 50°(w) o = 8.70 rad/s

—3 = —0.3[sin 50°(a) + cos 50°(8.70)*] a = —50.5 rad /s’

B
300 mm r
W, o
< y
o =
G CF ))
A
T v=2m/s
a=3m/s’
23m
Ans. oW
g ¢
Ans.
' Y=am(s
AQz3mfs
Ans:
o = 870rad/s

a = —50.5rad/s?
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16-42.

At the instant shown, § = 60°, and rod AB is subjected to a
deceleration of 16 m/s?> when the velocity is 10 m/s.
Determine the angular velocity and angular acceleration of
link CD at this instant.

SOLUTION
x = 2(0.3) cos

x = —0.6sin6(6)

¥ = —0.6cos0(6)> — 0.6sin6(6)

Using Eqgs. (1) and (2) at § = 60°,x = 10m/s, ¥ = —16 m/s.

10 = —0.6 sin 60°(w)
w = —19.245 = —19.2rad/s
—16 = —0.6 cos 60°(—19.245)> — 0.6 sin 60°(a)

o = —183 rad/s?

—_—
a =16 m/s’

@

¢

Ans.

Ans.

Ans:

w = —192rad/s
« = —183 rad/s?
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16-43.

The crank AB is rotating with a constant angular velocity of
4 rad/s. Determine the angular velocity of the connecting
rod CD at the instant 6 = 30°.

SOLUTION

Position Coordinate Equation: From the geometry,
0.3sin¢ = (0.6 — 0.3 cos ¢) tan 6 [1]

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

do , do ( , df . d¢)
0.3 cosd;dt = 0.6sec Hdt 0.3| cos 0 sec edt tanesmedt

0.3 — tan 0 si d
do { (cos ¢ an 0 sin ¢>)}7¢ 21

dt | 03sec?6(2 — cosd) dt

d¢

de .
However, — = wpc, o = wyp = 4rad/s. At the instant 6 = 30°, from Eq. [3],

dt
¢ = 60.0°. Substitute these values into Eq. [2] yields

0.3(cos 60.0° — tan 30° sin 60.0°)
0.3 sec?30° (2 — cos 60.0°)

wgc =

4 =0 Ans.

Ans:
WA — 0
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*16-44.

Determine the velocity and acceleration of the follower
rod CD as a function of # when the contact between the cam
and follower is along the straight region AB on the face of
the cam. The cam rotates with a constant counterclockwise
angular velocity w.

SOLUTION
Position Coordinate: From the geometry shown in Fig. a,
: 0
Xc = = rsec
€7 coso

Time Derivative: Taking the time derivative,

Vep = Xc = rsecftan 60 @

Here, § = +o since o acts in the positive rotational sense of 6. Thus, Eq. (1) gives

Vep = rosecHtanf — Ans.

The time derivative of Eq. (1) gives
acp = X¢ = r{secOtan 66 + 6[sec O(sec’9d) + tan H(sec § tan 60)]}
acp = r[sec@tan 09 + (sec’d + secf tan® §)6%]

Since § = w is constant, # = a = 0.Then,
acp = r[secOtan6(0) + (sec’d + sec 6 tan’0)w?]

= rwz(sec3 6 + secf tan’ 9) — Ans.

Ans:

Vep = rwsecHtand —
acp = rwz(sec30 + sec 6 tan’ 0) ad
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16-45.

Determine the velocity of rod R for any angle 6 of the cam
C if the cam rotates with a constant angular velocity w. The
pin connection at O does not cause an interference with the
motion of A on C.

SOLUTION

Position Coordinate Equation: Using law of cosine.

(ry + r2)2 =x*+ rl2 — 2rix cos 6 @

Time Derivatives: Taking the time derivative of Eq. (1).we have

dx . do dx
=2— — - — + —
0=2x ot 2r1< X sin 6 ot cos 6 dr ) 2)

dx de
However v = n and w = o From Eq.(2),

0= xv — ri(vcosf — xwsin 0)

riXw sin 0

V= A3)

ricosf — x

However, the positive root of Eq.(1) is

x =rcosf + \ViZcos20 + 13 + 2rir,

Substitute into Eq.(3),we have

v =

< rlwsin 20

+ ro sin9> Ans.
2V cos? + 13+ 27 11,

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

Ans:

riwsin 26

v = + riwsin 6

2\/r12 cos’0 + ri + 2rir,
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16-46.

The circular cam rotates about the fixed point O with a
constant angular velocity w. Determine the velocity v of the
follower rod AB as a function of 6.

SOLUTION

x =dcosf + \/(R + r)? — (d sin §)?

. . d? sin 20 . .

X = v4p = —dsin 66 — 0 Where § = wandv,p = —v

2\/(R + r)? — d?sin’0

d? sin 260
w
2V(R + r? — d*sin’ 0

—v = —dsin f(w) —

d sin 20
V= owd| sinf + St Ans.

2V/(R + r)? — d?sin® 6

Ans:

d sin 20

V= wd (sin@ +
2V(R + r)? — d?sin? 6

)
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16-47.

Determine the velocity of the rod R for any angle 6 of cam
C as the cam rotates with a constant angular velocity w. The
pin connection at O does not cause an interference with the
motion of plate A on C.

SOLUTION
x=r+rcosf
x = —rsin 66
v = —rwsin 0

T
NWMWW* R!
AFX

Ans.

Ans:

V= —rwsin 0
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*16-48.

Determine the velocity and acceleration of the peg A which
is confined between the vertical guide and the rotating
slotted rod.

SOLUTION

Position Coordinate Equation. The rectilinear motion of peg A can be related to
the angular motion of the slotted rod by relating y and 6 using the geometry shown
in Fig. a, which is

y =Dbtan6
Time Derivatives. Using the chain rule,
y = b(sec? ) §))
y = b[2 sec B(sec 6 tan 60)0 + sec’ 66
y = b(2 sec’ 6 tan 60> + sec’ 09)
y = bsec’6(2 tan 06> + 6) Q?)
Here,y = v, = a,0 = w and § = a.Then Egs. (1) and (2) become

v = wbsec’ o Ans.

a = bsec’0(2w’*tan 6 + ) Ans.

sperrrm, W

A T

i T

Ans:
v = wbsec?
a = bsec’0(2w’tan 6 + «)
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16-49.
Bar AB rotates uniformly about the fixed pin A with a

constant angular velocity w. Determine the velocity and
acceleration of block C, at the instant 6 = 60°.

SOLUTION
Lcos® + Lcosp =L

cosf +cosp =1
sinff + singpdp =0
cos (9(9)2 + sin 06 + sinqb;ﬁ + cos ¢ ((}5)2 =0
When 6 = 60°, ¢ = 60°,
thus,§ = —¢ = o (from Eq. (1))
6=0
¢ = —1.1550* (from Eq.(2))
Also, sc = Lsin¢ — Lsin@

vC=Lcos¢¢— L cos 66

ac
At = 60°,¢ = 60°
Sc = 0

ve = L(cos 60°)(—w) — L cos 60°(w) = —Lw = Lo

ac = —Lsin 60°(—w)?> + L cos 60°(—1.1550%) + 0 + L sin 60°(w)*

ac = —0.577 Le? = 0.577 Lo*!

—Lsin ¢ (¢)? + Lcos ¢ () — L cos 6(6) + L sin 6(6)

@
2

Ans.

Ans.

Ans:
Ve =
ac =

A

e

Lol
0.577 Lo
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16-50.

The center of the cylinder is moving to the left with a
constant velocity v,,. Determine the angular velocity @ and
angular acceleration a of the bar. Neglect the thickness of
the bar.

SOLUTION

Position Coordinate Equation. The rectilinear motion of the cylinder can be related
to the angular motion of the rod by relating x and 6 using the geometry shown in
Fig. a, which is

r
tan /2

= rcotf/2

Time Derivatives. Using the chain rule,

X = r{ (—csc? 9/2)(%0)}

X = —%(csc2 0/2)6 @
X = —%{2 csc6/2(—csc /2 cot 9/2)(%0)0 + (csc? 0/2)9}

x = %{ (csc?6/2cot 6/2)6% — (CSC26/2).6}

2
.. resc0/2 . ..
x = %{(cot 0/2)6> — 9} 2)
Here X = —v, since v, is directed toward the negative sense of x and 6 = w.Then

Eq. (1) gives,

—vy = —% (csc?6/2)w

®w = —sin"6/2 Ans.
r

e L s
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15-50. Continued

Also, ¥ = 0 since v is constant and § = «. Substitute the results of w into Eq. (2):

0= rcsc226/2[(cot 0/2)(@ sin? 6’/2)2 - a]

R
Il

(cot 0/2)(? sin 6’/2)2

cos 0/2 \[ 4v§
= " sin*0/2
“ sin6/2 J\ r? sin 6/

4 2
a= Lzo(sin3 6/2)(cos 6/2)
r

205 -
a = 7(2 sin 6/2 cos 6/2) (sin® 6/2)
r

Since sin § = 2sin §/2 cos 6/2, then
2

2
a= 7020 (sin 0)(sin? 0/2) Ans.
r

Ans:

20,
w = 2 sin? 0/2
r

2v¢
a = 720 (sin 6)(sin® 6/2)

r
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16-51.

The pins at A and B are confined to move in the vertical
and horizontal tracks. If the slotted arm is causing A to move
downward at v 4, determine the velocity of B at the instant

shown.
SOLUTION
Position coordinate equation:
h d
tanf = — = —
x Yy
h
=12
d y
Time derivatives:
X = )
a )
h
Vg = <d>v A Ans.
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*16-52.

The crank AB has a constant angular velocity w. Determine
the velocity and acceleration of the slider at C as a function
of 6. Suggestion: Use the x coordinate to express the motion
of C and the ¢ coordinate for CB. x = 0 when ¢ = 0°.

SOLUTION
x=1+b— (Lcos¢ + bcosb)

b
[ sin ¢ = bsin 6 or sin ¢ =7sin9
Ve = x = Isinpp + bsin 60

. b .
cos ¢p¢p = 7 cos 66

2
Since cos ¢ = V1 —sin’¢p = |1 — (%) sin? 6

then,
()
7 cos fw
¢ =
2
1 - (9) sin?6
[
b\ .
7 sin 6 cos 6
ve = bw + bw sin 6

2
1- (é) sin® 0
l
From Eq. (1) and (2):
2
ac = ve = lpsin ¢ + Ipcos pp + b cos 0(0>

—sin (b(i)z + cos qSéﬁ = —(?) sin 06

. b
¢*sin p — sz sin 6

é =

cos ¢

Substituting Egs. (1), (2), (3) and (5) into Eq. (4) and simplifying yields

(e ()
(- (o)

ac = b’ + cos 6

Ans.

@

2

3

Ans.

)

E)

<%) sin 6 cos 6

ve = bo| ——L— | + bwsin

2
1 — (?) sin® 6

ac = bw2

w300
(

+ cos

0
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16-53.

If the wedge moves to the left with a constant velocity v,
determine the angular velocity of the rod as a function of 6.

SOLUTION

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

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

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

_ Lsin(¢ —0)
B sin ¢

XA

Time Derivative: Taking the time derivative,

_ Lcos (¢ — 0)(—6)

A sin ¢
L cos (¢ — 0)0
=3, = ——>\r 9/ 1
VA = X4 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
v sin
¢ Ans.

9:Lcos(¢>—0)

Ans:

b — v sin ¢
~ Lcos (¢ — 6)
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16-54.

The crate is transported on a platform which rests on AN
rollers, each having a radius r. If the rollers do not slip,
determine their angular velocity if the platform moves
forward with a velocity v.

SOLUTION
Position coordinate equation: From Example 16.4, s = rf. Using similar triangles 4 Si
sS4 =25 = 2ro ~
1%
Time derivatives: jl_
Sqp =0 = 2r Where 6 = o
w = % Ans.
Ans
v
0w = _—
2r
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16-55.

Arm AB has an angular velocity of @ and an angular
acceleration of e. If no slipping occurs between the disk D
and the fixed curved surface, determine the angular velocity
and angular acceleration of the disk.

SOLUTION
ds=(R+r)do=rdo

o) - (2)

R+r

w/ZQ Ans.
R+ r

a’ZQ Ans.

Ans:
o (R + nNow
- r
., (R+na
a = — "
r
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*16-56.

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°.

SOLUTION

Position Coordinates: Applying the law of cosines to the geometry shown in Fig. a,
2 =3 + 52 — 2(3)(5)cos (180°—6)
s> = 34 — 30cos (180°—6)
However, cos <180°—0) = —cos 0. Thus,

s =34 4+ 30 cos 0

Time Derivatives: Taking the time derivative,
255 = 0 + 30(—sin 69)
s§ = —15sin 60 ()

When 6 = 60°,s = V34+30cos 60° = 7m.Also, s = —0.15 m/s since § is directed
towards the negative sense of s. Thus, Eq. (1) gives

7(—0.15) = —15sin 60°9

w = 6 = 0.0808 rad/s Ans.

)
180°- (5
3m
Sm
(e
Ans:

® = 0.0808 rad/s
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16-57. The wheel is rotating with an angular velocity
® = 8 rad/s. Determine the velocity of the collar A at the
instant # = 30° and ¢ = 60°. Also, sketch the location of bar
ABwhen 6 = 0° 30° and 60° to show its general plane motion.

SOLUTION
Given:
6 = 30°
¢ = 60°
o = 8 rad/s
r4 = 500 mm
rg = 150 mm
Guesses wyp = lrad/s vgy=1m/s
0 —-rg cos(H) 0 ry cos(¢)
Given 0 x| rgsin(6) |+| O [x| rysin(g)
-0 0 @WAB 0
®4B ]
= Fmd(a)AB,vA) wyp = —4.161ad/s
V4

V4
=10
0

vqy=24m/s  Ans.

Ans:
vy = 2.4 m/s
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16-58.

The slider block C moves at 8 m/s down the inclined groove. \ 2m |
Determine the angular velocities of links AB and BC, at the

instant shown. A B
) @ ——

2 m
SOLUTION
Rotation About Fixed Axis. For link AB, refer to Fig. a. c
Vp = @Wyp X Tup
\)f =8m/s
Vg = (—wapk) X (2i) = —2wapj
General Plane Motion. For link BC, refer to Fig. b. Applying the relative velocity

equation,
Vg = V¢ T wpc X rp/c
—2w,pj = (8sin 45°% — 8 cos 45%) + (wpck) X (2j)
—2w,pj = (8sin45° — 2wpc)i — 8 cos 45°%
Equating i and j components,
0 = 8sin 45° — 2wpc wpe = 2.828rad/s = 2.83rad/s D Ans.
—2w,p = —8 cos 45° wyp = 2.828rad/s = 2.83rad/s D Ans.

Ans:
wpc = 2.831ad/s)
w,p = 2.83rad/s D
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16-59. At the instant shown, the truck is traveling to the
right at 3 m/s, while the pipe is rolling counterclockwise at
angular @ = 8 rad/s without slipping at B. Determine the
velocity of the pipe’s center G.

SOLUTION

Given:

v =3m/s

o = 8rad/s

r=15m

VG =V+VGE Vg = V- or vg = —9.00m/s Ans.

Ans:
ve = —9.00 m/s
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*16-60. At the instant shown, the truck is traveling to the
right at 8 m/s. If the spool does not slip at B, determine its
angular velocity so that its mass center G appears to an
observer on the ground to remain stationary.

SOLUTION
Given:

v =8m/s

o =533rad/s Ans.

N I<

VG = V+VGB 0=v—or o =

Ans:
® = 5.33rad/s
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16-61.

The link AB has an angular velocity of 3 rad/s. Determine 1.5m C
the velocity of block C and the angular velocity of link BC
at the instant § = 45°. Also, sketch the position of link BC
when 6 = 60°, 45°, and 30° to show its general plane motion.

SOLUTION
Rotation About Fixed Axis. For link AB, refer to Fig. a.
Vg = wap X Tup
= (3k) X (0.5cos 45 + 0.5sin 45%)
= {~1.0607i + 1.0607j} m/s

General Plane Motion. For link BC, refer to Fig. b. Applying the relative velocity
equation,

Ve = Vg + wpc X I¢yp
—va = (=1.0607i + 1.0607j) + (—wpk) X (1.5i)
—vc = —1.0607i + (1.0607 — 1.50pc)j
Equating i and j components;
—ve = —1.0607 ve = 1.0607 m/s = 1.06 m/s Ans.
0 = 1.0607 — 1.5wp¢ wpc = 0.7071 rad/s = 0.707 rad/s Ans.

The general plane motion of link BC is described by its orientation when 6 = 30°,
45° and 60° shown in Fig. c.

I’ [-6m L

(b)

Ans:
ve = 1.06 m/s <
wge = 0.707 rad/s D
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16-62.
If the gear rotates with an angular velocity of w = 10 rad/s ' |
and the gear rack moves at vc = 5m/s, determine the
velocity of the slider block A at the instant shown. /<4 ©
0.5m
SOLUTION =10rad/s

@\
General Plane Motion: Referring to the diagram shown in Fig. a and applying the

relative velocity equation, ve=5mfs C

VB:VCJ'_(‘)XIB/C | 1

—5i + (—10k) X (0.075])

[—4.25i] m/s
Then, applying the relative velocity equation to link AB shown in Fig. b,
VAo = Vg T wap X Typ
vaj = —4251 + (—wypk) X (—0.5cos 60°i + 0.5sin 60°§)
v4j = (04330w 45 — 4.25)i + 025w 4]
Equating the i and j components, yields
0 = 0.4330w,5 — 4.25 (4]

Vy = O.ZSG)AB (2)

Solving Egs. (1) and (2) yields

wsp = 9.815rad/s

vy =245m/s | Ans.

Ans:
vy =245m/s |
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16-63.

Knowing that angular velocity of link AB is
w,p = 4 rad /s, determine the velocity of the collar at C
and the angular velocity of link CB at the instant shown.
Link CB is horizontal at this instant.

SOLUTION
Up = WaBTaB
= 4(0.5) = 2m/s
vg = {=2cos30% + 2sin30% ) m/s ve = —vecos 45% — vesin 45%
® = wpck rep = {—0.35i) m

Ve = Vg T w X1

—v¢ cos 45°% — v sin45°% = (=2 cos 30°i + 2sin 30% ) + (wpck) X (—0.351)
—v¢ cos 45% — ve sin 45°% = —2 cos 30°% + (2sin 30° — 0.35wp()j

Equating the i and j components yields:

—v¢ cos 45° = —2 cos 30° ve = 245m/s Ans.

—2.455in45° = 25in 30° — 0.35wpc wpc = 7.81rad/s Ans.

Ans:

ve = 245m/s
wpc = 7.81rad/s
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*16-64. The cylinder B rolls on the fixed cylinder A
without slipping. If the connected bar CD is rotating with an
angular velocity of wcp = Srad/s, determine the angular
velocity of cylinder B.

SOLUTION

Given:

wcp = 5rad /s

a=01m

b

03 m

vp = a)CD(a + b)

VD
wp = Y wp = 6.67rad/s Ans.

Ans:
wp = 6.67 rad/s
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16-65.

The angular velocity of link AB is w,, =5 rad/s.
Determine the velocity of block C and the angular velocity
of link BC at the instant 6 = 45° and ¢ = 30°. Also, sketch
the position of link CB when 0 = 45°,60°, and 75° to show
its general plane motion.

SOLUTION
Rotation About A Fixed Axis. For link AB, refer to Fig. a.
Vg = wup X Iyp

(5k) X (—3 cos 45% — 3sin 45% )

15\/5i 15V2

> — 2‘]m/s

General Plane Motion. For link BC, refer to Fig. b. Applying the relative velocity
equation,

Ve = Vp + wWpgc X rc/B
15V2 15V2
vei = T\/i - T\/J + (wpck) X (2sin30°i — 2 cos 30°%)

15V2 15V2

vei = > + V3wpe |i + | wpe — ) j
Equating j components,
0 = wgcfﬁ;wfgc = lsgfzrad/s = 10.6rad/s D Ans.
Then, equating i components,
ve = 152—\6 +V3 % =2898m/s = 29.0m/s — Ans.
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16-65. Continued

The general plane motion of link BC is described by its orientation when 0 = 45°,
60° and 75° shown in Fig. ¢

40
( (

45°

Ans:
wpc = 10.6rad/s D
ve =29.0m/s —
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16-66. The shaper mechanism is designed to give a slow
cutting stroke and a quick return to a blade attached to the
slider at C. Determine the velocity of the slider block C at
the instant § = 45°,if link AB is rotating at 4 rad/s.

SOLUTION Wap = 4rad/s\
Given:

g = 60°

¢ = 45°

wgp = 4 rad/s

a = 300 mm

b =125 mm
Guesses wpc = lrad/s vc=1m/s
0 cos(@) 0 —COS(¢) vc
Given 0 |x|a|sin(6) ||+] 0 |x|b]| sin(g) |[=] 0
DYB 0 2):16) 0 0
@WBC )
= Find(@pc, vc) wpe = 6.79rad/s ve=-1.64m/s Ans.
vc

Ans:
ve = —1.64 m/s
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16-67. Determine the velocity of the slider block at C at
the instant § = 45°,if link AB is rotating at 4 rad /s.

wup =4 rad/s\

SOLUTION
Given:
0 = 45°
¢ = 45°

wyp = 4 rad/s

a = 300 mm

b = 125 mm
Guesses wpc = lrad/s vc=1m/s
0 cos(ﬁ) 0 —COS(¢) vc
Given 0 [x|d sin(6) ||+] 0 |x|p| sin(g) ||=] 0
@DYB 0 WBC 0 0
®Bc
= Find(@pc, vc) wpc = 1.00rad /s ve=-170m/s  Ans.

vc

Ans:
ve = —1.70 m/s
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*16—68.

Rod AB is rotating with an angular velocity of
w,p = 60 rad/s. Determine the velocity of the slider C at
the instant # = 60° and ¢ = 45°. Also, sketch the position
of bar BC when 6 = 30°, 60° and 90° to show its general
plane motion.

SOLUTION
Rotation About Fixed Axis. For link AB, refer to Fig. a.
Vp = @ p X 143
= (60k) X (—0.3sin 60°i + 0.3 cos 60°%)
= {9 — 9V3j} m/s

General Plane Motion. For link BC, refer to Fig. b. Applying the relative velocity
equation,

Ve = Vg + wpc X1
—vcj = (-9 - 9\/§j) + (wpck) X (—0.6 sin 45°%i — 0.6 cos 45°%)
—vej = (03V2wpe — 9)i + (—0.3V2wpe — 9V3)j
Equating i components,
0= 0.3\[2wBC -9 wpc = 15\/2rad/s = 21.2rad/s D
Then, equating j components,

—ve = (-03V2)(15V2) = 9V/3; ve=2459m/s = 24.6m/s| Ans.

The general plane motion of link BC is described by its orientation when 6 = 30°,
60° and 90° shown in Fig. c.

Ans:
ve =246 m/s|
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16-69.

If the slider block C is moving at v = 3 m/s, determine the
angular velocity of BC and the crank AB at the instant shown.

SOLUTION

Rotation About a Fixed Axis: Referring to Fig. a,
VB = WypB X I'p
= (—wapk) X (0.5co0s60°i + 0.5sin 60°f)

= 04330&)A3i - OZS&)ABj

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

Vp = V¢ + wpe X Ipc
0.4330w 451 — 0.25w45j = —3j + (—wpck) X (—1cos45°i + 1sin45°j)
0.4330w 451 — 0.25w45j = 0.7071wpgci + (0.7071wge — 3)j
Equating the i and j components yields,
0.4330w 45 = 0.7071wpc

—0.25w 45 = 0.7071wge — 3
Solving,
wpc = 2.69 rad/s Ans.

w,p = 439 rad/s Ans.

Ans:
wWpe = 2.69 rad/s
wpp = 4.391ad/s
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16-70.

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.

SOLUTION

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

General Plane Motion: Applying the relative velocity equation and referring to Fig. a,
Vg =Vp t w Xr1p)p
vi =0 + (—wk) X [(R - r)j]
vi = o(R — r)i

Equating the i components, yields

v
= o(R — —
v = o r) w=2_
Using this result,
VO—VP+L()Xr0/P
v
=0+ |- k | X Rj
( R—-r ) J
R
vOZ(R—r v—> Ans.
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16-71.

Determine the velocity of point A on the outer rim of the
spool at the instant shown when the cable is pulled to the
right with a velocity of v. The spool rolls without slipping.

SOLUTION

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

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

Equating the i components, yields

v
= o(R — -
v = o r) =2
Using this result,
VA:VP+(1)><I‘A/P
=0+ (—”k) X 2Rj
-r
= 2R v i
R—r
Thus,
2R
= Ans.
Vy <R — r>v—> ns

Ans:

o=

2R
R —r

Jo-
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*16-72.
1.5m

If the flywheel is rotating with an angular velocity of
w4 = 6rad/s, determine the angular velocity of rod BC at
the instant shown.

w,y = 6rad/s

‘(oc

SOLUTION 607 0.6

Rotation About a Fixed Axis: Flywheel A and rod CD rotate about fixed axes,
Figs. a and b. Thus, the velocity of points B and C can be determined from

=

v = wy X rg = (—6k) X (=0.3j) = [—1.8i] m/s
Ve = wep X re = (wepk) X (0.6 cos 60°i + 0.6 sin 60°j)
= 705196wCDi + O'3wCDj

General Plane Motion: By referring to the kinematic diagram of link BC shown in
Fig. ¢ and applying the relative velocity equation, we have

Vp = V¢ + wpe X rB/C

—1.8i = _05196(()CDi + (0'3wCD - 15(1)Bc)j

Equating the i and j components
—1.8 = —0.5196w¢p ,}

0= 0.3CUCD - 1'5wBC

Solving,

wcp = 3.46 rad/s

wpc = 0.693 rad/s Ans.
X
Mese Y
b | Yo
| 15m -
(C) Ans:

wpc = 0.693 rad/s
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16-73.

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.

SOLUTION

vp = rpg wpg = (0.5)(18) = 9m/s |

The velocity of the contact point P with the ring is zero.
Vp =Vpt+ w Xrpp

9 = 0 + (—wgk) X (—0.1i)

wg =90rad/s D Ans.

Let P’ be the contact point between A and B.
Vp = Vp + w X rP'/P

vpj = 0 + (—90k) X (—0.4i)

vp =36m/s |
Vpr 36
wy = i =02 " 180 rad/s O Ans.

Ans

wp
WAy

= 90 rad/s D
= 180 rad/s D
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16-74.

If the slider block A is moving downward at
vy = 4m/s, determine the velocities of blocks B and C at
the instant shown.

SOLUTION
Vg = Vy + UB/A
o= e
Ry
Y8 — 4] + w5055 O S,
3
(5) vp=0+ wAB(O.SS)(f)
5 A=t
4
(+1) 0=—-4+ wAB(O.SS)(§>
Solving,
wyp = 9.091 rad/s Q.D‘ﬁ.m%
vg = 3.00m/s Ans. U
N 8.%m
Up = 0 v
D = Va4t Upja Np=1"s
vp = 4 + [(0.3)(9.091) = 2.727]
l N
Ve = vp t UC/D
ve = 4 + 2727 + wep(0.4) ke v
- | A N 30° i
4 Uc

(5)  we=0+2727 G) — wcg (0.4)(sin 30°)

(+1) 0= -4+ 2727 <%) + wcp(0.4)(cos 30°)

wcg = 5249 rad/s
ve = 0587 m/s Ans.
Also:

Vg = Vy + wsp X rB/A

vpi = —4j + (—w,pk) X {%4 (0.55)i + %(O.SS)j}
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16-74. Continued

vp = wyp(0.33)

0= —4 + 0440,

wap = 9.091 rad/s

vg = 3.00m/s Ans.
Vp = V4 + wap X ¥pja

vp = —4j + (—9.091k) X {%4(0.3)i + %(0.3)j}

vp = {1.636i — 1.818j} m/s

Ve = Vp T wcg X T¢ip

v = (1.636i — 1.818)) + (—wcrk) X (—0.4 cos 30°%i — 0.4 sin 30%)
ve = 1.636 — 0.2wcg

0= —1.818 — 0346w

wcg = 5.25rad/s

ve = 0.587m/s Ans.

Ans:

vg = 3.00m/s

ve = 0.587 m/s
vg = 3.00m/s

ve = 0.587m/s

709




© Pearson Education Limited 2017. 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.

16-75.

If the slider block A is moving downward at v, = 4 m/s,
determine the velocity of point E at the instant shown.

SOLUTION

See solution to Prob. 16-89.

Vg = vp + Vgp
vp =4l + 2727 + (5.249)(0.3)

N N 30°
(5)  (vp), =0+ 2727 (g) + 5.249(0.3)(sin 30°)
(+l)  (p),=4-2727 <g) + 5.249(0.3)(cos 30°)
(vp), = 2424 m/s —

(vp)y = 3.182m/s I

ve = V(2.424)? + (3.182)> = 4.00 m/s

3.182
6 = tan! (m) = 52.7°
Also:
See solution to Prob. 16-89.
Vg = Vp T wcg X Yg/p
ve = (1.636i — 1.818j) + (—5.25k) X {cos 30°(0.3)i — 0.4 sin 30°(0.3)j}

vp = {2.424i — 3.182j} m/s

vp = V(2.424)* + (3.182)2 = 4.00 m/s

3.182
= =) =5.7°
0 tan (2.42 ) 52.7

Ans.

Ans.

Ans.

Ans.

5. 248 )
iy 3:%“-’5
Up

3

Ans:
vg = 4.00m/s

0 =527"<%
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*16-76.

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 § is rotating at
wg = 5 rad/s. Determine the angular velocity of each of the
planet gears P and shaft A.

SOLUTION

vy = 5(80) = 400 mm/s <
vy =0

VE= V4t o X1,

0 = —400i + (w, k) X (80j)

0 = —400i — 80w, i

wp = —5rad/s = Srad/s Ans.

VC=VB+(.UXI‘C/B

ve = 0 + (=5k) X (—40j) = —200i

200
®a= 0" 1.67 rad/s Ans.

Ans:
wp = Srad/s

wy = 1.67rad/s
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16-717.

The mechanism is used on a machine for the manufacturing
of a wire product. Because of the rotational motion of link
AB and the sliding of block F, the segmental gear lever DE
undergoes general plane motion. If AB is rotating at
w,p = 5 rad/s, determine the velocity of point E at the
instant shown.

SOLUTION

vg = waprap = 5(50) = 250 mm/s 45°

Ve = Vg + Ye/B

ve = 250 + wpc(200)

— 45°N 45° 7

(+1) 0= 250sin45° — wg(200) sin 45°
(&) e = 250 cos 45° + wp(200) cos 45°
Solving,

ve = 353.6 mm/s; wpc = 1.25rad/s

vV, = Vet Ve

v, = 353.6 + [(1.25)(2f) = 23]

— «—
Vp = Vp + VD/p

Vp = (3536 + 25) + 20(1)DE
l i

—
(&) vp=3336+0+0

(+1) 0=0+ (1.25)(20) — wpg(20)
Solving,

vp = 353.6 mm/s; wpr = 1.25rad/s
Vg = Vp + VE/D

353.6 + 1.25(50)

VE
PN — 45°

(&)  wgcosd = 353.6 — 1.25(50) cos 45°
(+1) wvgsing = 0 + 1.25(50) sin 45°
Solving,

vg = 312 mm/s

b = 8.13°

wyp = Srtad/s

Ve

e mm
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16-77. Continued

Also;

Vg = wap X Yp/a

Ve = vp + wpc X I¢yp

—vcl = (=5k) X (—0.05 cos 45% — 0.05 sin 45°%) + (wpck) X (—0.2 cos 45°% + 0.2 sin 45°%)
—ve = —0.1768 — 0.1414wpc

0 = 0.1768 — 0.1414wpc

wpc = 1.25rad/s, ve = 0254 m/s

vy, = Ve + wge X 1,0

Vp =V, T wpg X 'D/p

Vp = V¢ + wge X r,c + wpe X Ip)p

vpi = —0.354i + (1.25k) X (—0.02i) + (wpgk) X (—0.02i)

vp = —0.354

0 = —0.025 — wpe(0.02)

vp = 0.354m/s, wpr = 1.25rad/s

Ve = Vp + wpg X ¥g/p

(vp)d + (vg)yj = —0.354i + (—1.25k) X (—0.05 cos 45°i + 0.05 sin 45°%)
(vg), = —0.354 + 0.0442 = —0.3098

(vp)y = 0.0442

vp = V(—-03098)> + (0.0442)2 = 312 mm/s Ans.
0.0442
= _] E— = o
¢ = tan (0.3098) 8.13 Ans.

Ans:

vp = 312 mm/s
$ = 8.13°

vg = 312mm/s
¢ = 8.13°

713




© Pearson Education Limited 2017. 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.

16-78.

The similar links AB and CD rotate about the fixed pins
at A and C. If AB has an angular velocity
w,p = 8rad/s, determine the angular velocity of BDP and
the velocity of point P.

SOLUTION

VD:VBJF(,()XI'D/B

—vp cos 30% — vp sin 30°%) = —2.4 cos 30° + 2.4 sin 30°% + (wk) X (0.6i)

—vp cos 30° = —2.4 cos 30°

—vp sin 30° = 2.4 sin 30° + 0.6w

vp = 24m/s

®w = —4rad/s

Vp= Vg + w Xr1pp

vp = —2.4 cos 30°i + 2.4sin 30°% + (—4k) X (0.3i — 0.7j)
(vp), = —4.88m/s

(”P)y =0

vp = 4.88m/s «—

/\BH 300 mm—=}—300 mm-—| D/\
Q) —— (o,
300 mm %

2

wyp=8rad/s 700 mm

Ans. 2. fon /S

Ans.

300 mm

AV

C

Ans:
vp = 4.88m/s <

714




© Pearson Education Limited 2017. 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.

16-79.

If the ring gear A rotates clockwise with an angular velocity
of w, = 30rad/s, while link BC rotates clockwise with an
angular velocity of wgc = 15 rad/s, determine the angular
velocity of gear D.

SOLUTION

Rotation About A Fixed Axis. The magnitudes of the velocity of Point £ on the rim
and center C of gear D are

Vg = wqry = 30(03) = 9m/s
ve = wpcrpe = 15(0.25) = 3.75m/s
General Plane Motion. Applying the relative velocity equation by referring to Fig. a,
Vg = Ve + wp X 1g)c
9i = 3.75i + (—wpk) X (0.05))
9i = (3.75 + 0.05wp)i
Equating i component,
9 = 3.75 + 0.05wp
wp = 105rad/s D Ans.

Ans:
wp = 105rad/s )
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*16-80.

The mechanism shown is used in a riveting machine. It
consists of a driving piston A, three links, and a riveter which
is attached to the slider block D. Determine the velocity of
D at the instant shown, when the piston at A is traveling at
vy = 20 m/s.

SOLUTION

Kinematic Diagram: Since link BC is rotating about fixed point B, then v . is always
directed perpendicular to link BC. At the instant shown. vo = —v¢ cos 30°1 +
ve sin 30% = —0.8660vci + 0.500vc j. Also, block D is moving towards the
negative y axis due to the constraint of the guide. Then. vp = —vpj.

Velocity Equation: Here, v 4 = {—20 cos 45°i + 20 sin 45°%j}m/s = {—14.14i + 14.14j}
m/sandrcq = {—0.3cos 30°i + 0.3sin 30°% jm = {—0.2598i + 0.150j} m. Applying
Eq. 16-16 to link AC, we have

Ve =V4 T+ wyc X rC/A
—0.86600ci + 0.5000¢j = —14.14i + 14.14] + (w,ck) X (—0.2598i + 0.150j)

—0.8660v¢i + 0.5000¢j = —(14.14 + 0.150w4c)i + (14.14 — 0.2598w 4¢)j

x
Equating i and j components gives
—0.86600c = —(14.14 + 0.150w 4¢) [1] Ue
0.500vc = 14.14 — 0.2598 w 4¢ 2] 30
Wep
Solving Egs. [1] and [2] yields N
ole
wyc = 1725 rad/s ve = 19.32 m/s
Y
Thus, ve = {—19.32 cos 30°% + 19.32 sin 30°%j} m/s = {—16.73i + 9.659j} m/s and g
rpic = {—0.15c0s 45°% — 0.15sin 45°% jm = {—0.1061i — 0.1061j} m. Applying Eq.
16-16 to link CD, we have
Vp = V¢ + wep X rD/C
—vpj = —16.73i + 9.659j + (wcpk) X (—0.1061i — 0.1061j)
—vpj = (0.1061lwcp — 16.73)i + (9.659 — 0.1061wcp)j
Equating i and j components gives
0 = 0.1061wcp — 16.73 [31
—vp = 9.659 — 0.1061 wcp [4]
Solving Egs. [3] and [4] yields
wcp = 15774 rad/s
vp = 7.07 m/s Ans.
Ans:
vp = 7.07m/s
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16-81.
In each case show graphically how to locate the

instantaneous center of zero velocity of link AB. Assume
the geometry is known.

SOLUTION

a) 1

Ve
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16-82.

If crank AB is rotating with an angular velocity of
wyp = 6rad/s, determine the velocity of the center O of
the gear at the instant shown.

SOLUTION

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

Vp = Wl = 6(04) = 24m/s

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

Vc Vo

Wg
rc/ic Tojic

Y _ Y%
02 0.1
Ve = 2'1)0

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

"Bjic = cos 60°

reyre = 0.6 tan 60° = 1.039 m

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

VB 2.4
= =" — 2rad
wpc e 12 rad/s

Then,

Vc = wpc I'c/ic
2vp = 2(1.039)

vo = 1.04 m/s — Ans.

Ans:
vo = 1.04m/s —
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16-83. The square plate is confined 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.

SOLUTION
Given:
g = 30°
vqe = 8 m/s
a=03m
V4
0w =——- o = 30.79rad/s
acos(@) /

Ve = a)\/(acos(ﬁ))2 + (a cos(ﬁ) - asin(é’))2

ve = 8.69m/s

Ans.

Ans:

ve = 8.69 m/s
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*16-84. The square plate is confined 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.

SOLUTION
Given:
g = 30°
vy = 8 m/s
a=03m

4 30.79 rad
w = m w = . ra /S

. 2 . 2

vp = o (casin(6) + acos(8))? + (asin(0)) vp=S5T2m/s  Ans.

Ans:
vp =572m/s
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16-85.

The shaper mechanism is designed to give a slow cutting
stroke and a quick return to a blade attached to the slider
at C. Determine the angular velocity of the link CB at the
instant shown, if the link AB is rotating at 4 rad/s.

SOLUTION

Kinematic Diagram: Since link AB is rotating about fixed point A,
then v, is always directed perpendicular to link AB and its magnitude is
vg = waptap = 4(0.3) = 1.20 m/s. At the instant shown, v, is directed at an angle
30° with the horizontal. Also, block C is moving horizontally due to the constraint
of the guide.

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

T'p/1C 0.125
- = 0.1768
sind5°  sin30° | B/IC m

Tcjic 0.125
—_— = = 0.2415
sin 105°  sin 30° Tejic m

The angular velocity of bar BC is given by

-~ Vp _ 1.20 _
wpe = Fac = 01768 ~ 6.79 rad/s Ans.

W, p =4 rad/s

125 mm

300 mm

Ans:
wpc = 6.79rad/s
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16-86.

At the instant shown, the disk is rotating at @ = 4 rad/s.
Determine the velocities of points A, B, and C.

g \w =4rad/s
o
SOLUTION N\ fm/
The instantaneous center is located at point A. Hence, v, = 0 Ans. .
rejie = V0152 + 0152 = 02121 m  rgye = 03m
vg = wrgyc = 4(03) = 12m/s Ans.
ve = wreye = 4(0.2121) = 0.849m/s 45 Ans.

Ans:

vy =0,
vg = 1.2m/s
ve = 0.849 m/s ~& 45°
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16-87
Memper AB i_s rotating at wyp = 6 rad/s.'Determine the gl 200 mm —=—200mm —
velocity of point D and the angular velocity of members /\ ©
BPD and CD.

SOLUTION

Rotation About A Fixed Axis. For links AB and CD, the magnitudes of the
velocities of B and D are

VB = WABFAB — 6(02) = 1.20 m/S Vp = (I)CD(OZ)
And their directions are indicated in Figs. a and b.

General Plane Motion. With the results of v and v, the IC for member BPD can
be located as show in Fig. c. From the geometry of this figure,

rB/[C = rD/IC =04m

Then, the kinematics gives

wppp = r;% = % = 3.00rad/s D Ans.
vp = wppprpyc = (3.00)(0.4) = 1.20 m/s Ans.
Thus,

op = 0ep(02): 12 = wep(02)

wcp = 6.00rad/s D Ans.

Vp=120

AESVEC T
o e

Ans:

WRpp — 3.00 rad/s D
vp = 1.20m/s v
wcp = 6.00tad/s D

723




© Pearson Education Limited 2017. 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.

*16-88.
Mem_ber AB 'is rotating at wyp = 6 raq /s. Determine the pl200mm —+—200 mm —
velocity of point P, and the angular velocity of member BPD. /\ ©

SOLUTION

Rotation About A Fixed Axis. For links AB and CD, the magnitudes of the
velocities of B and D are
Vp = WABFAB — 6(02) = 1.20 m/s Vp = wCD(OZ)

And their direction are indicated in Fig. a and b

General Plane Motion. With the results of vgz and vp, the IC for member BPD can
be located as shown in Fig. c. From the geometry of this figure

rB/IC =04m rP/IC = 0.25 + 0.2 tan 60° = 0.5964 m
Then the kinematics give

) 1.20
wppp = —2— = o4 - 3.00rad/s D Ans.

r'p/IC

vp = wppprprc = (3.00)(0.5964) = 1.7892m/s = 1.79m/s < Ans.

Ans:
wWppp — 3.00 rad/s D
vp=179m/s <
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16-89.

If rod CD is rotating with an angular velocity
wcp = 4rad /s, determine the angular velocities of rods AB
and CB at the instant shown.

SOLUTION
Rotation About A Fixed Axis. For links AB and CD, the magnitudes of the

velocities of C and D are
Ve = wceplep = 4(05) = 2.00 m/s
Vg = wuplap = wup(1)

And their direction are indicated in Fig. a and b.

General Plane Motion. With the results of v and v, the IC for link BC can be
located as shown in Fig. c. From the geometry of this figure,

rejie = 04tan30° = 02309m  rgye = o = 04619 m
Then, the kinematics gives
ve = wpcrenc; 200 = wpe(0.2309)
wpe = 8.6603 rad/s = 8.66 rad/s D Ans.
VB = WBCrB/IC; wyp(1) = 8.6603(0.4619)
wyup = 4.00rad/s D Ans.

wep =4 rad/s‘/—\l
D
i

Ans:

wpc = 8.66rad/s D
wyp = 4.00rad/s D
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16-90.

If bar AB has an angular velocity w5 = 6 rad/s, determine
the velocity of the slider block C at the instant shown.

SOLUTION
Kinematic Diagram: Since link AB is rotating about fixed point A, then vp
is always directed perpendicular to link AB and its magnitude is T

vg = wapTap = 6(0.2) = 1.20 m/s. At the instant shown. v, is directed with an
angle 45° with the horizontal. Also, block C is moving horizontally due to the
constraint of the guide.

Instantaneous Center: The instantaneous center of zero velocity of bar BC at the Vg=1-20m|< [
instant shown is located at the intersection point of extended lines drawn Clre
perpendicular from vz and v . Using law of sine, we have

B/ic = 0.5 r = 0.6124 m
sin 60°  sin 45° Bjic ’

o 05 06830m
sin 75°  sin 45° cre ’ Ve

The angular velocity of bar BC is given by

Up 1.20

=——=———=1.960rad
“BC T e 06124 rad/s
Thus, the velocity of block C is
Ve = Wpc rc/]C = 1960(06830) =134 m/S <« Ans.

Ans:
ve = 1.34m/s <
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16-91. The mechanism used in a marine engine consists of
a single 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
wyp = Srad/s.

SOLUTION

Given:

wyp = 5 rad/s

a=02m
b=04m
c=04m
6 = 45°
¢ = 30° Wy —
i
L = 45°
in(90° — R
d=b M d=049m
sm(H)
in{90° + ¢ — @
e=0> sm( ¢ ) e=055m
sin(H)
vp = wypa vg = 1.00m/s
VB
WpC = — WBC = 1.83 rad/s
e
ve = wpcd ve = 0.897m/s Ans.

Ans:
ve =0.897m/s
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*16-92. The mechanism used in a marine engine consists
of a single 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
wyp = Srad/s.

SOLUTION

Given:

wyp = 5 rad/s

y [
a=02m
b=04m
c=04m =g
é
0 = 45°
¢ = 30°
¥ = 60°
B—h-r“
B = 45°
inl90° —
d=c _sin(90° —7) d=028m
sin(B)

sin(90° +y— ﬂ)

e = c( sin(ﬂ) ) e=0.55m

VB = Wypa VB = l.OOm/s
VB
wpc = — wpc = 1.83rad/s
e
vp = wpcd vp = 0.518 m/s Ans.

Ans:
vp = 0.518 m/s
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16-93.

Show that if the rim of the wheel and its hub maintain

contact with the three tracks as the wheel rolls, it is necessary Y)
that slipping occurs at the hub A if no slipping occurs at B.

Under these conditions, what is the speed at A if the wheel

has angular velocity w?

SOLUTION

ICis at B.

Vg = a)(rz - rl) i Ans.

Ans:
vy =w(r, —r)
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16-94.

The pinion gear A rolls on the fixed gear rack B with an
angular velocity o = 8 rad/s. Determine the velocity of the
gear rack C.

SOLUTION

General Plane Motion. The location of IC for the gear is at the bottom of the gear

where it meshes with gear rack B as shown in Fig. a. Thus,

Ve = wrc/lc = 8(03) = 2.40 m/s <«

Ans.

[0

A
]
150 mm €

Ans:
ve =240m/s <
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16-95.

The cylinder B rolls on the fixed cylinder A without slipping.
If connected bar CD is rotating with an angular velocity
wep = 5 rad/s, determine the angular velocity of cylinder
B. Point C is a fixed point.

SOLUTION
vp = 5(0.4) = 2m/s

2
® =53~ 6.67 rad/s

Ans.

Ven=0

Ans:
wp = 6.07rad/s
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*16-96.

Determine the angular velocity of the double-tooth gear and
the velocity of point C on the gear.

SOLUTION

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

rA/IC 0.45 — rA/IC
4 = 6 rajic = 0.18 m

Y
Then, rZ/
@

y=03=ryc=03-018 =012m

and

reje = V032 + 0122 = 03231 m )

¢ = tan*l(%) = 21.80°

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

v 4
w= VA/IL;C = Gig — 222rad/s = 222 rad/s Ans.

Then
Ve = oreye = 22.2(0.3231) = 7.18 m/s Ans.
And its direction is

¢ =90° — ¢ = 90° — 21.80° = 68.2° Ans.

Ans:

w = 222 rad/s
ve = 7.18 m/s
¢ = 68.2°
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16-97.

If the hub gear H and ring gear R have angular velocities
wy = Srad/s and wg = 20 rad/s, respectively, determine
the angular velocity wg of the spur gear § and the angular
velocity of its attached arm OA.

SOLUTION
5 _07s

01 —x X

x = 0.01304 m
0.75

©s = 0304 575rad/s O Ans.

vy = 57.5(0.05 — 0.01304) = 2.125 m /s s(0-t50)*015%
2.125

wor = o5 = 10.6rad/s D Ans.

Ans:

20(0350)2 5"s

)

ai-%)

wg = 57.5tad/s)d
wos = 10.6Tad/sd
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16-98.

If the hub gear H has an angular velocity wy; = 5 rad/s,
determine the angular velocity of the ring gear R so that
the arm OA attached to the spur gear S remains stationary
(woa = 0). What is the angular velocity of the spur gear?

SOLUTION
The IC is at A.
0.75
ws = 005 15.0 rad/s Ans.
0.75
= = — 3. X 0.7€
“R = 17550 3.00 rad/s Ans m/

/} s

5(0.150)=0-TSm4,

Ans:
wg = 15.0rad/s
wg = 3.00rad/s
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16-99.
The crankshaft AB rotates at w,p = 50rad/s about the E

fixed axis through point A, and the disk at C is held fixed in > ‘ y
its support at E. Determine the angular velocity of rod CD
at the instant shown.

SOLUTION
0.3
rB/IC = Sin 300 = 06m
03 60° wyp = S0rad/s
rF/[C = tan 300 = 05196m B u;ﬁ_'-\é»
s 100 mm —]
WBF = 06 = 8.333 rad/s
vp = 8.333(0.5196) = 4.330 m/s
Thus,
4.330
©cp = (075 = 57.7 rad/sd Ans.

V= solo 1) =Smfs

Ans:
wcp = 57.7rad/s?d
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*16-100.

Cylinder A rolls on the fixed cylinder B without slipping. If
bar CD is rotating with an angular velocity of
wcp = 3rad/s, determine the angular velocity of A.

Q
200 mm |

SOLUTION

Rotation About A Fixed Axis. The magnitude of the velocity of Cis

Ve = Weplpe = 3(04) =1.20 m/s i

General Plane Motion. The IC for cylinder A is located at the bottom of the cylinder
where it contacts with cylinder B, since no slipping occurs here, Fig. b.

Ve = Wy rc/lc; 1.20 = wA(OZ)

w, = 6.00rad/s D Ans.

Ans:
w0, = 6.00rad/s D
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16-101.

The planet gear A is pin connected to the end of the link
BC. If the link rotates about the fixed point B at
4 rad/s, determine the angular velocity of the ring gear R.
The sun gear D is fixed from rotating.

SOLUTION

Gear A:

ve = 4(225) = 900 mm/s
_ 90 _ ve

“47 75 T 150

vg = 1800 mm/s

Ring gear:

wR = 14857000 = 4rad/s

Ans.

MV

1e F¢ '?@m

Ans:
wr = 4rad/s
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16-102.

Solve Prob. 16-101 if the sun gear D is rotating clockwise
at wp = Srad/s while link BC rotates counterclockwise at
wpc = 4rad/s.

wpc = 4rad/s

SOLUTION

Gear A:
vp = 5(150) = 750 mm/s

ve = 4(225) = 900 mm/s

X 75 — x P
750 900 &
e
x = 34.09 mm yaNg T
750 I"‘*’;Z
= PV V.
Y= 309 22.0rad/s 2 75

[}
vp = [75 + (75 — 34.09)](22) = 2550 mm/s ASS0ppriomyy

Ring gear: /:%

750 _ 2550 e ) wh,
X x + 450 [‘ x (A :
= 187.5 mm
750
©R= 1575 4rad/s D Ans.

Ans:
wr = 4rad/s
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16-103.

Pulley A rotates with the angular velocity and angular
acceleration shown. Determine the angular acceleration of
pulley B at the instant shown.

SOLUTION

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

=% 2 i43rad)s
@B = rc/IC B 0175 B ’

Acceleration and Angular Acceleration: For pulley A,

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

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

by referring to Fig. b,

_ 2
ap = ac + ap X rpec — wTrp)c

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

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

Equating the j components,
0 =025 — 0.175ap

ag = 1.43 rad/s?

50 mm

g

Z
wy =40rad/s
oy = Srad/s?

Ans. %
(a‘)t=a£5ﬁ/s * L)‘
»
Qe
@) )%
=5 E (aﬂ)m
e/
—
0-125m
oljsm
(b)
Ans:

ap = 1.43 rad/s?
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*16-104.

Pulley A rotates with the angular velocity and angular
acceleration shown. Determine the acceleration of block E at
the instant shown.

SOLUTION

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

=% 2 i 43rad)s
@B = rc/IC B 0175 B ’

Acceleration and Angular Acceleration: For pulley A,

(ac), = ayry = 5(0.05) = 0.25 m/s* 1

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

ap = ac + ag Xrp)c — szrD/C
(ap),i = (ac),i + 0.25j + (—agk) X (0.175i) — 11.43%(0.175i)
(ap),i = [(ac), — 22.86]i + (0.25 — 0.175a)j
Equating the j components,
0=025—-0175a

ag = 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 rE/C - szrE/C
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,

ap = 0.0714 m/s*7 Ans.

50 mm

=

Z
wy =40rad/s
oy = Srad/s’

@)

%

oo |,

Ans:
ag = 0.0714 m/s*1
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16-105.

Member AB has the angular motions shown. Determine the B
velocity and acceleration of the slider block C at this instant.

2 m

» || ~4rad/s
Z 1 5rad /s2

SOLUTION s

Rotation About A Fixed Axis. For member AB, refer to Fig. a.

Vp = WpBr'ABp — 4(2) = 8m/S <«

_ 2
ap = ayp X Tap — WABTAp

(—5Kk) X (2j) — 4%(2j) = {10i — 32j} m/s?

General Plane Motion. The IC for member BC can be located using v and v as
shown in Fig. b. From the geometry of this figure

3
¢ = tan*l(z) = 36.87° 6 =90°— ¢ = 53.13°

Then
reic — 2
0.5
0.5

rc/ic

= tan 53.13; rg/ic = 2.6667 m

= cos 53.13; ree = 0.8333 m

The kinematics gives

Vp = wpcrp/Ics 8§ = ch(26667)
wpe = 3.00rad/sD
Ve = wBCrc/IC = 300(08333) =2.50 m/s e Ans.

Applying the relative acceleration equation by referring to Fig. c,

_ 2
ac = ap + agc X re/p — WcYe/p

—ac (%)i - “C(%)j = (10i — 32j) + apck X (0.5 - 2j) — (3.00%) (—0.5i — 2j)

4 3
_gaci - g{lcj = (ZaBC + 145)i + (_OSaBC_14)j
Equating i and j components
4
_gtlc = 2aBC + 145 (1)
3
_gtlc = _O.SCYBC - 14 (2)
Solving Egs. (1) and (2),
ac = 12969 m/s> = 13.0 m/s* v Ans.
age = —12.4375rad/s? = 12.4rad/s* D Ans.

The negative sign indicates that apc is directed in the opposite sense from what is
shown in Fig. (c).

Ans:

€) o= 250m/sv
ac =13.0m/s* v
age = 12.4rad/s? D

741




© Pearson Education Limited 2017. 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.

16-106.

At a given instant the roller A on the bar has the velocity
and acceleration shown. Determine the velocity and
acceleration of the roller B, and the bar’s angular velocity
and angular acceleration at this instant.

SOLUTION

General Plane Motion. The IC of the bar can be located using v, and v as shown
in Fig. a. From the geometry of this figure,
rA/[C = rB/[C = 0.6m

Thus, the kinematics give

Vg = er/]C; 4 = &)(06)
o = 6.667rad/s = 6.67rad/s D Ans.
vp = wrg/c = 6.667(0.6) = 4.00m/s N Ans.

Applying the relative acceleration equation, by referring to Fig. b,
ag =a, + a Xy — wer/A
ag cos 30°i — agsin 30% = —6j + (ak) X (0.6 sin 30°i — 0.6 cos 30°%)
— (6.667%) (0.6 sin 30°i — 0.6 cos 30°j)

?a,gi - %a,gj = (03V3a — 13.33)i + (0.3a + 17.09)j

Equating i and j components,

?ag = 03V3a — 1333 1)

1
—ap = 0.3a + 17.00 @)

Solving Egs. (1) and (2)
a = —15.66 rad /s> = 15.7 rad/s* D Ans.
ag = —2479m/s> = 248 m/s* N\ Ans.

The negative signs indicate that & and ap are directed in the senses that opposite to
those shown in Fig. b

4m/s
6 m /s

’

Ans:

o = 6.67rad/s D
vg = 4.00m/s
a = 15.7rad/s?D
ag =248 m/s* N\

742




© Pearson Education Limited 2017. 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.

16-107.

Bar AB has the angular motions shown. Determine the B
velocity and acceleration of the slider block C at this instant.

SOLUTION i

i 60°
Rotation About A Fixed Axis. For link AB, refer to Fig. a. == W' s—

VB = WABF'AB — 4(05) = 2.00 m/s 45

L=

ap = aup X Tap — WipTap
= 6k X (0.5 cos 45°i + 0.5 sin 45°%) — 4%(0.5 cos 45° + 0.5 sin 45%)
= {-55V2i — 25V2j} m/s*

General Plane Motion. The IC of link BC can be located using v and v as shown
in Fig. b. From the geometry of this figure,

T'pjic 1 \/2

rpjic = 72 m

sin 30° sin 450;

Fepie 1

sin 105°  sin 45°

Then the kinematics gives,

rc/IC = 1.3660 m

V2
Vp = wpc¥p/Ics 2= wBC(T) wpc = 2\/5 rad/s D

ve = wperge; ve = (2V2)(1.3660) = 3.864 m/s = 3.86m/s < Auns.
Applying the relative acceleration equation by referring to Fig. c,
ac = ag + agc X r¢/p — e re/B
—adi = (=5.5V2i — 2.5V2j) + (—apck) X (1 cos 60°i — 1 sin 60%)
— (2V2)(1 cos 60°i — 1 sin 60°%)

—aci = (—\faBC - 11.7782)i + (3.3927 — 0.5ap0)j

Equating j components,
0 = 33927 — 0.5apc;  ape = 6.7853 rad/s*D

Then, i component gives

V3

—ac = —7(6.7853) —11.7782;  ac = 17.65m/s*> = 17.7m/s*> < Ans.

Ans:
ve = 3.86 m/s «—
ac =177m/s* «
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*16-108. The flywheel rotates with angular velocity
o =2rad/s and angular acceleration « = 6rad/s’.
Determine the angular acceleration of links AB and BC at
this instant.

SOLUTION

Given:

w=2rad/s a=04m

a =6rad/s> b=05m

r=03m e=3

d=4
0 d 0 0
b k 0
rp=|r rp = ——| —¢ r3 =| —a =
[ 2
0 € + d2 0 0 1
Guesses wyp = 1rad/s wpc = 1rad/s ayp = 1 rad/s?
Given
ok xry+ oqpkxry+ opckxrz3 =0
ak x r; + @k x (a)k>< rl) + aypkx 1y + o4k x (a)ABkX rz) ..=0
+ apck x r3 + wpck x (a)Bckx r3
@DAB
WBC . D4B 0.00
= Fmd(a)AB,a)BC,aAB,aBC) = rad/s
agB wpC 50
apc
a
AB _ 0.75 rad/s?
apc 3.94

® = 2rad/s
« = 6 rad/s?

agc = 1 rad/s’

Ans.

Ans:

ayp = 0.75 rad/s?
agc = 3.94 rad/s®
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16-109.

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.

SOLUTION

Velocity analysis:

v
w=—
’

Vp = er/IC = %(47') =4y —

VA= rac = %( Vg + @r?) =2Vae 245

Acceleration equation: From Example 16-3, Since a; =0, = 0

rB/G = er rA/G = =2ri
ap = aAg + a X rB/G - (x)zl'B/G

v

=0+0- (*)2(2rj) -

r r

_w

a
B r

ay = ag + a X rA/G - (UZI'A/G

2 2
—0+0- (3) (—2ri) = %i

r

Ans.

Ans.

Ans.

Ans.

Ans:

vp = 4dv—

v, = 2V2v

0 = 45° ¢
20?
agp = ——
r
_ 207
as -
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16-110.
The reel of rope has the angular motion shown. Determine —_—
the velocity and acceleration of point A at the instant shown. 9

a = 8rad/s?
o =3rad/s

SOLUTION
General Plane Motion. The IC of the reel is located as shown in Fig. a. Here,

rapc = VO.P + 0.2 = 0.1414m

Then, the Kinematics give

vy = wryue = 3(0.1414) = 04243 m/s = 0.424 m /s 545" Ans.

Here ac = ar = 8(0.1) = 0.8 m/s* |. Applying the relative acceleration equation
by referring to Fig. b,

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

—0.8j + (8k) X (—0.1j) — 3*(—0.1j)

ay

{0.8i + 0.1j} m/s’
The magnitude of a, is
a, = V0.8 + 0.1 = 0.8062 m/s* = 0.806 m/s? Ans.

And its direction is defined by

0.1
6= tan*l(ﬁ) = 7125 = 7.13° 1 Ans.

QeBls as08nf

(b)

Ans:

vy = 0424 m/s
6, = 45°<%5

a, = 0.806 m/s’
6, =713° <
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16-111.

The reel of rope has the angular motion shown. Determine
the velocity and acceleration of point B at the instant shown.

SOLUTION

General Plane Motion. The IC of the reel is located as shown in Fig. a. Here,
rg/rc = 0.2 m. Then the kinematics gives

vp = wrge = (3)(0.2) = 0.6m/s | Ans.
Here,ac = ar = 8(0.1) = 0.8 m/s’ l.Applying the relative acceleration equation,
ap=ac+ a X rgc— o’y
agp = —0.8j + (8k) X (—0.1i) — 3%(—0.1i)
= {0.9i — 1.6j} m/s?
The magnitude of ag is
ag = V0.9 + (—1.6)* = 1.8358 m/s? = 1.84 m/s> Ans.

And its direction is defined by

6 = tan! (g) = 60.64° = 60.6° % Ans.
oem |

B Teic\|, T¢
W=3rads pany
E h\../

\{
B

&)

a = 8rad/s?
o =3rad/s

@=3rﬂd/£
A =8 radfs >

Ans:

vg = 0.6m/s |
ag = 1.84m/s’
6 = 60.6°~%
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*16-112.

The disk has an angular acceleration o = 8rad/s’ and ® =3rad/s
angular velocity @ = 3 rad/s at the instant shown. If it does a = 8rad/s?

not slip at A, determine the acceleration of point B.
o~

@

45°
0.5m

45° »¥'p

SOLUTION

General Plane Motion. Since the disk rolls without slipping, ap = ar = §(0.5)
=4m/s> < . Applying the relative acceleration equation by referring to Fig. a,
ap =ap + a Xrgp — erB/O
(—4i) + (8k) X (0.5sin 45°% — 0.5 cos 45%)
— 3%(0.5 sin 45°% — 0.5 cos 45%)

ap

ag = {—4.354i + 6.010j} m/s’
Thus, the magnitude of ay is

ap = V(—4354)* + 6.010> = 7.4215m/s* = 7.42 m/s> Ans.

And its direction is given by

6.010
6 = tan’! (@) = 54.08° = 54.1° = Ans.

Ans:
ag = 7.42m/s?
0 = 54.1°
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16-113.
The disk has an angular acceleration @ = 8rad/s’ and »=3rad/s
angular velocity @ = 3 rad/s at the instant shown. If it does a = 8rad/s?
not slip at A, determine the acceleration of point C.
R
45° e
0.5m
45° B
A
SOLUTION
General Plane Motion. Since the disk rolls without slipping, ap = ar = 8(0.5)
=4m/s> <. Applying the relative acceleration equation by referring to Fig. a,
ac = Ap + a X rc/O - wer/O
ac = (—4i) + (8k) X (0.5sin 45% + 0.5 cos 45%)
— 3%(0.5 sin 45°% + 0.5 cos 45%)
ac = {—10.0104i — 0.3536j } m/s
Thus, the magnitude of ac is
ac = V(~10.0104)> + (—0.3536)2 = 10.017 m/s* = 10.0 m/s> Ans.
And its direction is defined by
0.3536
= tan’’ = 2.023° = 2.02° Ans.
0 n {10.0104} 023 02° & ns
W= :Bn:js
s ~
2 ﬂﬂ </o
=&L/fS [
dv 4nf: 4%
05
G
Ans:
ac = 10.0m/s?
0 =202 >
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16-114.
Member AB has the angular motions shown. Determine the B
angular velocity and angular acceleration of members CB P
and DC.
100 mm 200 mm
w,;=2rad/s
c a,,=4rad/s? A
SOLUTION

Rotation About A Fixed Axis. For crank AB, refer to Fig. a.

vg = wpprap = 2(0.2) = 04m/s <
ap = aup X Tap — WABTAR
= (4k) X (0.2j) — 2%(0.2j)
= {-0.8i — 0.8j} m/s’
For link CD, refer to Fig. b.

ve = wcprep = wep(0.1)
ac = acp X ¥cp — wEprep
(—acpk) X (=0.1j) — wep(=0.1j)

= —0.lacpi + 0.1wzpj

General Plane Motion. The IC of link CD can be located using vz and v of which
in this case is at infinity as indicated in Fig. c. Thus, rg/c = reyc = . Thus, Cb )
kinematics gives

v 0.4
(uBC=7B=7=0 Ans.
I'p/IC %
Then
Ve = Vg, wCD(Ol) =04 wcp = 4.00 rad/s D Ans.

Applying the relative acceleration equation by referring to Fig. d,

ac = ag + apc X rep — WhCreyp
—0.1acpi + 0.1(4.00%)j = (—0.8i — 0.8j) + (apck) X (—0.45 sin 60°i — 0.45 cos 60°j) — 0
—0.1acpi + 1.6 = (0.225apc — 0.8)i + (—0.8 — 0.3897ap()j
Equating j components,

1.6 = —=0.8 — 0.3897apc;  ape = —6.1584rad/s’> = 6.16rad/s> D Ans.
Then i components give

—0.dacp = 0.225(—6.1584) — 0.8;  acp = 21.86rad/s* = 21.9 rad/s> D Ans.

Ans:

[0):Tel = 0

wcp = 4.00Tad/s D
age = 6.16rad/s? D
21.9rad/s? D

acp
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16-115.

Determine the angular acceleration of link CD if link AB
has the angular velocity and angular acceleration shown.

SOLUTION
Rotation About A Fixed Axis. For link AB, refer to Fig. a.

0.5m—+

©

Vp = WABI'AB — 3(1) = 3.00 m/S »J/

_ 2
Ap = g X Yup — WAB Tap

(—6k) X (1i) — 32(1i)
={-9 — 6j}m/s
For link CD, refer to Fig. b
ve = wcprpc = @cp(0.5) —
ac = acp X Ipc — ®cp Ipe
= (acpk) X (—0.5)) — wcp(—0.5))
= 0.5acpi + 0.507pj

General Plane Motion. The IC of link BC can be located using v, and vz as shown
in Fig. c¢. Thus

rgpc = 0.5m  repe = 1m
Then, the kinematics gives
vp = wpcrpuc; 3 = wpc(0.5) wpe = 6.00rad/s J
ve = wpcrepcs ©cp(0.5) = 6.00(1)  wcp = 12.0rad/s D
Applying the relative acceleration equation by referring to Fig. d,
ac = ag + apc X rep — wpc® Yo/
0.5acpi + 0.5(12.0%)j = (=9 — 6j) + (—agck) X (—0.5i + j)
—6.00%(—0.5i + j)
0.5acpi + 72j = (apc + 9)i + (0.5apc — 42)j
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16-115. Continued

Equating j components,
72 = (0.5apc — 42); apc = 228rad/s? D
Then i component gives

0.5acp =228 +9; acp = 474rad/s” Ans.

Y= Wep 05D

Ans:
acp = 474rad/s* D
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*16-116.

At a given instant the slider block A is moving to the right
with the motion shown. Determine the angular acceleration
of link AB and the acceleration of point B at this instant.

SOLUTION

General Plane Motion. The IC of the link can be located using v, and vz, which in
this case is at infinity as shown in Fig. a. Thus

Ta/yic = I'pjic = *
Then the kinematics gives
VA=l 4=0(*) 0o=0
vp = v, = 4m/s
Since B moves along a circular path, its acceleration will have tangential and normal
vy 42

components. Hence (ap), = — 5= 8 m/s?
s

Applying the relative acceleration equation by referring to Fig. b,
ag = ay + a X — wer/A
(ag)i — 8 = 6i + (ak) X (=2 cos30% — 2sin 30%) — 0
(ap)i — 8 = (a + 6)i — V3aj

Equating i and j componenets,

—8=-\V3; a= 8\3/?; rad/s* = 4.62rad/s* D Ans.
8\V3

(ap); = a + 6, (ap), = 3 + 6 = 10.62 m/s2

Thus, the magnitude of ap is

ag = V(ag)? + (ag)2 = V10.622 + & = 1330 m/s* = 133 m/s? Ans.
And its direction is defined by
- (aB)n} - ( 8 )
=tan || = tan { —— | = 36.99° = 37.0° Ans.
0 an {(aB)t an 10.62 9 ~ ns

Ans:

aup = 4.62rad/s* D
ag = 13.3m/s?

0 =370
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16-117.

The slider block has the motion shown. Determine the
angular velocity and angular acceleration of the wheel at
this instant.

SOLUTION

Rotation About A Fixed Axis. For wheel C, refer to Fig. a.
V4 = were = wc(0.15) 1
ay = ac X re — wZCrC

(ack) X (—0.151) — w? (—0.15i)

= 0.15 0%i — 0.15a(j

ay

General Plane Motion. The IC for crank AB can be located using v, and vp as
shown in Fig. b. Here

Tajc = 03m  rgyc = 04m
Then the kinematics gives

vg = waprpuc; 4= wap(04) wup =100rad/s D

V4 = waprauc; ©c(0.15) = 10.0(0.3) wc = 20.0rad/s D Ans.
Applying the relative acceleration equation by referring to Fig. c,

ap = a4 + aup X Iy — 05 g

2i = 0.15(20.0%)i — 0.15a¢j + (asgk) X (0.3i — 0.4j)

—10.0%(0.3i — 0.4j)

2i = (0.4a,p + 30)i + (0.3a4p — 0.15a¢ + 40)j
Equating i and j components,
2 = 0dayp + 30; ayp = —70.0rad/s? = 70.0 rad/s* D
0 = 0.3(=70.0) + 0.15a¢ + 40; a¢ = —126.67rad/s*> = 127 rad/s>) Ans.

The negative signs indicate that e and a,p are directed in the sense that those
shown in Fig. a and c.

o
Org 1007

()

O 4'm

Ag=2mfs*

Ans:
wc = 20.0rad/s D
ac = 127 rad/s* D
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16-118.

The disk rolls without slipping such that it has an angular
acceleration of « = 4rad/s’> and angular velocity of
w = 2rad/s at the instant shown. Determine the
acceleration of points A and B on the link and the link’s
angular acceleration at this instant. Assume point A lies on
the periphery of the disk, 150 mm from C.

SOLUTION

The ICis at o, s0 w = 0.

a4 =ac+ aXryc— oy e

a, = 0.6i + (—4k) X (0.15)) — (2)*(0.15j)
a, = (1.20i — 0.6j) m/s’

a, = \/m = 134 m/s

0= tan—l(%) =26.6°

o = 2rad/s
a = 4rad/s?

400 mm

e = Hgusyc O laras Je

Ans:
ay = 134m/s
0= 26.6°~
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16-119.

If member AB has the angular motion shown, determine
the angular velocity and angular acceleration of member
CD at the instant shown.

SOLUTION

Rotation About A Fixed Axis. For link AB, refer to Fig. a.
vp = waprap = 3(03) = 09m/s |
ap = a;p X Typ — Wiglap

(—8k) X (0.3i) — 3%(0.3i)

= {-2.70i — 2.40j} m/s’
For link CD, refer to Fig. b.
vc = weprep = @cp(0.2) <
ac = acp X ¥cp — @ ¢prep
(acpk) X (0.2§) — wp(0:2))

—02acpi — 0.205pj

ac

DN AR Dwn Fmm =
& T SR e

300 mm

XAB
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16-119. Continued

General Plane Motion. The IC of link BC can be located using vz and v¢ as shown
in Fig. c. From the geometry of this figure,

rg/ic = 0.5 cos 60° = 0.25 m reje = 0.58in 60° = 025V3m
Then kinematics gives
vg = wpcrpuc; 0.9 = wp(0.25) wpe = 3.60rad/s D
Ve = wpcl'cjics wcp(02) = (3.60) (0-25\@)
wcp = 77942 rad/s = 7.79 rad/s D Ans.
Applying the relative acceleration equation by referring to Fig. d,
ac = ag + apc X Tep — Opcresp
—0.2acpi — 0.2(7.7942%)j = (—2.70i — 2.40j) + (—apck) X (—0.5 cos 60°i — 0.5 sin 60°j)
— 3.60%(—0.5 cos 60°i — 0.5 sin 60°j)
—02acpi — 12.15§ = (0.54 — 025V 3apc)i + (32118 + 0.25a50)j
Equating the j components,
—12.15 = 32118 + 0.25apc;  ape = —61.45rad/s?> = 61.45rad/s” O
Then the i component gives

—02acp =054 — 025V/3(—61.4474); acp=—135.74 rad/s> = 136 rad /s> D Ans.

Ans:
wcp = 7.79rad/s D
acp = 136tad/s* D
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*16-120.

If member AB has the angular motion shown, determine
the velocity and acceleration of point C at the instant
shown.

SOLUTION
Rotation About A Fixed Axis. For link AB, refer to Fig. a.
vp = waprap = 3(0.3) = 0.9m/s |
ag =

= (—8Kk) x (0.3i) — 3%*(0.3i)

2
app X Yap — WABTAB

= {-2.70i — 2.40j} m/s’

For link CD, refer to Fig. b.
vc = wcprep = @cp(0.2) <

ac = acp X Tcp — © ¢prep
ac = (acpk) X (0.2§) — wgp(0.2))

= —02acpi — 0205p)

DN AR Dwn Fmm =
& T SR e
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*16-120. Continued

General Plane Motion. The IC of link BC can be located using vz and v¢ as shown
in Fig. c. From the geometry of this figure,

rg/ic = 0.5 cos 60° = 0.25 m reje = 0.58in 60° = 025V3m
Then kinematics gives
vg = wpcrpuc; 0.9 = wp(0.25) wpe = 3.60rad/s D
Ve = wpcl'cjics wcp(02) = (3.60) (0-25\@)
wcp = 77942 rad/s = 7.79 rad/s D Ans.
Applying the relative acceleration equation by referring to Fig. d,
ac = ag + apc X Yo — Opcresp
—0.2acpi — 0.2(7.7942%)j = (—2.70i — 2.40j) + (—apck) X (—0.5 cos 60°i — 0.5 sin 60°j)
— 3.60%(—0.5 cos 60°i — 0.5 sin 60°j)
—02acpi — 12.15§ = (0.54 — 025V 3azc)i + (32118 + 0.25a50)j
Equating the j components,
—12.15 = 32118 + 025apc;  ape = —61.45rad/s* = 61.45rad/s*D
Then the i component gives
—02acp = 0.54 — 0.25\/3(—61.4474); acp = —135.74 rad/s* = 136 rad/s* Ans.
From the angular motion of CD,
ve = wep(0.2) = (7.7942)(0.2) = 1.559 m/s = 1.56 m/s < Ans.
ac = —0.2(—135.74)i — 12.15j
= {27.15i — 12.15j} m/s

The magnitude of a.- is

ac = V27152 + (—12.15)% = 29.74 m/s* = 29.7 m/s> Ans.

And its direction is defined by

12.1
0= tan‘(ﬁ) =2411°=241°% Ans.

Ans:

ve = 1.56 m/s <
ac =29.7m/s

0 =241°%
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16-121.

The wheel rolls without slipping such that at the instant
shown it has an angular velocity w and angular acceleration
a. Determine the velocity and acceleration of point B on
the rod at this instant.

SOLUTION
Vg = V4 T Up/a (Pin)

& vg = %(w\@a) + 2aw’(%)

+10= *%((x)\@d) + Zaw’(\f’) " '

2 S

Vp = 1.58 wa Ans.

as = ap + Ao (Pin)

(aA)x + (aA)y =aa + a(a) + wza

- ! - ! =

(ay), = aa — w’a

(aA)y = aa

ap = as + apia(pin)

ap = aa — o*a + 2a(a’)(%) - Za(

Sle

0 - a2 2) a2

a' = 0.577a — 0.19250?

ap = 1.58aa — 1.770%a

4

Ans:

vg = 1.58wa
ag = 1.58aa — 1.770%a
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16-122.

A single pulley having both an inner and outer rim is pin-

connected to the block at A. As cord CF unwinds from the D

inner rim of the pulley with the motion shown, cord DE

unwinds from the outer rim. Determine the angular

acceleration of the pulley and the acceleration of the block F -

at the instant shown. vp=2m/s [
Llp=3m/82 e A

50 mm, 25 mm

SOLUTION

Velocity Analysis: The angular velocity of the pulley can be obtained by using
the method of instantaneous center of zero velocity. Since the pulley rotates
without slipping about point D, i.e: vp = 0, then point D is the location of the
instantaneous center.

VUF = WIc/ic

2 = w(0.075)

w = 20.67 rad/s

Acceleration Equation: The angular acceleration of the gear can be obtained by
analyzing the angular motion points C and D. Applying Eq. 16-18 with
rep = {—0.075j} m, we have
(@), =2067C0.05)

ac =ap + a X Yc/p — wer/D =355¢m/s =

W=26.67 rady,
N «

—3i + 17.78] = —35.56j + (—ak) X (—0.075j) — 26.67* (—0.075]) &

—3i + 17.78j = —0.075 ai + 17.78]

(QCJ = F
L f-'!f st 22L6T *
Equating i and j components, we have af)" e s,

=] 75 m)s*
-3 =—-0.075¢ o = 40.0rad/s’ Ans.
17.78 = 17.78 (Check?!)
The acceleration of point A can be obtained by analyzing the angular motion points
A and D. Applying Eq. 16-18 with r,p = {—0.05j} m. we have
ay=ap+aXryp— wer/D A @o,]q =2¢;,5;’“(0,,95)
5 =35.5¢4 mfs s
= —35.56j + (—40.0k) X (—0.05j) — 26.67°(—0.05j)
= {—2.00i} m/s? )
Thus, W=26.67 rad/s
a, =2.00m/s’> < Ans. X=40.0 radfs>
Ans:

« = 40.0rad/s?
ay =2.00m/s* <
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16-123.

The collar is moving downward with the motion shown.
Determine the angular velocity and angular acceleration A A
of the gear at the instant shown as it rolls along the fixed
gear rack.

v=2m/s
a=3m/s?

SOLUTION
General Plane Motion. For gear C, the location of its /C is indicate in Fig. a. Thus
Vp = ¢ rB/(IC)l = wC(OOS) »J/ (1)

The IC of link AB can be located using v, and v, which in this case is at infinity.
Thus

Vg 2
wpp = =—=0
rajucy, %

Then
vg=1vy =2m/s |
Substitute the result of v into Eq. (1)
= wc(0.05)
oc = 40.0rad/s D Ans.

Applying the relative acceleration equation to gear C, Fig. ¢, with
a0=acrc=ac(0.2)l,

ap = ap + ac X o — 0¢¥p0
ag = —ac(0.2)j + (ack) X (0.15i) — 40.0%(0.15i)
= —240i — 0.05acj
For link AB, Fig. d,
ap = a4 + aup X Iy — @ipTea
—240i — 0.05acj = (=3j) + (aspk) X (0.5sin 60°i — 0.5 cos 60°%) — 0
—240i — 0.05a¢ = 0.25a451 + (0.25\/§aAB - 3)j
Equating i and j components

=240 = 0.25a,4p5 aup = —960rad/s*> = 960 rad/s* D

~0.05a¢c = (025V/3)(~960) — 3; ac = 8373.84rad/s? = 8374rad/s> ) Ans.

Ans:
wc = 40.0rad/s D
ac = 8374rad/s* D
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*16-124.

The tied crank and gear mechanism gives rocking motion to
crank AC, necessary for the operation of a printing press. If
link DE has the angular motion shown, determine the
respective angular velocities of gear F and crank AC at this
instant, and the angular acceleration of crank AC.

SOLUTION

Velocity analysis:
Up = wDErD/E = 4(01) =04 m/S T
Vg = Vp + vB/D

vp = 0.4 + (00)(0.075)
£30° 1 !

(B)  vpcos30° =0, wvz=0

(+1) wg = 5.33rad/s

Since vy = 0, ve = 0, wsc =0 Ans.

Wpl'p = WGI'G

100

wp = 5.33 (7) = 10.7 rad/s Ans.

50

Acceleration analysis:

(ap)y = (4P(0.1) = L6 m/s> —

(ap), = (20)(0.1) = 2m/s> 1

(g, + (ap), = (ap), + (ap); + (agp)s + (agp);

0+ (ap), = 1.6+ 2 + (5.33)X0.075) + ag(0.075)
0 30° - 1 - 1

(+1) (ag),sin30° =0+ 2 + 0 + a5(0.075)
(B) (ag),cos30° =16+ 0 + (5.33)%(0.075) + 0
Solving,

(ap), = 431 m/s?,  ag = 2.052rad/s?D

Hence,

= =" =287rad/s*D Ans.

{GBIO)I
0.075m= To/o

Ans:

[OF Yol O
op = 10.7rad/s D
aye = 28.7rad/s* D
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16-125.

The center O of the gear and the gear rack P move with the
velocities and accelerations shown. Determine the angular
acceleration of the gear and the acceleration of point B
located at the rim of the gear at the instant shown.

SOLUTION
Angular Velocity: The location of the IC is indicated in Fig. a. Using similar triangles,
3 2

= r = 0.09 m
rO/IC 0.15 — ro/IC one

Thus,

Vo 3
= —— =33.33rad
ro/lc 0.09 ra /S

o=
Acceleration and Angular Acceleration: Applying the relative acceleration
equation to points O and A and referring to Fig. b,

a4 =20+ aXryo— 0T

=3i + (ay),j = 6i + (—ak) X (—0.15j) — 33.33%(—0.15j)

=3i + (ay),j = (6 — 0.15@)i + 166.67j
Equating the i components,

-3 =6 — 015

« = 60 rad/s? Ans.

Using this result, the relative acceleration equation is applied to points O and B,
Fig. b, which gives

agp =ap + a X1 — wer/O
(ap)i — (ag)nj = 6i + (—60Kk) X (0.15§) — 33.33%(0.15j)
(ap)d — (ap),j = 15i — 166.67j
Equating the i and j components,
(ag), = 15 m/s? (ap), = 166.67 m/s?

Thus, the magnitude of ag is

ag = Vap)? + (ag),” = V15 + 166.67> = 167 m/s> Ans.

and its direction is

0 = tanﬁl[((iB))"} = tan71(1616567) =84.9°%
Bt

150 mm

Ol5m

;..ap= ém/ﬁb

A 4

. ~
s 015m
v
(Ch), =3 m/s* W=33.33 radfs
(aA)ru
(b)

Ans:
a = 60rad/s?
ag = 167 m/s?
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16-126. The hoop is cast on the rough surface such that it

. =4rad/s
has angular velocity w = 4 rad/s and an angular A \wA /
acceleration @ = 5 rad/s% Also, its center has a velocity \x = 5rad/s?
vo = 5m/s and a deceleration a, = 2 m/s>. Determine
the acceleration of point A at this instant. ap =2m/s? 0
o Jlvp=5m/s
\ 03 45° )] vo /
B
SOLUTION
Given:

® = 4rad/s ap=2m/s

a=5rad/s? r=03m

vo=5m/s ¢ =45°

—ag 0 0 0 0 0
apn =| 0 |[+|O0 |x|r|[+] O |[x|| O |x]|~r
0 a 0 - - 0
-3.50
ap = | —4.80 m/s’ |aA| =594m/s? Ans.
0.00

Ans:
a, = {—3.50i — 4.80j) m/s’
|aA‘ = 594 m/s?
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16-127. Determine the angular acceleration of link A B if link |

CD has the angular velocity and angular deceleration shown. 0.6m |
i — 9 C
0.6 m
T o ||
SOLUTION | B 7 \aCD=4rad/sz
0.3 m ] ™ wcp =2rad/s
Given:
-+ \A D 15
acp = 4rad/s’ a=03m al \a al \a
b =06m
wcp = 2 rad/s ¢ =06m
a+b
wpc=0 @4 = wcp
Guesses
ayp = 1rad/s’ agc = 1 rad/s’
Given
0 0 0 0 0 0 —c 0
0 |x|a+b|+| O |x|| O |x|a+b||+| O |x|-b =0 | m/s?
—acp 0 2/e))) 2/¢))) 0 aBC 0 0
0 0 0 0 0
+ 0 |x|-a|+| O |x 0 |x|-a
4B 0 WAB @4B 0
a4B )
= Flnd(aAB, aBC) agc =12 rad/s*>  ayp = —36 rad/s’ Ans.
apC

Ans:
App = —-36 rad/82
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*16-128.

The mechanism produces intermittent motion of link AB. If
the sprocket § is turning with an angular acceleration
ag = 2rad/s? and has an angular velocity wg = 6 rad/s at
the instant shown, determine the angular velocity and
angular acceleration of link AB 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 such that it moves vertically downward.

SOLUTION w5=6rad/s\

1.05 ag =2 rad/s?
wpc = m = 4.950 rad/s

vg = (4.95)(0.2898) = 1.434 m/s

1.435
®AB= "5 = 7.1722 rad/s = 7.17 rad/s D Ans.

ac = agrg = 2(0.175) = 0.350 m/s?

(ap), + (ap), = ac + (ag;c)n + (apc)

0,2/2)m

&),

(7.172)%(0.2) +| (ap), |= [0.350} + | (4.949)? (0.15) | + | ape (0.15) M‘ So°
' ! 4 o8
30° % N 30 4 15°
15°¢
( - ) —(10.29) cos 30° — (ag),sin 30° = 0 — (4.949)%(0.15) sin 15° — ap(0.15) cos 15°
(+1)  —(1029)sin 30° + (ap),cos 30° = —0.350 — (4.949)%(0.15) cos15° + apc(0.15) sin 15°

age = 70.8 rad/s?, (ap), = 4.61 m/s?

Hence,
a 4.61 :
aup = @5) =—— =23.1rad/s*d Ans. B
rB/A 0.2
Also,

ve = wgrg = 6(0.175) = 1.05m/s |

Vg = V¢ + wBCXrB/C

vpsin 30°i — vgcos 30°) = —1.05j + (—wpck) X (0.15 sin 15°i + 0.15 cos 15%)
< 5 > vpsin 30° = 0 + wpc(0.15) cos 15°

(+1)  —vpcos30° = —1.05 — wpc(0.15) sin 15°
vp = 1.434 m/s, wpc = 4950 rad/s

v _ 1434 _
A 7172 = 7.17 rad/s D Ans.

WAB =
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*16-128. Continued

ap = ac + apc X rgc — o’rpc
(aqpk) X (0.2 cos 30% + 0.2sin 30%)) — (7.172)*(0.2 cos 30°i + 0.2 sin 30°%)
= —(2)(0.175)j + (apck) X (0.15 sin 15°i + 0.15 cos 15°%)) — (4.950)(0.15 sin 15° + 0.15 cos 15%)
($) —a45(0.1)—8.9108 = —0.1449apc — 0.9512
(+1)  a4p(0.1732) — 5143 = —0.350 +0.0388c ¢ — 3.550

a,p = 23.1rad/s*d Ans.

age = 70.8 rad/s?

Ans:
wyp = 717 rad/s D
aup = 231rad/s? D
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16-129.

At the instant shown, ball B is rolling along the slot 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.

SOLUTION
Kinematic Equations:
vp = vo + Q Xrg/0 + (V/0)y: @
ag = ap + O Xrgp + QX (Q Xrgp) + 20 X (p/0)yy: T (AB/0)xy: 2)
vo =20
ap =0
Q = {6k} rad/s
QO = {3k} rad/s®

rp0 = {0.4i} m
(V5/0)xy: = {0.6i}m/s
(ap/0)nye = {0151} m/s?
Substitute the date into Egs. (1) and (2) yields:
vy = 0 + (6k) X (0.4i) + (0.6i) = {0.6i + 2.4j}m/s Ans.
ap = 0 + (3K) X (0.4i) + (6k) X [(6k) X (0.4i)] + 2(6k) X (0.6i) + (0.15i)
= {—142i + 8.40j } m/s Ans.

b4
| o = 6rad/s
« = 3rad/s?

Ans:

vp = {0.61 + 2.4j} m/s
ap = [—14.2i + 8.40§} m/s?
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16-130.

Block A, which is attached to a cord, moves along the slot of
a horizontal forked rod. At the instant shown, the cord is
pulled down through the hole at O with an acceleration of
4 m/s? and its velocity is 2 m/s. Determine the acceleration
of the block at this instant. The rod rotates about O with a
constant angular velocity @ = 4 rad/s.

SOLUTION

Motion of moving reference.
vo =10

ap =10

0 =4k

Q=0

Motion of A with respect to moving reference.

ry0 = 0.1i
Va0 = —2i
a0 = —4i
Thus,

a, =2y + QX 0 + QX (Q Xrg0) + 20 X (Va0)ey: + (A4/0)xy:
=0+ 0 + (4k) X (4k X 0.1i) + 2(dk X (—2i)) — 4i

a, = {—5.60i — 16§} m/s? Ans.

Ans:
a, = {—5.60i — 16j} m/s’
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16-131. 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.

SOLUTION

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 o = [8k] rad/s @ = a = [5k] rad/s’
For the motion of ball C with respect to the xyz frame, we have
rc/o = [0.3j] m
(Vie)xyz = [3i] m/s
2
The normal component of (a rcl)xyz is {(aml)xyzL = (Vm]p)xyz = % = 30 m/s%.
Thus,
(2 e1) vz = [1.5i — 30j] m/s
Velocity: Applying the relative velocity equation,

Ve=VptwX I'c/o + (Vrel)xyz

0 + (8k) X (0.3j) + (3i)
= [0.6i] m/s Ans.
Acceleration: Applying the relative acceleration equation.

ac =ap + o X rcjo T o X (o X l‘C/O) + 20 X (v rel)xyz + (a rel)xyz

0 + (5k) X (0.3f) + (8k) X [(8k) X (0.3))] + 2(8K) X (3i) + (L.5i — 30j)

= [—1.2j] m/s? Ans.

o = 8rad/s
« = 5rad/s?

15

>

)
7.

()

Zz

Ve
.

J

d f(a,d)xy e]f |5 mjs*

Ans:
ve = [0.6i] m/s
ac = [—1.2j] m/s?
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*16-132.

Particles B and A move along the parabolic and circular y
paths, respectively. If B has a velocity of 7 m/s in the
direction shown and its speed is increasing at 4 m/s2, while A y=x
has a velocity of 8 m/s in the direction shown and its speed
is decreasing at 6 m/s?, determine the relative velocity and
relative acceleration of B with respect to A.

B
© X
—> vg="7m/s
2
SOLUTION "
3 v, =8 m/s
Q=7 =8rnds, Q=[-8 rds S Sy
A
vp=vy + QX Ipa t (VB/A)xyz 1 m
7i= -8 + (Sk) X (2,]) + (VB/A)xyz r
7i = —=8i — 16i + (VB/A)xyz
(V/a)ye = (3101} m/s Ans.
Q= 6 _ 6 rad/s’ Q = {—6k) rad/s’
1 9 YJK"
2 8 2
@ =" = O e K‘_/
1 1
y = B
d
Y _Hod =0 AL T
dx x=0 x;x
d? /
=2
dx
dy ZT
+ 3
) [1 (dx> [P 1
dx?
7)2
(ag), = % =98 m/s* |
2

ag=a, + QX rpa + QX (Q Xrga) + 20 X (Vpia)ey: + (Ap/a)sy:
4i + 98] = 6 — 64j + (—6k) X (2j) + (3K) X (8k X 2j) + 2(8k) X (31i) + (ag/a)uye
4i + 98 = 6i — 64j + 12i — 128] + 496] + (a51)sye

(ap/a)xy: = {—14.0i — 206j} m/s? Ans.

Ans:

(V8/4)sz = (3100} m/s
(ag/4) s = {~14.0i — 206} m/s?
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16-133.

Rod AB rotates counterclockwise with a constant angular
velocity w = 3 rad/s. Determine the velocity of point C
located on the double collar when 6 = 30°. The collar
consists of two pin-connected slider blocks which are
constrained to move along the circular path and the rod AB.

SOLUTION
r = 2(0.4 cos 30°) = 0.6928 m

rca = 0.6928 cos 30°% + 0.6928 sin 30%
= {0.600i + 0.3464j} m

Le
I

ve = —0.866vc + 0.50¢j

ve =04+ Q Xreia + (Vea) -

—0.866wci + 0.50vc) = 0 + (3k) X (0.600i + 0.3464j) + (vcya cos 30°i + v¢ 4 sin 30%)

—0.866vci + 050 = 0 — 1.03% + 1.80j + 0.866v¢/4i + 0.50¢/4]

—0.866vc = —1.039 + 0.866v/4

0.5v¢ = 1.80 + 0.50¢/4

ve = 2.40m/s Ans.

Veia = —1.20 m/s

Ans:
ve = 240m/s
0 = 60° =
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16-134.

Rod AB rotates counterclockwise with a constant angular
velocity w = 3 rad/s. Determine the velocity and acceleration
of point C located on the double collar when 6 = 45°. The
collar consists of two pin-connected slider blocks which are
constrained to move along the circular path and the rod AB.

SOLUTION

rea = {0.400i + 0.4005}

Ve = _Uci

J
Ve = V4t Q x Tc/a + (VC/A)xyz : Ve
—vei = 0 + (3k) X (0.400i + 0.400j) + (vcya cos 45% + v sin 45%) | o S
—vdi = 0 — 1.20i + 1.20j + 0.707v¢ i + 0.7070¢aj ! 10°
15 e
~ve = —1.20 + 0.707v¢/4 0
0=1.20 + 0'707UC/A
ve = 240m/s Ans.
Vea = —1.697m/s
ac=a4 + Q Xrea + QX (Q X resa) + 20 X (Vea)e + (Ac/a)nye
(2.40)?
~(ac)i =~y 0 =0+ 0+ 3k X [3k X (04 + 04))] + 2(3k) X [0.707(~1.697)i
+0.707(=1.697)j] + 0.707ac/4i + 0.707ac;4j
—(ac)d — 14.40j = 0 + 0 — 3.60i — 3.60§ + 7.20i — 7.20j + 0.707ac 4i + 0.707ac4]j
—(ac) = —3.60 + 7.20 + 0.707a¢/4
—14.40 = —3.60 — 7.20 + 0.707ac;4
acia = —5.09m/s?
(ac) =0
Thus,
3 (240 5
ac = (ac), = 04 - 14.4m/s
ac = {—14.4j} m/s’ Ans.
Ans:
ve = 2.40m/s

ac = {—14.4j} m/s’
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16-135.

A girl stands at A on a platform which is rotating with an
angular acceleration @ = 0.2 rad/s” and at the instant shown
has an angular velocity w = 0.5 rad/s. If she walks at a
constant speed v = 0.75 m/s measured relative to the
platform, determine her acceleration (a) when she reaches
point D in going along the path ADC,d = 1 m; and (b) when
she reaches point B if she follows the path ABC,r = 3 m.

SOLUTION
(a) |
ap =29 + Q Xrpp + QX (Q X 1p0) +2Q X (Vpjo)ay: + (ap/0)sy: ) x
Motion of Motion of D with respect

moving reference to moving reference

ap =0 rpo = {lijm

Q = {0.5k} rad/s (YD/0)xy: = {0.75j} m/s

Q = {0.2k} rad/s? (ap/0)xy: = 0

Substitute the data into Eq.(1):

ag = 0 + (0.2k) X (1i) + (0.5k) X [(0.5k) x (1i)] + 2(0.5k) X (0.75) + 0

= {—1i + 0.2j) m/s? Ans.
(b)
ag =ap + Q Xrgp + QX (U X1g0) + 20 X (Vg/0)ey: + (38/0) sy @)

Motion of Motion of B with respect
moving reference to moving reference
ap =0 rpo = {3ijm
QO = {0.5k} rad/s (v8/0)xyz = {0.75§} m/s
Q = {0.2k} rad/s? (ag/0)xy: = —(ago)ni + (apo)i

--(5)s

{—0.1875i} m/s

Substitute the data into Eq.(2):
ag = 0 + (0.2k) X (3i) + (0.5k) X [(0.5k) X (3i)] + 2(0.5k) X (0.75j) + (—0.1875i)

= [-1.69 + 0.6j} m/s? Ans.

Ans:
ay = {—1i + 02} m/s?
a; = {—1.69 + 0.6j) m/s?
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*16-136.

vy =3m/s
If the piston is moving with a velocity of v, = 3 m/s and a,=15m/s?
acceleration of a, = 1.5m/s?, determine the angular
velocity and angular acceleration of the slotted link at the
instant shown. Link AB slides freely along its slot on the
fixed peg C.

SOLUTION

Reference Frame: The xyz reference frame centered at C rotates with link AB 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

ve=ac=0 wsp = —wypk agp = —oypk

The motion of point A with respect to the xyz frame is

Ypc = [-0.5i] m (Vrel)xyz = (vrel)xyzi (arel)xyz = (arel)xyzi

The motion of point A with respect to the XYZ frame is

v, = 3cos30°% + 3sin30°% = [2.598i + 1.5j] m/s

ay = 1.5c0s30°% + 1.5sin30°% = [1.299i + 0.75j] m/s

Velocity: Applying the relative velocity equation,
Vo= Vet oap X tye+ (Vie)syz
2.598i + 1.5 = 0 + (—wupk) X (—0.51) + (Vrer)ry. i
2.598i + 1.5] = (Vre))xyd + 05045
Equating the i and j components,
(Vrel)xy: = 2.598 m/s
0.5w,5 = 1.5 wyp = 3rad/s Ans.
Acceleration: Applying the relative acceleration equation,
ay =ac+ wsp X tyc T 0ap X (0a X 1450) + 2048 X (VieD)xyz T (Arel)xyz
1.299 + 0.75j = 0 + (—aypk) X (—0.51) + (=3k) X [(—3k) X (—0.5i)] + 2(—3k) X (2.598i) + (are))yy-i
1.299i + 0.75j = [4.5 + (arel)xyz}i + (0.5a4p — 15.59)j
Equating the j components,
0.75 = 0.5a 45 — 15.59

asp = 32.68 rad/s?> = 32.7 rad/s? Ans.

Ans:
w,p = 3rad/s
aup = 32.7rad/s?

776




© Pearson Education Limited 2017. 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.

16-137.

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
o = 15 rad/s.

SOLUTION

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

vo=ap =10 w = [—15k] rad/s w=0

The motion of point A with respect to the xyz frame is

P =25l
(Veet)ye = (=25¢08 30% + 25 sin 30°j) = [~21.65i + 12.5§] m/s @t egs=30mle*
(are)xy: = (—30co0s 30°i + 30 sin 30°j) = [~25.98i + 15j] m/s> 30 A i
Velocity: Applying the relative velocity equation. ;’;% 0.3m
Vqo = Vo + w X rA/O + (vrel)xyz 0 X})’(
= 0+ (~15k) X (03)) + (2165 + 12.5) o= 15 radfs
K=o
= [-17.2i + 12.5j] m/s Ans. (a)

Acceleration: Applying the relative acceleration equation,
a,=ap+ o X a0 + o X (w X l'A/O) + 20 X (vrel)xyz + (arel)xyz
=0 + (—=15k) X [(=15k) X (0.3j)] + 2(—=15k) X (=21.65i + 12.5j) + (—25.98i + 15j)

= [349i + 597il m/s? Ans.

Ans:
vy = {—17.2i + 12.5j} m/s
a, = {349 + 597§} m/s?
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16-138.
Peg B on the gear slides freely along the slot in link AB. If 150 mm
the gear’s center O moves with the velocity and _ 3

. . . vpo=3m/s
acceleration shown, determine the angular velocity and ap = 1.5 m/s
angular acceleration of the link at this instant.

SOLUTION

Gear Motion: The IC of the gear is located at the point where the gear and
the gear rack mesh, Fig. a. Thus,

Vo 3
= = —— =20rad
@ ro/lc 0.15 ra /S
Then,
Vg = a)rB/IC = 20(03) =6 m/S_)
. a _ 15 . )
Since the gear rolls on the gear rack, o = S T o1s 10 rad/s. By referring to Fig. b,
ag = ap + a X rB/O - wer/o
(ap)i — (ap),j = 1.5i + (—10k) X 0.15j — 20%(0.15j)
(ap)ii — (ap),j = 3i — 60
Thus,
(ag), = 3m/s’ (ag), = 60 m/s’
Reference Frame: The x'y'z’ rotating reference frame is attached to link AB and oo @a)p,
coincides with the XYZ fixed reference frame, Figs. ¢ and d. Thus, v; and a; with =7 ¢
. 0l5m
respect to the XYZ frame is " A=/ 5m)s*
vg = [6sin 30° — 6 cos 30°j] = [3i — 5.196j] m/s JW=Z#M/S
&= /0 rad fs*

ag = (3sin 30° — 60 cos 30°)i + (—3 cos 30° — 60 sin 30°)j
= [-50.46i — 32.60j] m/s’
For motion of the x’y’z’ frame with reference to the XYZ reference frame,
va=a,=0 wap = —wypk wap = —aspk
For the motion of point B with respect to the x'y’z" frame is
Ig/a = [0'6j]m (vrel)x'y’z' = (vrel)x’y’z'j (arel)x’y'z' = (arel)x’y’z'j
Velocity: Applying the relative velocity equation,
Vg =V T wap X g4 + (Vie)xyz
3i — 5.196j = 0 + (—wapk) X (0.6§) + (Vre)wyz J
3i — 5.196j = 0.6wap1 + (Vrel) vy i
Equating the i and j components yields
3 = 0.6wyp wsp = Srad/s Ans.
(Urcl)x’y’z' = —5.196 m/s
Acceleration: Applying the relative acceleration equation.
ag = a, + wyp X Tg/pa t wap X (wyp X l'B/A) + 2w p X (Vrel)x’y’z’ + (a rel)x’y'z'

~50.46i — 32.60j = 0 + (—a,zk) X (0.6)) + (—5k) X [(=5k) X (0.6§)] + 2(~5k) X (=5.196]) + (dyer)yi

~50.46i — 32.60j = (0.6c45 — 51.96)i + [(@re))wyr — 15]j

Equating the i components,

Ans:

~50.46 = 0.6a 45 — 51.96 wap = Stad/s D

= 2.5rad/s?
ap = 2.5 rad/s? Ans. @aB rad/s* D
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16-139.

The collar C is pinned to rod CD while it slides on rod AB. If
rod AB has an angular velocity of 2 rad/s and an angular
acceleration of 8 rad/ s2, both acting counterclockwise,
determine the angular velocity and the angular acceleration
of rod CD at the instant shown.

SOLUTION

The fixed and rotating X — Y and x — y coordinate systems are set to coincide with
origin at A as shown in Fig. a. Here, the x — y coordinate system is attached to link
AC. Thus,

Motion of moving Reference Motion of collar C with
respect to moving Reference
vy=20 rep = {15} m
a, =0
Q = wup = {2k} rad/s (Vera)wyz = (Vera)wyd
Q = a, = {8k} rad/s’ (Ac/a)ryz = (Ac/a)xy

The motions of collar C in the fixed system are

Ve = @cp X reip = (—wcpk) X (—i) = wcpj

ac = acp X r¢/p — wep Tep = (—acgpk) X (=) — wep(—i) = wipi + acpj
Applying the relative velocity equation,
Ve = Va4 + Q Xxeq + (Yora)uy:
wcpj = 0 + (2k) X (L.51) = (ve/a)xyd
ocp) = (Veja)wyd + 3j
Equating i and j components
(ve/a)xyz = 0
ocp = 3.00rad/s D Ans.
Applying the relative acceleration equation,
ac=a, + Q X e + QX (@ X re) + 29 X (Vera)ye + (Ac/a)e
3.00% + acpj = 0 + (8k) X (1.5i) + (2k) X (2k X 1.5i) + 2(2k) X 0 + (ac/a)xy
% + acpj = [(ac/a)wy. — 6]i + 12j
Equating i and j components,
9 = (ac/a)uy: — 6; (ac/a)yy: = 15m/s
acp = 12.0rad/s* D Ans.

Ans:
ocp = 3.00rad/s D
acp = 12.0rad/s? D
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*16-140.

At the instant shown, the robotic arm AB is rotating
counterclockwise at w = 5 rad/s and has an angular
acceleration a = 2 rad/s?. Simultaneously, the grip BC is
rotating counterclockwise at @' =6 rad/s and o' =2 rad/s?,
both measured relative to a fixed reference. Determine the
velocity and acceleration of the object held at the grip C.

SOLUTION

ve = v+ Q Xrep + (Vesp)ay:

ac = ag + Q Xrep + QX (Q X re/p) + 2Q X (Vesp)ay: + (Ac/p) )
Motion of Motion of C with respect

moving reference to moving reference

rep = {0.125 cos 15°% + 0.125 sin 15°%j} m

Q = {6k} rad/s (Ve/B)ry: = 0
Q = {2](} rad/52 (aC/B)xyz =0
Motion of B:

VB:(UXI'B/A

(5k) X (0.3 cos 30°i + 0.3 sin 30°)

{=0.75i + 1.2990j} m/s

— 2
ag = a X Ip/a—w rB/A

(2k) X (0.3 cos 30°% + 0.3 sin 30°%) — (5)%(0.3 cos 30°i + 0.3 sin 30°%)
= [—6.7952i — 3.2304j} m/s?
Substitute the data into Egs. (1) and (2) yields:
ve = (=0.751 + 1.2990j) + (6k) X (0.125 cos 15° + 0.125sin 15%) + 0
= {—0.944i + 2.02j} m/s Ans.
ac = (—6.79527i — 3.2304j) + (2k) X (0.125 cos 15°i + 0.125 sin 15%)
+ (6k) X [(6k) X (0.125 cos 15° + 0.125sin 15%)] + 0 + 0

= {-11.2i — 4.15j} m/s? Ans.

Ans:

ve = {—0.944i + 2.02j} m/s
ac = {—112i — 415j} m/s’
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16-141.

At the instant shown rod AB has an angular velocity

. 3 wsp = 4rad/s
w,p = 4rad/s and an angular acceleration ayz = 2 rad/s”. A app = 2 rad /s>
Determine the angular velocity and angular acceleration of
60°

rod CD at this instant. The collar at C is pin connected to CD
and slides freely along AB.

SOLUTION B
Coordinate Axes: The origin of both the fixed and moving frames of reference are -77

located at point A. The x, y, z moving frame is attached to and rotate with rod AB / 17

since collar C slides along rod AB.

Kinematic Equation: Applying Eqs. 16-26 and 16-29, we have

Ve = Vy + QO X rc/A + (VC/A)xyz (1)
ac = a4+ Q X re + QX (Q X xcs0) + 20 X (Vera)a: + (c/a)oe )
Motion of moving reference Motion of C with respect to moving reference
\ 0 rc/A = {075i}m
aa =0 (Vi = ( i

Cc/A Ve/A)xyz
0 = dkradss e et
. Ac/A)xyz = \Ac/a)xyz 1
Q = 2k rad/s’ [ [

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 }m = {—0.4330i — 0.250j} m.

Vo = wcp X rc/D = —wCDk X (_04330i - 0250j)

—0.250wcpi + 0.43300pj
ac = acp X re/p — WD Yc/p
= —acpk X (—0.4330i — 0.250) — w?p(—0.4330i — 0.250§)
= (0.43300¢p — 0250 acp) i + (0.4330acp + 0.250w2p )j
Substitute the above data into Eq.(1) yields
Ve=Va+ Q Xraea+ (Yora)ey:
~0.250 wep i + 0.4330wcpj = 0 + 4k X 0751 + (ve/a) sy §

_OZSOO)CDi + 04330(1)CDj = (UC/A)xyzi + 300j

Equating i and j components and solve, we have

(ve/a)xy: = —1.732m/s

wcp = 6.928 rad/s = 6.93 rad/s Ans.

Ans:
wcp = 693 rad/s
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16-142.

Collar B moves to the left with a speed of 5 m/s, which is
increasing at a constant rate of 1.5m/s’, relative to the
hoop, while the hoop rotates with the angular velocity and
angular acceleration shown. Determine the magnitudes of
the velocity and acceleration of the collar at this instant.

SOLUTION

Reference Frames: The xyz rotating reference frame is attached to the hoop 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

vy=a,=10 o = [-6k]rad/s @& = a = [-3k] rad/s
For the motion of collar B with respect to the xyz frame,
rB/A = [_045j] m

(Urel)xyz = [_Si] m/s
. (vrel)xy22 52

The normal components of (are) vy iS [(@rel) xyz]ln = ——— = 02" 125 m/s% Thus,
p .

(Are)xy, = [—1.51 + 125j] m/s
Velocity: Applying the relative velocity equation,

Vg =V4 T X Ip/a + (vrel)xyz

0 + (—6k) X (—0.45j) + (—5i)
= [=7.7i] m/s
Thus,
vg = 7.7m/s < Ans.

Acceleration: Applying the relative acceleration equation,

ag=a, + o X Tga t o X (w X l'B/A) + 20 X (Vrel)xyz + (arel)xyz

= [—2.85i + 201.2j] m/s?

Thus, the magnitude of ap is therefore

ag = V2.85% + 201.2% = 201 m/s? Ans.

® = 6rad/s

450

« =3rad/s

X x

045m

=3 radfs*
B Wetheys™ sm/s
[(‘fm)xyﬂt =lsm/s*
[Zaﬂ'i)q}]n=.‘!tz 5 M/_{ z
@)

0 + (—3k) X (—0.45)) + (—6K) X [(—6k) X (—0.45))] + 2(—6k) X (=5i) + (~1.5i + 125j)

T8k ) =6 radfs
&

7

Ans:
v = 7.7m/s
ag = 201 m/s?
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16-143.

Block D of the mechanism is confined to move within the slot
of member CB. If link AD is rotating at a constant rate of
wyp = 4rad/s, determine the angular velocity and angular
acceleration of member CB at the instant shown.

SOLUTION

The fixed and rotating X — Y and x — y coordinate system are set to coincide with
origin at C as shown in Fig. a. Here the x — y coordinate system is attached to
member CB. Thus

Motion of moving Motion of Block D
Reference with respect to moving Reference
ve =10 rpc = {03i} m
ac =0
Q = wcp = ocpk (v0/Oxyz = (VDjO)xy:A
Q = acp = acpk (@p/c)ry: = (Ap/c)xy:d

The Motions of Block D in the fixed frame are,
Vb = @ap X Tpis = (4K) X (0.2sin 30°% + 0.2 cos 30°) = {—04V3i + 04j} m/s (@)
ap = aup X ¥ps — wap(rpa) = 0 — 4%(0.2 sin 30°% + 0.2 cos 30%)
= {~16i — 1.6\V/3j} m/s>
Applying the relative velocity equation,
Vp = Vo + Q Xrpiec + (Vpjo)wy:

—04V3i + 0.4 = 0 + (wcpk) X (0.30) + (0p)¢)yed
—04V3i + 0.4 = (Vp)Q)ydd + 0.3 W]
Equating i and j components,

(Vp/C)xyz = —0.4\/3m/s

04 = 03 wep; weg = 1.3333rad/s = 1.33rad/s D Ans.
Applying the relative acceleration equation,
ap =ac+ Q Xrpe+ QX (QXrpc) + 22 X (Vpjohye + (Ap/c)y:
—1.6i — 1.6\/§j =0 + (acpk) X (0.3i) + (1.3333k) X (1.3333k X 0.3i)

+ 2(1.3333K) X (—0.4V/3i) + (ap/c)pyi

1.6i — 1.6V/3j = [(apc)yy: — 0.5333]i + (03acp — 1.8475)]
Equating i and j components
1.6 = [(ap/c)xy. — 0.5333]; (apc)yy: = 2.1333 m/s*
~1.6V3 = 03 acp — 1.8475; acp = —3.0792 rad/s* = 3.08 rad /s> ) Ans.

Ans:
wcg = 1.33rad/s D
acp = 3.08rad/s? D
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*16-144. A ride in an amusement park consists of a rotating
arm AB having a constant angular velocity w, g = 2 rad/s
about point A and a car mounted at the end of the arm
which has a constant angular velocity @’ = {-0.5k} rad/s,
measured relative to the arm. At the instant shown, determine
the velocity and acceleration of the passenger at C.

SOLUTION

Given:

wyp = 2 rad/s

a=5m
@' = 0.5 rad/s
r=1m
0 = 30°
0 acos(6) 0 0 -3.5
ve =| 0 |x]| asin(0) |+ 0 x| —r vec=1|8.66 |m/s  Ans.
W4B 0 wyp — @ 0 0
0 [( 0 acos(6) 0 0 0
ac =| 0 |x 0 |x| asin(6) ||+ 0 x 0 x| —r
wg ) |\ @4B 0 wyp — @ wqp — @ 0
-17.32
ac=| -7.75 |m/s’> Ans.
0.00

Ans:
ve = {—3.5i + 8.66j) m/s?

ac = {—17.32i — 7.75j} m/s’
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16-145. A ride in an amusement park consists of a rotating
arm AB that has an angular acceleration of a5z = 1 rad/s?
when w,p = 2rad/s at the instant shown. Also at this instant
the car mounted at the end of the arm has a relative angular
acceleration of @’ = {-0.6k} rad /s> when @’ = {-0.5k} rad/s.
Determine the velocity and acceleration of the passenger C at
this instant.

SOLUTION

Given:

wyp = 21ad/s ayp = 1 rad/s’

® =05rad/s o' = 0.6 rad/s’
a=5m r=1m
6 = 30°
0 acos(@) 0 0 -3.5
ve=| 0 |x| asin() |+ 0 x| —r vc =| 8.66 |m/s Ans.
(o)) 0 wyp— o 0 0
acos(6) 0 0 acos(6)
ac = 0 X asin(ﬁ) + 0 X 0 X asin(H)
|\ @4B 0 @4B @4B 0
0 0 0 0 0
+ 0 x| —r |+ 0 X 0 x| —r
ayp— 0 wyp— @ wyp— & 0
-19.42
ac =| -3.42 |[m/s Ans.
0.00

Ans:

ve = {—3.5i + 8.66j) m/s?
ac = {—19.42i — 3.42j} m/s’
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16-146.

If the slider block C is fixed to the disk that has a constant
counterclockwise angular velocity of 4 rad/s, determine the
angular velocity and angular acceleration of the slotted arm
AB at the instant shown.

SOLUTION

ve = —(4)(60) sin 30°i — 4(60) cos 30°%j = —120i — 207.85j
ac = (4)%(60) sin 60°i — (4)?(60) cos 60° = 831.38i — 480j
Thus,

Ve = Va4 + Q Xxea + (Vesa)y:

—120i — 207.85j = 0 + (wapk) X (180j) — vc/aj

—120 = —180w,p Sg* \fa.
a0
wsp = 0.667 rad/s D Ans. g{
4 a
~207.85 = —ve) bo <y

vesa = 207.85 mm/s
ac=a, + Q Xrepu + QX (Q X re) +2Q X (0e/a)gye + (Acia)aye x
831.38i — 480j = 0 + (a,pk) X (180f) + (0.667K) X [(0.667k) X (180j)]
+ 2(0.667K) X (~207.85])—ac;aj
831.38i — 480j = —180 auppi — 80j + 277.13i — ac),j
831.38 = — 180y + 277.13

A p = —3.08
Thus,
asp = 3.08rad/s? D Ans.

—480 = —80 — ac/A

ac/y = 400 mm/s?

Ans:
wyp = 0.667 rad/s D
aup = 3.08rad/s? D
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16-147.

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.

SOLUTION

Reference Frame: The xyz rotating reference frame is attached to car C and

coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Since
car C moves along the circular road, its normal component of acceleration is
2 2
v 15 . .
(ac), = -~ - 250 0.9 m/s%. Thus, the motion of car C with respect to the XYZ
p

frame is
ve = —15cos 45°% — 15in 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

e _ 15 (06 rad/s [—0.06k] rad/s
_re_ 1 _, w = [0,
p 250
a,
o= % - 2%0 — 0,012 rad/s? & = [~0.012Kk] rad/s>

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,

rgc = —250sin 45°% — (450 — 250 cos 45°)j = [—176.78i — 273.22j] m
Velocity: Applying the relative velocity equation,

Vo =Ve T o Xryet (Vieyy:
25j = (—10.607i — 10.607j) + (—0.06k) X (—176.781 — 273.22j) + (V rel)xyz
25§ = ~27i + (Vie)uye
(Veel)xyz = [271 + 25j] m/s Ans.

Acceleration: Applying the relative acceleration equation,
ag=ac+ o Xryct o X (@Xry0)+ 20 X (Vi) T (@ ey
—2j = (—2.758i — 1.485j) + (—0.012k) X (—176.78i — 273.22j)

+ (—0.06k) X [(—0.06k) X (—=176.78i — 273.22j)] + 2(—0.06k) X (27i + 25j) + (Arer)xy:

—2j = —24i — 1.62j + (arel)xyz

Ans:

(Vrel)xyz = [27i + 25j] m/s
(arel)xyz = [2.4i — 0.38j] m/52

(Ape) vy, = [2.4i — 0.38j] m/s? Ans.
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*16-148.

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 15 m/s, which is increasing at a
constant rate of 3 m/s’. Determine the velocity and
acceleration of car B with respect to car C.

SOLUTION

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

215 s
(ap), = % =250 " 09m/s’> and (ac), = Ye 250 0.9m/s%. Thus, the

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

vg = [—15i] m/s

ve = [—15 cos 45°1 — 15 sin 45°j] = [—10.607i — 10.607j] m/s

ag = [-2i + 0.9j] m/s?

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

Also, the angular velocity and angular acceleration of the xyz reference frame with
respect to the XYZ reference frame are

e _ 15 06 rad/s [—0.06k] rad/s
w=—=—=0. w = [—0.
p 250
. (ac)y 3 2 . 2
® = b T 250 0.012 rad/s ® = [—0.012k] rad/s

From the geometry shown in Fig. a,
rgic = —250sin 45°%1 — (250 — 250 cos 45°)j = [—176.78i — 73.22 j| m

Velocity: Applying the relative velocity equation,

Vg =Ve + o X1+ (Vie)sy:

—15i = (—10.607i — 10.607j) + (—0.06k) X (—176.78i — 73.22j) + (Vre1)xy:

—15i = =151 + (Vrel)yy:

(Vie)xyz = 0 Ans.
Acceleration: Applying the relative acceleration equation,

ag=ac + o Xrgc+ o X (0 Xrge) + 20 X (Ve)ry: T (2 re))xyz

—2i + 0.9) = (—2.758i — 1.485j) + (—0.012k) X (—176.78i — 73.22j)

\:-<
~

(@)ﬂ:g.@m/s"

+(—0.06k) X [(~0.06k) X (—176.78i — 73.22§)] + 2(~0.06k) X 0 + (e))sy

=20 + 0.95 = =3i + 0.95 + (are)yz

(a rel)xvz = [1i] m/SZ Ans.

Qy) = 0-9m/s
@,}t =2mfs>
@)
Ans:
(Vrel)xyz =0

(arel)xyz = {1i} m/SZ
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16-149. A ride in an amusement park consists of a rotating
platform P, having constant angular velocity wp = 1.5 rad/s,
and four cars, C, mounted on the platform, which have
constant angular velocities wc/p = 2 rad /s measured relative
to the platform. Determine the velocity and acceleration of the
passenger at B at the instant shown.

SOLUTION
Given: w@p = 1.5 rad /s r=075m
ocp =2 rad /s R=3m
0 R 0 r
vg=| 0 [x] 0+ 0 x| 0
wp 0 wp + ocp 0
0.00
vg=| 7.13 |m/s |ve| = 7.13m/s Ans.
0.00
ag = 0 [x 0 |x|0 + 0 X 0 x| 0
op op 0 op + ocp op + wcp 0

~15.94
ag=| 000 |m/s® |ag|=1594m/s  Ans.
0.00

Ans:

lvg| = 7.13 mys?
|ag| = 15.94 m/s?

789




© Pearson Education Limited 2017. 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.

16-150.

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 w4z = 2.5 rad/s, determine the angular
velocity of CD (output) at this instant.

SOLUTION

Ipa o 0.15m

sin 120°  sin 45°

rgy = 0.1837m
ve =0

ac =10

QO = —wpck

O = —apck

rgc = {—0.15i} m

(VB/C)xyz = (UB/C)xyzi
(aB/C)xyz = (aB/C)xyzi

Vi = wap X tgu = (—2.5k) X (—0.1837 cos 15° + 0.1837 sin 15°%)

{0.1189i + 0.4436j) m/s

vp = Ve + Q Xrge + (VBio)xy: ‘b?:;
0.1189%i + 0.4436§ = 0 + (—wpck) X (—0.158) + (V3¢5 fs9
0.1189%i + 0.4436f = (/) syed + 0.150pc] %2 4
Solving:

(vB/C)xy: = 0.1189 m/s

wpe = 2.96rad/s D Ans.

Ans:
wpc = 2.96tad/s D
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16-151.

The disk rotates with the angular motion shown. Determine
the angular velocity and angular acceleration of the slotted
link AC at this instant. The peg at B is fixed to the disk.

SOLUTION

vg = —6(0.3)i = —1.8i

ag = —10(0.3)i — (6)%(0.3)j = —3i — 10.8j

Vg = Va4 + Q Xrgs + (Vg/a)yy:

—18i =0+ (a)Ack) X (075i) - (UB/A)xyzi

—1.8i = —(vB/a)xy:

(UB/A)xyz =18 m/s

0= wAc(075)

wWpc = 0 Ans.
ag=a4 + Q X g,y + QX (Q X 1) +2Q X (0/4)x: + @p/a)x:

=3 = —aup

asp =3 m/s’

ayc = 144rad/s* D Ans.

®w=06 rad/s\&
a =10 rad/s?

mg{: !0(&!}-3!7_::
3

s Vs rfa.2)
(@gh *¢ir(0y=70.3 %‘af B

\

e

Ans:
wWpc = 0
aye = 14.4rad/s® D
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*16-152.

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.

SOLUTION

vg = 3(0.1) = 0.3m/s

(ap), = 9(0.1) = 0.9 m/s?

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

v = Ve + Q Xrge + (Vpie)yy:

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

vgic = 0.15m/s

wcp = 0.866Tad/s D Ans.

ag =ac + QO Xrge+ QX (Q Xrge) + 20 X (Vgi0)aye + (A5/0)1ye

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

—0.3294i + 1.2294j = 0.3a¢cpj — 0.225i + 0.2598j + ap,ci

ag/c = —0.104 m/s’

acp = 3.23rad/s> D Ans.

Ans:

A

(VHA):n‘t
(@ )xye

@e)- #eoymns®

wcep = 0.866 rad/s j
acp = 3.23rad/s®> D
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