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1 rad/s® A

2 rad/s

PROBLEM 15.CQ1

A rectangular plate swings from arms of equal length as shown
below. What is the magnitude of the angular velocity of the
plate?

(a) Orad/s
(b) 1 rad/s
(c¢) 2rad/s
(d) 3 rad/s

(e) Need to know the location of the center of gravity

SOLUTION

Answer: (a) 4
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5 mm

PROBLEM 15.CQ2

Knowing that wheel A rotates with a constant angular velocity and that no
slipping occurs between ring C and wheel A and wheel B, which of the
following statements concerning the angular speeds are true?

(a) ®,; = Wy

(b) 0>,

(c) ®, <,

(d) ;=0

(e) the contact points between A and C have the same acceleration

SOLUTION

Answer: (b) 4
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PROBLEM 15.1

The brake drum is attached to a larger flywheel that is not shown. The
motion of the brake drum is defined by the relation & =36¢—1.6¢",
where 6 is expressed in radians and ¢ in seconds. Determine (a) the
angular velocity at =2 s, (b) the number of revolutions executed by the
brake drum before coming to rest.

SOLUTION

Given: 6 =36t—1.61> radians

Differentiate to obtain the angular velocity.

w=%=36—3.2t rad/s
(@) Atr=2s, w=36—-3.2)(2) ®=29.6rad/s 4
(b)  When the rotor stops, w=0.

0=36-3.2¢ t=11.25s

0 = (36)(11.25) — (1.6)(11.25)* = 202.5 radians

2025
2r

In revolutions, o 6=322rev 4
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PROBLEM 15.2

The motion of an oscillating crank is defined by the relation 8 = 6, sin («r¢t/T) — (0.56,)sin (2 zt/T), where 8 is
expressed in radians and f in seconds. Knowing that 6,=6 rad and 7 =45, determine the angular
coordinate, the angular velocity, and the angular acceleration of the crank when (a) =0, (b) t=2s.

SOLUTION
wzﬁzﬁozcos(m] 0.56, —co (27%]
i T O\ T T T
2 2
a:d—“’=—90(£] sm( j+059( ) sin(EJ
dt T T T T
(@ t=0: =0 4
=67 -05(6)2" =0 4
4 4
a=0 <4
b)) t=2s:
6= 6sm(24 j 05(6)sm(4f] 6-0 6=6.00 rad <

W= 6(£j cos [2—”) — 0.5(6)2—” cos [4—”)
4 4 4 4

T 2
=6—(0)-0. — (-1
64(0) 05(6)4( )

_om w=471radls 4

4
2 2
a=—-6 [1) sin [2—”] + 0.5(6)(2—”) sin [4—”]
4 4 4 4
=—6{Zj (1)+3( ) 0)

=_§,;2 o =—3.70 rad/s’ 4
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PROBLEM 15.3
The motion of a disk rotating in an oil bath is defined by the relation 8 =6,(1— e™), where @ is expressed in
radians and ¢ in seconds. Knowing that 6, =0.40 rad, determine the angular coordinate, velocity, and
acceleration of the disk when (a) t =0, (b) t=3s, (c) t =oo.
SOLUTION
0=0.40(1-¢"*)
w=92 -1 0.40)e" = 0.100*
d 4
a=99_ —1(0. 10)e™"* =—0.025¢"*
dt 4
(@ t=0
0=0.40(1—¢) =0 <«
@=0.10¢" @=0.1000 rad/s <«
o =-0.025¢" o =-0.0250 rad/s” 4
() t=3s:
6=0.40(1—¢7'*)
=0.40(1-0.4724) 6=0.211rad 4
@=0.10e""*
=0.10(0.4724) ®=0.0472 rad/s 4
o =-0.025¢""*
=-0.025(0.4724) a=-0.01181rad/s* <
(C) t=o0
6=040(1-¢")
=0.40(1-0) 6=0.400 rad «
®=0.10e™ 0=0 4
o =-0.025¢" a=0 4
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PROBLEM 15.4

The rotor of a gas turbine is rotating at a speed of 6900 rpm when the turbine is shut down. It is observed that
4 min is required for the rotor to coast to rest. Assuming uniformly accelerated motion, determine (a) the
angular acceleration, (b) the number of revolutions that the rotor executes before coming to rest.

SOLUTION
o, =6900 rpm
=722.57 rad/s
t=4 min=240s

(@) w=w,+ot; 0=722.57+a(240)

o =-3.0107 rad/s o =-3.01rad/s> 4

1 1

(b) O=w,t+ Emz = (722.57)(240) +5(—3.01o7)(240)2

6 =173,416—86,708 = 86,708 rad

0 = 86,708 rad| 6=13,80 rev 4

27 rad
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PROBLEM 15.5

A small grinding wheel is attached to the shaft of an electric motor
which has a rated speed of 3600 rpm. When the power is turned
on, the unit reaches its rated speed in 5 s, and when the power is
turned off, the unit coasts to rest in 70 s. Assuming uniformly
accelerated motion, determine the number of revolutions that the
motor executes (a) in reaching its rated speed, (b) in coasting

to rest.
SOLUTION
For uniformly accelerated motion,
0=, +ot )]
1,
0=00+a)0t+5at 2)
(a) Data for start up: 6,=0, @, =0,
Atr=5s, w=3600rpm=%=1zomad/s
From Eq. (1), 1207 = a(5) o =247 rad/s®
From Eq. (2), 6=0+0+ % (247)(5)* = 3007 radians
In revolutions, 0= w 0=150rev 4
2r
(b)  Data for coasting to rest:
6,=0, @,=1207x rad/s
At t=70s, w=0
From Eq. (1), 0=1207 — a(70) a:%rad/s
2
From Eq. (2), 0=0+(1207)(70) = L20DTD” _ 45007 radians
2(70)
In revolutions, 0= 42200” 0=2100rev 4
V4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

1013



https://students-hub.com
https://students-hub.com

PROBLEM 15.6

A connecting rod is supported by a knife-edge at Point A. For small oscillations
the angular acceleration of the connecting rod is governed by the relation o =—-66
where «is expressed in rad/s® and @in radians. Knowing that the connecting rod is
released from rest when 6 =20°, determine (a) the maximum angular velocity,
(b) the angular position when ¢ =2s.

SOLUTION

Angular motion relations:
do wdw
o=—=——=

=—= -60 1
dt do M

Separation of variables wand 6 gives
wdw=-60d0

Integrating, using =0 when 6 =26,
w [4
[ wdo=-6[ "6do
0 6

%af =-3(8>-6;)=3(6; - 6%

o’ =6(6; - 6% w=1/6(6 —6%)

(@) wis maximum when 6 =0.

Data: 6, =20° =0.34907 radians
@’ =6(0.34907% —0) = 0.73108 rad*/s @Oy =0.855 rad/s 4
~de_ 1 do

(b) From a)—d—e we get dt=—=—F/—=—F——
dt o 6 195_92

Integrating, using t =0 when 8=6,,
t 4
0 Je 4, /eg _9

t =———cos ' ——L 0—00871£ ——Lcosfli
\/8 e() ) \/g 60 \/8 00

0=6, cos(\/gt) =0.34907 cos[(x/g)Z] =(0.34907)(0.18551) = 0.064756 radians
6=371° 4

)
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Vertical

PROBLEM 15.7

When studying whiplash resulting from rear end collisions, the rotation of the head is
of primary interest. An impact test was performed, and it was found that the angular
acceleration of the head is defined by the relation & =700cos&+70sin8 where o is
expressed in rad/s* and @ in radians. Knowing that the head is initially at rest,
determine the angular velocity of the head when 8= 30°.

SOLUTION

Angular motion relations:

_do_ oo

o= =700cos@+ 70sin @
dt de

Separating variables @ and 6 gives

adw=(700cos @+ 70sin 8)d 6

Integrating, using @=0 when 8 =0,

Data:

4] 6
j wdw= j (700cos 6 + 70sin 6)d@
0 0

0
%a)z = (700sin 8 —70cos 6)
0

=700sin 8+ 70(1 — cos )
@=/1400sin 8 +140(1 — cos 6)

6=30°="rad
6

With calculator set to “degrees” for trigonometric functions,

w= \/1400 sin 30° +140(1 — cos 30°) =26.8 rad/s
w="26.8rad/s 4

With calculator set to “radians” for trigonometric functions,

W= \/1400 sin(7r/6) +140(1 — cos(7/6)) =26.8 rad/s
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PROBLEM 15.8
The angular acceleration of an oscillating disk is defined by the relation & = —k6. Determine (a) the value of k for
which @ =8 rad/s when 8 =0 and & =4rad when w=0, (b) the angular velocity of the disk when 8 =3 rad.
SOLUTION
o=-k6
=92 _ 1o
do
wdw=-k60do
0 4 rad 0 4
(a) [ odo=-[ "rodo; Lo =—1ie?
8 rad/s 0 2 g 2 0
1 2 1 2 -2
—(0-8%)=——k(4*-0) k=4.00s" 4
2 2
w 3 rad 1, 1 s 3
(b) j codw:—J' k0do: || =—|~@she
8 rad/s 0 2 0 2 0
15 1 2
—(0" -8)=—=(4)3" -0
3 ( ) 3 (4 )
@ —64=-36; @ =64-36=28 @=>5.29 rad/s 4
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PROBLEM 15.9

The angular acceleration of a shaft is defined by the relation o =-0.25@, where « is expressed in rad/s’
and o in rad/s. Knowing that at =0 the angular velocity of the shaft is 20 rad/s, determine (a) the number
of revolutions the shaft will execute before coming to rest, (b) the time required for the shaft to come to rest,
(c) the time required for the angular velocity of the shaft to be reduced to 1 percent of its initial value.

SOLUTION
a=-0.25w
02?0250
do
do=—-025d6
0 6
(@) J' dw:—o.zsj d6; (0—20)=-0250: 6=80rad
20 rad/s 0
6 = (80 rad)—— 0=12.73rev 4
27 rad
(b) a=—-0250 22 0250 29_ 0025
dt 0]
@ da) t
[ =2=—025[ dr  Imoly=-025
20 rad/s @ 0
tz—L(lna)—anO)=4(ln20—lna))
025
r=4m 2 ey
[4)]
For w=0 t=4ln%=4lnoo t=oc0 ¢
(¢) For ®=0.0lw, =0.01(20)=0.2 rad
20
Use Eq. (1): t=4ln(ﬁj=4ln100=4(4.605) 1=18.42 s 4
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v PROBLEM 15.10

The bent rod ABCDE rotates about a line joining Points A and E
with a constant angular velocity of 9 rad/s. Knowing that the
rotation is clockwise as viewed from E, determine the velocity
and acceleration of corner C.

200 mm

150 mm L%\
150 mm
z \00 mm\/E )\K
SOLUTION

EA* =047 +0.4%+02%
EA=0.6 m
r.; =—(0.4 m)i+(0.15 m)j
EA=—(0.4 m)i+ (0.4 m)j+ (0.2 mk
EA

1 1
= = (-04i+04j+0.2k)=—(=2i+2j+k
EA = pa 0.6( J ) 3( Jj+k)
0=, g, = rad/s)%(—zi +2j+k)

o =—(6 rad/s)i+ (6 rad/s)j+ (3 rad/s)k

i j Kk
Ve=OXry=| -6 6 3 |=-045i-12j+(-0.9+24)k
04 0.15 0

ve =—(0.45 m/s)i— (1.2 m/s)j+ (1.5 m/s)k <

A =0y XTop TOX(OXTrg) =00 XTop T OX Vo

i i k
a.=0+ -6 6 3
—045 -12 15

=9+3.6)i+(-1.35+9)j+(7.2+2.7)k

a, = (12.60 m/s*)i +(7.65 m/s*)j+(9.90 m/s* )k <
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v PROBLEM 15.11

In Problem 15.10, determine the velocity and acceleration
of corner B, assuming that the angular velocity is 9 rad/s
and increases at the rate of 45 rad/s”.

200 mm

PROBLEM 15.10 The bent rod ABCDE rotates about a
line joining Points A and E with a constant angular velocity
of 9 rad/s. Knowing that the rotation is clockwise as viewed
from E, determine the velocity and acceleration of corner C.

150 mm L%\
150 mm
z \00 mm\/E )\K
SOLUTION

EA* =0.4° +0.4° +0.2°
EA=0.6m
1y, =—(0.25 m)j
EA=—(0.4 m)i + (0.4 m)j+ (0.2 mk
A = EA (—0.4i +0.4j+0.2k
EA = 7
EA

1
=—(-2i+2j+k)
0.6 j St

O=0Ag =0 rad/s)%(—2i+ 2j+k)
o =—(6 rad/s)i + (6 rad/s)j+ (3 rad/s)k
Vz =X, =(—6i+6j+3Kk)x(-0.25)j=1.5k +0.75i
v =(0.75 m/s)i+ (1.5 m/s)k <

=0, A, =45 rad/sz)%(—ﬁ +2j+k)

o = —(30 rad/s?)i + (30 rad/s*)j+ (15 rad/s*)k
ap =0 XTIy, T OX(OXTg,)=0XTy, +OXV,
i i k i j k
a,=|-30 30 I5|+| 6 6 3

0 -025 0] |075 0 1.5
=3.75i+7.5k +9i + (2.25+9)j— 4.5k

a, =(12.75 m/s?)i+(11.25 m/s*)j+ (3 m/s* )k o
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PROBLEM 15.12

l~— 7 in.
The assembly shown consists of the straight rod ABC which
T passes through and is welded to the rectangular plate DEFH.
4in~ The assembly rotates about the axis AC with a constant
T x angular velocity of 9 rad/s. Knowing that the motion when
____;%/ ' viewed from C is counterclockwise, determine the velocity
d ?«m and acceleration of corner F.
H
i 4 in.
_ ¥
C
SOLUTION
AC=(14in)i—- (8 in)j+(@8in)k AC=181in.
By = AC _1A8548K _ ) 797781 —0.44444j + 0.44444K)
AC 18
® =l =(9 rad/s)(0.77778i — 0.44444j+ 0.44444K)
o = (7 rad/s)i — (4 rad/s)j + (4 rad/s)k a=0
Corner F- Ipp = (=7 in)i+ (4 in)k

= —(0.58333 ft)i + (0.33333 fok
Vi =0)X1‘F/B
i i k
= 7 4 4
~0.58333 0 0.33333
= —1.3333i - 4.6667j — 2.3333k

v =—(1.333 ft/s)i — (4.67 ft/s)j—(2.33 ft/s)k

a=0
ap =0XTpp +OX(OXTE)

=0+0xXVv,
a. =OXV,
i J k
= 7 —4 4

-1.3333 -4.6667 -2.3333
(28.0)i+(11.0)j+ (-38.0)k

a, =(28.0 ft/s*)i+ (11.00 ft/s*)j— (38.0 ft/s* )k «
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PROBLEM 15.13

l~— 7 in.

In Problem 15.12, determine the acceleration of corner H,
assuming that the angular velocity is 9 rad/s and decreases at

4?11. a rate of 18 rad/s”.
y
/U il *  PROBLEM 1512 The assembly shown consists of the
W 4 straight rod ABC which passes through and is welded to the
"o} rectangular plate DEFH. The assembly rotates about the axis
o AC with a constant angular velocity of 9 rad/s. Knowing that
C the motion when viewed from C is counterclockwise,

determine the velocity and acceleration of corner F.

SOLUTION

AC=(141in)i- (@8 in)j+@in)k AC=18in.
_AC _14i-8j+8k
CT A 18
0= wl, = (9 rad/s)(0.77778i — 0.44444j + 0.44444K)
o = (7 rad/s)i — (4 rad/s)j + (4 rad/s)k
o=—-18radls®; o=l =(—18 rad/s*)(0.77778i — 0.44444j + 0.44444Kk)
o, = —(14 rad/s?)i + (8 rad/s*)j— (8 rad/s*)k

=(0.77778i — 0.44444j + 0.44444Kk)

Corner H: ryp = (7 in)i+ (4 in)k

=(0.58333 ft)i + (0.33333 ft)k

i j k
=l 7 -4 4
0.58333 0 0.33333
=-1.3333i+2.3333k v, =—(1.333 fi/s)i + (2.33 f/s)k 4

Ay =0XTyp T OX(OXTy)
=0XTyp TOXVy
i J k i J k
a,=| -14 8 -8 |+ 7 -4 +4
0.58333 0 0.33333| |-1.3333 0 2.3333
=2.6667i+0j—4.46667k —9.3333i —21.667j—5.3333k

a,, =—(6.67 ft/s*)i—(21.7 ft/s*)j— (10.00 ft/s* )k <«
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y PROBLEM 15.14

ZI\ A circular plate of 120 mm radius is supported by two
Y bearings A and B as shown. The plate rotates about the
50 rod joining A and B with a constant angular velocity of

26 rad/s. Knowing that, at the instant considered, the
velocity of Point C is directed to the right, determine the
/1/ velocity and acceleration of Point E.

D

80 mm

SOLUTION
BA = —(100 mm)j + (240 mm)k BA =260 mm
A, :B_A _ —(100)j+ (240)k ’ a=0
BA 260
1
w=0wl,, =26 — |(—(100)j+ (240)k
BA [260]( (100)j+ (240)k)
Point E: Iy, = (120 mm)i — (80 mm)j— (120 mm)k
Vi = OXIg,
i j k
= 0 -10 24
120 -80 -120

(3120 mm/s)i + (2880 mm/s)j+ (1200 mm/s)k
v =(3.12 m/s)i + (2.88 m/s)j+ (1.200 m/s)k <«

ap =0XTIg, +OX(OXrg,)=0+0Xv,

A, =XV,
i i Kk
=l 0 -10 24

3120 2880 1200
= —(81120 mmy/s?)i + (74880 mm/s*)j+ (31200 mm/s*)

a, =—(81.1 m/s%)i+(74.9 m/s*)j+(31.2 m/s )k 4
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PROBLEM 15.15

In Problem 15.14, determine the velocity and acceleration of Point E, assuming that the angular velocity is
26 rad/s and increases at the rate of 65 rad/s’.

SOLUTION

See Problem 15.14 for Ay, and ®

—(100)j+ (240)k
Mgy =
260
o= (10 rad/s)j = (24 rad/s)k

a=+65rad/s’;  a=al,, =(65 rad/sz)(%) —(100)j+ (240)k

o =—(25 rad/s?)j+ (60 rad/s* )k

Point E: rg,, = (120 mm)i - (80)j— (120)k
Vi = 0OXTg),
i J k
= 0 -10 24
120 -80 -120

(3120 mm/s)i + (2880 mm/s)j+ (1200 mm/s)k
v =(3.12 m/s)i + (2.88 m/s)j+ (1.200 m/s)k <«

=OUXTg, TOX(OXT,)=0XTg, +OXV,
i k i j k
a,=| 0 25 60 [+| 0 -10 24
120 -80 —120| |3120 2880 1200
= —(7800 mm/s®)i + (7200 mm/s*)j+ (3000 mm/s* )k
— (81120 mm/s®)i + (74880 mm/s” )j + (31200 mm/s*)k

o
o]
I

a, =—(73320 mm/s?)i + (82080 mm/s)j+ (34200 mm/s® )k
=—(73.3 m/s))i +(82.1 m/s®)j+ (34.2 m/s” )k |
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PROBLEM 15.16

The earth makes one complete revolution around the sun in 365.24 days. Assuming that the orbit of the earth
is circular and has a radius of 93,000,000 mi, determine the velocity and acceleration of the earth.

SOLUTION
27 rad
w= 3600 s
(365.24 days) (241 ) (3990+)

=199.11x10 rad/s
V=ra

=(93x10° mi)(m] (199.11x107 rad/s)
v=97,770 ft/s v =66,700 mi/h 4
a= 1’0)2

=(93x10°)(5280)(199.11x10 " rad/s)? a=19.47x107° ft/s> <
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PROBLEM 15.17
The earth makes one complete revolution on its axis in 23 h 56 min. Knowing that the mean radius of the
earth is 3960 mi, determine the linear velocity and acceleration of a point on the surface of the earth
(a) at the equator, (b) at Philadelphia, latitude 40° north, (c) at the North Pole.
SOLUTION
]
23h 56 m=23.933h £ pr
o= 2rrad l P
(23.933 h)(3%0+) R
=72.925x10rad/s
R = (3960 mi)(szg(_) ft]
mi
=20.91x10°ft
r =radius of path
= Rcos¢
(a) Equator: Latitude =¢ =0
V=ro
= R(cosO)w
= (20.91x10°ft)(1)(72.925 %107 rad/s) v=1525 ft/s 4
a=ro’
= R(cos 0)@*
=(20.91x10°ft)(1)(72.925%107° rad/s)* a=0.1112 ft/s* <
(b)  Philadelphia: Latitude = ¢ =40°
V=ro
= R(cos40°)w
=(20.91x10°ft)( cos 40°)(72.925x107° rad/s) v=1168 ft/s 4
a=ra’
= R(cos 40°)@”
=(20.91x10°ft)(cos 40°)(72.925x107° rad/s)* a=0.0852 ft/s* <
(c) North Pole: Latitude =¢ =0
r=Rcos0=0 v=a=0 4
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PROBLEM 15.18

A series of small machine components being moved by a
conveyor belt pass over a 120 mm radius idler pulley. At the
instant shown, the velocity of Point A is 300 mm/s to the left
and its acceleration is 180 mm/s” to the right. Determine (a) the
angular velocity and angular acceleration of the idler pulley,
(b) the total acceleration of the machine component at B.

SOLUTION
vg =v, =300 mm/s ~— ry =120 mm

(ag), =a, =180 mm/s —

@ vy =ar, 8390 o S radss ) ©=2.50 rad/s ) 4
Ty 0
(ay), =y, o=\ 1805 ) 0. =1.500 rad/s® ) <
r, 120
(b) (ap), = ry@* = (120)(2.5)> =750 mmy/s> |

ag = \/ (ap)? +(ay)? = \/(180)2 +(750)* =771 mm/s*

tan,B—E0

= , =76.5°
180 p

ay =771 mm/s* X 76.5° <4
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PROBLEM 15.19

A series of small machine components being moved by a conveyor belt
pass over a 120-mm-radius idler pulley. At the instant shown, the
angular velocity of the idler pulley is 4 rad/s clockwise. Determine the
angular acceleration of the pulley for which the magnitude of the total
S acceleration of the machine component at B is 2400 mm/s’.

SOLUTION
wp = 4rad/s), rg =120 mm
(ap), = rz@p = (120)(4)* = 1920 mmy/s*

ag = 2400 mm/s*

(ag), = \Jab — (ap)? = 24007 —19207 = +1440 mys>

(ag), _ *1440
I 120

(ap); = rp, o = +12 rad/s®

12.00rad/s2‘> or )4
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PROBLEM 15.20

The belt sander shown is initially at rest. If the driving drum B
has a constant angular acceleration of 120 rad/s® counter-
clockwise, determine the magnitude of the acceleration of the
belt at Point C when (a) t=0.5s, (b) t=2s.

SOLUTION
(a) t=05s:
by t=2s:

a, = ra=(0.025 m)(120 rad/s*)
a, =3 m/szi

w=ot=(120 rad/s’ )(0.5 s) =60 rad/s
a, = re* =(0.025 m)(60 rad/s)

a, =90 m/s>—
ay =a’ +a> =3*+90°

w=ot=(120 rad/s’ )(2 s) =240 rad/s
a, = r@* =(0.025 m)(240 rad/s)*

a, =1440 m/s’

ay =a’ +a> =3 +1440°

=120 red™

Cq'n

—
Y =25mm
ae

ay =90.05 m/s* <

ay =1440 m/s* <
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PROBLEM 15.21

The rated speed of drum B of the belt sander shown is 2400 rpm.
When the power is turned off;, it is observed that the sander coasts
from its rated speed to rest in 10 s. Assuming uniformly decelerated
motion, determine the velocity and acceleration of Point C of the
belt, (@) immediately before the power is turned off, (b) 9 s later.

25 mm
SOLUTION
@, = 2400 rpm
=251.3 rad/s
r=0.025m
(a) ve =r@=(0.025 m)(251.3 rad/s) ve =6.28 m/s 4
ap =r@* = (0.025 m)(251.3 rad/s)’ ac =1579 m/s*> 4
(b) Whent=10s: w=0.
w=w,+ot
0=251.3rad/s+a(10s)
o =-25.13 rad/s”
When r=9s: o=, +ot
w, =251.3 rad/s —(25.13 rad/sz)(9 S)
=25.13 rad/s
Ve =Ty
=(0.025 m)(25.13 rad/s) vy =0.628 m/s 4
(ac), =ra,

=(0.025 m)(-25.13 rad/s?)
(ac), =0.628 m/s*
(ac), =ray

=(0.025 m)(25.13 rad/s)*
(ac), =15.79 m/s

2 2 2
ac =(ac); +(ac),

=(0.628 m/s*)* +(15.79 m/s*)* a. =15.80 m/s> 4
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|
)
4in. 3in. 2inl
1

=

2in. Jin. 4in.
r |

PROBLEM 15.22

The two pulleys shown may be operated with the V belt in any of
three positions. If the angular acceleration of shaft A is 6 rad/s®
and if the system is initially at rest, determine the time required

! Jl for shaft B to reach a speed of 400 rpm with the belt in each of the
: three positions.

SOLUTION

Belt speed:

Angular speed of shaft B:

Solving for ¢,

Data: o, =6rad/s,

Belt at left:

Belt in middle:

Belt at right:

Angular velocity of shaft A:

Vo 0t
a)B = :—A A
s s
=%
TAOy

wy =400 rpm = 41.889 rad/s

t:ri.41.889
Tz

d_B_2in.

d, 4in.

d_B_3in.

d, 3in.

d_B_41n.

4 2in.

= 698132 = 6.9813
s

dg

A

t=349s 4
t=698s 4
t=13.96s 4
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PROBLEM 15.23

Three belts move over two pulleys without slipping in the speed
reduction system shown. At the instant shown the velocity of
Point A on the input belt is 2 ft/s to the right, decreasing at the
rate of 6 ft/s”. Determine, at this instant, (a) the velocity and
acceleration of Point C on the output belt, (b) the acceleration of
Point B on the output pulley.

SOLUTION
Left pulley.
Inner radius r;=2in.

Outer radius r, =4 in.

vy =21ft/s —
(a,), =—6ft/s* =6 ft/s* ~—

v
—_— A_
a)l___

, =6rad/s )

Sl | o

o IV =%=18 rad/sz‘>

h 12

Intermediate belt.

(@), = noy = [%](18) = 3 ft/s?

Right pulley.

[

Inner radius ;=2 in.

Outer radius r, =4 1n.

=ﬁ—%=3rad/s)
I E)
(@) 3 2
! n =9 rad/s ‘>
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PROBLEM 15.23 (Continued)
(a)  Velocity and acceleration of Point C.
Ve =10, = (%](3) =0.5ft/s ve=05fts — 4
(ac), =10, :(%] (9) =1.5 ft/s* a. =1.5fts> ~— <
(b)  Acceleration of Point B.
(ap), = 1,05 = (%] (3)* =3 ft/s? (ay), =3 ft/s* —
(ag), =ryot, = (%] (9) =3 fus’ (a,), =3 fus?)
a, =4.24 ft/s> < 45° 4
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PROBLEM 15.24

A gear reduction system consists of three gears A, B, and C. Knowing
that gear A rotates clockwise with a constant angular velocity
w, = 600 rpm, determine (a) the angular velocities of gears B and C,
(b) the accelerations of the points on gears B and C which are in contact.

SOLUTION

= (60(;& =207 rad/s.

(a) = 600 rpm

Let Points A, B, and C lie at the axles of gears A, B, and C, respectively.
Let D be the contact point between gears A and B.
Vp = s @, = (2)(207) = 407 ints |

o, =V—D=4O—”=10mad/s=10n~§—0:300rpm‘)
T

®, =300 rpm ) «
Let E be the contact point between gears B and C.
Vg =gy =(2)(107) =207 in./sT

e = YE 20—” =3.333x rad/s = (3.33371')@ =100 rpm )
Teic 4
. =100 rpm ) <
(b) Accelerations at Point E.
2 2
On gear B: ag _ Ve GO 197394067
TeiB
ay = 1974in./s* ~— <
2 2
On gear C: ac ~ Ve 20T Gsginse? e
Teic

a. =658in/s* — <
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PROBLEM 15.25

A belt is pulled to the right between cylinders A and B. Knowing that the
p  speed of the belt is a constant 5 ft/s and no slippage occurs, determine
> (a) the angular velocities of A and B, (b) the accelerations of the points
which are in contact with the belt.

A 4 in.

SOLUTION

(a)  Angular velocities.

Disk A: w, =Y = s ®,=15.00rad/s ) 4
e (412)ft
Disk B: Wy _rp_ ST ®, =7.50 rad/s‘> |

r,  (8/12)ft
(b)  Accelerations of contact points.

Disk A: a, = ’r, = (15.00 rad/s)> ((4/12) ft) a, =75.00 rad/s’| <

Disk B: ay = @2ry = (7.50 rad/s)2((8/12) ft) a, =37.5rad/s| <
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PROBLEM 15.26

Ring C has an inside radius of 55 mm and an outside radius of 60 mm and
is positioned between two wheels A and B, each of 24-mm outside radius.
Knowing that wheel A rotates with a constant angular velocity of 300 rpm
and that no slipping occurs, determine (a) the angular velocity of the ring
C and of wheel B, (b) the acceleration of the Points of A and B which are in
contact with C.

5 mm

SOLUTION
2r
w, =300 rpm(aj
=31.416rad/s
ry =24 mm
rg =24 mm
r, =60 mm
7, =55 mm

[We assume senses of rotation shown for our computations.]

(@) Velocities:
Point 1 (Point of contact of A and C)
V| =100, = 10

wcerwA
h
24 mm
=—— (300 rpm
60mm( pm)

=120 rpm @ =120 rpm 4
Point 2 (Point of contact of B and C)
V) = Tplp = KW

n

Wy ==
s
zr_z(szA
s\ h
:55 mm | 24 mm 300 rpm
24 mm | 60 mm
@y =275 mm @y =275 pm 4
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PROBLEM 15.26 (Continued)

(b)  Accelerations:
Point on rim of A: ry =24 mm=0.024 m
a, =r,@,

=(0.024 m)(31.416 rad/s)*

= 23.687 m/s’ a, =237 m/s>| <
. . 2
Point on rim of B: @y =275 rpm a

=28.798 rad/s
ag =1
= (0.024 m)(28.798 rad/s)?
=19.904 /s> a, =19.90 m/s’| 4
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PROBLEM 15.27
Ring B has an inside radius r, and hangs from the horizontal shaft A
as shown. Shaft A rotates with a constant angular velocity of 25 rad/s
and no slipping occurs. Knowing that r; = 12 mm, r, = 30 mm, and
r3 = 40 mm, determine (a) the angular velocity of ring B, (b) the
accelerations of the points of shaft A and ring B which are in contact,
(c) the magnitude of the acceleration of a point on the outside
surface of ring B.
SOLUTION
Let Point C be the point of contact between the shaft and the ring.
Ve = 10y
-
n
10) w
_ho w, =% i
h r
On shaft A: a, =rnw; a, =nw, i
) 140) ? K 2(()2
On ring B: ag =5LWg =T, 1A aBz—1 A i
n n
Acceleration of Point D on outside of ring.
2
ap =rwy =r, i6‘)A
n
2
ap =13 i wj l
h
Data: w, =25 rad/s
r, =12 mm
r, =30 mm
r; =40 mm
n
(@) Wy =+,
n
12 mm
== 55 rad/s) ®, =10 rad/s ) 4
30 mm
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(b)

()

PROBLEM 15.27 (Continued)

a, = rlwfx
= (12 mm)(25 rad/s)?

=7.5%10° mm/s?
”12 2
ag =r—a)A
2
_ (12 mm)®
(30 mm)

=3x10° mm/s>

(25 rad/s)?

2
r
_ i >
ap =ni| — | Wy
p)

2
= (40 mm) (—12 mm] (25 rad/s)*
30 mm

a,, =4x10° mm/s*

a,=7.50 m/s> | <

a, =3.00 m/s’ l <

a,, =4.00 m/s> l <
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PROBLEM 15.28

A plastic film moves over two drums. During a 4-s interval the speed
of the tape is increased uniformly from vy = 2 ft/s to v; = 4 ft/s.
Knowing that the tape does not slip on the drums, determine (a) the
angular acceleration of drum B, (b) the number of revolutions
executed by drum B during the 4-s interval.

SOLUTION

Belt motion: v=v, +at
4ft/s=2ft/s+a(4s)

a_4ft/s—2ft/s
4s

=0.5 ft/s® =6 in./s”
Since the belt does not slip relative to the periphery of the drum, the tangential accelation at the periphery of
the drum is

a, =6in./s’

(a)  Angular acceleration of drum B.

.2
o, == 810/ a; = 0.400 rad/s’ ) <
rp  15in.
(b)  Angular displacement of drum B.
At 1=0, PR .2 VLS TN
rg  15in.
At t=4s, o == BIS 5o s
rg  15in.

0)12 = wg +20,0

o - o —ay  (3.2)° —(1.6)°
BT 2a,  (2)(0.400)

= 9.6 radians

_96

0y =1.528 rev 4
2

In revolutions, Oy
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PROBLEM 15.29
A pulley and two loads are connected by inextensible cords as shown. Load A has
a constant acceleration of 300 mm/s> and an initial velocity of 240 mm/s, both
directed upward. Determine (@) the number of revolutions executed by the pulley
in 3 s, (b) the velocity and position of load B after 3 s, (¢) the acceleration of
Point D on the rim of the pulley at # = 0.
SOLUTION
(@)  Motion of pulley: (V) =(v4 ) =240 mm/s T
(ay), =a, =300 mm/s’ T
(vg)o =raw,: 240 mm/s = (120 mm)a@, ©, =2 rad/s D
(ap), =re: 300 mm?/s = (120 mm)a o= 2.5 rad/s* D
For t =3s: w=a,+ot
=2 rad/s + (2.5 rad/s*)(3 s)
=9.5 rad/s
[
=yt +—ot
“ 2
=(2 rad/s)(3 s) +%(2.5 rad/s*)(3 s)?
0 =17.25 rad 6’:17.25(L] 6=275rev 4
2
(b) Load B: r =180 mm
t=3s
vg =r@=(0.180 m)(9.5 rad/s) =1.710 m/s vy =1.710 m/s i <
Ayg =r68=1(0.180 m)(17.25 rad) =3.105 m Ay, =3.11m i |
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PROBLEM 15.29 (Continued)

(ao)«é =45 7"‘./51

————/-qu

(¢) Point D: r =180 mm t=0

(ap), = ra = (180 mm)(2.5 rad/s*) = 450 mm/s*
(ap), = ra = (180 mm)(2 rad/s)? =720 mm/s’ D (a0) 7 2200mfer

(ap), =720 mm/s* —

a,, =849 mm/s* 7 32.0° <
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PROBLEM 15.30

A pulley and two loads are connected by inextensible cords as shown. The pulley
starts from rest at # =0 and is accelerated at the uniform rate of 2.4 rad/s* clockwise.
At t =4 s, determine the velocity and position (a) of load A, (b) of load B.

SOLUTION

Uniformly accelerated motion.

Atr=4s:

(@) Load A. At t=4s:

(b) LoadB. At t=4s:

a, =0

o =24 rad/s? )

w=a,+ot =0+ (2.4 rad/s*)(4 s)
® =9.6 rad/s’ )

1
0=6,+ a)0t+505t2
=040 +%(2.4 rad/s®)(4 s)?

6=19.20 rad )

ry =120 mm

V=150
= (120 mm)(9.6 rad/s)
=1152 mm/s

o =10
= (120 mm)(19.2 rad)
=2304 mm

ry =180 mm

Vg = Iy
= (180 mm)(9.6 rad/s)
=1728 mm/s

yp =150
= (180 mm)(19.2 rad)
=3456 mm

16O ™=

v,=1152m/s | <

y,=230m| «

vy =1.728m/s | <«

vy =3.46m | <
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PROBLEM 15.31

A load is to be raised 20 ft by the hoisting system shown. Assuming
gear A is initially at rest, accelerates uniformly to a speed of 120 rpm
in 5 s, and then maintains a constant speed of 120 rpm, determine
(a) the number of revolutions executed by gear A in raising the load,
(b) the time required to raise the load.

SOLUTION

The load is raised a distance & = 20 ft = 240 in.
For gear-pulley B, radius to rope groove is r; = 15 in.

_h 240

Required angle change for B: Oy 15 =16 radians
Ul
Circumferential travel of gears A and B:
s=r0,=r,0, where r, =181in. and r, =31in.
s = (18 in.)(16 radians) = 288 in.
(a) Angle change of gear A: 0, = 2= ? =96 radians
Ta
. 96
In revolutions, 6,=— 6,=1528rev 4
2
(b)  Motion of gear A. @y =0, @, =120 rpm =47 rad/s

Gear A is uniformly accelerated over the first 5 seconds.

WDy =Wy 4z rad/s
t 5s

o= =2.5133 rad/s®
1 2 1 2 .
6, =§Ott =5(2.5133)(5) =31.416 radians

The angle change over the constant speed phase is

AG=0,—-0=96-31.416=64.584 radians

For uniform motion, A6 =w;(Ar)
wp 47
Total time elapsed: t; =5s+At t;=10.14s <
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PROBLEM 15.32

Disk B is at rest when it is brought into contact with disk A which
is rotating freely at 450 rpm clockwise. After 6 s of slippage,
during which each disk has a constant angular acceleration,
disk A reaches a final angular velocity of 140 rpm clockwise.
Determine the angular acceleration of each disk during the
period of slippage.

s

SOLUTION
Disk A: (@), =450 rpm = 47.124 rad/s )
When 1 =6s: ®, =140 rpm =14.661 rad/s)
W, =(Wy)y + 0yt
14.661rad/s =47.124 rad/s + &, (6 5)
o, =—541rad/s o, =5.41rad/52‘> <
Disk B: @, =0

When ¢t =6 s: (end of slippage)
-I—i ra@, =rg@Wy: (3in.)(14.661rad/s) = (5 in.)(wy)
@y =8.796 rad/s )

wy =(Wg), + 0t
8.796 rad/s =0+ a5 (6 s)
0ty =1.466 rad/s* 0 = 1.466 rad/s? ) <
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PROBLEM 15.33

A simple friction drive consists of two disks A and B. Initially,
disk A has a clockwise angular velocity of 500 rpm and disk B is
at rest. It is known that disk A will coast to rest in 60 s. However,
rather than waiting until both disks are at rest to bring them
together, disk B is given a constant angular acceleration of
2.5 rad/s” counterclockwise. Determine (a) at what time the disks
can be brought together if they are not to slip, (b) the angular
velocity of each disk as contact is made.

SOLUTION

Disk A:

(@,), =500 rpm = 52.36 rad/s )

Disk A will coast to rest in 60 s.

@, = (@), +a,t; 0=52.36rad/s+ (60 s)
a, =-0.87266 rad/s>

At time t:

W, =(Wy)y + 0yt

w, =52.36-0.87266¢ (1
Disk B: oy =2.51adls*  (wy), =0
At time t: Wy =(Wg), +0gt; Wy =25t 2)
(@)  Bring disks together when: I ONER N

(31n.)(52.36 —0.87266¢) = (5in.)(2.5¢)

157.08 —2.618¢ =12.5¢
157.08 =15.118¢ 1=10.39s <

(b)  When contact is made (¢t =10.395s)

Eq. (1):

Eq. (2):

®, =52.36-0.87266(10.39)
@, =43.29 rad/s ®, =413rpm ) «
@, =2.5(10.39)

@, =25.975 rad/s @, =248 pm ) 4
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PROBLEM 15.34

disk A has a clockwise angular velocity of 500 rpm and disk B
is at rest. It is known that disk A will coast to rest in 60 s.
However, rather than waiting until both disks are at rest to bring
them together, disk B is given a constant angular acceleration
of 2.5 rad/s® counterclockwise. Determine (a) at what time the
disks can be brought together if they are not to slip, (b) the
angular velocity of each disk as contact is made.

60 mm‘ A simple friction drive consists of two disks A and B. Initially,

SOLUTION

Disk A: (®,4)o =500 rpm =52.36 rad/s )
Disk a will coast to rest in 60 s.
@, = (@), +a,t; 0=5236+0,(60 s)
a, =-0.87266 rad/s”

At time t:

w, =(w,), +a,t; w,=52.36-0.87266¢ (1)
Disk B: oy =2.5r1adls*>  (wy), =0
At time £ Wy =(Wy)y +apt; wp=2.5t )
(a) Bring disks together when: Fy@y =1y

(80 mm)(52.36 —0.87266¢) = (60 mm)(2.5¢)

4188.8-69.813r =150¢
4188.8=219.813¢

1=19.056 s 1=19.06 s 4
(b)  Contact is made:
Eq. (1): w, =52.36—0.87266(19.056)
@, =35.73 rad/s ®, =341pm ) <
Eq. (2): wy =2.5(19.056)
@y = 47.64 rad/s @, =4551pm ) 4
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PROBLEM 15.35

Two friction disks A and B are both rotating freely at 240 rpm
counterclockwise when they are brought into contact. After § s
of slippage, during which each disk has a constant angular
acceleration, disk A reaches a final angular velocity of 60 rpm
counterclockwise. Determine (a) the angular acceleration of
each disk during the period of slippage, (b) the time at which

the angular velocity of disk B is equal to zero.

SOLUTION
(a) Disk A: (®,), =240 rpm =25.133 rad/s‘>
When =8, ®, =60 rpm =6.283 rad/s )
W, =(W,), +o,t; 6283rad/s=25.133rad/s+cr,(8 s)
o, =—2.356 rad/s”
o, =236 rad/s> ) 4
Disk B: (@), =240 rpm = 25.123 rad/s )

(b)

When ¢ =8s: (slippage stops)
T\Wy = TpWg

(80 mm)(6.283 rad/s) = (60 mm)w,
@, =8.378 rad/s ®, =8.38 rad/s )

For *+): Wy = (wg), + 0t

8.375rad/s =—25.133 rad/s + ¢z (8 s)

ot =4.188 rad/s> o, =4.19 rad/s” ) €
Time when w, =0
For D : wg = (wg), + ot
0=-25.133rad/s + (4.188 rad/sz)t
t=6.00 s 1=6.00s 4
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PROBLEM 15.36*

Steel tape is being wound onto a spool which rotates with a constant
angular velocity @,. Denoting by r the radius of the spool and tape at any
given time and by b the thickness of the tape, derive an expression for the
acceleration of the tape as it approaches the spool.

SOLUTION

Let one layer of tape be wound and let v be the tape speed.

vAt=2zr and Ar=»>b

Ar_ bv _bo
At 2nr 2r&

For the spool: d_a):i Y :lﬂ.,.vi 1
dt dt\r) rdt dr\ r

1kt L
r 27 27
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b , PROBLEM 15.37*

In a continuous printing process, paper is drawn into the
presses at a constant speed v. Denoting by r the radius of
the paper roll at any given time and by b the thickness of
the paper, derive an expression for the angular acceleration
of the paper roll.

SOLUTION

Let one layer of paper be unrolled.

vAt=2zxr and Ar=-b

Ar_bv_dr
At 2rzr dt
dw
oa=—

dt

“al?)

1 dv d[lj
=——4y—|—
r dt dr\r

_o_dr
P2 dt
(v )=
2 )\ 2zr
bv? bv?
_ o= <
277 27 )
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~ . PROBLEM 15.CQ3

The ball rolls without slipping on the fixed surface as shown. What is the direction
' of the velocity of Point A?

@ —> v (c)T (d)l © "\

SOLUTION
Answer: (b) 4
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PROBLEM 15.CQ4
A Three uniform rods, ABC, DCE and FGH are connected as shown. Which of
5 the following statements are true?
F G H
sl B (@) ®apc = Opce = OFGH
(b)  ®pce> Wapc > OrGH
(¢)  Opce< WaBc < OFGH
@ © D)
D C £ (d) Oapc> Wpce> OrgH
(e) OpgH = OpcE < WABC
SOLUTION
Answer: (a) 4
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PROBLEM 15.38

An automobile travels to the right at a constant speed of
48 mi/h. If the diameter of a wheel is 22 in., determine the

. velocities of Points B, C, D, and E on the rim of the wheel.
z 1n.

SOLUTION

v, =48 mi/h =70.4 ft/s
. d_ .
d=22in. r="-=11in.=091667 ft

“Va_ 704 68 radss )
r 091667

Vpia =Vpia =Vga =10

=(0.91667)(76.8) =70.4 ft/s

Vs =V, + Vg = [70.4 ft/s — 1+[70.4 fi/s — ]

v, =140.8 ft/s — 4

Vp =V, + Vi =[70.4 ft/s — | +[70.4 ft/s 7 30°]
v, =136.0 ft/s 7 15.0° 4
Vi =V, + Vg, =[70.4 ft/s— | +[70.4 ft/s ||

vy =99.6 ft/s L 45.0° 4
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d PROBLEM 15.39

The motion of rod AB is guided by pins attached at A and B which
slide in the slots shown. At the instant shown, € =40° and the pin
at B moves upward to the left with a constant velocity of 6 in./s.
Determine (a) the angular velocity of the rod, (b) the velocity of
the pin at end A.

SOLUTION
+
é
Va=Vpt Vap
’\5‘ V=4 imfs
(v, N1=16 in/s ™ 15°]+[v 5 < 40°] {28
% &“/$>
s° o
. Al8
Law of sines. o?
Ve _ Vaup _ 6infs
sin 55°  sin 75°  sin 50°
) v, =642in/s | <
V5 =7.566 in./s < 40°
Vs = (AB)w,, AB=20in.
7.566 in./s = (20 in.) @,
(@) @, =0.3783 rad/s ®,; =0.378 rad/s ) «
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PROBLEM 15.40

Collar B moves upward with a constant velocity of 1.5 m/s. At the instant
when 8= 50°, determine (a) the angular velocity of rod AB, (b) the velocity
of end A of the rod.

SOLUTION

Draw a diagram showing the motion of rod AB.

W %
B 25° /._L)'B/A-
B
25° A A
A
Plane motion = Translation + Rotation
v, = v, A 25° vy =1.5mss! Ve = Vg T 50°

VB =V4tVpa
(1.5 m/sT]=[v, A 25T+ vy, >x50°]

Draw the velocity vector diagram.

Interior angles of the triangle.
90° —25°=65°
90° -50°=40°
25°+50°="175°

Law of sines.

Vg Va VBiA

sin 75°  sin 40°  sin 65°
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PROBLEM 15.40 (Continued)

(a) Angular velocity of AB.

v =005 1 5 mjs) = 14074 ms
sin75
O®4p = VBiA _ 1.4074 m/s 0, <1173 rad/s‘> <
lAB 12 m
(b)  Velocity of end A.
y, = 30407 5 ) v, =0.998 m/s £ 25° 4
sin75°
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PROBLEM 15.41

Collar B moves downward to the left with a constant velocity of
1.6 m/s. At the instant shown when & =40°, determine (a) the angular
velocity of rod AB, (b) the velocity of collar A.

SOLUTION

Vi =Vp+ Vyp

Law of sines.
Va  _ Vap _ 1.6 m/s

sin70° sin60°  sin50°

vy |1 =[1.6 m/s 57 30°] + [, << 40°]

éé\
5

v, =1.963 m/s | <

(b)
v, =1.809 m/s* < 40°
AB=0.5m
Vyp = (AB)@y
1.809 m/s = (0.5 m)m,
(a) @, =3.618 rad/s ®,; =3.62 rad/s O <
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ﬂ PROBLEM 15.42

Collar A moves upward with a constant velocity of 1.2 m/s. At the instant
shown when @ =25°, determine (a) the angular velocity of rod AB, (b) the
velocity of collar B.

500 mm

SOLUTION

Vg = Vot Vg
[vp =7 30°1 = [1.2 m/s | 1+ [V, =< 25°]

Law of sines.
vg  vga _ 1.2m/s

sin65° sin60°  sin55°
(b) v, =1.328 m/s «7 30° <
Vg =1.269 m/s < 65°

Vgia = (AB)@yp
1.269 m/s = (0.5 m)w,,
W, =2.538 rad/s
(a) ®,; =2.54rad/ls D 4
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» PROBLEM 15.43

Rod AB moves over a small wheel at C while end A moves to the right with a
constant velocity of 25 in./s. At the instant shown, determine (a) the angular
velocity of the rod, (b) the velocity of end B of the rod.

20 in.

A

Li 10 in, ———
SOLUTION
7
Slope angle of rod. tan9=E=0.7, 0=35°
— 10 . — A :
AC= =12.2066 in. CB=20—-AC =7.79341n.
cos@
Velocity analysis.
v, =25in/s —, Ve=ve 0

Ve =ACw,; N 6
Ve =Vatvoa
Draw corresponding vector diagram.
Vs = V4 81n60 =25sin35°=14.34 in./s

Ve 14.34

=7 = =1.175rad/s
AC 12.2066

(@) Oy

®,; =1.175rad/s ) 4

Ve =v,cos8@=25cos8=204791in./s
Ve = CBw,, =(7.7934)(1.175) =9.1551 in /s
vp/c has same direction as v¢y.
Vg =Ve +Vpe

Draw corresponding vector diagram.
_ Vge  9.1551

tang=——= , =24.09°
¢ ve 20479 ¢
(b) Vg = e 20479 _ 22.4in./s =1.869 ft/s
cos¢ co0s24.09°
p+60=59.1°

v, =1.869 ft/s 7 59.1° 4
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ve=teekivte), i PROBLEM 15.44
Pl
¢ The plate shown moves in the xy plane. Knowing that
(v4), =120 mm/s, (vg), = 300 mm/s, and (ve)y = —60 mm/s,
determine (a) the angular velocity of the plate, (b) the velocity
Va = (04):1 + (0a)d of Point A.

180 mm

180 mm

180 mm | 180 mm

SOLUTION
ez = (180 mm)i + (360 mm) j
o =owk
vy = (vg), i+ (300 mm/s)j
Vo = (ve),i—(60 mm/s)j
(@) Ve =V + Vg
(Vo) 1= (60 mm/s)j= (vg), i+ (300 mm/s)j+Xr.,
Vo), i-60j=(vg),i+300j+ wk x (180i + 360j)
Vo), i-60j=(vg) i+300j+180wj—360wi
Coefficients of j: —-60=300+180w
w=-2rad/s o=2rad/s O <
(b)  Velocity of A: r,; =—(180 mm)i + (180 mm)j
Vi =Vg+ V5 =Vp+OXI,
120i+(v,), j= (vp),i+300j+ (—2k)x (-180i +180j)
120i+(v,), j= (vp),i+300j+ 360+ 360i
Coefficients of j: (v4), =300+ 360 =660 mm/s

v, = (120 mm/s)i + (660 mm/s)j <«
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ve=tehi+o,i PROBLEM 15.45
7

C In Problem 15.44, determine (a) the velocity of Point B,
(b) the point of the plate with zero velocity.

180 mm
PROBLEM 15.44 The plate shown moves in the xy

plane. Knowing that (v,), =120 mm/s, (vg), =300 mm/s,
and (vc), =—-60 mm/s, determine (a) the angular velocity
*  of the plate, (b) the velocity of Point A.

Vu = (04), 1 + (r\ﬁ!/j

180 mm vp = (0p), 1+ (LiH‘),/j

<——180 mm 180 mm ——|

SOLUTION
rp, = (180 mm)i — (180 mm)j

From the answer of Problem 15.44, we have
O =—(2 rad/s)k
v, = (120 mm/s)i + (660 mm/s)j

(a) Velocity of B:
Vg =V, + Vgu =V, + OXTg,
=120i + 660j — 2k x (180i —180j)
=120i + 660j—360j — 360i
vy =—(240 mm/s)i + (300 mm/s)j 4
(b)  Point withv=0:
Let P =xi+ yj be an arbitrary point.

Thus rp, =180+ x)i+ yj
Vp = Vot Vp = Vot QOXTpy
v, = 120i + 660+ (~2k) X[(180 + x)i + yj
v, = 120i + 660§ — (360 + 2x)j + 2yi
v, = (120+2)i + (300 - 2x)j

For v, =0: 120+2y=0 and 300-2x=0

v =0 at: y=-60 mm, x=150 mm <«
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150 mm

PROBLEM 15.46

Va = ()i + (va)yj
vp = (o) i+ (vg)y §

A i

- \
O C i
150 mm

50 mm

The plate shown moves in the xy plane. Knowing that (v,), =250 mm/s,
iy (vg), =—450 mm/s, and (v), =—500 mm/s, determine (a) the angular
\ velocity of the plate, (b) the velocity of Point A.

SOLUTION
Angular velocity: o =wk
Relative position vectors: rg, = (150 mm)i
Ieyy = (200 mm)i + (150 mm)j
Velocity vectors: V=250 mm/s)i+(v,),J

Vp = (vg),i— (450 mm/s)j
Ve =—(500 mm/s)i+ (ve), j

Unknowns are o, (vA)y, (vg),, and (Vc)y-

(@)

(b)

Vg =V, + Vg, =V, +WKkXrp,

(V)i —450j=250i + (v,), j+ wk x150i

=250i +(v,), j +1500j
i (vg), =250
j: ~450=(v,), +150@

Ve =V4+ Ve, =V, + 0Kk Xrg,
—500i+(vc)yj = 250i+(vA)yj+a)k><(200i—150j)
= 250i+(vA)yj+200wj+150wi

(D
2

3)
4

® =—(5.00 rad/s)k =5.00 rad/s ) 4

i: =500 =250+150w
J (ve)y =(vy), +1500
Angular velocity of the plate.
750
From Eq. (3), w=———=-5
q-(3) 150
Velocity of Point A.

From Eq. (2), (v4), =—-450-150@ = —-450 — (150)(=5) = 300 mm/s

v, = (250 mm/s)i + (300 mm/s)j <
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I PROBLEM 15.47

Va = (0a)ed + (0a), ]

The plate shown moves in the xy plane. Knowing that (v4), =
12 in/s, (vg)y = —4 in/s, and (v¢), = —24 in/s, determine
(a) the angular velocity of the plate, (b) the velocity of Point B.

4in. . o
vp = (Up) 1+ (Up)y]

ve = (ve) i + (ve),

C x
2in. | 6in. '
SOLUTION
Angular velocity: o =owk
Relative position vectors: ry g =—(2in)i+(41in.)j
Iep = (6in)i—(2in.)j
Velocity vectors: v,=12in/s)i+ (v, )yj

vy =—(4in/s)i+(vy),j
Ve =), i—-(24 in./sjj
Unknowns are o, (vA)y, (vB)y, and (vp),.
VAa=Vg+V,p=Vg+wkXr,,
12i+(vy), =—4i+(vp), j+ ok X(-2i+4j)
=—4i+(vp),j-20j-4wi
i: 12=-4-4w (D)
J: Va), =(p), -2 ()
Ve =Vp+ Ve =Vg + WKXTep
(Vo) i—=24j=—4i+(vp), j+ ok X (6i —2j)
=—4i+(vB)yj+6a)j+2a)i
i: Vo), =—4+2w 3)
i —24=(vy), + 6@ 4)
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PROBLEM 15.47 (Continued)

(a)  Angular velocity of the plate.

From Eq. (1), W= —% =—4 rad/s

® = —(4.00 rad/s)k = 4.00 rad/s ) <
(b)  Velocity of Point B.

From Eq. (4), (vg), ==-24-(6)(-4)=0

vy =—(4.00in/s)i 4
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PROBLEM 15.48

In the planetary gear system shown, the radius of gears A, B, C, and D
is a and the radius of the outer gear E is 3a. Knowing that the angular
velocity of gear A is @, clockwise and that the outer gear E is
stationary, determine (a) the angular velocity of each planetary gear,
(b) the angular velocity of the spider connecting the planetary gears.

SOLUTION

Gear E is stationary. ve =0

Let A be the center of gear A and the spider. Since the motions of gears B, C, and D are similar, only gear B is
considered. Let H be the effective contact point between gears A and B.

pjanefanj
Gear ~ Ye 7, g o
a T -4
= w
A . \ e
Ge -
A Sprder
Gear A: Vg =aw, —*
(a) Planetary gears B, C, and D: Vy =Vp+ Vg
1
+—1aw, =0+ 2a)wy Wy =§a)A
1
Wz =0c =0, —EwA‘> <
Vg =Vep + Vg
1 1
+—=1vp =0+a EwA VBZE‘M)A — (1)
(b) Spider. vy =QRa)w, — )
Equating expressions (1) and (2) for vg,
1 1 1
—aw, =2a)w W =—w o =-0,,)4
261 A ( Cl) s s 4 A s 4 A)
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PROBLEM 15.49

In the planetary gear system shown, the radius of gears A, B, C, and D
is 30 mm and the radius of the outer gear E is 90 mm. Knowing that
gear E has an angular velocity of 180 rpm clockwise and that the
central gear A has an angular velocity of 240 rpm clockwise, determine
(a) the angular velocity of each planetary gear, (b) the angular velocity
of the spider connecting the planetary gears.

SOLUTION

Since the motions of the planetary gears B, C, and D are similar, only gear B is considered. Let Point H
be the effect contact point between gears A and B and let Point E be the effective contact point between
gears B and E.

Given angular velocities: o, =180 rpm ): 67 rad/s )

o, =240 rpm)=8ﬂ' rad/s)

P"Qnef’cwy

qear —

30 mm W24 ,P*g
'1_
80mm
AN
-\

SP ider
Outer gear E: radius = r, =90 mm
Vg = 1@ = (90 mm)(67 rad/s) = 54077 mm/s
Vg =5407 mm/s —
Gear A: radius = r, =30 mm
vy = r,@, = (30 mm)(87 rad/s) = 2407r mm/s

vy =2407r mm/s —
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PROBLEM 15.49 (Continued)

Planetary gear B: radius = r; =30 mm, W, =Wy )
Vi =Ve T Vg
[0 mm)w, — ] =[54077 mm/s — ] +[(60 mm)wy ~—]
30w, =540 — 60wy

X szgﬂw%a)f‘ =97:—%(87r)=57rrad/s)

(@)  Angular velocity of planetary grears:
0, =0,=0, =57rrad/s) =150rpm)4

Vg =V +Vgy =130 mm)w, — ]+[30 mm w,— ]

vp = (30 mm)(87 rad/s) + (30 mm)(57 rad/s) = 39077 mm/s

(b) Spider: arm=r, =60 mm, ®, =, )
VB = rrva)x
. :V_B:M:6.5ﬂ'radjs
R 60 mm

s

o, =6.57 rad/s ) =195rpm ) 4
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PROBLEM 15.50

Arm AB rotates with an angular velocity of 20 rad/s counter-

clockwise. Knowing that the outer gear C is stationary, determine
(a) the angular velocity of gear B, (b) the velocity of the gear tooth
located at Point D.

SOLUTION
Arm AB:
ArMm AR
2o i"cy_f A 'UB.
a‘% (120m9)20 %)
A = 2k ¢
Gear B:
=0
Y=o A
» '-o
Yz 21 il / g
g - +
(@ BE=0.05m: Vg =Vt Vg =0+ (BE)wy
2.4 m/s [=0+(0.05 m)a, |
@y =48 rad/s W, =48 rad/s ) 4
(b) DE=(0.05y2): Vp = Vo + Ve =0+ (DE)w,
v, =0+ (0.05/2)(48)
vy =3.39 m/s v, =339 m/s 7 45° 4
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PROBLEM 15.51

In the simplified sketch of a ball bearing shown, the diameter of the inner race A
is 60 mm and the diameter of each ball is 12 mm. The outer race B is stationary
while the inner race has an angular velocity of 3600 rpm. Determine (a) the
speed of the center of each ball, (b) the angular velocity of each ball, (c) the
number of times per minute each ball describes a complete circle.

SOLUTION

Data: w,=3600 rpm =376.99 rad/s, wz=0
1
ry = EdA =30 mm

d = diameter of ball =12 mm
Velocity of point on inner race in contact with a ball.
vy =r,o, =(30)(376.99) =11310 mm/s
Consider a ball with its center at Point C.

VoA =Vp T Vap

vy =0+a.d
o _Va_ 11310
d 12
=942.48 rad/s

Ve = Vg TV
=0+ %dw =(6)(942.48) = 5654.9 mm/s
(@) Ve =5.65m/s 4
(b)  Angular velocity of ball.
@ =942.48 rad/s @ =9000 rpm 4
(c¢)  Distance traveled by center of ball in 1 minute.
le =vot =5654.9(60) = 339290 mm

Circumference of circle: 27zr =27(30+6)
=226.19 mm

Number of circles completed in 1 minute:

I 339290

=—= n=1500 4
2zr  226.19
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PROBLEM 15.52

A simplified gear system for a mechanical watch is shown.
Knowing that gear A has a constant angular velocity of 1 rev/h and
gear C has a constant angular velocity of 1 rpm, determine (a) the
radius 7, (b) the magnitudes of the accelerations of the points on
gear B that are in contact with gears A and C.

SOLUTION

Point where A contacts B:

Point where B contacts C:

From Egs. (1) and (2),

Data:

(@) Radius r:

Angular velocity of B.

(b)  Point where B contacts A.

Point where B contacts C.

V=10, =1y Wy =% (1)
,
;]
Vy =Ip@y =y, We =——Wg @)
.
c = riZB Da
rt= rArB&
c
r, =06in, r,=036in, Za-lrevh_1
@ lrevim 60
2= (0.6in.)(0.361in.) _ 0.0036 in>
60
r=0.0600in. «
2r
@, =1 tpm == rad/s
e = PR
0, =L = 20027 _ 017453 radss
r €036 60

a, = rwy = (0.0600 in.)(0.017453 rad/s)*
a,=18.28x10"in/s* «
a, = rywy = (0.36in.)(0.017453 rad/s)*

a,=109.7x107 in./s* <«
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2.4 in.

1.2 in. 0.9 in.

PROBLEM 15.53

Arm ACB rotates about Point C with an angular velocity of

40 rad/s counterclockwise. Two friction disks A and B are
pinned at their centers to arm ACB as shown. Knowing that
the disks roll without slipping at surfaces of contact,
determine the angular velocity of (a) disk A, (b) disk B.

SOLUTION

A
v Ne (TN
4
. e + l9
LY
% ne
€ = e + (]
% 6% 4

Arm ACB: Fixed axis rotation.
Fyc =24 mm, v, =100, =(24)(40) =960 mm/s i
Tye =18 mm, v, = 1@, = (18)(40) =720 mnvs |
Disk B: Plane motion = Translation with B + Rotation about B.
rg=30mm, V,=Vp—Vp,
0=7201 + 30 @, | mms

Wy =%=24rad/s)

Ve =Vt Vg
=7201+(30)(24) 1= 1440 mm/s |
Disk A: Plane motion = Translation with A + Rotation about A.
ry=12mm, vgp=v,—vg,
14401 =960 | + 120,

1440 +960
YT

(a) ®, =200 rads ) 4

=200 rad/s )

(b) ®, =24.0 rad/s ) <4
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24n. PROBLEM 15.54
0.3in.—| |~—1.8in.—>
Arm ACB rotates about Point C with an angular velocity of
40 rad/s counterclockwise. Two friction disks A and B are
pinned at their centers to arm ACB as shown. Knowing that
the disks roll without slipping at surfaces of contact,
determine the angular velocity of (a) disk A, (b) disk B.

SOLUTION
Arm ACB: Fixed axis rotation.
A £ 8 Yo
== n e =03in., vy =rycmyp| =(0.3)(40) |=12in/s |
/,//( X3
v rye =1.8in, vy =ryewy | =1.8)@0)f =72 inss |
Disk B: Plane motion = Translation with B + Rotation about B.
% e ' e rg =0.60n., V, =Vg— Vg,
; '=m"-° 0=721 + 0.6,
Yewy 72
w, =— =120 rad/s
o Ny 5706 )
% LR =72} + (0.6)(120) | =144 in/s |

Disk A: Plane motion = Translation with A + Rotation about A.
ry=151in, vp=v,—vg,
1441=12| 150,

W, = % =104 radss )

(a) ®, = 104.0 rad/s‘> <
(b) 0, = 120.0 rad/s ) 4
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PROBLEM 15.55

Knowing that at the instant shown the velocity of collar A is
900 mm/s to the left, determine (a) the angular velocity of rod
ADB, (b) the velocity of Point B.

150 mm

E
J Y6 &’T\J

60 mm
«— 120 mm
9B

SOLUTION

Consider rod ADB. Vp =Vpj V4 =—(900 mm/s)i
rp,, =—(80 mm)i— (150 mm)j
Vo =0 4p X = @, k X (=80 —150j)
=150w,,i — 80w, j
Vo=VatVpi
vpJ=-900i + 150w, i — 80w, j

Equate components.

i: 0=-900+150w,,, @,, =6rad/s

(a)  Angular velocity of ADB. 5 =(6.00 rad/s)k = 6.00 rad/s ‘> <

. 150+ 60
By proportions, Tg = WI‘D/A =l4r,,

=—(112 mm)i - (210 mm)j

Vg =V, + @, KXrg,
=-900i + 6k x (—112i — 210j)
=-900i —672j+1260i

(b)  Velocity of B. vy = (360 mm/s)i — (672 mm/s)j =762 mm/s ~ 61.8° <
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PROBLEM 15.56

Knowing that at the instant shown the angular velocity of rod DE is 2.4 rad/s
clockwise, determine (a) the velocity A, (b) the velocity of Point B.

150 mm

SOLUTION
Rod DE: Point E is fixed. O, =2.4rad )
Vp = Wpplpp = (2.4 1ad/s)(120 mm) = 288 mm/s
v, =288 mm/s| = (288 mm/s)j
Rod ADB: r,,p, =80 mm)i+ (150 mm)j, ®,, =0k, v, =v,i

Voa=Vp+Vp, =V, +0,,KXr,,
v, = (288 mm/s)j+ @,,k X[(80 mm)i + (150 mm)j]
v,i=288j+80w,,j—150w,,i

Equate components.

i: v, =—150w,, (D
J 0=288+80w,, (2)
From Eq. (2), Oy = —% o, =(-3.6rad/s)k
From Eq. (1), v, =—(150)(-3.6) = 540 mm/s
(a)  Velocity of collar A. v, =540 mm/s — 4
(b)  Velocity of Point B.
60

By proportions Tpp =———

150
Vg =Vp +tVgp =Vp T 0,p XTIy,
= (288 mm/s)j+[—(3.6 rad/s)k | x[—-(32 mm)i — (60 mm)j]
= (288 mm/s)j+ (115.2 mm/s)j— (216 mm/s)i
v, =—(216 mnvs)i + (403.2 mnvs)j

r,, =—(32 mm)i — 60 mm j

vy =457 mm/s ™ 61.8° 4
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PROBLEM 15.57
A straight rack rests on a gear of radius r and is attached to a
block B as shown. Denoting by @, the clockwise angular
velocity of gear D and by 6 the angle formed by the rack and
= the horizontal, derive expressions for the velocity of block B
and the angular velocity of the rack in terms of r, 8, and @),.
SOLUTION
S e
L)
Gear D: Rotation about D. Tooth E is in contact with rack AB. ) e
[} [}
Ve =TO ™ 0 4/40‘}
Rack AB: Iy =—"
' B tan@
Plane motion = Translationwith £ 4+  Rotation about E.
" Ve A Lived
E E
Vs Ve
Ve =Vpt+Vgr  p—1=[vg < O+ [vpe I/ 0]
Draw velocity vector diagram.
Vg = VE = ra)D VB Z_er - 4
cos@ cosé cos@
Vg = Vg tan@
=rwp tan @ 3 éia —
; 6
BIE
Oup = Vale
lgp ﬁJ;
_ rwptand
ta;ﬂ
=w, tan’ @ a)ABzthanzﬁ‘){

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1074

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

PROBLEM 15.58

A straight rack rests on a gear of radius r=2.51in. and is
attached to a block B as shown. Knowing that at the instant
shown the velocity of block B is 8 in./s to the right and
6 =25°, determine (a) the angular velocity of gear D, (b) the
angular velocity of the rack.

SOLUTION
Gear D: Rotation about D. Tooth E is in contact with rack AB.
Vp =10, ~0 ? 8
Rack AB: Lo, = d
’ EB " tan @
Plane motion = Translation with £ +  Rotation about E.
" Ve A Sived
E E
Vs Vg
Vg =Vet Vg [vp—1=[vp 0] +[VB/EI/6]
Draw velocity vector diagram.
v ro,
Vg = £ D ¢ ) S
cos@ cosd ) — >
ray, ""GIE
Vp =—m —— -
B coso 0;’

Vg =Vgtan@ =rwp tan @

1%
BIE ra)Dtan6’ 2
Wy =——=—L"—— =@, tan> 6

ZEB tan @

W, = @) tan” @ ‘>

Data: r=25in. 8=25° vy=8in/s—

(@) = v cosd _ 8 cos 25 ©, =2.90 rad/s ) |
r 2.5

b) @, =2.90 tan? 25° ®,; =0.631 rad/s ) «
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PROBLEM 15.59

Knowing that at the instant shown the angular velocity of crank AB is 2.7 rad/s
clockwise, determine (@) the angular velocity of link BD, (b) velocity of collar D,
(c) the velocity of the midpoint of link BD.

12 in.
SOLUTION
Crank AB: Point A is fixed. ®,, =2.7rad/s )
Vg = Wyptsp = (2.7 1ad/s)(5in.) =13.5in./s
vy =13.5in/s ~—=—(13.5in./s)i
Link BD: Ky =(12i0)i— (9in)j, ©p =0y, ) =0,k

Vp = VDT: Vpl
Vp =V +Vpp =V + Wk X1y,
vpi=—(13.5in./s)i + @y k x[(12 in.)i — (9 in.)j]
=—13.51 + 12wy, j + Ywypi
Equate components.
i: 0=-13.5+9ay, (D
j vp =12ay, 2)
(a)  Angular velocity of link BD.
From Eg. (1), Wy = —— @y, =1.500 rad/s *) <
(b)  Velocity of collar D.
From Eq. (2), v, =(12)(.5) v, =18.00in/s | «
(c)  Velocity of midpoint M of link BD.

1 e .
Ty = ErD/B =(6in)i—(4.51in.)j

Vi =Vg+ Vi =V +0OppkXry,
=-13.5i+ (1.500k) X (6i — 4.5j)
=-13.5i+9j+6.75i
v, =—(6.75in./s)i+(9.00in./s)j=11.25in./s ~.53.1° 4
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PROBLEM 15.60

In the eccentric shown, a disk of 2-in.-radius revolves about shaft O
that is located 0.5 in. from the center A of the disk. The distance
between the center A of the disk and the pin at B is 8 in. Knowing that
the angular velocity of the disk is 900 rpm clockwise, determine the
velocity of the block when 6 =30°.

SOLUTION
Geometry. (OA)sin @ = (AB)sin o) e* n B
sin B = TR A
_05 s;n 30° . B=179°

Shaft and eccentric disk. (Rotation about O)
@, =900 rpm =30 rad/s )

v, =(0A) w,, =(0.5)(30m) =15 in/s >

Rod AB. (Plane motion = Translation with A + Rotation about A.)

Ve g
B8 . B8 B
‘ - A Y w +
- o A F
Fixed
A Y,

Ve =Vyt+ Vg, [Vp~—1=[vy 27 60°T+[v,, \l Yol

Draw velocity vector diagram. 90° - 5 =88.21°
@=180°—-60°—-88.21°
=31.79°
Law of sines. Ve Va
sing  sin(90° - )
Vv, sin@

Vg = ——————
5 sin(90° - )

_ (157)sin 31.79°
sin 88.21°

=24.837 in./s vy =248 in/s — 4
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PROBLEM 15.61

In the engine system shown, /=160 mm and b =60 mm. Knowing that the
crank AB rotates with a constant angular velocity of 1000 rpm clockwise,
determine the velocity of the piston P and the angular velocity of the connecting
rod when (a) 8=0, (b) 8 =90°.

SOLUTION

®,, =1000 rpm ) = —(10022)(2” )

=104.72 rad’s )

(@) @=0° Crank AB. (Rotation about A) ry, =0.06 mT

Vg =V 04 =(0.06)(104.72) = 6.2832 m/s —
Rod BD.  (Plane motion = Translation with B + Rotation about B)

Vp = Vgt Vpp

s [ b4 &% Sue
vy | =16.2832 —= 1+ [vp =1 = + Mo
vp =0 8 & o W, B ‘Hwd
Ve = 06.2832 m/s
Vp =V, v, =0 4
vy 62832 ‘>
[0) === w = 393 I‘ad/S 4
P 016 o
(b) 6@=90°. Crank AB. (Rotation about A) rg, =0.06 m— “ o N
4 ('Y
Yive *
Vg =1y 4@ = (0.06)(104.72) = 6.2832 m/si ‘P = s
Rod BD. (Plane motion = Translation with B + Rotation about B.) Yoo
: !. Frea
Vp = Vg+ Vp Y%

[vp1|1=16.2832] | +[v,, = B]
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PROBLEM 15.61 (Continued)

Vg =0, vp =6.2832m/s

VpiB
©sp =, Wz =0 4
Vp=Vp=062832m/s| Vp =628 m/s | 4
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PROBLEM 15.62

In the engine system shown /=160 mm and » =60 mm. Knowing that crank
AB rotates with a constant angular velocity of 1000 rpm clockwise, determine
the velocity of the piston P and the angular velocity of the connecting rod when
6 =60°.

SOLUTION

=104.72 rad/s )

@,5 =1000 mm:%

0 = 60°. Crank AB. (Rotation about A) ry, =3 in. 7 30°
Vg = 1ga W45 = (0.06)(104.72) = 6.2832 m/s < 60°

Rod BD. (Plane motion = Translation with B + Rotation about B.)

Geometry. Isin f=rsin@ ? D . :A&n
., 006 #
sin f = —sin @ = ——sin 60° £ = +
l 0.16
=18.95° —
p=18.95 Y & oA oo

Vp = Vgt Vpip

vp i] =[314.16 < 60°]+[vy,; = B]1  Draw velocity vector diagram.
@=180°-30°—(90°— ) =78.95°

Law of sines.

Vp — VoiB — Vg
sing sin30° sin(90°— f)

_vgsing

- cos B

_ 6.2832 sin78.95°
B cos18.95°
=6.52 m/s

vy =1, v, =6.52m/s | 4
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PROBLEM 15.62 (Continued)

b VB sin 30°
DIB= T o5
cos B
_ 6.28325in30°
cos18.95°
=3.3216 m/s

v
_ Yo _ 3.3216 @ =20.8 rad/s ) 4

[0
B 0.16
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PROBLEM 15.63

Knowing that at the instant shown the angular velocity of rod AB is
15 rad/s clockwise, determine (a) the angular velocity of rod BD,
(b) the velocity of the midpoint of rod BD.

SOLUTION
Rod AB: o, =15 rad/s )

vy = (AB)w,; =(0.200)(15) =3 m/s Vz =3 m/s «—
Rod BD: vy =—Cm/s)i, v, =vpj, @y, =wyk

typ = (0.6 mi+(0.25 m)j
Vg =Vp T Vgp=Vp +0pp XTIy
~3i = v, j+ @k X (0.6 +0.25])
= v +0.60pj— 0.25@,pi

Equate components.
i: -3=-025my, ey
ii 0=v, +0.60, 2)
(a)  Angular velocity of rod BD.

From Eq. (1), Wy -3 @yp =12.00 rad/s ) 4
0.25
From Eq. (2), vy =—0.60g, Yy, =—7.2m/s

(b)  Velocity of midpoint M of rod BD.

Yy = %rB/D =(0.3m)i+(0.125m)j

Vi =Vp +Vyp =Vpj+ OppK X1y
=-7.2j+12.00k x (0.3i + 0.125j)
=—(1.500 m/s)i — (3.60 m/s)j

v, =390 m/s 77 67.4° <4
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100 mm PROBLEM 15.64

175 mm
)| ) .
- - In the position shown, bar AB has an angular velocity of 4 rad/s
clockwise. Determine the angular velocity of bars BD and DE.
200 mm
75 mm | _D

DJ
E

SOLUTION

Bar AB: (Rotation about A) W,z =4 rad/s )z —(4 rad/s)k

rp, =—(175mm)i vy =0, X1y, =(—4k) X (-175i)
vy = (700 mm/s)j
Bar BD: (Plane motion = Translation with B + Rotation about B.)
Oy, = Wppk Ty =—(200 mm)j
Vp = Vg +@pp X1y = 700§ + (@, K) X (=200j)
vy, =700+ 200wy),i
Bar DE: (Rotation about E) W,y = 0pk
Iy =—(275 mm)i + (75 mm)j
Vp = Opp XTp e = (WpK) X (2751 +75j)
vy =275 j— 7501

Equating components of the two expressions for v,),

ji 700=-275w,, @, =—2.5455 rad/s ®p; =2.55 rad/s ) 4
. 3
i: 200w, =-75wpg Wyp =—§a)BD
3
Wy = —[gj (=2.5455) = 0.95455 rad/s ®p =0.955 rad/s ) «
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PROBLEM 15.65

In the position shown, bar AB has an angular velocity of 4 rad/s
mm  clockwise. Determine the angular velocity of bars BD and DE.

mm

L— 400 mm —»L— 400 mm —>I P

SOLUTION
Bar AB: B =tan™" 04 =26.56°
0.8
AB = 08 _ 0.8944 m
cos
vy =(AB)w,; = (0.8944 m)(4 m/s)
vz =3.578 m/s ™. 26.56°
Bar DE: y=tan™" 04 _ 35 660
0.5
DE = 05 _ 0.6403 m
cosy
vp =(DE)wp
v, =(0.6403 m) @, > 38.66°
Bar BD:

T& ' O. 8w I ) Vg frnd

~}- — = -8‘!:_5 4 ~to +
P 8 37'{_ 8 L 3

=D

Vp = Vgt Vpp

%

" oé w”

[vp 2> 71=1vg lﬁ]"‘["D/Bi]
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PROBLEM 15.65 (Continued)

g=2658"
~)
~ p= 385784
r r ¢ 26,58 38.48°
Vog = 4s5.22°
|52.3¢° %
Q = 330“.
Law of sines.
Vp _ vpp 3578 m/s
sin63.44°  sin 65.22° sin51.34°
v, =4.099 m/s
(0.6403 m) @, =4.099 m/s ®p; = 6.4 rad/s ) 4
Vs = 4.160 m/s
(0.8 m)vy, =4.16 m/s ®pp =52 rad/s ) 4
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PROBLEM 15.66

Robert’s linkage is named after Richard Robert (1789—1864) and can be
used to draw a close approximation to a straight line by locating a pen at
Point F. The distance AB is the same as BF, DF and DE. Knowing that the
angular velocity of bar AB is 5 rad/s clockwise in the position shown,
determine (a) the angular velocity of bar DE, (b) the velocity of Point F.

3in. Sin.l |

SOLUTION

Bar AB: ® 45 =5 rad/s ) = —(Srad/s)k

In inches, 1y, = 3i+12% —3%j=3i+/135j
Vp =0, XTIy, = -5k X(3i ++/135j)
=5135i-15j
Object BDF: Iy =(0in)i, 1, =3i—+135j(n.), g, =wyk
Vp =V +Vgp = Vg + OgpK X1
=5V1351 - 15§+ gy k x 6i
=5V135i 15+ 6wy j (1
Bar DE: Opp = 0K, 1, =—3in)i+ (V135 in.)j,
Point E is fixed so v, =0
Vp =0 pp XTp e = Opk X (=31 ++/135j)
=135, - 3wy 2)

Equating like components of vp from Egs. (1) and (2),

i: 5135 = —1350,,, 3)

j: ~15+ 6wy, = 3wy 4)
(a)  Angular velocity of bar DE.

From Eq. (3), p =—5 rad/s 0, =5.00 rad/s) <

From Eq. (4), Wy = %(15 ~3w,,) = %(15 +15) ® 5, =5.00rad/s )
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PROBLEM 15.66 (Continued)

(b)  Velocity of Point F. Vi =3i —V135]
Ve =V =Vpp = Vg + OgpK XTI
=5+4/1351 —15j+ 5k x (3i —+/135}))
=541351 -15j+15j+ 5+/135i =10+/135i

vy =116.2 in./s— <«
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PROBLEM 15.67
Robert’s linkage is named after Richard Robert (1789—1864) and can be
used to draw a close approximation to a straight line by locating a pen at
Point F. The distance AB is the same as BF, DF and DE. Knowing that
the angular velocity of plate BDF is 2 rad/s counterclockwise when
0=90°, determine (a) the angular velocities of bars AB and DE, (b) the
velocity of Point F. When & =90°, determine (a) the angular velocity of
bar DE (b) the velocity of Point F.
3in. Sin.l |
12 in. |
SOLUTION
o o . : D
When 8 =90°, the configuration of the linkage is close to 8 Cin:
that shown at the right.
Bar AB: o, =0,k
12in.
In inches, rp, =61+ 6\/5 J Ry Zin
& .
Vp =05 XTIy = @, 5k X (61 + 65/3)) = =630, 5i + 60,
o° GED
Object BDF: r; =6i+6(2—/3)j A — EF
rs =6i—6V3j o =(2rad/s)k
Vp =V +Vpp =Vg =0zpKXTp,
= 6330, 5 + 60, 5+ 2k X[6i +6(2 —~/3)j]
=63, 41 + 6, 5 j+ 241 — 1243 +12j (1)
Bar DE: O = 0K, I =12j
Vp =0pp XTI = Oppk X12j=—12a0,1 2)
Equating like components of vp from Egs. (1) and (2),
i —6330,, +12- 633 =120, 3)
J 6w,; +12=0
0,5 =2 rad/s @, =2.00 rad/s ) 4
From Eq. (3), —12w,; =—(633)(-2) + 24 —124/3
Wpp =2-23=-1.4641 O, =1.464 rad/s)4
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PROBLEM 15.67 (Continued)

v, =—(12)(-1.4641)i =17.569i

Vi =Vp +WspK XTIy,

=17.5691 + 2k X (=12) = (41.569 in./s)i

vy =41.6in/s— 4

Note: The exact configuration of the linkage when 6 =90° may be calculated from trigonometry using the

figure given below.
Applying the law of cosines to triangle ADB gives
y=13.5°
so that angle FAB is
45°413.5°=158.5°.

We used 60° in the approximate analysis.

Point F then lies about 0.53 in. to the right of Point E.

D

12in.
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. PROBLEM 15.68

4100L In the position shown, bar DE has a constant angular velocity of
" 10 rad/s clockwise. Knowing that # =500 mm, determine (a) the
900 1 angular velocity of bar FBD, (b) the velocity of Point F.
4t20 mm
—nh 4# 300 mm
100 mm
SOLUTION
Bar DE:  (Rotation about F) o, =10 rad/s ) =—(10 rad/s)k

r,; =—(0.1 m)i+ (0.2 m)j
Vp = O XEpp = (—10K) X(=0.1i +0.2))
= (1 m/s)j+ (2 m/s)i

Bar FBD: (Plane motion = Translation with D + Rotation about D.)
Wgp = WypK 15, =—(0.3 m)i + (0.1 m)j
Vg = Vp + Wpp XTpp
= j+2i + (v, k) x (-0.3i + 0.1j)
=j+2i—-0.3w,j—0.105,i
Bar AB: (Rotation about A)
0,5 =0,k 15, =(0.42 m)j
Vg =, XTIy, = (@0,5K)%(0.42§) = -0.42w, 41

Equating components of the two expressions for vy,

(@ 1-03wy, =0  wy, =3.3333 rad/s W, =3.33 rad/s‘> |
i: 2-0.1wy,, =—-0420,,  2-(0.1)(3.3333) =—0.420,,,
Wy =-3.9683 radls @, =3.97 rad/s )
Bar FBD: ryp =Crg, where C= i :)- 2'3

Vp = Vg + Qpp XTpp
= j+ 2+ C(~0.30,pj — 0.10,pi)
=j+2i+C(—j—0.33333i)
With h=500mm=0.5m, C-= % =2.6667
Vp = j+2i—2.6667j—0.88889i

(b) Ve = (111111 m/s)i — (1.66667 m/s)j v, = 2.00 m/s ~<56.3° 4
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" PROBLEM 15.69

—L In the position shown, bar DE has a constant angular velocity of
100 mm 10 rad/s clockwise. Determine (@) the distance ki for which the
velocity of Point F is vertical, (b) the corresponding velocity of

200 .
m Point F.
120 mm

h ! 300 mm
100 mm

SOLUTION

Bar DE:  (Rotation about E) o, =10 rad/s ) =—(10 rad/s)k
Iy =—(0.1 m)i+ (0.2 m)j
Vp = Opp XIp e = (—10k)x (=0.1i + 0.2)
=1 m/s)j+ (2 m/s)i

Bar FBD: (Plane motion = Translation with D + Rotation about D.)

Wgp = Wypk 15, =—(0.3 m)i + (0.1 m)j
Vg = Vp + @pp Xy
= j+2i + (v, k) x (-0.3i + 0.1j)
=j+2i - 03wy, j—0.1wp1
Bar AB: (Rotation about A)
0,5 =0,k 15, =(0.42 m)j
Vg =, XTIy, = (@0,5K)%(0.42§) =-0.42w, 41
Equating components of the two expressions for vy,

@ Jj: 1-03m,, =0 @y, =3.3333 rad/s
i 2-0.1my, =-0420,,  2-(0.1)3.3333) =—0.42w,,
Wy =-3.9683 radls @, =3.97 rad/s )

h+03
0.3

Bar FBD: Iyp =Crg,, where C=
Vi = Vg + Wpp XTpp

=j+2i+C(-0.3wg,j—0.1wp,1)
=j+2i+C(-j—0.33333i)
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PROBLEM 15.69 (Continued)

But v, =v.j. Equating components of the two expressions for v,
i 0=2-033333C C=6
(a) h=0.3C—-0.3=(0.3)(6)-0.3 h=1500m <

(b) it vy =j-Ci=(1-6)j v, =5.00 m/s | €
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PROBLEM 15.70

Both 6-in.-radius wheels roll without slipping on the
horizontal surface. Knowing that the distance AD is
5 in., the distance BE is 4 in. and D has a velocity of
6 in./s to the right, determine the velocity of Point E.

SOLUTION

Disk D:  Velocity at the contact Point P with the ground is zero.

v, =6in/s—

Wy =—L = 61{,1'/8 =1rad/s ®, =1rad/s )
Tpp 01N
At Point A, V, =T,p0p =(6in.+51in.)(1tad/s) =111in./s

v,=1lin/s —
Disk E:  Velocity at the contact Point Q with the ground is zero. ®; = @, ‘> = wgk.

Iy = —(4in)i+(6in)j

Vg =Vpp =0 XTp, = Ok X (—4i+6))

vy =—6@,1— 4w, ©))
Connecting rod AB: 1,4 = (V14> —5%)i—5j in inches.

Vi =V171i=5j 0,5 =0,k
Vp =V, + Vg =V, +@,,KX(V171i-5j)
=1li+5w,1+V171®,5j 2)
Equating expressions (1) and (2) for vp gives
—6pi— 4w, j=11i+ 50,51+ V171w,

Equating like components and transposing terms,

i: Sw,p + 6w, =—-11 3)
i V171w, +4w, =0 4)
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PROBLEM 15.70 (Continued)

Solving the simultaneous equaitons (3) and (4),

w, =0.75265 rad/s, @, =-2.4605 rad/s

Velocity of Point E. Vi = @k X1y, =-2.4605k X 6

vy =14.76in/si=14.76in./s — 4
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B PROBLEM 15.71

The 80-mm-radius wheel shown rolls to the left with a velocity
160mm  of 900 mm/s. Knowing that the distance AD is 50 mm, determine

<80 mm 250 mm
the velocity of the collar and the angular velocity of rod AB
A / when (@) =0, (b) 5=90°.
ﬁ>
SOLUTION
(@ p=0. Wheel AD. ve =0, v, =45 in./s ~—
vy 900
W,p =——=——=1125rad/s
ep 80 )

CA =(CD)—(DA) =80—50=30 mm
v, =(CA)w,, = (30)(11.25)=337.5 mm/s ~—

Rod AB. Vg =V4 + Vpiu

[vy~—1=[337.5~—1+[vg, @l v, =338 mm/s — <

Vg =0 w,; =0 4
(b) [=90°. Wheel AD. ve =0, w,p =11.25 rad/s ‘>
tan 7=D—A=@, ¥ =32.005°
DC 80
1"1&
A CA = bc =94.34 mm
cosy
c
vy =(CA)®,, =(94.34)(11.25) =1061.3 mm/s
. ,;— N AN T 8 _ o
Y \ 9 v, =[1061.3 mm/s ™. 32.005°]
{ P+ Al
N / Rod AB. Vg =Vp =
~ T/

80
singp=——, =18.663°
¢ 250 ¢

Plane motion = Translation with A + Rotation about A.
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PROBLEM 15.71 (Continued)

Yo o 4&8
= M +
2 A A
Vg =V + Vg vp=—1=[vya X 71+ I\ o]

Draw velocity vector diagram.
0 =180°—-y—(90°+ ¢)
=90°-32.005°-18.663° =39.332°

Law of sines.

VB — Vpia — VA
sind siny sin(90°+ @)

_wusind  (1061.3)sin 39.332°
P sin(90° + @) sin 108.663°

=710 mm/s Vg =710 mm/s — 4
b = vasiny  (1061.3) sin32.005°
B4 sin (90° + @) sin108.663°
=593.8 mm/s
Veia  593.8
W, =—=="—"—=237 rad/s ®,, =237 rads ) 4
AR 250 A )
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PROBLEM 15.72*

For the gearing shown, derive an expression for the angular velocity
), of gear C and show that @, is independent of the radius of gear B.
Assume that Point A is fixed and denote the angular velocities of rod
ABC and gear A by w,;- and @, respectively.

SOLUTION

Label the contact point between gears A and B as 1 and that between gears B and C as 2.
Rod ABC: WOype = Oppe Assume ) for sketch.

v, =0

Vg = (1 +75)Qupe

Ve =(ry + 215 + 1, )a)ABC\
Gear A: w,=0, v,=0, v, =0
Gear B: V=V — 1505 =0

(ry +15)@upc — 15 Wg =0

ry T
_| TatTp
Wy = a)ABC)
Tp

Vy, =Vp +rBa)B

=2(ry + 1) Wy pc N
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PROBLEM 15.72* (Continued)

Gear C: Vy = Ve — T O

21y +15)Wype = (14 + 215 + 12 )Dppe — 1o WOp

_ _ _ A
O =(ry —10)@ppc =—1c O Oc = l_r_ Oypc 4
c

Note that the result is independent of 7.
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A

PROBLEM 15.CQ5

The disk rolls without sliding on the fixed horizontal surface. At the
instant shown, the instantaneous center of zero velocity for rod AB
would be located in which region?

(a) region 1

(b) region 2

(c) region 3

(d) region 4

(e) region 5

(f) region 6

SOLUTION

Answer: (a) 4
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’4— 240 mm *»‘

] ® |B

A

150 mm

150 mm

l 'e) E
-
L 180 mm —>l

PROBLEM 15.CQ6

Bar BDE is pinned to two links, AB and CD. At the instant shown the
angular velocities of link AB, link CD and bar BDE are ®ag, ®Wcp, and
WppE, respectively. Which of the following statements concerning the
angular speeds of the three objects is true at this instant?

(@) WA= Wcp = WBDE

(b) WppE> WAR> Ocp

(c) WaB = Wcp> WBpE

(d) ®ap> Ocp > WppE

(e) Wcp> Wap> WEpE

SOLUTION

Answer: (¢) 4
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PROBLEM 15.73

A juggling club is thrown vertically into the air. The center of
gravity G of the 20 in. club is located 12 in. from the knob.
A s Knowing that at the instant shown G has a velocity of 4 ft/s
upwards and the club has an angular velocity of 30 rad/s
counterclockwise, determine (a) the speeds of Point A and B,

| 12 in. I

30 rad/s (b) the location of the instantaneous center of rotation.
SOLUTION
Unit vectors: i=1—, jle, k=1‘>
. . . 8 . ).

Relative positions: Iy =—1ft)i, rg,= (E ft)l
Angular velocity: o =30 rad/s ‘> = (30 rad/s)k
Velocity at A: Vi =V + Ve =V +OXI,

= (4 ft/s)j+ (30 rad/s)k x (-1 ft)i

= (4 ft/s)j— (30 ft/s)j = —(26 ft/s)

=26 ft/s|

v, =26.0ft/s 4

Velocity at B: Vg =Vi+ Vs =Vs +OXTpg

= (4 ft/s)j+ (30 rad/s)k x (% ftji

= (4 ft/s)j + (20 ft/s)j = (24 ft/s)]
=24 ft/s |

v, =24.0ft/s 4

Let r.,; = xi bet the position of the instantaneous center C relative to G.

Ve =Vg+ Ve =V +@X(xi)
= (4ft/s)j+ (30 rad/s)k X (x i)
=(41t/s)j+ (30ft/s)x j=0

4 ft/s 4

x=- =——1ft=-1.6in.
30rad/s 30

Point C lies 1.6 in. to the left of G. 4
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PROBLEM 15.74

A 10-ft beam AE is being lowered by means of two overhead
cranes. At the instant shown, it is known that the velocity
., of Point D is 24 in./s downward and the velocity of Point E is
36 in./s downward. Determine (a) the instantaneous center of
rotation of the beam, () the velocity of Point A.

A B D E
|
|
|

w

—_
=

I
-
—+
[*5)
=

SOLUTION

Y B D 3ft E

A t
|2 /s we| 3t /s

(a) lye =3+4-6=1f1t C lies 1ft to the right of A. 4

(b) vy =L o= (1) G] =0.3333 fi/s v, =4.00in/s | 4
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PROBLEM 15.75

A helicopter moves horizontally in the x direction at a speed of
120 mi/h. Knowing that the main blades rotate clockwise with an
angular velocity of 180 rpm, determine the instantaneous axis of
rotation of the main blades.

SOLUTION
vy, =120 mi/h =176 ft/s —
0=180 rpmzwzl&% rad/s w
Yo
* v X%
Vo = 20 i
176 c
=D 934
o 18.85
Y4
Instantaneous axis is parallel to the y axis and passes through the point x=0 4
7=9.341ft 4
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PROBLEM 15.76

A 60-mm-radius drum is rigidly attached to a 100-mm-radius drum as
shown. One of the drums rolls without sliding on the surface shown,
and a cord is wound around the other drum. Knowing that end E of
the cord is pulled to the left with a velocity of 120 mm/s, determine
(a) the angular velocity of the drums, (b) the velocity of the center of

E the drums, (c) the length of cord wound or unwound per second.
ro
SOLUTION
Since the drum rolls without sliding, its instantaneous center lies at D.
TN Vp =V =120 mm/s
/ E B
i T
/ , Vo =Vap®, Vg =1Ipp®
A
| \ (@) a)=v—3=ﬂ=3rad/s
} U\ Vgp 100-60
SANEANY
N8 ® =3.00 rad/s )«
S~ \[D_
AT Z 7= e b) v, = (100)(3) =300 mm/s

v, =300 mm/s ~— <4
Since v, is greater than v,, cord is being wound.
v, — Vg =300-120 =180 mm/s

(c) Cord wound per second= 180.0 mm <«
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AN @ 100 mm

60 mm o
\/ A

PROBLEM 15.77

A 60-mm-radius drum is rigidly attached to a 100-mm-radius drum as
shown. One of the drums rolls without sliding on the surface shown,
and a cord is wound around the other drum. Knowing that end E of
the cord is pulled to the left with a velocity of 120 mm/s, determine
(a) the angular velocity of the drums, (b) the velocity of the center of
the drums, (c) the length of cord wound or unwound per second.

SOLUTION

Since the drum rolls without sliding, its instantaneous center lies at B.
Vp =V, =120 mm/s —

Vo =Tp3®s Vp = Ipp®

(a) wzv—Dzﬂ=3rad/s
o 100—60
®=3.00 rad/s ) «
(b) v, =(60)(3.00) =180 mm/s

v, =180 mm/s — <
Since v, is to the right and v, is to the left, cord is being unwound.

v, — v, =180+120 =300 mmy/s

(c) Cord unwound per second =300 mm <«
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PROBLEM 15.78

nm kA The spool of tape shown and its frame assembly are pulled upward at a
speed v, =750 mm/s. Knowing that the 80-mm-radius spool has an angular
L= ¢l velocity of 15 rad/s clockwise and that at the instant shown the total
thickness of the tape on the spool is 20 mm, determine (a) the instantaneous
center of rotation of the spool, (b) the velocities of Points B and D.

R B
VB
SOLUTION
v, =750 mm/sT
w=15 rad/s )
=Ya_ E =50 mm
o 15
(a) The instantaneous center lies 50 mm to the right of the axle. 4
CB =80+20-50=50 mm
8

: b) vy = (CB)@ = (50)(15) = 750 mm/s
v, =750 mm/s | 4
CD =80+50=130 mm

vp =(CD)w=(130)(15) =1950 mm/s

v, =1.950 m/s | «
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PROBLEM 15.79

e I a The spool of tape shown and its frame assembly are pulled upward at a

i speed v, =100 mm/s. Knowing that end B of the tape is pulled
L & downward with a velocity of 300 mm/s and that at the instant shown
. the total thickness of the tape on the spool is 20 mm, determine (a) the
instantaneous center of rotation of the spool, (b) the velocity of Point D
of the spool.

SOLUTION

vp =v, =100 mm/s

(a) Since v, and v, are parallel, instantaneous center C is located at intersection of BC and line joining

end points of v, and vj.

o
Similar triangles. =D
OC BC OC+BC 3.\ 8
Vo Vg Vo + Vg Ny 1-&
oc=—""_(0c+B0C) \
Vo T Vg SOn=| 00 7m
_ 100 mm/s (100 mm)
(100 + 300) mm/s
=25 mm |
) Vp Vo Vp 100 mm/s v, = 420 mm/sT <

(DO)+(0C) - (0C) ; (80+25) mm ~ 25mm
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PROBLEM 15.80

The arm ABC rotates with an angular velocity of 4 rad/s
counterclockwise. Knowing that the angular velocity of the
intermediate gear B is 8 rad/s counterclockwise, determine
(a) the instantaneous centers of rotation of gears A and C, (b) the
angular velocities of gears A and C.

|~— 300 mm —»L— 300 mm —»‘

SOLUTION
Contact points:
Ve 1  between gears A and B.
/_\ 300 wm 8
) 300mm c 2 between gears B and C.
N Whpac
Arm ABC: Wype =4rad/s‘>

v, =(0.300)(4) =1.2 m/s |
- ve =(0.300)(4) = 1.2 m/s |

v J%rvl \S Gear B: Wy =8 rad/s ‘>

v, = (0.200)(8) = 1.6 m/s |

v, = (0.100)(8) = 0.8 my/s |

Gear A:
t‘_ﬂp 100 mj . ="V _1.6-12
) = =
F 0.100  0.100
IA A | a)A=4rad/s)
vy 1.2

_/ l, =—%=—=03m =300 mm
wy, 4

]
>
<
~

g
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PROBLEM 15.80 (Continued)

. Gear C:
. 5 C
2
~ Ve—Vv, 12-038
a)c = =
0.200 0.2
I
‘ Zk c W, =2rad/s‘>
ZOD ]
2e < o= 12 _g6m
- 2

(a) Instantaneous centers.

Gear A: 300 mm left of A 4
Gear C: 600 mm left of C 4

(b) Angular velocities.

®,=4.00 rad/s ) <
®c=2.00 rad/s ") <
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PROBLEM 15.81

v =2 ft/s

1 The double gear rolls on the stationary left rack R. Knowing that the rack on the
right has a constant velocity of 2 ft/s, determine (a) the angular velocity of the
gear, (b) the velocities of Points A and D.

SOLUTION
Since the rack R is stationary, Point C is the instantaneous center of the double gear.
Given: v, =2ft/s|=24in/s | P
Make a diagram showing the locations of Points A, B, C, and - Ve
D on the double gear. 18
Vg = Wlp
=28 223005 5 40 radss
lcg 10in.
D
(a)  Angular velocity of the gear. o =2.40rad/s ‘> <
(b)  Velocity of Point A. vy =l,co=(41n.)(2.40 rad/s) v, =9.601n./s =0.800 ft/s T <
Geometry: lop =/(4in)* +(6in)* = V52 in.
tan f = 410 B=337°
6in.
Velocity of Point D. Vp =lp®=~/52(2.40)=17.31in./s v, =1.442 ft/s A 33.7° 4
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PROBLEM 15.82

A
Q) - An overhead door is guided by wheels at A and B that roll in
L, horizontal and vertical tracks. Knowing that when 8 =40° the
o velocity of wheel B is 1.5 ft/s upward, determine (a) the angular
velocity of the door, (b) the velocity of end D of the door.
5 ft B
5 ft D
N
SOLUTION
ar (£ s “0°%= 324t Locate instantaneous center at intersection of lines drawn perpendicular
__f_n A to v, and Vv
Eeas v e\ (@)  Angular velocity.
=3 §3fE |40 % — (BO
| e \= /8 ftk ' =

1.5 ft/s = (3.214 fHw
®=0.4667 rad/s ®=0.467 rad/s D 4

(b)  Velocity of D:

N (.Y D
| fof)si 1 698 | In ACDE: p=tan 8427 _ 590
3.83
cp =% _ 7480 1t
sSin
vp =(CD)w
= (7.482 ft)(0.4667 rad/s)
=3.49 ft/s

vy =3.49 ft/s 7 59.2° 4
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PROBLEM 15.83
Rod ABD is guided by wheels at A and B that roll in horizontal and
vertical tracks. Knowing that at the instant shown f=60° and the
velocity of wheel B is 40 in./s downward, determine (a) the angular
velocity of the rod, (b) the velocity of Point D.
SOLUTION
Rod ABD:
¥ ¥
v\ ] S ‘;o 7-51.1'
T . 12,99
7e3tm
m
V2
3{; Yomf 2.5,
~306°
7 (272 12:99m.
We locate the instantaneous center by drawing lines perpendicular to v, and v,
(a)  Angular velocity.
vg = (BC)w
40 in./s =(12.99 in.)w
®=3.079 rad/s ©=3.08 rad/s ,) 4
(b)  Velocity of D:
In ACDE: y=tan"' 7S 16.1°, CD= 2598 _ 9704 1n.
25.98 cosy
vy =(CD)w=(27.04 in.)(3.079 rad/s) =83.3 in./s
v, =83.31in./s P\16.1° v, =83.31in./s < 73.9° 4
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/\ PROBLEM 15.84
200 mm
Rod BDE is partially guided by a roller at D which moves in a

[] ® E
W vertical track. Knowing that at the instant shown the angular
500 mm @ velocity of crank AB is 5 rad/s clockwise and that f=25°,
D determine (a) the angular velocity of the rod, (b) the velocity of
Point E.
B
T B
120 mm
A
SOLUTION
Crank AB: ®,p =5 rad/s) rg,, =120 mm T
Vg = Wyptes = (5)(0.120) vy, =0.6m/s—

Rod BDE: Draw a diagram of the geometry of the rod and note that v, =0.6 m/s— and v, =v, T

Ny
C QUEDE {-.——-"'""—‘ E%f«"bq
J L A
f 1V ° F
2//."(.?/ ) Vp P
Vgobmls | B 4£3/5 wm 181, 24 wm
I >

Locate Point C, the instantaneous center, by noting that BC is perpendicular to v, and DC is perpendicular to
vp. Calculate lengths of BC and CD.

lpc =500sin25°=211.31 mm
lep =500c0s25° =453.15.

(a)  Angular velocity of the rod.

v, 0.6m/s

Wgep =2 =—————=2.8394 rad/s
PP e 0.21131m

Wyep =2.84 rad/s ) 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

1113



https://students-hub.com
https://students-hub.com

PROBLEM 15.84 (Continued)

(b)  Velocity of Point E.
Locate Point F on the diagram.

CF =700c0s25°mm FE =200sin25°

tany=LE _ 200sin25" _ 2 950-0.13323
CF 700cos25° 7

y=76°  B=90°—y=82.4°

loy =+(CF)* +(FE)? =640.02 mm = 0.64002 m

Ve =lop@=(0.64002)(2.8394)

v, =1.817 m/s ™ 82.4° 4
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x PROBLEM 15.85

. Rod BDE is partially guided by a roller at D which moves in a vertical
500 mm . track. Knowing that at the instant shown £ =30° Point E has a
b velocity of 2 m/s down and to the right, determine the angular
T

: velocities of rod BDE and crank AB.
B

B

120 mm

¥ o) A

SOLUTION

Crank AB: When AB is vertical, the velocity v, at Point B is horizontal.

Rod BDE: Draw a diagram of the geometry of the rod and note that v, is horizontal and v,, is vertical.

=
g qjac"A'A 7Y
C - - 2 e
20 D £ Ve
502 = %
Ue 2°
B

Locate Point C, the instantaneous center C, by noting that CB is vertical and CD is horizontal. From the
diagram, with Point F added,

CF =700co0s30° mm FE =200sin 30° mm

CE =+/(CF)> + (FE)* =614.41mm=0.61441m

Angular velocity of rod BDE

vg _ 2mfs

w, = = =3.2552 rad/s
BPE T (CE)  0.61441m

@ppe =326 rad/s ) 4
Velocity of B. CB =500sin 30°mm = 250 mm = 0.250 m
v = (CB)Wgp; =(0.250)(3.2552)
vy =0.81379 m/s ~—
Angular velocity of crank AB: AB=120mm =0.120 m

vy 0.81379 m/s
a)AB = =
(AB)  0.120m

®,; =678 radls ) 4
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PROBLEM 15.86

— =

A 192T1nm Knowing that at the instant shown the velocity of collar D is 1.6 m/s
l upward, determine (a) the angular velocity of rod AD, (b) the velocity
B RO of Point B, (c) the velocity of Point A.
240 mm
D
360 mm
- .
SOLUTION

E c”’ N
k0780 20, 77 12 —

We draw perpendiculars to v, and v, to locate instantaneous center C.

(a)  Angular velocity:

v, =(CD)® 1.6 m/s = (0.31177 m)@
®=5.132 rad/s ®=5.13 rad/s ) 4
®) v = (BC)w= (180 mm)(5.132 rad/s)
vy =923.76 mm/s v, =0.924 m/s ~— <
(©) v, =(AC)®w
In triangle ACE: tan = 207.85 mm B =34.72°
300 mm

AC =/(207.85)* +(300)> AC =364.97 mm
vy = (364.97 mm)(5.132 rad/s) = 1873.0 mm/s
v, =1.870 m/s 77 34.7° 4
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1

=

PROBLEM 15.87

A 192 mm Knowing that at the instant shown the angular velocity of rod BE is
l 4 rad/s counterclockwise, determine (a) the angular velocity of rod AD,
B RO (b) the velocity of collar D, (c¢) the velocity of Point A.
240 mm
360 mm
.
SOLUTION

Rod AD.
Vp = Fgp@pr = (0.192)(4) =0.768 m/s —
(a) Instantaneous center C is located by noting that CD is

perpendicular to v, and CB is perpendicular to vg.

rye =0.360 sin30°=0.180 m
vy 0768
rye  0.180

Wy = =4.2667

®,p =427 rad/s ) 4

Tpe =0.360 cos30°=0.31177 m
vp = Ipc@=(0.31177)(4.2667)

(b)  Velocity of D.

v, =1.330 m/s | <

(c)  Velocity of A.
[,z =0.240c0s30°=0.20785 m
g =0.6005sin30° = 0.300 m
tan = 0.20785
0.300
Iy =+/(0.20785)% +(0.300)>
=0.36497 m

B=34.7°

Vi =lea®yp
=(0.36497)(4.2667)
=1.557 m/s

v, =1.557 m/s 7 34.7° 4
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PROBLEM 15.88

Rod AB can slide freely along the floor and the inclined
plane. Denoting by v, the velocity of Point A, derive an
expression for (a) the angular velocity of the rod, (b) the
velocity of end B.

SOLUTION

Locate the instantaneous center at intersection of lines drawn perpendicular to v, and vj.

Law of sines.

AC _ BC
sin[90°— (S —6)]  sin(90°—6)
N
- sin
AC _ BC
cos(f—6) " cosd
1
sinf
AC:lcos(ﬂ—é’)
sin
BC =1 cosé
sin
(a)  Angular velocity: v, =(AC)w= lwa) a):‘l.%
sin [ cos(B-0)
(b)  Velocity of B: Vg = (BC)a)=lC_Osa -[V—H- sin } Vg =V, _cosf
sinf | I cos(B-6) cos(f-6)
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PROBLEM 15.89

Rod AB can slide freely along the floor and the inclined plane.
Knowing that 6#=20° f=50° [=2ft, and v, =8 ft/s,
determine (a) the angular velocity of the rod, (b) the velocity
of end B.

SOLUTION
Locate the instantaneous center at intersection of lines draw perpendicular to v, and vj.

Law of sines.

AC _ BC
sin[90°— (S —6)]  sin(90° - 6)
.
sinf
AC _ BC
cos(ff—6)  cos@
1
- sin
AC:lcos(ﬂ—é’)
sin
BC=] cos @
sin
Angular velocity: vy =(AC)w= lwa)
sin
v, sin S
e cos(f—6)
Velocity of B: vg =(BCO)w=1 c?sﬂ -[V—A- sin }
sinf | I cos(B-0)
. cos@
B cos(f—-6)
Data: 6=20° p=50° [=2ft, v, =8ft/s

P sinf_8ft/s  sin50°
I cos(f—-6) 2ft cos(50°—-20°)

(@)

=3.5382 rad/s ®=3.54 radls ) 4
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PROBLEM 15.89 (Continued)

cosd
b Vg =V ——————
®) B cos(f—-6)
=8 ft/s)&
cos(50°—-20°)
vp = 8.6805 ft/s vy =8.68 ft/s £ 50° 4
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120 mm, 360 mm . 160 mm i PROBLEM 15_90
T *G
S0%am i Two slots have been cut in plate FG and the plate has been
1 B placed so that the slots fit two fixed pins A and B. Knowing that
TR g at the instant shown the angular velocity of crank DE is 6 rad/s
*F oA clockwise, determine (a) the velocity of Point F, (b) the velocity
120 mm Ay ©0 of Point G.
R
160 mm
E OL_T I)
72 mm
SOLUTION
Crank DE: v = (DE)wp; = (72 mm)(6 rad/s)
"y
v =432 mm/s | FA— (85«
Rod EF: (vp)y, =vg =432 mm/sT £
Qf. = ’-’ 3,? nMe /5
Plate FG:
Dimensions v millimetenrs
120, 360 o v
¥ 4
&
o / YA
140 / b % |
Y 7
110 (g,c J /io ! ," ! o
1 (i ~ RS 360 faw 20
= - ~ [ l=207. 85
4go C__-) L

v4 and v, are velocities of points on the plate next to the pins A and B. We draw lines perpendicular to

v, and Vv, to locate the instantaneous center C.
(a)  Velocity of Point F:

vp =(CF)w
), =l(CF)a] cos f=[(CF)cos flw

But (vp), =432 mm/s and (CF)cos =480 mm:
432 mm/s = (480 mm)@
®=0.9 rad/s ®=0.9 rad/s )
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PROBLEM 15.90 (Continued)
CF =487.97 mm e
ﬂ:lo.37° 87. 846 1 l\
g
v =(CF)w le | C
—>
= (487.97 mm)(0.9 rad/s) t3o
=439.18 mm/s
v, =439 mm/s |/ 10.4° vy =439 mm/s £ 79.6° 4
(b)  Velocity of Point G: Gy T+
CG =456.78 mm H27. 8%
y=20.50° - i
Ve =(CG)® -
= (456.78 in.)(0.9 rad/s) 6o
Ve =411.11 mm/s Vi =411 mm/s < 20.5° 4
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PROBLEM 15.91

The disk is released from rest and rolls down the incline.
Knowing that the speed of A is 1.2 m/s when 8 =(0°, determine
at that instant (@) the angular velocity of the rod, (b) the
velocity of B. Only portions of the two tracks are shown.

SOLUTION

Draw the slider, rod, and disk at 8 = 0°.

Let Point P be the contact point between the disk and the incline. It is the instantaneous center of the disk.
v, is parallel to the incline. So that

Vy = 30°
Constraint of slider:

Vg =Y

To locate the instantaneous center C of the rod AB, extend the line AP to
meet the vertical line through P at Point C.

lyc =14p/5in30°
lye =1,5/tan30°
Angular velocity of rod AB.

Vo Vs sin30° (1.2 m/s)sin30°
Lic Lup 0.6 m

Wyp =

® 5 =1.000 rad/s ) 4

(b)  Velocity of Point B. Vg = lpcWyp

g vysin30°
" tan30° 1,

=v,c0s30°=1.2cos30°

v, =1.039 m/s — <
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125 mm PROBLEM 15.92

_

Arm ABD is connected by pins to a collar at B and to crank DE.
Knowing that the velocity of collar B is 400 mm/s upward, determine

(@)

(b)

H

4F
2

%
EF _ 125

v, =16 1in./s tany = =—
5 ! Y=DF ~300

CJ =(DJ)tan y = (160) 125 _ 66,667 mm
300
CB = JB—CJ =320-66.667 =253.33 mm
vy 400
10) =—== =1.57895 rad/s
ABD B 25333
CK = CB + BK =253.33+180 = 433.33 mm
KA 90
tan B = —— = . B=11.733°, 90°—fB=78.3°
P CK 43333 p P
Ac=_K _ 43333 58 mm

- cos 8 ~ cos 11.733°

vy = (AC) @y, = (442.58)(1.57895) = 699 mm/s

90 mm (a) the angular velocity of arm ABD, (b) the velocity of Point A.
300 mm
160 mm l
D
<~———<—320 mm —>
SOLUTION

Vp=Vp.V

Locate the instantaneous center (Point C) of bar ABD by noting that velocity directions at Points B and D are
known. Draw BC perpendicular to v, and DC perpendicular to v,,.

®,pp =1.579 radis ) «

v, =699 mm/s 7 78.3° 4
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125 mm

s

PROBLEM 15.93

Arm ABD is connected by pins to a collar at B and to crank DE. Knowing
that the angular velocity of crank DE is 1.2 rad/s counterclockwise,

%0 ““n% 300mm  determine (a) the angular velocity of arm ABD, (b) the velocity of Point A.
160 mm l
'
D
<—>|<— 320 mm—>
180 mm
SOLUTION
E F
A
+f
8 c
K > ¢ I
Vg
Y -
1y Yo
H D v
tan yzﬂ =£, y=22.620°, ED= D _ 300 =325 mm
DF 300 cosy cosy

vp = (ED)ap, = (325)(1.2) =390 mm/s v, =390 mm/s «”

Vp=Vp i
Locate the instantaneous center (Point C) of bar ABD by noting that velocity directions at Points B and D are
known. Draw BC perpendicular to v, and DC perpendicular to v,

CJ =(DJ)tan y = (160) 125 =66.667 mm, CD = bJ__ 160 =173.33 mm
300 cosy cosy
Vp 390
Oppp =—==——=2.25radls Wupp =2.251adls ) 4
(a) ABD = o T 17333 ‘> ABD ‘>
CK = KJ —CJ =500—-66.667 =433.33 mm
AK 90
tan f=——= =11.733°  90°- B =78.3°
p CK 43333 p p
AC= CK _433.33 442.58 mm
cosfB  cos
b) vy =(AC)w, 5, = (442.58)(2.25) =996 mm/s v, =996 mm/s 2> 78.3° 4
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in.

24 in. |

PROBLEM 15.94

Two links AB and BD, each 25 in. long, are connected at B and guided
by hydraulic cylinders attached at A and D. Knowing that D is stationary
and that the velocity of A is 30 in./s to the right, determine at the instant
shown (a) the angular velocity of each link, (b) the velocity of B.

SOLUTION

Link DB: Point D is stationary. Assume ® g, = @y, )

Wep
7 w 24 in. K
/
/ 7.
D ?6\ I'f,. B th
B8
~ A
vg = (DB)wy, v, is perpendicular to DB.
tan f =10 B=163° 90°— B =73.7°
24 1n.

Link AB: Draw the configuration. Locate the instantaneous center C of link AB by noting that the line BC is
perpendicular to vy, i.e., along DB, and that AC is perependicular to v, =v, —. (v, =301in./s).

le— Fin, —-ht(—- |5|'h,——J
- (™ - [
T N
\3 v,
ZOin-
D E
Tin, c
} W B :
! B
-
2 VP
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PROBLEM 15.94 (Continued)

AC = AE+ EC =13in.+ (7 in.) 91?" =15.625in.
24 1in.
BC =22 95in)=15.625in,
4 in.
va_ 30055 s vadss

a) = =
4B (AC)  15.625in.
vy = (BO)w,; = (15.625)(1.92) =30 in./s

vg _ 30in/s

Returning to link DB, Wyp = DB) - 25, =1.20 rad/s

(a)  Angular velocities: ®,, =1.920 rad/s ) <
©5 =1.200 radss ) 4

(b)  Velocity of Point B: v, =30.0in./s 2> 73.7° 4
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moves to the

velocity of E.

—5—t—5—

75 =75 o125

Dimensions in in.

PROBLEM 15.95

Two 25-in. rods are pin-connected at D as shown. Knowing that B

left with a constant velocity of 24 in./s, determine at

the instant shown (a) the angular velocity of each rod, (b) the

SOLUTION

VUp pe— 15 in.—
*
A
S/14
3
A0 in.- -{Lf" —
D
. B8

16, N
5
3
m
L

F?Sh_—»l

vg = (BCyp)0yp
24in./s=(20in.)w,,

Velocity of D: DC,p =1251n.
vp =(DCyp)Wyp
=(12.51n.)(1.2 rad/s)

vy =15in/s "

Rod AB:  Draw lines perpendicular to v, and v to locate instantaneous center C ;.

®,; =1.200rad/s ) <
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PROBLEM 15.95 (Continued)

Rod DE:
CDE
W.667 in.
Ne
4(20) = 26667 in.
13
ls in-
N s 1‘
104n,
B
T
20 n. >

Draw lines perpendicular to v,, and v, to locate instantaneous center Cp,;.

DCpy =+/(20)* +(26.667)° =33.333in.
vp = (DCpg)Wpy

(@) 15in./s =(33.333 in)Wpe; @y, =0.45rad/s Oy =0.450 rad/s ) <
vg =(ECpp)@0p; = (11.667 in.)(0.45 rad/s)

(b) vy =5.251n./s v, =525in/s ~— <
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PROBLEM 15.96

Two rods ABD and DE are connected to three collars as shown. Knowing
that the angular velocity of ABD is 5 rad/s clockwise, determine at the
instant shown (a) the angular velocity of DE, (b) the velocity of collar E.

200 mm 200 mm
SOLUTION
a)ABC=5rad/s) V=V, ~—
Vg =Vp i Vg = in

Locate Point /, the instantaneous center of rod ABD by drawing /A perependicular to v, and /B perpendicular

to vp.
& fes 7] 200
E T /7} tang=—— ¢=26.565°
200 /’7 400
Qs

2 400 =447.21 mm
cos ¢

#s0 vy = @l = (5)(447.21 mm)

Iy =

v, =2236.1 mm/s\ ¢

b
k200 —~L—zoo -

Dimensions in mw
Locate Point J, the instantaneous center of rod DE by drawing JD perpendicular to vp and JE perpendicular

to vg.
Lip= 400 =447.21 mm
cos ¢
oy, = Vo 2236 mmss _
Lp 44721
(a) @p = 5.00 rad/s ) <
I,y =200 +1,, cos ¢ =600 mm
vy =L @y = (600)(5) = 3000 mm/s
b) v, =3.00m/s| <
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PROBLEM 15.97

_¢_
100 mm

100 mm

zU mm

Two collars C and D move along the vertical rod shown. Knowing
that the velocity of collar C is 660 mm/s downward, determine

(a) the velocity of collar D, (b) the angular velocity of member AB.

SOLUTION

Instantaneous centers:

Geometry.

Member BC.

Member BD.

(@)

(b)

Wpp =

AB =400 mm

at I for BC.
at J for BD.

IC = E (220) =165 mm
320

JD = 240 (420) =315 mm
320

Al = 220 (400) =275 mm
320

BI = AB— Al =400—-275=125 mm

BJ =BI =125 mm

Ve = 660 mm/s |
Wy =V—C=@=4radls
IC 165

vg = (BI)@Wg- = (125 mm)(4 rad/s) = 500 mm/s

vp _ 500 mm/s
BJ 125 mm

BD —

v, =(ID)wg, = (315 mm)(4 rad/s)

g _ 500 mm/s
AB 400 mm

=4 rad/s

v, =1260 mmy/s | <

®,; =1.250rad/s ") 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

1131



https://students-hub.com
https://students-hub.com

PROBLEM 15.98
‘f Two rods AB and DE are connected as shown. Knowing that

l Point D moves to the left with a velocity of 40 in./s, determine
—Y  (a) the angular velocity of each rod, (b) the velocity of Point A.

A D

9 in. 8 in. 5 in. ]

SOLUTION

S

We locate two instantaneous centers at intersections of lines drawn as follows:
C,;:  Forrod DE, draw lines perpendicular to vp and vg.

C,:  Forrod AB, draw lines perpendicular to v4 and vp.

Geometry: BC =(8 in)\/2 =82 in.
DC, =16n.
BC, =(9in.+8in)\/2 =174/2 in.
AC, =25in.
(@) Rod DE: vp = (DC,)wp;
40in./s = (16 in.) @,
@y = 2.5 rad/s ®,; =2.5radls ) 4
vy = (BC)Wpy
= (82 in.)(2.5 rad/s)

v, = 2042 in/s 7 45°
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PROBLEM 15.98 (Continued)

Rod AB: vg =(BC,)W,p
202 in/s = (1742 in) @, ,

Wyp =% rad/s =1.1765 rad/s

®,; =1.177 rad/s ) 4

(b) Yy = (ACZ)(OAB
=(251n.)(1.1765 rad/s)

v, =29.41in./s v, =294in/s — <«
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3 PROBLEM 15.99
B Describe the space centrode and the body centrode of rod ABD of
"ﬂ\ © Problem 15.83. (Hint: The body centrode need not lie on a physical
portion of the rod.)
A 15 in.

' PROBLEM 15.83 Rod ABD is guided by wheels at A and B that roll
15 in. in horizontal and vertical tracks. Knowing that at the instant shown
B =60° and the velocity of wheel B is 40 in./s downward, determine

(a) the angular velocity of the rod, (b) the velocity of Point D.

SOLUTION

Draw x and y axes as shown with origin at the intersection of the two
slots. These axes are fixed in space.

Vy =V Vi =Vg |

Locate the space centrode (Point C) by noting that velocity directions
at Points A and B are known. Draw AC perpendicular to v, and BC
perpendicular to V.

The coordinates of Point C are x. =—Isin# and y. =Icos
xg +y& =1*=(15in.)?

The space centrode is a quarter circle of 15 in. radius centered at O. 4

Redraw the figure, but use axes x and y that move with the body. Place

origin at A.
X =(AC)cos
=lc0s2ﬂ=é(l+0052ﬂ)
y ye =(AC)sin B
//c ’\\\ =lc0sﬂsinﬂ=ésin2ﬂ
T
A ° A i [xc—éjzwLyé=(é]2=(xc—7.5)2+yé=7.52

The body centrode is a semicircle of 7.5 in. radius centered
midway between A and B. <
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PROBLEM 15.100

va=12m/s Describe the space centrode and the body centrode of the gear
of Sample Problem 15.2 as the gear rolls on the stationary
L horizontal rack.

’lsom .". f,!]mmm

AOOAH

SOLUTION

c
Let Points, A, B, and C move to A”, B’, and C’ as shown.
Since the instantaneous center always lies on the fixed lower rack, the space centrode is the lower rack.

space centrode: lower rack 4

Since the point of contact of the gear with the lower rack is always a point on the circumference of the gear,
the body centrode is the circumference of the gear.

body centrode: circumference of gear 4
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PROBLEM 15.101
Using the method of Section 15.7, solve Problem 15.60.

PROBLEM 15.60 In the eccentric shown, a disk of 2-in.-radius
revolves about shaft O that is located 0.5 in. from the center A of the
disk. The distance between the center A of the disk and the pin at B
is 8 in. Knowing that the angular velocity of the disk is 900 rpm
clockwise, determine the velocity of the block when 8 =30°.

SOLUTION
0~k A Mg
(0A)=0.5in. @y, =900 rpm =307 rad/s ) A
W,
v, = (0A)@y, = (0.5)307) =157 in/s '
v, =V, 2> 60°, Vg =V, —— v

Locate the instantaneous center (Point C) of bar BD by noting that velocity directions at Point B and A are
known. Draw BC perpendicular to v, and AC perpendicular to v,.

(OA)sin30° _ 0.5sin30°

sin = s =1.79°
P AB 8 P
OB = (0A)c0s30°+ (AB)cos  =0.5c0s30°+ 8cos
=8.42911n.
AC = 0B _ OA = 8.4291 —-0.5=9.23311in.
cos30° cos30°
BC =(0OB)tan30° = 4.8665 in.
Va Vg
a =
A8 AC BC
Vg = BC V4 =W =24.841n./s vz =24.8in./s ~— 4
AC 9.2331
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10mn PROBLEM 15.102

’47 175 mm
__B Using the method of Section 15.7, solve Problem 15.64.
A
i PROBLEM 15.64 In the position shown, bar AB has an angular velocity
of 4 rad/s clockwise. Determine the angular velocity of bars BD and DE.
75 mm__D
g
E
SOLUTION
Bar AB: (Rotation about A) O, =4rad/s )
AB =175 mm vy = 0, (AB) = (4)(175)
v, =700 mnys |
Bar DE: (Rotation about E) Opp = Wpp )
DE =4/(275)* +(75)* =285.04 mm
v, =285.04m,, " B
tan B =2 _ 6 27573
275 mm
Bar BD: v, =700mmss|, v, =285.04w,,) B
1w
G B 1¥
&
Yo

B
D

Locate the instantaneous center of bar BD by drawing line BC perpendicular to v and line DC perpendicular
to vp.

BD =200 mm

CB = BD _ (200)(275) — 7333 mm
tan 3 75

D= J.BD _ (200)(285.04) —760.11 mm
sin 75
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PROBLEM 15.102 (Continued)

w0y =25 = 00 MS ) 05455 radss
CB 73333 mm

vy = Wpp (CD) =(0.95455 rad/s)(760.11 mm) = 725.56 mm/s

vp 72556

Opp = = =2.5455 rad/s
285.04 285.04

Angular velocities: ®pp =0.955 rad/s ) <

®,p =2.55rad/s ) 4
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PROBLEM 15.103

Using the method of Section 15.7, solve Problem 15.65.

min

PROBLEM 15.65 In the position shown, bar AB has an angular
velocity of 4 rad/s clockwise. Determine the angular velocity of

bars BD and DE.
S
! 400 mm ! 400 mm —>l
Bar AB: B=tan~ 22 M _ o6 560
8 m
4 =28M_ 68044 m
cos

vy = (AB)w,; = (0.8944 m)(4 rad/s)
vy =3.578 m/s I 26.56°

Bar DE: }/=tan710'4—m=38.66°
0.5m
pE=22"_ 06403 m
cos ¥
vp =(DE)wp
v, =(0.6403 m)w,, 3~ 38.66° (1)
Bar BD: Locate instantaneous center at intersection of lines drawn
perpendicular to vz and vp.
) BC CD 0.8m
Law of sines. = =
sin51.34°  sin 63.44°  sin 65.22°
BC =0.688 m
CD =0.7881 m
vg =(BC)wyp

3.578 m/s = (0.688 m)wy,; Wy, =5.2 rad/s) <4

vy, = (CD)@yy, = (0.7881 m)(5.2 m/s)
=4.098 m/s

4.098 m/s = (0.6403 m)wy,; W, =6.4rad/s ) |

Eq. (1):
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PROBLEM 15.104

Using the method of section 15.7, solve Problem 15.38.

29 in. PROBLEM 15.38 An automobile travels to the right at a
constant speed of 48 mi/h. If the diameter of a wheel is 22 in.,
determine the velocities of Points B, C, D, and E on the rim of
the wheel.

SOLUTION

vy =48 mi/h =70.4 ft/s

d=221in, rzéd =11in.=0.91667 ft

Point C is the instantaneous center.

W _ 70.4

r o 9.1667
CB=2r=1.8333ft

vy =(CB)w=(1.8333)(76.8) =140.8 ft/s

=76.8 rad/s

vy =140.8 ft/s — 4

1
=—(30°)=15°
/4 2( )

c CD =2rco0s15°=(2)(0.91667)cos15° =1.7709 ft
vy =(CD)w=(1.7709)(76.8) =136.0 ft/s
v, =136.0 ft/s <~ 15.0° 4

CE = rJ2 =0.91667/2 =1.2964 ft
vy =(CE) = (1.2964)(76.8) = 99.56 ft/s
v, =99.6 fi/s X 45.0° 4
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PROBLEM 15.CQ7

A rear wheel drive car starts from rest and accelerates to the left so that the
tires do not slip on the road. What is the direction of the acceleration of the
point on the tire in contact with the road, that is, Point A?

@— o ool e,/

SOLUTION

The tangential acceleration will be zero since the tires do not slip, but there will be an acceleration component
perpendicular to the ground.
Answer: (c) 4
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A 3.5-m steel beam is lowered by means of two cables unwinding at the
C same speed from overhead cranes. As the beam approaches the ground,
" the crane operators apply brakes to slow down the unwinding motion.

! PROBLEM 15.105
U

, At the instant considered, the deceleration of the cable attached at A is
| L, 4 m/s’, while that of the cable at B is 1.5 m/s>. Determine (a) the

3m
I 05m angular acceleration of the beam, (b) the acceleration of Point C.
SOLUTION
T S A Dep &
a, =4m/s Q.
A B -
ag =1.5m/s T C
Assume @ =0. t—B.Oh—'-l —O. 5w
(a)  Angular acceleration. o=ck i
a;=a, +ag, 1”
1.5j=4j+ak x(3i) =4j+3cj le
1574 483333 L
o =—0.833k 00 =0.833 rad/s® )

(b)  Acceleration of Point C. Because the cables are unwinding at the same speed, @ =0

aC :aA +aC/A =aA +(1><I‘C/A
=4j+(-0.83333k x3.51)
=4j—-2.9167j=1.0833j

a. =1.083 m/szT <
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PROBLEM 15.106

The acceleration of Point C is 0.3 m/s* downward and the angular
4 Bi) € acceleration of the beam is 0.8 rad/s® clockwise. Knowing that the angular
I ‘ velocity of the beam is zero at the instant considered, determine the

acceleration of each cable.

=

|
0.5m

SOLUTION

8§00

0w=0 (o Qe

'y
o = (—0.8 rad/s)k A BT g"
c

a.=03 m/sl L—3.0n—~l LO.SM

Acceleration of cable A.
a, =ac +0L><I‘A/C
=—0.3j+[-0.8k x (-3.5i)]
=-03j+2.8j=(2.5 m/sz)jT a, =250 m/szT |
Acceleration of cable B.
ag =a, +0Xrg,
=—0.3j+[-0.8k x (=0.5i)]
= 0.3j+0.4j=0.1j= (0.1 m/s2)j a, =0.100 m/s?
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PROBLEM 15.107

A 900-mm rod rests on a horizontal table. A force P applied as
shown produces the following accelerations: a, =3.6 m/s* to
the right, =6 rad/s> counterclockwise as viewed from above.
Determine the acceleration (a) of Point G, (b) of Point B.

SOLUTION
B (a) ag =a, +ag, =la,— |+[(AG)ar ~—]
rp —»
I 2 a; =[3.6 m/s*— ] +[(0.45 m)(6 rad/s*) <]
0. 45 ag =[3.6 /s> —= | +[2.7 m/s? < |
c|l Ze a; =09 m/s? -~ «
b) a; =a, +ag, =la,— |+[(AB)a ~——]
o 4S™
I {tf} a, =[3.6m/s> — ]+[(0.9 m)(6 rad/s*) ~—]
2
A a, =[3.6 m/s? — ] +[5.4 m/s’ ~—]

ay=18m/s’ ~— «
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PROBLEM 15.108

In Problem 15.107, determine the point of the rod that (a) has
no acceleration, (b) has an acceleration of 2.4 m/s> to the right.

SOLUTION
(@)  Fora,=0:
a,=a, +ay, =a,— +(AQ)x ~—
0=3.6 m/s>— + (y)(6 rad/s*) ~—

_3.6m/s°
6 rad/s

=0.6 m

(b) Foray=2.4m/s’—:
a; =a, +ta,, =la, — |+ [(AQ)or =—]
2.4 m/s* — =[3.6 m/s* — ]+ [(y)(6 rad/s?) =—]

1.2 m/s? <— =(y)(6rad/s?) ~—

y=02m

a=24m/s

15)

r 2

LN
—-a,

— e

J

a=0 at 0.6 m fromA <«

2 +~at02mfromA <
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PROBLEM 15.109

Knowing that at the instant shown crank BC has a constant angular
velocity of 45 rpm clockwise, determine the acceleration (a) of Point A,

(b) of Point D.

C

A
SOLUTION
Geometry.  Let Sbe angle BAC.

sin f= 4 .1n. B =30°
8in.

Velocity analysis. Wz =45 rpm ) =4.7124 rad/s) V4=V AT

vg = (BC)wge =(4)(4.7124) =18.8496 in./s v, =18.8496 in./s T
v, and v, are parallel; hence, the instantaneous center of rotation of rod AD lies at infinity.

@, =0 v, =v,=18.8496 in/s|

Acceleration analysis. O =0

Crank BC: (ag), =(BC)a=0
(ag), = (BC)wh, = (4)(4.7124)°

a, =88.827 in./s>—=
Rod ABD: Oup =y ) ay=a,l
ay=ag+(@,;) +@y5),
[a, [1=[88.827 — ] +[8a,;, =<7 30°] +[8% ) ™ 60°]
Resolve into components.

oo 0=88.827+8a,,,c0s30°+0 oy p =—12.821 rad/s’
(@) +T : a, =80, sin30°= (8)(—12.821)sin 30° = -51.284 in./s>

a, =513 in/s?| €
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PROBLEM 15.109 (Continued)

(b) ap =ag+(@p;), +(@pp),
=[88.827 —= | +[8ay, » 30°] + [8ap;, [ X 60°]
=[88.827 —= ] +[(8)(—12.821) 7 30°]+ 0
=[88.827 — ] +[102.568 <~ 30°] =[177.653— +51.2841]

a, =184.9in./s> 7 16.1° <4
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PROBLEM 15.110

End A of rod AB moves to the right with a constant velocity of 6 ft/s. For the
position shown, determine (a) the angular acceleration of rod AB, (b) the
acceleration of the midpoint G of rod AB.

SOLUTION
Use units of ft and seconds.
Geometry and unit vectors: i=1—, j= IT, k=1 ‘>
rp,, =—(10c0s30°)i + (10sin 30°)j Iy, =—4j
Velocity analysis.

Rod AB: v,=6ftls—, Vvp=v,—

2
H-FtI o
y <8
Y=6%t/s

Since v, and v, are parallel, the instantaneous center lies at infinity, so @w,; =0 and v, =v,.
Acceleration analysis.
Rod AB: a, =0 since v, is constant. Oyp =4y ‘> =,k
- _ 2
Ap =a, tapg, =a, +a,, XTpy)y — Wyplp,

=0+ 0,;kx(-10c0s30°i +5j) -0
a; =—(10c0s30°)c,5j— 50,5) (1)

Rod BD: a, =0, oy, =05k
_ _ 2
ag=ap+ag, =0+0g, Xrg, —Wpply)p

= gk X (—4j) — (1.5)% (—4j)
= 40i +9j &)

Equating the coefficients of j in the expressions (1) and (2) for a,.

~(10c0s30%)a,, =9 @, =—1.0392
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PROBLEM 15.110 (Continued)

(a) Angular acceleration of rod AB: 0, =1.039 rad/s* ) <
(b)  Acceleration of midpoint G of rod AB.

ag=a, +tag, =a, +a,kxr;, - ijrG/A
=0-1.0392k x (—5cos 30°i + 5sin 30°j)

a,; = (2.60 ft/s)i + (4.50 ft/s*)j = 5.20 ft/s* < 60° 4
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PROBLEM 15.111

An automobile travels to the left at a constant speed of 72 km/h.
Knowing that the diameter of the wheel is 560 mm, determine

i the acceleration (a) of Point B, (b) of Point C, (c) of Point D.

SOLUTION

h ' 1000 m
3600 s km

v, =72 km/h- =20 m/s—

Rolling with no sliding, instantaneous center is at C.
vy =(AC)w; 20 m/s=(0.28 m)w
®=71.429 rad/s )

Acceleration.

Qa0 3 a
/ ‘8/‘

= +
—"2c/A

__ona -]

Plane motion = Trans. with A + Rotation about A

App = Gop = ap)y = 1@ =(0.280 m)(71.429 rad/s)* =1428.6 m/s*
(@) az=a,+ay, =0+1428.6 m/s?| a, =1430 m/s* | <
(b) a.=a,+ag, =0+1428.6 m/s’| a. =1430 m/s* | «
(¢) a,=a,+ap, =0+1428.6 m/s*> < 60°

a;, =1430 m/s*> < 60° <
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PROBLEM 15.112

The 18-in.-radius flywheel is rigidly attached to a 1.5-in.-radius
shaft that can roll along parallel rails. Knowing that at the instant
shown the center of the shaft has a velocity of 1.2 in./s and
an acceleration of 0.5 in./s*>, both directed down to the left,
determine the acceleration (a) of Point A, (b) of Point B.

SOLUTION

Velocity analysis.

Let Point G be the center of the shaft and Point C be the point of contact with the rails. Point C is the
instantaneous center of the wheel and shaft since that point does not slip on the rails.

Vg =T, a)=v—G=£=O.8 rad/s‘> Shaft
r 15
Acceleration analysis.
Since the shaft does not slip on the rails, C
ac =ac\| 20°
Also, a; =[0.5 in./s* 277 20°]
ac =ag +(agg); +(gg),
lae N 20°7=[0.5 in./s> 77 20°] + [1.5¢ =~ 20°] + [1.50 N20°]
Components > 20°: 0.5=-1.5cx o =0.33333 rad/s’ ‘>
(a)  Acceleration of Point A.
a, =ag +(ay6), +@y6),
=[0.577 20°]+[18 ~— | +[1802 ) ]
=[0.4698 ~—]+[0.1710} ]+[6 ~— ] +[11.52} ]
=[6.4698<—]+[11.670i] a, =13.35in./s> 2 61.0° <«
(b)  Acceleration of Point B.
ag =ag +(agg), +(@pg),
=[0.577 20°1+[18a —= ] +[18¢° ]
=[0.4698 ~—] +[O.1710i] +[6—1+[1 1.52T]
=[5.5302—>]+[11.349T] a, =12.62 in./s* <7 64.0° 4
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PROBLEM 15.113
A 3-in.-radius drum is rigidly attached to a 5-in.-radius drum as shown.
One of the drums rolls without sliding on the surface shown, and a cord is
wound around the other drum. Knowing that at the instant shown end D of
the cord has a velocity of 8 in./s and an acceleration of 30 in./s>, both
directed to the left, determine the accelerations of Points A, B, and C of
the drums.
SOLUTION
Velocity analysis. vy =v,=81in./s
Instantaneous center is at Point B. v,=(AB)w, 8=05-3)w
@ =4 rad/s ‘>
Acceleration analysis. a, =[ag T] for no slipping.
azav
a, =[30 in/s?> ~—1+[(ay), 1
a; =[a; ~—1
ag =a, +(ag,), +(@g,),
[ap [1=130 ~—1+1(a,), [1+[5-Ha—1+[5-3)&" |]
Components _t, : 0=-30+2cx o =15 rad/s? ‘>
ag =ag +(@g;c), +@g;g),
lag [ 1=lag ~—1+[5a¢ —1+[50* |1
Components _*, ; 0=-a; +5a ag =50="15in./s>
+: ag = (5)(4)? =80 in./s> a, =80.0 in./s>| «
a, =ag+@y), +@y0),
=[75~—1+Ba — 1+ 30 1]
=[75~—1+[45—]+[48]]
=[30 in/s? ~—1+[48 in./s> 1]
a, =56.6 in./s* ™= 58.0° «
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PROBLEM 15.113 (Continued)

ac =ag +(agg); +@cgc),
=[75-—]+[5a[1+[5" —]
=[75~—1+[7511+[80 ~—]
=[155 in./s> ~—1+[75 in/s* ]

a. =172.2 in./s* ™. 25.8° 4
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PROBLEM 15.114

A 3-in.-radius drum is rigidly attached to a 5-in.-radius drum as shown. One
of the drums rolls without sliding on the surface shown, and a cord is wound
around the other drum. Knowing that at the instant shown end D of the cord
has a velocity of 8 in./s and an acceleration of 30 in./s*, both directed to the
left, determine the accelerations of Points A, B, and C of the drums.

SOLUTION
Velocity analysis. vV, = Vg =8in/s
Instantaneous center is at Point A. vy =(AB)w, 8=(5-3)w

w=4 rad/s)

Acceleration analysis. a,=la, T] for no slipping. o=« )
a, =[30 in/s*> ~—1+[(ay), |1
a; =[a; —]
a, =ag+(ay) +@y),
[a, 112130 <1+ [(ap), [ 141G - —1+[5-3)w?}]
Components T.: 0=-30+2a o =15 rad/s* )
a,=ag+@y6), +@y5),
a,! =la;— 1+ ~—1+Bw* ]
Components T 0=a; -3 a; =3a =45 in/s?
+: a, =3w" = (3)(4)* =48 in./s> a, =48.0 in/s?| <
ag=ag+(agg), +(agg),
=[45— ]+[5a ~—]+[50* 1]
=[45— ]+[75~—1+[80]
=[30 in/s® ~—]+[80 in/s> ]

a, =85.4 in./s* > 69.4° «
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PROBLEM 15.114 (Continued)

ac =a; +(agg), +(agg),
=[45— ]+[5a |1+ [50* ~—]
=[45—]+[75)1+[80 ~—]

=35 in/s> ~—+[75 in/s?} ] a,. =82.8in./s’ 2> 65.0° «
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PROBLEM 15.115

A carriage C is supported by a caster A and a cylinder B, each of
50-mm diameter. Knowing that at the instant shown the carriage
A@ B Q has an acceleration of 2.4 m/s* and a velocity of 1.5 m/s, both

directed to the left, determine (@) the angular accelerations of the
caster and of the cylinder, (b) the accelerations of the centers of
the caster and of the cylinder.

SOLUTION

Rolling occurs at all surfaces of contact. Instantaneous centers are at points of contact with floor.

Caster: r=0.025 m

(o
a,=a, =24 m/s’~— M / \-n
(ap), =0 (rolling with no sliding)

a,=ap+a,,,
[y ~—1=[(ay), ~—1+[(ap), 1+1rd,~—1+[r@} ]
A a,=0+ra,

2.4 m/s’ ~— =(0.025 me, o, =96 rad/s’")

Cylinder: r=0.025 m
(ap), =a, =2.4 m/s*~—
(ag), =0

ag =ap + Agp
[ag), ~—1+[@g), [1=[@ap), ~1+[@ap), | 1+12ray ~— 1+ 2ra} |1
dr (ap), =(ap), +2ray
[2.4 m/s> <—]1=0+2(0.025 m)e,

o =48 rad/s” )

lay ~—1=[(ap), ~—1+[(ap), N+lra~—1+[re?]]

Puli az, =0+roy
ay =(0.025 m)(48 rad/s?); a, =12 m/s* —
Answers:
(a) o, =96.0rad/s?), a,=2.40m/s’ ~— 4
(b) 0y =48.0rad/s’ ), a, =1.200 m/s> ~— 4
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PROBLEM 15.116

1 A i A wheel rolls without slipping on a fixed cylinder. Knowing that at the
B*.\_C') y e instant shown the angular velocity of the wheel is 10 rad/s clockwise
C‘ 4 and its angular acceleration is 30 rad/s” counterclockwise, determine

il the acceleration of (a) Point A, (b) Point B, (c) Point C.

160 mm

SOLUTION

Velocity analysis. r=0.04 m o =10 rad/s )

Point C is the instantaneous center of the wheel.

v, =[(ro)—1=[(0.04)(10) — ]=0.4 m/s — ]

Acceleration analysis. o =30 rad/s’ ‘>
Point A moves on a circle of radius p=R+r=0.16+0.04=0.2 m.
Since the wheel does not slip, a. = acT

ac=a,+@g,), +@g,),

2

lac 11=[(ay), «—]+[V7A J }[m — 1+ [re? [

2
=[(ay), «—]{% | }[(0.04)(30) - 1+1(0.04)(10)* 1]

—[(ay), ~—1+[08 |1+[1.2 —1+[4 []
Components. ot —(ay), +1.2=0 (a,), =1.2 m/s’
+11 ac=-08+40  ac =32 m/s’
(a) Acceleration of Point A.

a,=[12m/s’ ~—]1+[0.8 m/s* |] a, =1.442 m/s> 77 33.7° 4
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PROBLEM 15.116 (Continued)

(b) Acceleration of Point B. ag=a, +@g,), +(@g,),
ag=[12 ~—1+[08 |1+ [re |1+ [re&® — ]
=12 ~—1+[0.8 |1+ [(0.09(30) |1+ [(0.04)10)> — ]
=28m/s2 —]+[2m/is )] ag = 3.44 m/s* X 35.5° ¢

(¢) Acceleration of Point C. a- = aCT ac = 3.20 m/s’ T <
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Suwe  PROBLEM 15.117
‘//' The 100 mm radius drum rolls without slipping on a portion of a

E
*
i belt which moves downward to the left with a constant velocity of
| . . . .
100mm . 120 mm/s. Knowing that at a given instant the velocity and
D./’/ A . acceleration of the center A of the drum are as shown, determine

the acceleration of Point D.

|2()HV

\ 30°

SOLUTION
Velocity analysis.

VA=Vt Vyup

Q:\ = ’go IMM/S

[180 mm/s / ] =[120 mm/s ,/ ]+ [(100 mm)w / ] @
Components /" : A .
\ 00mm
180 =-120 = 100@
a)=3rad/s) B

Acceleration analysis.
Point A moves on a path parallel to the belt. The path is assumed to be straight.
a, =720 mm/s* > 30°

Since the drum rolls without slipping on the belt, the component of acceleration of Point B on the drum
parallel to the belt is the same as the belt acceleration. Since the belt moves at constant velocity, this
component of acceleration is zero. Thus

ap = ap ™ 60°
Let the angular acceleration of the drum be « ‘>
ag=a,+ (ag,), + (ag,),
[ap ™ 1=[720 / 1+[rec / 1+ [reo* *]

Components ,/: 0=720-100c
a=72radls )
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PROBLEM 15.117 (Continued)

Acceleration of Point D.

ap=a,+ @py), + @pa),
=[a, 7 30° + [ra™X 60°] + [ra* < 30°]
=[720 2 30°] + [(100)(7.2) X 60°] + [(100) (3)* 7 30°]
Components: A~ 30°:  —720 + 900 = 180 mm/s?

Components: X 60°: 720 mm/s*

ap = /1807 + 7207 = 742.16 mm/s*

720
tan f = — =76.0°
P 180 P

B—30°=46.0°

ap =742 mm/s? X 46.0° 4
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PROBLEM 15.118

In the planetary gear system shown the radius of gears A, B, C, and D is
3 in. and the radius of the outer gear E is 9 in. Knowing that gear A has
a constant angular velocity of 150 rpm clockwise and that the outer
gear E is stationary, determine the magnitude of the acceleration of the
tooth of gear D that is in contact with (a) gear A, (b) gear E.

SOLUTION
Velocity. T =Tooth of gear D in contact with gear A
Gears: v =ro, =3 in)w,

Since v, =0, E is instantaneous center of gear D.
vy =2ray,

G in)w, =2(3 in)w,

1
a)D ZEO)A

vp =rwp, =3 in.)%a)A =(L.5in)w,

Spider: } ‘\“US

vy = (6 in.) wy 47 .
(1.5 in)@, = (6 in.)o % /
1
s =7 %a

o, =150 rpm =15.708 rad/s )

W, =%a)A =17.854 rad/s‘>

(08 =%(0A =3.927 rad/s )

Acceleration.
o AR

Spider: wg =3.927 rad/s i
ap, = (AD)w; = (6 in.)(3.927 rad/s)* p‘< /a,
a, =92.53 in./s> /
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PROBLEM 15.118 (Continued)

Gear D:

Plane motion = Trans. with D +  Rotation about D

(a) Tooth T in contact with gear A.
ar =ap +ay, =ap+ (DT)a)f)
=92.53 in/s> / + (3 in.)(7.854 rad/s)* /
=92.53 in/s* / +185.06 in/s* /
a, =92.53 in/s> /
a; =92.5 in/s*> 4
(b)  Tooth E in contact with gear E.
a, =a, +a,, =a, +(ED)w),
=92.53 in/s* / + (3 in.)(7.854 rad/s)* /
=92.53 in/s*> / +185.06 in/s* /'

a, =277.6in/s* / ay =278 in/s* 4
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PROBLEM 15.119

500 mm/ké - Iy\\ The 200-mm-radius disk rolls without sliding on the surface
—"e} G ‘

shown. Knowing that the distance BG is 160 mm and that at

s
=
=

A(//’f/// the instant shown the disk has an angular velocity of 8 rad/s
counterclockwise and an angular acceleration of 2 rad/s”
clockwise, determine the acceleration of A.
SOLUTION
Units: m, m/s, m/s>

Unit vectors: i=1—, j= IT, k=1 ‘>

Geometric analysis.  Let P be the point where the disk contacts the flat surface.
;. = 0.200j rpc =—0.16i
r,, = —/0.600i — 0.200j

Velocity analysis. o; =@rad/s)k, v, =0, v, =v,i

Vg =VptVgp =Vp T 0O XIg,p
=0+8k x(-0.160i + 0.200j) = —1.6i —1.28j
VA= Vet Vyp =Vp T Oy XTyp
v,i = —1.6i —1.28j + @, .k X (—/0.600i — 0.200j)
= —1.6i— 128 — 0774600, 5 + 0.2, 5i

Resolve into components and transpose terms.

i 0.774600,, =—1.28 ®,; =—1.6525rad/s <
Acceleration analysis:  a, =a,j, ag=-2 rad/s’k

a, = (a&jn)j=8)(0.2)j=(12.8 m/s*)j

ag =ap tag,p =apt+agXry,p - a)érB/P
=12.8j+ (-2k)x (-0.160i + 0.200j) — (8)2(—0. 160i +0.200j)
=12.8j+0.32j+0.4i +10.24i —12.8j
=10.64i +0.32j

a,=ag+a,;=ap+0,,kxr,,; - wfxBrA/B
=10.64i +0.32j + a, sk x (—/0.600i — 0.200j) — (1 .6525)2 (—/0.600i — 0.200j)
=10.64i +0.32j— 0.774600, 5 j + 0.2¢L i +2.115i +0.54615]

a,i=12.7551 +0.86615j +0.201,,4i — 0.774600t,
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PROBLEM 15.119 (Continued)

Resolve into components and transpose terms.

i 0=0.86615—0.77460cr,, @, =1.1182

i a, =12.755+0.2a,, =12.755+(0.2)(1.1182) =12.98

a, =(12.98 m/s*)i =12.98 m/s* — «
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PROBLEM 15.120

P
Knowing that crank AB rotates about Point A with a constant angular velocity of
p 900 rpm clockwise, determine the acceleration of the piston P when 6 = 60°.
f \\ /\
Nl
mj
: \®)B
50 mm
SOLUTION
Law of sines. sin _ sin60 B =16.779°
0.05 0.15
Velocity analysis. @4z =900 rpm = 307 rad/s )
vy =0.050,, =1.57 m/s < 60°
Vp =Vp i Wgp = Wpp ‘>
Vo =0.1505, 7 B
Vp =Vp+ Vi
vp i] =[1.57 X 60°1+[0.150, = B1
Components _*, 0=1.57co0s60°—0.15w,, cos B
Opp = 250" 16 4065 radss )
0.15cos B
Acceleration analysis. o,z =0

a, =0.05w;, = (0.05)(307)* = 444.13 m/s> = 30°
ap :aDi %pp :aBD)
a,p =[0.150,5 .~ B1+[0.1505, N B]

=[0.150t,, <~ B1+[40.376 N\ f]

a,=aytap, Resolve into components.
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PROBLEM 15.120 (Continued)

.. 0=-444.13 cos 30°+ 0.15ag,, cos B +40.376 sin

Qg =2597.0 rad/s’

+l: ap =444.13 sin 30°—(0.15)(2597.0)sin B +40.376 cos B

=14827 /s> a,=a, a, =148.3 m/s?| 4
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P
D
/‘\/
N
\I(\\ /\
Q/’B

PROBLEM 15.121

Knowing that crank AB rotates about Point A with a constant angular velocity of
900 rpm clockwise, determine the acceleration of the piston P when 8 =120°.

SOLUTION

Law of sines.

Velocity analysis.

Components _*, :

Acceleration analysis.

sin 8 sin120°

, =16.779°
0.05 0.15 p
D
@, =900 rpm =307 rad/s )
v, =0.050,, =1.57 m/s 3= 60°
a3
Vp =Vp i Wgp :wBD‘>
Vo = 0150, 27 B D.ASM
Vp =V +Vpp A L1207

[vDi]=[l.57r 7= 60°1+[0.15a,, = Bl
0=-1.57 cos 60° —0.15@y,, cos

_ 1.5z cos 60°
0.15cos B

Wy = =16.4065 rad/s )

=0
a, =0.050}, = (0.05)(307)* = 444.13 m/s* “x.30°
ap :aDi %pp :aBD)

app =[0.150,, .~ B1+[0.15w5, N Bl

=[6ay, ~ B1+[40.376 N\ B

a,=aytap, Resolve into components.
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PROBLEM 15.121 (Continued)

.. 0=-444.13 cos 30°+ 0.15ag,, cos B +40.376 sin B

Qg =2597.0 rad/s’

+ l: ap =—444.13 sin 30° — (0.15)(2597.0)sin S +40.376 cos

=296 m/s>  a,=a, a, =296 m/s” | 4
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PROBLEM 15.122

In the two-cylinder air compressor shown the connecting rods
BD and BE are each 190 mm long and crank AB rotates about
the fixed Point A with a constant angular velocity of 1500 rpm
clockwise. Determine the acceleration of each piston when 6 = 0.

SOLUTION
Crank AB.
v, =0, a,=0, @, =1500rpm=157.08rad/s ), &, =0
Vg =V, + Vg = 0+[0.05 @, A 45°] =[7.854 m/s £ 45°]
ag =a, +(ag,), +(@g,),
= 0+[0.050,; 3 45°] + [0.05002, <<45°]
=[(0.05)(157.08)> << 45°] = 1233.7 m/s* < 45°
Rod BD. Vp=Vp X 45° @pp= Wy ‘>
Vp =V ¥ Vgp
vy N 45°=[7.854 £ 45°]+[0.190y, 3 45°]
Components 7 45°: 0=7.854-0.19y, Wy, =41.337 rad/s

a, = a, <<45°
ap=az+(ap;g), +(@pz),

[a), < 45°] = [1233.7 < 45°1+[0.19 az, 57 45°1+[0.19 @}, << 45°]
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PROBLEM 15.122 (Continued)

Components X 45°: ap =1233.7+ (0.19)(41.337)* =1558.4 m/s>
a, =1558 m/s*> < 45° <4
. 0.05
Rod BE. sin yzm, y=15.258°, [ =45°—y=29.742°
Vi =vp A 45°
Since v, is parallel to v,, @y, =0.
a, =a, £ 45° (ag;),=0.19w;, =0 ac
@gp) =(agp), N B ap=ay+(@y,),
&
Draw vector addition diagram. *
}/: 450 - ﬁ a‘ ﬁ
=15.258°
ap =agtany
=1233.7 tany
=336.52 m/s’ a, =337 m/s> £ 45° 4
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PROBLEM 15.123

2in.  The disk shown has a constant angular velocity of 500 rpm counter-clockwise.

Knowing that rod BD is 10 in. long, determine the acceleration of collar D
when (a) 8=90°, (b) 6=180°.

I«—Gin.—»

SOLUTION
Disk A. ®, =500 rpm ) =52.36 rad/s )
o, =0, (AB)=2in.
vy = (AB)®, = (2)(52.36) =104.72 in./s
ay = (AB)w; = (2)(52.36)* = 5483.1 in./s’
@ =90 vy =10472 mss), v, =v,]
sinf=2M_04  B=2358
5 in.
v, and v, are parallel.
Wy, =0

a, =5483.1in/s>— a,=a,l oy, =ap, )
ap =[(BD)ag, X ﬂ]+[(BD)a)§DI7/ﬂ]
=[10 agp, XK B1+0
a, =a, +ap,,; Resolve into components.
e 0=15483.1+(10 cos By, Ol =—598.26 rad/s’

+1. a;, =0~ (10 sinf3)(-598.26) + 0 = 2393.0 in./s* a, =199.4 ft/s*| 4
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PROBLEM 15.123 (Continued)

b)  6=180°. vy =104.72 inss—, vy =vp |
. 6in.
sinf=——=06  [=36.87
101n.

vy =10472 inds —=, vy =vp |
Instantaneous center of bar BD lies at Point C.

vy 10472
(BD) 10cos 3

Wyp =13.09 rad/s

a, =5483.1in/s21, a,=apl. oy =ay, )

ap =[(BD)ag, X fl+ [(BD)(U;D I/ Bl
=[100t, X B1+11713.5}/ 5]

a, =az+ap,; Resolve in components.
. 0=0+(10 cos B)a, +1713.5 sinfB
0Oly, = —128.51 rad/s’
+T: ap =5483.1—(10 sin B)(-128.51) +1713.5cos

=7625.0 in./s*

a, =635 s> «
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PROBLEM 15.124

Arm AB has a constant angular velocity of 16 rad/s
counterclockwise. At the instant when € = 90°, determine
the acceleration (a) of collar D, (b) of the midpoint G of
bar BD.

SOLUTION
£ Yp
Rod AB: ag = (AB)w, , Ton " ./,o;,%_
— (3in.)(16 rad/s)? —F -3 S
a, =768 in./s’ el s
Rod BD: instantaneous center is at OD; @z, =0 s
sin #=3in)/(10in.)=0.3; F=17.46°
Acceleration.
s
Plane motion = Trans. with B+  Rotation about B
(@) ap =ag+apg =ag+@pg), +@p;),
=la, 1+[(BD)ar \|B1+[(BD)@}, < ]
=[768in./s*> L1+ [(10in.) &N B1+[(10in.)(0)* £ B]
a, < =[768in./s L] +[(10in)a N AB] P
Vector diagram: Y %8 ok
a, = (768 in./s’) tan17.46° foin)e N~ p=ravs’

=241.62in./s>
a, =242in/s’~— <«
(10 in.)or = (768 in./s*)/cos17.46°
(10 in.)or = 805.08 in./s*
a =80.5 rad/s* ‘>
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PROBLEM 15.124 (Continued)

(b) ag =ag+ag;p=ag+(ag;p) +(@g;p),
=[a | 1+[(BG)ar \| B1+[(BG)@}, L f]
=[768in/s> | 1+[(5in)(80.5 rad/s>) N B1+[(BG)(0)]

ag =[768in./s> | 1+[402.5in/s> N 17.46°]

< components: (ag), =(402.5 in./s*)sin 17.46°
&
(ag), =120.77 in./s* ~—
A Y
+ . 2 . 2 Cé 2
icomponents: (aG)y =768 in./s” —(402.5in./s")cos 17.46° - 209l

=768 in./s> — 384 in./s>

120,37 infs?
(ag), =384in/s?|

a; =403in./s*2> 72.5° 4
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PROBLEM 15.125

Arm AB has a constant angular velocity of 16 rad/s
counterclockwise. At the instant when € = 60°, determine
the acceleration of collar D.

SOLUTION

Velocity.
Rod BD:

+ T components:

Acceleration.

Rod AB:

Rod BD:

. _13.4031in.
=sm ———-
p 101in.

B=19.89°

vy =(AB)@, = (3in.)(16 rad/s) = 48 in./s ™ 30°

% Po) % 2 . ~
Ilj“ . 'oll' IL-I;
-b/ % a p B
g"x, P ar
20° B ) Live. -8»

Plane motion = Trans. with B + Rotation about B

Vp=Vp+Vpp=Vp +[(BD)a)BD|\ﬂ]
v < =[481n./s ™ 30°]+[(10 in.) @, I\ 19.89°]
(48 in./s)sin 30° — (10 in.) @, c0s19.89°

_ (48in./s)sin30°
P50 = 101n.) cos19.890°

=2.552 rad/s )

a, =[(AB)®@,,; 77 60°] =[(3in.)(16 rad/s)* = 60°]

a, =768in./s> = 60°

%o (7]
Ans D 010
. 2Wpg = ss ag
£ bag Ay B Lng
Plane motion = Trans. with B + Rotation about B
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PROBLEM 15.125 (Continued)

ap =ag +agp =ag +(@p;), +(@pp),
ap <>=lay 7 60°1+[(BD)a, \| B1+[(BD)wy,; 77 B
=[768 in./s* 7 60°] +[(10 in.) oz, \| 1+ [(10 in.)(2.552 rad/s*) 7~ ]
ap ¢ =[768in./s> 2 | +[(10 in.)zg, \|19.89°] +[65.14 in./s* = 19.89°]

Vector diagram.

~ 19,89

y components:

-I—i: 768sin 60° +65.145in19.89° =100y, c0s19.89° =0

Oty =73.09 rad/s’
X components:

t ¢ ap =768cos60°+65.14c0519.89° + (10)(73.09)sin19.89°

a, =693.9in./s a, =694in/s’ ~— <
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PROBLEM 15.126

A straight rack rests on a gear of radius r = 3 in. and is attached to
a block B as shown. Knowing that at the instant shown 6 = 20°,
the angular velocity of gear D is 3 rad/s clockwise, and it is
speeding up at a rate of 2 rad/s’, determine (a) the angular
acceleration of AB, (b) the acceleration of block B.

SOLUTION

Let Point P on the gear and Point Q on the rack be located at the contact point between them.
Units: inches, in./s, in./s®

Unit vectors: i=1—, jle, k=l‘>

Geometry: Ip,p = 3(sin 6i + cos 6j)

3 .
Tp0 = m(cos i —sin 6j)

6=20°
Gear D: O, =3 12d/S ) Uy =2 rad/s’ )
Vp = Oy, = (3)(3)=91in./s v, =9in/s K6
(ap), = Wpuer =(3)° (3) =27 in./s (ap), =27in/s* A 0
(ap); = Olyey, 7 =(2)(3) =6in./s’ (ap), =6in./s> 0
Velocity analysis.
Gear to rack contact: Vo =Vp=9in/s 6
Rack AQB: Oup =@y )y Gy =0y )
VB:VB—>, (lB:aB—>

Vg =V + Vg =Vy+0KkXrg,
vgi =9(cos i —sin 8j) + @,k x (7.745351 — 2.81908})
=(9cos 8 +2.81907w,z)i+ (—9sin @+ 2.81907 @, )

Equating like components,

IE 0=-9sin0+7.74535w,,

W, =0.39742 @, =0.39742 rad/s )
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PROBLEM 15.126 (Continued)

Acceleration analysis.

Gear to rack contact: (ap), =(ap), =6 in./s* ~ 0

(ag), =@p), + ray a4
where ®,, =0, -0, =3.39742rad/s )
(ay), =27in/s* A20°+(3)(3.39742)*},/20°
=7.6274in./s*},/20°
Then, a, =6(cosfi—sin j) +7.6274(sin 0i + cos j)
=(8.2469 in./s?)i+ (5.1153 in./s*)j

ap=a,tag,=a, +0{ABk><rB,Q —a)iBrB,Q
agi=8.2469i +5.1153j+ o, gk X (7.74535i — 2.81908j)

—(0.39742)%(7.74535i — 2.81908j)
= (8.2469 +2.81908¢r,,, —1.22332)i
+(5.1153+7.74535,,; +0.44526)j

Equating like components of a,,
i 0=5.1153+7.745350 . +0.44526
&,y =—0.71792 rad/s*
i: ag =8.2469 + (2.81908)(-0.71792) —1.22332
ap =5.00in./s°
(a) Angular acceleration of AB: 0, =0.718 rad/s> ) <

(b)  Acceleration of block B: a; =5.00in/s> — <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited

distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1178

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

f £ PROBLEM 15.127
90 mm
* Knowing that at the instant shown rod AB has a constant angular
90 mm velocity of 6 rad/s clockwise, determine the acceleration of
1L Point D.
90 mm
4
l«— 225 mm —>I<— 225 mm —
SOLUTION c
Velocity analysis. W, =6 rad/s ) o,
Vg =(AB)W,p 34
=(90)(6) B
= 540 mm/s e
VB:\)B—>, VD:VD—> A C
The instantaneous center of bar BDE lies at co.
Then Wy, =0 and v, =vg =540 mm/s
vp 540
=——=——=3rad/s
o cp 180 )
Acceleration analysis. o, =0
a, = (AB)w},; =[(90)(6)° | 1=3240 mm/s* |
a,, =[(CD)a.p ~—1+[(CD)},, i] =180, ~—1+[(180)(3)* i]
= (1800, ~—1+[1620 mm/s” | ]
a,; = (9005, ~—1+[225a5, 1 + 22502, ~—1+[90 @}, |1
=[90ay,, ~—1+[2255, 1]
a,=ag+ap, Resolve into components.
+ —1620=-3240+ 225, ay, =7.2 rad/s> )
St 180a, =0+ (90)(7.2), Op =3.6 rad/s® ‘>
a, = [3240i] +[(90)(7.2) =— ]+ [(225)(7.2) T]
=[648 ~—1+[1620 mm/s” |]
=1745 mm/s*> > 68.2° a, =1.745 m/s’ 2 68.2° 4
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E PROBLEM 15.128

f

90 mm

* Knowing that at the instant shown rod AB has a constant
90 mm angular velocity of 6 rad/s clockwise, determine (a) the
% angular acceleration of member BDE, (b) the acceleration of
90 mr Point E.
4
! 225 mm ! 225 mm —|
SOLUTION
Velocity analysis. w,z = 6 rad/s )
Vv =(AB)®,p
=(90)(6)
=540 mm/s

Vp=Vg—", Vp=Vp—

The instantaneous center of bar BDE lies at oo.

Then Wy, =0 and v, =vg =540 mm/s
vp 27
WO =——=—=3rad/s
> =p~ 9 )
Acceleration analysis. o, =0

a, = (AB)wj,; =[(90)(6)* | 1=3240 mmy/s” |
a,, =[(CD)atcp, ~—1+1(CD) sy, | 1=11800;;, ~—1+[(180)(3)° | ]
= (1800, ~—1+[1620 mm/s” | ]

8,5 =900, ~— 1+[22505, 1 + 22503, ~—1+190 @}, |1

=[90aty,, ~—1+[22505, 1]
a, =ag+ap, Resolve into components.
(a) +T: —1620 =-3240+ 225 ar), Ol =120 rad/s2‘>

85 = [1800/5, ~—1+[450 025, 11445003, ~— 1+ (1802, | 1
=[(180)(7.2) ~—1+[(450)(7.2) | 1+[0 ~—1+[0]]
=[1296 mm/s> ~— ] +[3240 mnv/s ]

(b) a, =a, +ay, =[3240 mm/s’ |1+[1296 mm/s* «—]+[3240 mm/s 1

=1296 mm/s* ~— a, =1.296 m/s* ~— <«
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PROBLEM 15.129

Knowing that at the instant shown bar AB has a constant angular
velocity of 19 rad/s clockwise, determine (a) the angular acceleration
of bar BGD, (b) the angular acceleration of bar DE.

SOLUTION A
Velocity analysis. w,p =19 rad/s)
vg = (AB)@,z = (8)(19) = 152 in./s 8 Jg
Vg = Vg —, szvDT s l
Instantaneous center of bar BD lies at C. T c
Oy =25 =P _19paasy P EE
BC 8
vp = (CD)awy, = (19.2)(19) = 364.8 in./s
Wpp = % = % = 24 rad/s® )
Acceleration analysis. o,y = 0.
ag = [(AB)@Ss [1=1®)19)* 1= 2888 in/s |
a;, = [(DE)ap; |1+ (DE)wp; —1
= [15.20 |1+1[8755.2 in./s* —]
@pyp), = 1920, |1+ [801p5 —1
@pyp), = 19203, — 1+ 8y |1
= [6931.2 in./s> — ] +[2888 in./s* []
ap =ag+ @p;p), + (@pp), Resolve into components.
1 87552 = 0+ 8y + 6931.2
(a) Opp = 228 rad/s’ ) 4
+]: 1520, = —2888 + (19.2)(228) — 2888
(b)  op =92 rad/s o = 92.0 rad/s? ) <
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PROBLEM 15.130

Knowing that at the instant shown bar DE has a constant angular
velocity of 18 rad/s clockwise, determine (@) the acceleration of Point B,
(b) the acceleration of Point G.

4
8 y
e 1
E 4 in.
Pe 9 —
! 15.2 in. !
4in.
SOLUTION
Velocity analysis. Wpp = 18 rad/s ) A
vp = (DE)wy, = (15.2)(18) = 273.6 in./s
VDZVDT’ Vg =Vg =~ g | Y
—
Point C is the instantaneous center of bar BD. v, G
wBD = V—D = —2736 =14.25 rad/s) D T
CD 19.2 ! c
E
vg = (CB)wy, = (8)(14.25) =114 in./s
vy 114
W,y = —— =——=14.25rad/s
A AB 8 )
Acceleration analysis. opp =0

a, = [(DE)wp; —1=[(152)(18)* — ] = [4924.8 in./s* —~ ]
ay = [(AB)ay; — 1+ [(AB)@}, 1]
= 8oy —= 1+ [1624.5 in./s? |]
@pyp), = 1920, |1+ [80tp —1
@pyp), = 192005, — 1+ 8y |1

ap =ap + (ap;p), + (@pp), Resolve into components.
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PROBLEM 15.130 (Continued)

+]:0=1624.5 - 1920, +1624.5,

agp = 169.21875 rad/s*

o0 49248 = 8, + (8)(169.21875) + 3898.8

0,5 = —40.96875 rad/s’
(@ ap =[(8)(~40.96875) — |+ [1624.5 in/s* |]
= [327.75 in/s® ~—]+[1624.5 in./s 1],
ay = 138.1ft/s* > 78.6° 4

1
() ag =aptag =ap+ 530

1 1
=az+—(a,—ay)=—(a; +a
B 2(1) B) 2(3 D)

—327.75 + 4924.8 1624.5
[

= [2298.5 in./s?] — +[812.25 in/s? ]

ag = 203 ft/s* 7 19.5° 4
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PROBLEM 15.131
Af9
Knowing that at the instant shown bar AB has a constant
15 in. angular velocity of 4 rad/s clockwise, determine the angular
acceleration (a) of bar BD, (b) of bar DE.
E (e
25 in
B @ o —L
D
i 20 in. f 20 in. i
SOLUTION
Relative position vectors. rg,, =—(20in.)i—(401in.)j

I, = (40in.)i
rpe =(20in)i —(25in.)j

Velocity analysis.
Bar AB (Rotation about A):
®,; =4radls ) =—(4 rad/s)k
rp,, =—(201in.)i — (40 in.)j Vp =0, XIp,, =(—4Kk) x(-20i —40j)
vy =—(1601in./s)i + (80 in./s)j
Bar BD (Plane motion = Translation with B + Rotation about B):
05, = wppk Iy = (401in)i
Vp =V +®p, XTIy = Vp +(@p,k) X (401)
v, =—(1601in/s)i + (40wy,, +801in./s)j
Bar DE (Rotation about F):
Opp = OpK
Ipp =(201n)i — (251in.)j
Vp = Opp XTp e = (@pK) X (201 - 25j)
Vp =200pgj+ 250p ;1
Equating components of the two expression for vp,

i -160 =25w,; Wpp =—6.4rad/s

i 40wy, +80=20m,, 40wy, +80=20(-64) @, =—5.2rad/s
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PROBLEM 15.131 (Continued)

Summary of angular velocities: O, =4rad/s ) O, =6.4rad/s ) Oy, =5.21ad/s )
Acceleration analysis. U, =0, 0y, =0k, Op =0,k
Bar AB (Rotation about A): Ay =0y Xy — Dr T

=0 — (4)*(—20i — 40j)
= (320 in./s?)i + (640 in./s%)j
Bar BD (Translation with B + Rotation about B):
ap =az + 0y XTpp — a)LZ?D Tp/p
=320i + 640j + ok x (401) — (5.2)2 (40)i
=320i + 640j + 400y, j —1081.6i
=-761.60i + (640 + 4005, j (D)

Bar DE (Rotation about E):
ap =0pg XTp/p — wlz)ErD/E
= ok X (201 — 25j) — (6.4)*(20i — 25j)
=-200p;j+ 2501 —819.20i +1024j

= (250 —819.20)i + (20¢p; +1024)j 2)
Equate like components of ap, expressed by Egs. (1) and (2).
i: —~761.60 =250, —819.20 Opy =2.3040 rad/s’
J: 640+ 400, = (20)(2.304) +1024 0, =10.752 rad/s’
(a)  Angular acceleration of bar BD. 0.5, =10.75 rad/s’ ‘> <4
(b)  Angular acceleration of bar DE. 0., =2.30 rad/s’ ‘> <4
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100 mm PROBLEM 15.132

’e 175 mm 0‘-——
B o —y Knowing that at the instaqt shown bar AB has a constant angular velocity of
A 4 rad/s clockwise, determine the angular acceleration (a) of bar BD, (b) of
bar DE.
200 mm
75 I_nm D
* \
E
SOLUTION

Velocity analysis.

Bar AB (Rotation about A): W,z =4 rad/s )z —(4 rad/s)k
rp,, =—(175 mm)i Vg =0, XTIy, = (—4K) X (-=1751)
vy = (700 mm/s)j
Bar BD (Plane motion = Translation with B + Rotation about B):
Wy = WK rpp =—(200 mm)j
V= Vg +@pp Xy =700j+ (@y,k) X (—200j)
v, =700j+ 200wy),i
Bar DE (Rotation about E): Dy = Wp K
Iy =—(275 mm)i + (75 mm)j
Vp = Wpp XTp = (0pK) X (=275i +75j)
vy, = 27505 —T50p,1

Equating components of the two expressions for v,,,

J: 700 =275, Wpp =—2.5455 rad/s W, =2.55 rad/s )

: 3

i: 200w, =-75wWg,, WOpp = _ngD

3
Wpp =~ 5 | (-2:5455) =0.95455 rads @,y =0.955 rad/s )

Acceleration analysis. o, =0
Bar AB: a, =@, g, = —(4)*(~1751) = (2800 mm/s%)i
Bar BD: gy = appk

ap =ap + Oy XTpp — wéDrD/B
=2800i + oy k x (=200j) — (0.95455)2 (=200j)
= (2800 +200 at )i +182.23] 1)
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PROBLEM 15.132 (Continued)

Bar DE: Opp = 0pk
ap =0lpg XTpp — wIZ)ErD/E
=k X (2751 +75)) — (2.5455)2 (—275i +75j)
= 27501~ 50,0 +1781.8i — 485.95]
= (=750, +1781.8)i — (27501, +485.95) 2)

Equate like components of ap, expressed by Egs. (1) and (2).

J 182.23 =—(275¢;,; +485.95) Opy =—2.4298 rad/s’

i: (2800 + 200c, ) =[—(75)(—2.4298) +1781.8] Oy =—4.1795 rad/s’
(a)  Angular acceleration of bar BD. 0.y, = 4.18 rad/s’ ) |
(b)  Angular acceleration of bar DE. o = 2.43 rad/s’ ) <
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PROBLEM 15.133

Knowing that at the instant shown bar AB has an angular velocity
of 4 rad/s and an angular acceleration of 2 rad/sz, both clockwise,
determine the angular acceleration (a) of bar BD, (b) of bar DE by
using the vector approach as is done in Sample Problem 15.8.

I 20 in. | 20 in. |
SOLUTION
Relative position vectors. rg,, =—(201in.)i—(401in.)j

I, = (40in.)i
Iy =(20in)i—(251n.)j
Velocity analysis.
Bar AB (Rotation about A):
®,; =4 radls ) =—(4 rad/s)k
rp,, =—(201in.)i — (40 in.)j Vp = 0,5 XTI, = (—4Kk) x (-20i — 40j)
vy =—(1601in./s)i + (80 in./s)j
Bar BD (Plane motion = Translation with B + Rotation about B):
Op, =0k 1y =(40in)i
Vp =V +®p, XTIy = Vp +(0p,k) X (401)
v, =—(1601in/s)i + (40wy,, +801in./s)j
Bar DE (Rotation about F):
Opp = OpK
rpp = (201n)i — (25in.)j
Vp = Opp XTp e = (0pK) X (201 - 25j)
Vp =200pgj+ 250p 1
Equating components of the two expression for v,

i —160 =25w); Wpp =—6.4rad/s

i 40wy, +80=20m,, 40wy, +80=20(-64) @y, =—5.2rad/s
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PROBLEM 15.133 (Continued)

Summary of angular velocities: o, =4rad/s ) 0, =64 rad/s) Oy, =5.21ad/s )
Acceleration analysis. o, =—(2rad/sHk, Oy, =gk, O =k
Bar AB (Rotation about A) Ay = 0Ly, XTIy, — @) pTp 4

= (-2Kk) X (—20i — 40j) — (4)* (-20i — 40j)
=—(801in./s»)i + (40 in./s*)j+ (320 in./s?)i + (640 in./s*)j
= (240 in./s*)i + (680 in./s?)j
Bar BD (Translation with B + Rotation about B):
ap =ap +0pp XTpp — wfm I'pp
= 240i + 680j + a5k X (40i) — (5.2)* (40)i

= 240i + 680j+ 400, j — 10816
= —841.60i + (680 + 40z, (1)

Bar DE (Rotation about E):

ap =0Opp XIpp — wLZ)ErD/E
= o1, .k X (20i — 25§) — (6.4)(20i - 25j)
= 2001, j+ 250y i — 819.20i +1024;

= (250, —819.20)i + (200, +1024)j )

Equate like components of a, expressed by Egs. (1) and (2).

i —841.60 =251, —819.20 Opy =—0.896 rad/s’

J 680 + 400y, = (20)(=0.896) +1024 ¢y, =8.152 rad/s’
(a)  Angular acceleration of bar BD. 0, =8.15 rad/s’ ‘> |
(b)  Angular acceleration of bar DE. ., = 0.896 rad/s’ ) |
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100 mm PROBLEM 15.134

’e 175 mm 4»‘-—
B = Knowing that at the instant shown bar AB has an angular velocity of 4 rad/s

1 and an angular acceleration of 2 rad/s, both clockwise, determine the angular
\ acceleration (a) of bar BD, (b) of bar DE by using the vector approach as is
e done in Sample Problem 15.8.
75 man D

. DJ

E

SOLUTION

Velocity analysis.
Bar AB (Rotation about A): ®,; =4 rad/s ) =—(4 rad/s)k
ry,, =—(175 mm)i Vg =, XTIy, = (—4K) X (-1751)
Vg = (700 mm/s)j
Bar BD (Plane motion = Translation with B + Rotation about B):
Wy, = Wppk I, =—(200 mm)j
Vp = Vg +@pp Xy =700j+ (@g,k) X (—200j)
v, =700+ 200wy,
Bar DE (Rotation about E): Opp = 0p K
Iy =—(275 mm)i + (75 mm)j
Vp = Opp XX = (0 K) X (=2751 +75j)
vy, = 2750 j— 1501
Equating components of the two expressions for v,

J 700 =-275w,; @, =—2.5455 rad/s Wy = 2.55 rad/s )

i: 200wy, =750, a)BDz—ga)DE

Wyp = —(%) (—2.5455) =0.95455 rad/s Oy, =0.955 rad/s ‘>
Acceleration analysis. O p =2rad/ s) =—(2 rad/s” )k
Bar AB: Ap = Qyup XTp)y _a)jBrBlA
= (-2Kk) X (—175i) — (4)* (—=175i) = 2800 mm/s’i + 350 mm/s*j
Bar BD: Opp = 0gpk

ap =ag +0gp XTpp — a)lzs’DrD/B
— 2800i + 350j+ @2y k X (~200j) — (0.95455)* (~200)
= (2800 + 200 @y, )i + 532.23; 1)
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PROBLEM 15.134 (Continued)

Bar DE: Opp = 0pk

ap =0lpg XTpp — wIZ)ErD/E
=k X (2751 +75)) — (2.5455)2 (—275i +75j)
= 07501, — 7501 +1781.8i — 485.95]

= (75, +1781.8)i — (275c1,,,; +485.95)j )

Equate like components of a,, expressed by Egs. (1) and (2).
i 532.23=-(275¢, +485.95) Qpp =—3.7025 rad/s*

i (2800+200a,,) =[~(75)(-3.7025)+1781.8]  aj, =—3.7025 rad/s’

(a)  Angular acceleration of bar BD. 0.y, = 3.70 rad/s’ ) |

(b)  Angular acceleration of bar DE. o, = 3.70 rad/s’ ) |
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PROBLEM 15.135

Robert’s linkage is named after Richard Robert (1789-1864) and can be used
to draw a close approximation to a straight line by locating a pen at Point F.
The distance AB is the same as BF, DF and DE. Knowing that at the instant
shown bar AB has a constant angular velocity of 4 rad/s clockwise, determine
(a) the angular acceleration of bar DE, (b) the acceleration of Point F.

SOLUTION

Unit vectors:

Geometry:

Velocity analysis:
Bar AB:

Object BDF:

Bar DE:

From Eq. (3),

From Eq. (4),

. . . . 2
Units: inches, in./s, in./s

i

J:

i=1—, j=1{, k=1).
Ty, =3i+12%7 =32 j=3i +/135j
Iy =6l Ipp =31—+/135]
1 =—3i++/135]
®,; =4 radls’ ) =4k
Vg = @, XTIy, =—4k X (3i ++/135§) = 441351 — 12j

Vp =Vt Vpp =Vp+Qpp XTpp
= 41351 - 12j + Wy k X 6i
= 41351 — 12§+ 6@, )

Vp = Wy XTp i = Wk X (=31 ++/135)
= 135w, —3w,,j )

Equating like components of v, from Egs. (1) and (2),

4135 = 1350, 3)
—12+ 6@y, = -3y, “4)

WOpp =—4 Wpp =5 rad/s )

Wy Zé(12_3w1)£)=5 @y = 41ad/s )
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PROBLEM 15.135 (Continued)

Acceleration Analysis: o, =0

Bar AB: g =05 Xy, — D50
=0—(4)>(3i ++/135j)
= —48i —161/135j

; . _ _ 2
Object BDF". a, =ag+apg =a; +0g, XIpp — Wpplpp

a,, = —48i —16v/135]+ oy k x (61) — (4)° (6i)

= —144i — 16V135j+ 605 5)
Bar DE: ap =0pp XTpp — a)LZ)ErD/E

a, = ok X (=31 +/135)) — (4)* (=3i ++/135j)

= 1350, - 3a,,j+ 48i —164/135) (6)
Equating like components of ap from Egs. (5) and (6),
i: —144=—1350,, +48 7)
j: —163/135 + 60, =3, —164/135 (8)
192
From Eq. (7), Opp = E
From Eq. (8), gy =~y = -0
2 Ji3s
(a)  Angular acceleration of bar DE: 0., =16.53 rad/s’ ‘> <

(b)  Acceleration of Point F:
_ _ 2
ap =ap tap;p =ap +0pp XTIy~ Wpplpp

=—48i —16\/135j+(—%ij(3i—\/135j) — (4)*(3i —/135j)

288
= —48i —163/135) — ——— j— 96i — 48i + 16+/135j
V135

288 .,

V135 !

a, =—(192.0in./s*)i — (24.8in./s*)j=193.6 in./s* 3 7.36° <

=-192i -
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PROBLEM 15.136

For the oil pump rig shown, link AB causes the beam BCE to
oscillate as the crank OA revolves. Knowing that OA has a
radius of 0.6 m and a constant clockwise angular velocity of
20 rpm, determine the velocity and acceleration of Point D at
the instant shown.

SOLUTION

Units: meters, m/s, m/s’

Unit vectors:

Crank OA:

Rod AB:

i=1—, j=1, k=1
K, =0.6m, ®y, =20rpm,) =2.0944 radss )
V4 = ppTpy =(2.0944)(0.6) v, =1.25664 m/s |
oy, =0 (a ), =0
(@,), = W7oy =(2.0944)*(0.6) =2.6319 m/s*
a, =2.6319 m/s* —

Vg =Vy T7

Since v, and v, are parallel, v, = v, and @,; =0.

v, =1.25664 nvs |

ag=a, +ag, =a, +o,kxry, - a)/szrB/A
= 2.6319i + 0t gk X (0.6i +2j) — 0

Beam BCE: Point C is a pivot.

= (2.6319—201,,)i + 0.6, M
VB — a)BCErBC a)BCE :v—B = 125664 = 041888
Tsc 3

Vi = Wpeprep = (0.41888)(3.3) =1.38230

W =0.41888 rad/s) v =1.38230 m/si

ap =Opcp XTgc — WZ’CE’"B/C
= Olpcpk X (=31) — (0.41888)*(-3i)
= 0.52638i — 3y o
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PROBLEM 15.136 (Continued)

Equating like components of a, expressed by Egs. (1) and (2),
i 2.6319-20,; =0.52638
i 0.6, =305
@, =1.055276 rad/s )

ap =(@g;), +@gc),
(Ay0), = Opep X Ty = (<0.21055Kk)x (3.30)

=—(0.69482 m/s?)j
String ED: Vp =Vg

a, =(ag,), =—(0.69482 m/s*)j

o,z =1.05276 rad/s
Qgep =—0.21055 rad/s’

@pcp =0.21055 rad/s® )

v, =1382m/s| 4

a, =0.695 m/s*| <
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PROBLEM 15.137

Denoting by r, the position vector of Point A of a rigid slab that is in plane motion,
show that (a) the position vector r. of the instantaneous center of rotation is

OXV,

0)2

Ice =5

where ® is the angular velocity of the slab and v, is the velocity of Point A,
(b) the acceleration of the instantaneous center of rotation is zero if, and only if,

o
a,=—v,+oxv,
@

where o= ok is the angular acceleration of the slab.

SOLUTION
(@)

(b)

Set a. =0.

At the instantaneous center C,

v. =0
Vi = Vo +OXT, 0 =OXT, ¢

OX V, = OX(OXT,,0) =~

. OXv, _OXv,
Larc =~ 5 — Yo or Tom = >
[0}
XV, XV,
re—n =——— re=1, +——" 4
[0} [0}

A =a, T OXTyc TOXVy, -

OXV
=a. —okX——=4+OX(V,— V)
@
ow
=ac, —— kx(kxv,)+oxy,
@

a
=a, +—V, +OXY,
[

<

o
a, =—v,+Oxv,
1)
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PROBLEM 15.138*

The drive disk of the scotch crosshead mechanism shown has an angular
velocity @ and an angular acceleration ¢, both directed counterclockwise.
Using the method of Section 15.9, derive expressions for the velocity and
acceleration of Point B.

SOLUTION
Origin at A.
y yg=l+yp=Il+bsin @
b = vy =y, =bcos 00 =bcos 6 w vy =bwcos 6 4
/’-\\,4 4' ap = Yp
——————————— —
y o d
O- gP- ] "0:9 =y
b5 ) x dr *
—i(bcos 499)
dt
ay =—b sin 06* +b cos 60 ay =bacosd—bw’sind <4
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PROBLEM 15.139*

The wheels attached to the ends of rod AB roll along the surfaces
shown. Using the method of Section 15.9, derive an expression
for the angular velocity of the rod in terms of v, 8, [,and /3.

SOLUTION

Law of sines. .dB = L F' \Jé dp
sin@ sin 8
l

dg = sin @
P sing \/G
d
VB_Z(dB)
.l cosl9d—19
sin d
= _l cos@ @ =M
sin [cosd
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PROBLEM 15.140*

The wheels attached to the ends of rod AB roll along the surfaces
shown. Using the method of Section 15.9 and knowing that the
acceleration of wheel B is zero, derive an expression for the
angular acceleration of the rod in terms of v, 6,1, and .

SOLUTION
Law of sines. _dB = L
sinf  sin
dp =——sin6
sin
d
Vp —E(dg)
=— ! cos Hﬁ
sin dt
=— ! cos@ @
sin
P sin
[cos@
Note that ag = Dy =
dt
_dw _vgsinfi sin@ do
dt I cos’@ di
. . . . 2
o=E smﬁzsmﬁ'vgsmﬂ a:[vgsmﬂ} s1n39 <
lcos“@ lcos@ l cos @
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PROBLEM 15.141*
A disk of radius r rolls to the right with a constant velocity v. Denoting by P the point of the rim in contact
with the ground at ¢ =0, derive expressions for the horizontal and vertical components of the velocity of P at
any time z.
SOLUTION

X, =rf, y,=r Y

Xp=x,—rsiné

=r@—rsin @
Yp =y, —rcosf -
=r—rcosé
6
g=a P
%
0 c
X, =v, y,=0, =—
vt
X, =VI, =—
r
. : : t t
xP=vx=r6’—rcos€(9=r(l—cosv—)K vxzv(l—cosv—) <4
r)r r
. . NRYARY . vt
Vp =, =rsm¢9€:r[sm—]— v, =vsin— «
rj)r r
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PROBLEM 15.142*

Rod AB moves over a small wheel at C while end A moves to
the right with a constant velocity v4. Using the method of
Section 15.9, derive expressions for the angular velocity and
angular acceleration of the rod.

SOLUTION
tané’zi cot¢9=x—A=u c
X, b
@=cot ™ u /‘\ b
. y e
6=— ”2 y s
l1+u A 2
5 Quiya u
A+u®)? 1+4?
But w=6 and a=60
7S /L W S S
b b b b
Then o=—o>, 2" 2bVA2’ w:%‘) <
1+(XTA) b” +x, b” +x;
2
2(2a) (2 2 2
o= (b)(b)z_(): 2bevA2’ o= ZI)JCAVAZ~>4
o\ (b2+x2) (b2+x2)
1+(%) A A
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PROBLEM 15.143*
Rod AB moves over a small wheel at C while end A moves to the
right with a constant velocity v4. Using the method of Section 15.9,
derive expressions for the horizontal and vertical components of the
velocity of Point B.
! *A
SOLUTION
B
sinﬁz%, costﬁ’zx—AU2
(b2+xf\) (b2+xf,) s
2 Ys
xg=lcos@—x, b
Ix,
T oz 4 A 6 o) A
(b +xA) le— Xo ——texg ~
yp=lsing=—"
(b2 + xi )
. Ix, Ix x,%,
Xp = PN V7 23/2_)‘/4
(b + x5 ) (b + x5 )
e P
- 32 A
(b2 +x; )
) Ibx,x,
Y=
(b +xA)
: , : Ib*v
But X4 =—Vy4, X =(Vg),s Vg =g, (vg), =vy— K AN <
(b2 + xi )
Ibx v
gy = A2A 32 T <
(b*+ %)
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VAN PROBLEM 15.144

g Bl -~
l i ‘ E Crank AB rotates with a constant clockwise angular
—b'— G) A | p  velocity ®. Using the method of Section 15.9, derive
¥ J expressions for the angular velocity of rod BD and the
ST velocity of the point on the rod coinciding with Point E

in terms of @, w, b, and .
I l I
SOLUTION

Law of cosines for triangle ABE.

u* =12 +b> = 2bl cos(180° — ) B
=1? +b> +2blcosO N
b &
COS¢=M 8\ N

u
bsin @ A A

l+bcos@

tan @ =

(I + bcos ) (bcos )8 + (bsin )(bcos )6

i(tam Q)= sec’ P =
dt

(I +bcosB)?
= (cos? Q)[blcos O + b*(cos® @ + sin” 49)]9
(I +bcosh)’
_blcos€+b29_ b(b+1cos )
u’ 1> +b* +2blcos 6
But, 0=w, @=w,, and v, =-i
Hence, O = b(b+1cos0) o ) <

1 +b* +2blcos O

Differentiate the expression for u”.

2uii = —2bl sin 69
blsin @
2 2 o
I +b“ +2blcosb

Vg =—

Vg =

blsin@ _i[ bsiné
> w tan” | ———
I“+b" +2blcosl l+bcosd
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AN PROBLEM 15.145

g Bl e
l i : E Crank AB rotates with a constant clockwise angular
—b'— OF / D velocity ®. Using the method of Section 15.9, derive an
DY J/ expression for the angular acceleration of rod BD in
R terms of @, w, b, and [.
| l 1
SOLUTION

Law of cosines for triangle ABE.

u®> =12 +b* — 2bl cos(180° — 0)
=12 +b* + 2blcos O

l+bcos@
cosp=——
u
bsin @
tangp=———
[+bcos@

(I+bcosB)(bcos 6)9 + (bsin @)(bcos 6’)9
(I +bcosB)?

i(tan P) =sec’ p@ =
dt

= (cos” )bl cos @+ b*(cos” 6 + sin? 9)]9
(I +bcosB)?
_ blcos@+b’ g bb+1coso)

u? 12 + b* +2bl cos 8
b(b+1cosB)

1> +b* +2blcos @
N (I +b* +2bl cos 8)(=bl sin 0) — b(b + [ cos )(—2bl sin )
(I> +b* + 2bl cos )*
bb+lcos®) 5 bII*—b*)sin®
1> +b*+2blcos®  (I* +b* +2blcos )’

6’2

But, 0=w, 6=aw=0, @ =0,

bl(I* =b*)sin®
2 2 2 ‘><
[ +b +2blcos@

BD —
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PROBLEM 15.146*

Pin C is attached to rod CD and slides in a slot cut in arm AB. Knowing that rod
CD moves vertically upward with a constant velocity vy, derive an expression
for (a) the angular velocity of arm AB, (b) the components of the velocity of
Point A; and (c) an expression for the angular acceleration of arm AB.

SOLUTION
Ha= "‘I“e‘
_b )
f’C tans
bcos@
@ Ye = sin @
dyc d (cos@\do
Vo= vy =G =p | S22 E2
dt de@\ sin@ ) dt
—sin’@—cos> 0 - b .
=b — 0=—— 5 o
sin” @ sin” @
.2
. v, Sin“ @
g=—90" " 1
P (1
But =6 m:%(’sinzﬁ)i
(b) x, =Isin@

. l
X, =lcos@0 = —‘%(sin2 Gcosb)
vy, =lcos@

Va :—lsimsve'z%olsin3 o
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PROBLEM 15.146* (Continued)

Components: v, =v%lsin2 Ocosf — +V7olsin3 HT <

(c) Differentiating Eq. (1),

_dl v sin”* @ 2y, sin@cosd d6
dt b b dt

. .2 2
__ 2y sin@cos ) v,sin” 6 =2isin3 Ocosd
b b b’

.. 22
a=9‘> a=%sin36’cosﬁ‘><
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PROBLEM 15.147*

The position of rod AB is controlled by a disk of radius r which is attached to yoke CD.
Knowing that the yoke moves vertically upward with a constant velocity vy, derive
expression for the angular velocity and angular acceleration of rod AB.

SOLUTION

From geometry,

But,

From geometry,

But,

_ r
sin @
dy _ rcos6df
dt sin’@ dt
ﬂ=—vo and d—6=a)
dt dt
_rcos @
sin® @
.2 -2
w:v_osme m:v_osm ¢9~><
r cos @ r cosé@
_ r
Y sin @
dy _ rcos@df
dt sin?@ dt
ﬂ:—vo and ﬁ:a}
dt dt
; __rcos @
0 sin® @

v, sin” @
w=—
r cosé@
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PROBLEM 15.147* (Continued)

Angular acceleration.
_do_dodd_do
dt d@ dt dé

_ Y (2cos” @sin 6 +sin’ ) Vo sin” @

r cos’ @ r cos @

r cos’® 6

_(V_OT (1+cos’ @)sin’ @

2
a:(v_oj (1+00529)tan36"> <4
r
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y PROBLEM 15.148*

A wheel of radius r rolls without slipping along the inside of a fixed cylinder of
radius R with a constant angular velocity ®. Denoting by P the point of the
wheel in contact with the cylinder at ¢ =0, derive expressions for the horizontal
and vertical components of the velocity of P at any time ¢. (The curve described
by Point P is a hypocycloid.)

%)

SOLUTION

Define angles € and ¢ as shown.

6= , 0=uwt
Since the wheel rolls without slipping, the arc OC is equal to arc PC. J
r(@p+6)=Rgp

o= ré

R—-r
.0 ro
v= R-r R-r . bf‘ A
_ror H
R—-r >
. . L
Xp =(R—r)sin ¢p—rsin <P/

(0]
(vp)y =%p
=(R—r)cos pp —rcos 60

=(R-r) (cos R“:)tr)( er)r) —r(cos wxt)(w)

t
(vp), = ra)[cos Rm) —cos a)tj <

—r
yp=R—(R~-r)cos ¢p—rcos @
(Vp)y = yp

= (R —r)sin p@ + rsin 60

—(R- r)(sin R“‘” j(Rm’ ] + r(sin wi)(@)
—r —r

. t .
(vp), = ra)[sm I:w +sin a)tj <

-r
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Y PROBLEM 15.149*

In Problem 15.148, show that the path of P is a vertical straight line when r = R/2.
Derive expressions for the corresponding velocity and acceleration of P at any
time .

D

SOLUTION
Define angles 8 and ¢ as shown.
éza), O=wt, 6=0

Since the wheel rolls without slipping, the arc OC is equal to arc PC.

r(p+6)=R0O
=2r6
9=0
¢=9=w
$=6=0 *
Xp=(R—r)sin p—rsin
=rsin @ —rsin
=0 The path is the y axis. 4
yp=R—(R~-r)cos ¢p—rcos @
=R—-rcos@—rcos @
=R(1—cos 6)
v =y, = Rsin 60 v=(Rwsin w1)j 4
a=v
= (Rcos 66* —sin 1965)
= Rw’ cos 0 a=(Ra’cos wt)j 4
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PROBLEM 15.CQ8

A person walks radially inward on a platform that is rotating counterclockwise about its center. Knowing that
the platform has a constant angular velocity @ and the person walks with a constant speed u relative to the
platform, what is the direction of the acceleration of the person at the instant shown?

Overhead View

(a) Negative x

Y,
(b) Negative y )y *
(c) Negative x and positive y Person
(d) Positive x and positive y
(e) Negative x and negative y w\

SOLUTION

The @’r term will be in the negative x-direction and the Coriolis acceleration will be in the negative
y-direction.

Answer: (¢) 4
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PROBLEM 15.150

Pin P is attached to the collar shown; the motion of the pin is guided
by a slot cut in rod BD and by the collar that slides on rod AE.
Knowing that at the instant considered the rods rotate clockwise with
constant angular velocities, determine for the given data the velocity

500 mm of pin P.
o, = 8 rad/s, wg, = 3 rad/s
SOLUTION
0.5
AB=500 mm=0.5m, AP=0.5tan30°, BP =
cos30°

coAE=8rad/s), coBD=3rad/s)

Let P’ be the coinciding point on AE and u, be the outward velocity of the collar along the rod AE.

Vp = Vp + Vpap = [(AP)oyg i] + [y —1

Let P’ be the coinciding point on BD and u, be the outward speed along the slot in rod BD.
Vp =Vpr +Vpp, =[(BP)Wgp X 30°] + [u, 7 60°]

Equate the two expressions for v, and resolve into components.

oy = 0.5 (3)(cos30°) + u, cos 60°
cos30°

or u; =1.5+ 0.5u,

0.5
+]: —(0.5tan30°)(8) =—
T (05 tan 30°)(®) [cos30°

](3) sin 30° + u, sin 60°

U, =——[1.5tan 30° — 4 tan 30°] = —1.66667 m/s
2 60°

sSin

From (1), u, = 1.5+ (0.5)(-1.66667) = 0.66667 m/s
vp = [(0.5tan30°)(8) i] + [0.66667 —- ] = [2.3094 m/s i] + [0.66667 m/s — ]

vy =—2.3094% +0.66667> = 2.4037 m/s

23094

anff =
p 0.66667

B=139°

)]

Vp =240 m/s X 73.9° 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

1212

STUDENTS-HUB.com



https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

PROBLEM 15.151

Pin P is attached to the collar shown; the motion of the pin is guided
by a slot cut in rod BD and by the collar that slides on rod AE.
Knowing that at the instant considered the rods rotate clockwise with
constant angular velocities, determine for the given data the velocity

500 mm of pin P.

w,p =7 radls, wg, = 4.8 rad/s

SOLUTION

0.5
cos30°

o, =7 rad/s), oy, =438 rad/s)

AB=500mm=0.5m, AP=0.5tan30°, BP=

Let P’ be the coinciding point on AE and u, be the outward velocity of the collar along the rod AE.
Vo =V + Vo = (AP, |1+ — ]
Let P” be the coinciding point on BD and u, be the outward speed along the slot in rod BD.

Vp =Vpr + Vo =[(BP)Wgp K 30°] + [u, 7 60°]

Equate the two expressions for v, and resolve into components.

oy =[ 0.5 j(4.8)(cos 30°) +u, cos 60°
c

0s30°
or 1y =2.4+0.5u, (1)
0.5 . ,
+1: —(0.5tan30°)(7) =— (4.8)sin30° + u, sin 60°
cos30°

[2.4tan30° —3.5tan30°] =—-0.73333 m/s

Uy =—
sin 60°

From (1),  u, =2.4+(0.5)(=0.73333) = 2.0333 m/s
v, =[(0.5tan30°)(7) |1 +[2.0333 — ] =[2.0207 m/s |] +[2.0333 m/s — ]

vp =1/(2.0333)2 +(2.0207)> =2.87 m/s

2.0207

tanf = — ,
p 2.0333

B =—44.8°

vV, =2.87 m/s K44.8° 4
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PROBLEM 15.152

Two rotating rods are connected by slider block P. The rod
attached at A rotates with a constant angular velocity @,. For
the given data, determine for the position shown (a) the angular
velocity of the rod attached at B, (b) the relative velocity of
slider block P with respect to the rod on which it slides.

b=8in., w, =06 rad/s.

SOLUTION

Dimensions:

Law of sines.

AP BP _ 8in, £
sin20° sin120° sin40°
AP =4.2567 in.
BP =10.7784 in.
®,p, =6 rad/s )

Velocities.
Note: P’ = Point of BE coinciding with P.
Vp =(AP)@W,p
=(4.2567 in.)(6 rad/s)
=25.540 in./s 7 30°

Vo = Vo ¥ Vpp

[25.540 7 30°] = [V 7 70°]+ [y 2 30°]

(a) vp =(25.54)cos40°

=19.565 in./s

_Vr

" BP

_19.565 in./s

107784 in.

=1.8152 rad/s @y =1.815 rad/s ) 4

Wpg

(b) Vopp = (25.54)sin 40°
=16.417 in/s Vppe =16.42 in/s < 20° 4
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PROBLEM 15.153

Two rotating rods are connected by slider block P. The rod
attached at A rotates with a constant angular velocity @,. For
the given data, determine for the position shown (a) the
angular velocity of the rod attached at B, (b) the relative
velocity of slider block P with respect to the rod on which it
slides.

b=300mm, , =10 rad/s.

SOLUTION

Dimensions:

Law of sines.

AP BP 300 mm
sin20°  sin120°  sin40°
AP =159.63 mm
BP =404.19 mm

w,, =10 rad/s)

Velocities.
Note: P’ = Point of AD coinciding with P.
v, = (AP)®,,
=(159.63 mm)(10 rad/s)

=1596.3 mm/s  30°

Vp = Vo ¥ Veup
[vp 7 70°] = [1596.3 < 30°]+[Vpyp S 60°]

(a) vp = (1596.3)/cos 40°
=2083.8 mm/s
_Vp

" BP

_2083.8 mm/s
 404.19 mm
=5.155 rad/s @y =5.16 rad/s ) 4

Wpp

(b) Vpup = (1396.3)tan 40° =1339.5 mm/s Voup =1.339 m/s ™ 60° <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1215

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

PROBLEM 15.154

Pin P is attached to the wheel shown and slides in a slot
cut in bar BD. The wheel rolls to the right without
slipping with a constant angular velocity of 20 rad/s.
Knowing that x = 480 mm when & = 0, determine the
angular velocity of the bar and the relative velocity of pin
P with respect to the rod for the given data.

— (a) 6 =0, (b) 8 =90°

SOLUTION
0 C
Coordinates.
X, =(x)+16, y,=r
x=0, yg=r
Xe=%x4, Yc=0
Xp=x, +esin@
yp =r+ecosf
Data: (x4)y =480 mm =0.48 m
r =200 mm =0.20 m
e=140mm=0.14 m
Velocity analysis. O, = Oy ) O = Wy )

Vi = [Xp@pp, |1+ [(ecos )], —]

Vi =[ucos f —1+[usin § 1]
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PROBLEM 15.154 (Continued)

Use vp = vp + vp and resolve into components.

ot (r+ecos@)w, - = (ecosB)wy, + (cos fu (1)
+): (esin@)w, . = xpwy;, —(sin fu )
@ 6=0. x, =048m, xp=048m, @, = 20rad/s
tanf3 = ec;:H = %, B =16.26°

Substituting into Egs. (1) and (2),

(0.20+0.14)(20) = 0.14wy,, + (c0s16.26°)u (1)

2)
©pp =381 1ad/s ) 4

0=0.48ay, —(sin16.26°)u

Solving simultaneously,  @g,, = 3.81rad/s,

u = 6.53 m/s, Vpp = 653 m/s 7 16.26° 4
(b) 6 =90°. xp =0.48+(0.20) (g) +0.14=0.93416 m
B=0

Substituting into Egs. (1) and (2),
(0.20)(20)=u

(1)
u=4m/s
Wy, =2.9973 rad/s, @ =3.00 rad/s ) <

Vo =4.00 m/s — <
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Bi 24 in. i PROBLEM 15.155
ﬁ Bar AB rotates clockwise with a constant angular velocity of
8 rad/s and rod EF rotates clockwise with a constant angular
12 in. velocity of 6 rad/s. Determine at the instant shown (a) the
angular velocity of bar BD, (b) the relative velocity of collar D
with respect to rod EF.
F U
SOLUTION
Bar AB. (Rotation about A) @y =8 radls )
vy, =(12)(8)=96in./s —
RodEF.  (Rotation about E ) g =6 radls. )
vy =(12)(6)=721in./s ~—
Bar BD. Assume angular velocity is @gp ‘>
Plane motion = Translation with B + Rotation about B.
Vi =V + Vs =196 — 1+[24aw, 1 1+[120,, — | 0
Collar D. Sliding on rotating rod EF with relative velocity u T
Vp =Vp + Vi =[72‘_]+[”T] )
Matching the expressions (1) and (2) for v,
Components —=: 96 + 120y, = -T2 wgp=—14
(@) ®pp = 14.00 rad/s ) <
Components T: 24wy, =u u=(24)(-14)=-3361n./s
®) Vo =28.0fts | <
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' 24 in. ' PROBLEM 15.156

5l

|
©
ﬂ Bar AB rotates clockwise with a constant angular velocity of
_ 4 rad/s. Knowing that the magnitude of the velocity of collar D is
12.in. 20 ft/s and that the angular velocity of bar BD is counterclockwise
at the instant shown, determine (a) the angular velocity of bar EF,
(b) the relative velocity of collar D with respect to rod EF.
F U
SOLUTION
Bar AB. (Rotation about A) ©,p =4 rad/s )
vy = (11t)(4 rad/s) =4 ft/s —
Bar BD. Angular velocity is @pp ‘>
Plane motion = Translation with B + Rotation about B.
Vi =Vt Vs =[4— 1+ 20, 11+ @y, — ]
Magnitude of v,: v, =20 ft/s
Vp =4+ @pp)’ +(2w,)" =(20)
5w, + 8wy, —384=0
-8+
Wy, = 81_088 Positive root @y, =8 rad/s‘>
Vo =[4—1+[®) [1+[(DE®) — 1=[12—~1+[16]] ey
Rod EF. (Rotation about E) Angular velocity = @gp ‘>
vy =[D@g —1
Collar D. Slides on rotating rod EF with relative velocity u T
VD=VD/+VD/EF=[10)EF—>]+[MT] 2

Matching the expressions (1) and (2) for v,
(a) Component —»: 12 = lwg ®gp=12.00 rad/s ‘>4

(b) Component T: 16=u Vpuer = 16 ft/s T(

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1219



https://students-hub.com
https://students-hub.com

4 PROBLEM 15.157

The motion of pin P is guided by slots cut in rods AD and BE. Knowing
that bar AD has a constant angular velocity of 4 rad/s clockwise and bar
BE has an angular velocity of 5 rad/s counterclockwise and is slowing
down at a rate of 2 rad/s’, determine the velocity of P for the position

shown.
~ B
IS
300 mm 4J
100 mm
SOLUTION
Units: meters, m/s, m/s’
Unit vectors: i=1—, j:lT, k =1‘>.
Geometry: Slope angle & of rod BE.
tanﬂz%zoj 0 =26.565° .«

ry, =0.1i+0.15] 1., =—03i+0.15j

Angular velocities: o ,, =—(4rad/s)k O, = (Srad/s)k

Angular accelerations: a,, =0 0. =—(21ad/s> )k
Velocity of Point P’ on rod AD coinciding with the pin:
Vp =0 ,p XTp, =(—4k)x(0.1i +0.15j) = 0.6i — 0.4
Velocity of the pin relative to rod AD:
Veiap = T: j
Velocity of P: Vp=Vp+Vp,p=0.6i—-04j+uj
Velocity of Point P” on rod BE coinciding with the pin:
Vpr = @pe XTpp =5k X (=031 +0.15j) =-0.75i —1.5j
Velocity of the pin relative to rod BE:
Ve =Uy 2 0 =—u,cos0i+u,sinbj

Velocity of P: Vp=Vpr+Vppp
=-0.751-1.5j— u, cos 81+ u, sin 6
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PROBLEM 15.157 (Continued)

Equating the two expressions for vp and resolving into components,

i: 0.6=-0.75-u, cos@
___ 1 —-1.50965
€0526.565°
J —04+u, =-1.5+u,sind

u; =—1.1+(-1.50935)sin 26.535° = -1.77500
Velocity of P:
v, =0.61—0.4j-1.775j=0.6i —2.175j

vy =226m/s 77 74.6° 4
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PROBLEM 15.158

Four pins slide in four separate slots cut in a circular plate as shown.
When the plate is at rest, each pin has a velocity directed as shown and of
the same constant magnitude u. If each pin maintains the same velocity
relative to the plate when the plate rotates about O with a constant
counterclockwise angular velocity @, determine the acceleration of
each pin.

SOLUTION
For each pin: a,=a, +ay; +ac
Acceleration of the coinciding Point P’ of the plate.

For each pin a, = ra’* towards the center O.

Acceleration of the pin relative to the plate.

For pins B, P, and P, a,, =0
u2
For pin P, App =—
r

Coriolis acceleration a.

For each pin a. =2wu with a. in a direction obtained by rotating u through 90° in the sense of ®, i.e.,‘>.

Then a, =[r&* —>]+[20u ] a, =r&’i—2ouj 4
a, =[r&* L]+ [20u —] a, =2wui—ra’j 4
2 u2 ) u2
a,=[ro <—]+{_<_}-[2a)u<—] a,=—|ro +—+2ou|i 4
r r
a, =[r&” T1+[2auT] a,=(re’ +2mou)j 4
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PROBLEM 15.159

Solve Problem 15.158, assuming that the plate rotates about O with a
constant clockwise angular velocity ®.

PROBLEM 15.158 Four pins slide in four separate slots cut in a
circular plate as shown. When the plate is at rest, each pin has a
velocity directed as shown and of the same constant magnitude u. If
each pin maintains the same velocity relative to the plate when the plate
rotates about O with a constant counterclockwise angular velocity @,
determine the acceleration of each pin.

SOLUTION
For each pin: a,=a, +ay, +ac
Acceleration of the coinciding Point P’ of the plate.

For each pin a, = ra’* towards the center O.

Acceleration of the pin relative to the plate.

For pins A, P, and P,, a,; =0
u2
For pin P, App =—
r

Coriolis acceleration a.

For each pin a. =2wu with a. in a direction obtained by rotating u through 90° in the sense of ®.

Then a, =[r&* =]+[20uT] a, = ra’i+2wuj 4
a, =[re’ L]+ [20u <] a, =2wui—ra’j 4
2 u’ 2 u’
a, =[ro" «J]+| 1 |[+[20u —] a,=|20u—ro"——|i 4
r r
a, =[r&’* T1+2aul] a, =(rw’ —2wu)j 4
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PROBLEM 15.160

Pin P slides in the circular slot cut in the plate shown at a
constant relative speed # = 500 mm/s. Assuming that at the
instant shown the angular velocity of the plate is 6 rad/s and
is increasing at the rate of 20 rad/s’, determine the
acceleration of pin P when 8= 90°.

SOLUTION
6=90° Units: meters, m/s, m/s’
Unit vectors: i=1—, jle, k=1‘>
rp,, =(0.15i+0.1j) rpc =0.1j
Motion of Point P’ on the plate coinciding with P.
o=(6rad/s)k  a=(20rad/s*)k
Vp =0 XTIp, =0kX(-0.15i+0.1j) =—0.6i — 0.9

Ap = UX Ty — O Ty,
=20k x (—0.15i +0.1j) — (6)*(=0.15i + 0.1j)
=-2i-3j+5.4i-3.6j=3.4i - 6.6
Motion of P relative to the plate AC.
u=500mm/s=05m/s u=0

Ve =—ui =—0.51

w057 ,
a =—ui——j=0——"—j=-2.5
PIAC R J 01 J J
Coriolis acceleration: 20XV, =(2)(6k)x (-0.51) = -6

Acceleration of P.
ap =ap +ap,c +20XVp,e
—3.4i-6.6j-2.5]— 6]
— 3.4 m/s?)i— (15.1 m/s)j a, =15.47 m/s? 3 77.3° 4
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PROBLEM 15.161

The cage of a mine elevator moves downward at a constant speed of 40 ft/s. Determine the magnitude and
direction of the Coriolis acceleration of the cage if the elevator is located (a) at the equator, (b) at latitude
40° north, (¢) at latitude 40° south.

SOLUTION
Earth makes one revolution (27 radians) in 23.933 h (86,160 s). .
3
2,
86,160 A
~
=(72.926x107° rad/s)j
A
Velocity relative to the Earth at latitude angle .
V prearth = 40(—c0s @i — sin @j)
Coriolis acceleration a.
ac =2QXVpe,

=(2)(72.926x107° j) X [40(— cos @i — sin @j)]

=(5.8341x107 cos p)k
(@ @=0° cos @ =1.000 a. =5.83x107ft/s” west 4
(b) @=40°  cos @=0.76604 a. =4.47x107ft/s” west 4
(c) @=-40° cos ¢=0.76604 a. =4.47x107ft/s” west 4
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PROBLEM 15.162
A rocket sled is tested on a straight track that is built along a meridian. Knowing that the track is located at
latitude 40° north, determine the Coriolis acceleration of the sled when it is moving north at a speed of 900 km/h.
SOLUTION
Earth makes one revolution (27 radians) in 23.933 h =86,160 s.
2z }
86,160
W\, U
=(72.926x107° rad/s)j
Speed of sled. u =900 km/h "
=250 m/s
Velocity of sled relative to the Earth.
V prearth, = 250(—sin @i+ cos @)
Coriolis acceleration. ac =2QXVp
a. =(2)(72.926x 107 j) x[250(~sin @i + cos @j)]
=0.036463sin pk
At latitude ¢ =40°,
a. =0.036463 sin 40°k
=(0.0234 m/s*)k a. =0.0234 m/s* west 4
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PROBLEM 15.163

The motion of blade D is controlled by the robot arm ABC. At the instant
shown, the arm is rotating clockwise at the constant rate @ =1.8 rad/s and
the length of portion BC of the arm is being decreased at the constant rate
of 250 mm/s. Determine (a) the velocity of D, (b) the acceleration of D.

240 mm

[«—— 320 mm

SOLUTION
Unit vectors: i=1—s, j:lT, k:‘)

Units: meters, m/s, m/s’
rp,, =(0.32m)i—(0.24 m)j

Motion of Point D’ of extended frame AB.
o =—(1.8 rad/s)k a=0
vV =0 X1y, =(—1.8k)Xx(0.32i — 0.24j)
=-0.432i—-0.576j

Ay = aXTpy — 0 (Tpy)
=0-(1.8)*(0.32i — 0.24j)
=-1.0368i +0.7776j

Motion of Point D relative to frame AB.
Vpup =250 mm/s I 25°
=—(0.25c0s25°)i +(0.255in 25°) j
=—0.22658i +0.10565j

apup =0

Coriolis acceleration 20XV, = (2)(-1.8k)x (-0.22658i + 0.10565j)
=0.38034i +0.81569j

(a)  Velocity of Point D.
Vp =V +Vpup
=-0.432i —0.576j—0.22658i + 0.10565j

=-0.65858i —0.47035j
v, =(0.659 m/s)i — (0.470 m/s)j = 0.809 m/s X 35.5° 4
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PROBLEM 15.163 (Continued)

(b)  Acceleration of Point D.

ap =a, +ap, +20X V.,
=-1.0368i+0.7776j+ 0+ 0.38034i + 0.81569j
=-0.6565i +1.5933j

a,, =—(0.657 m/s*)i+(1.593 m/s*)j =1.723 m/s* ™ 67.6° 4
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g:; PROBLEM 15.164
6 m/ At the instant shown the length of the boom AB is being decreased at

°F the constant rate of 0.2 m/sand the boom is being lowered at the
> constant rate of 0.08 rad/s. Determine (a) the velocity of Point B,
. // 82% 30° (b) the acceleration of Point B.

A
i A

L]
@
@
ALY . i

:

SOLUTION

Velocity of coinciding Point B’ on boom.
vy =rw=(6)(0.08) = 0.48 m/s K 60°
Velocity of Point B relative to the boom.

Y pboom = 0-2 m/s .~ 30°
(a)  Velocity of Point B.
Ve =V + Vamoom
4.1 (vg), =0.48cos60°—0.2cos30°=0.06680 m/s

+T : (vp), =—0.48sin60° - 0.25in 30° = —0.51569 m/s

v, =~0.06680 +0.51569
=0.520 m/s
051569

tanp=——,
p 0.06680

[ =82.6° vy =0.520 m/s 82.6° 4

Acceleration of coinciding Point B’ on boom.
a, =ro’ =(6)(0.08)> = 0.0384 m/s> 2> 30°
Acceleration of B relative to the boom.
Agoom =0
Coriolis acceleration.

2eu = (2)(0.08)(0.2) = 0.032 m/s* ™. 60°
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PROBLEM 15.164 (Continued)

(b)  Acceleration of Point B.

ap =ag+ag, ., +20u

+.: (ag), =—0.0384c0s30°+0—0.032c0s 60° = —0.04926 m/s*

—_—

+1: (ap), =—0.03845in30°+0+0.0325in 60° = 0.008513 m/s>

a; =+/(0.04926)* +(0.008513)?

=0.0500 m/s>
~ 0.008513

=00 B=gge a, =50.0 mm/s’ ™. 9.8° «
0.04926

tan
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g:; PROBLEM 15.165
6 m At the instant shown the length of the boom AB is being increased at

the constant rate of 0.2 m/s and the boom is being lowered at the
constant rate of 0.08 rad/s. Determine (a) the velocity of Point B,
// 9 =30° (b) the acceleration of Point B.

@
AW

/\

3

SOLUTION

Velocity of coinciding Point B’ on boom.

vy =ro=(6)(0.08) =0.48 m/s X 60°
Velocity of Point B relative to the boom.

V gboom = 0.2 m/s 7 30°

(@)  Velocity of Point B.
Ve =V * Vmboom
+.: (vg), =0.48 cos 60°+0.2 cos 30° = 0.4132 m/s

+1 1 (vy), =—0.48sin 60°+ 0.2 sin 30° = ~0.3157 m/s

vy =+/(0.4132) +(0.3157)?
=0.520 m/s

tan g= 03157

. B=-374° v, =0.520 m/s <C37.4° 4
0.4132 p i ~

Acceleration of coinciding Point B’ on boom.
ay =ra’ = (6)(0.08)* = 0.0384 m/s> 27 30°
Acceleration of B relative to the boom.
Agmoom =0
Coriolis acceleration.

2au = (2)(0.08)(2) = 0.032 m/s* < 60°
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PROBLEM 15.165 (Continued)

(b)  Acceleration of Point B.
ap =ag +ag, .., +20u
4.1 (ag), =-0.0384 cos 30° +0.032 cos 60° = -0.017255 m/s”

+1 1 (ap), =-0.0384 sin 30° ~ 0.032 sin 60° = ~0.04691 Vs’

ay =+/(0.017255) +(0.04691)°

=0.0500 m/s>
0.04691

nf=———,
p 0.017255

B=69.8° a, =50.0 mm/s* 27 69.8° <
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PROBLEM 15.166
120 mm

The sleeve BC is welded to an arm that rotates about A with a
F constant angular velocity @. In the position shown rod DF is
being moved to the left at a constant speed u# =400 mm/s relative
to the sleeve. For the given angular velocity @, determine the
acceleration (a) of Point D, (b) of the point of rod DF that
coincides with Point E.

@ = (3 rad/s)i.

300 mm

SOLUTION

(a) Point D. Vo =Vppe =04 m/s)k; ap,p =0
AD =—(0.12 m)j+ (0.3 m)k
a, = mx(wx@)
=—w’(AD)
=—(3 rad/s)> AD
= +(1.08 m/s®)j—(2.70 m/s*)k
a, =20XVyp
=2[(3 rad/s)i] x (0.40 m/s)k
—(2.4 m/s?)j
ap =a;y +aD/F +ac

=[+(1.08 m/s?)j— (2.70 m/s>)k] + 0 + [—(2.4 m/s)j]

a, =—(1.32 m/s)j—(2.70 m/s)k <«
(b)  Point P of DF that coincides with E.
Vo =Vppe =040 m/s)k; ap, =0
AE =—(0.120 m)j
a, = OX (X AE) = -’ AE = —(3 rad/s)* AE = (1.08 m/s*)j
a, =20XVp
= 2[(3 rad/s)i] x (0.40 m/s)k
=—(2.40 m/s?)j
aP = aP» +aP,F +ac

=[(1.08 m/s®)jl+ 0 +[—(2.4 m/s?)j]

a, =—(1.32 m/s*)j 4
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PROBLEM 15.167

The sleeve BC is welded to an arm that rotates about A with a
constant angular velocity @. In the position shown rod DF is
being moved to the left at a constant speed u =400 mm/s relative
to the sleeve. For the given angular velocity @, determine the
acceleration (a) of Point D, (b) of the point of rod DF that
coincides with Point E.

o = (3 rad/s)j.

SOLUTION

(a) Point D. Vo = Vpie =04 m/s)k; ap,=0
AD =—(0.12 m)j+ (0.3 m)k
a, =X (wxAD)
=3jx(3jx(=0.12j+0.3)k)
=—(2.70 m/s*)k
a, =20XVpp
= 2[(3 rad/s)j] x (0.40 m/s)k
= (2.4 m/s)i
ap, =a, +ap;; t+a,
=[—(2.70 m/s®)k]+ 0 +[(2.4 m/s)i]

a, =24 m/s)i-(2.70 m/s)k <
(b)  Point P of DF that coincides with E.

Vo = Vppe = (040 m/s)k; ap, =0

AE =—(0.120 m)j

ap =wx(wxAE)
=3jx(3jx(=0.12j) =0

a, =20Xvy,;
=2[(3 rad/s)j]x (0.40 m/s)k
=(2.40 m/s?)i

ap,=ap +ap,; t+a,

=0+0+ (2.4 m/s?)i a, =(2.4 m/s*)i 4
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PROBLEM 15.168

u A chain is looped around two gears of radius 40 mm that can

—
rotate freely with respect to the 320-mm arm AB. The chain
sB§; moves about arm AB in a clockwise direction at the constant
rate of 80 mm/s relative to the arm. Knowing that in the
4 position shown arm AB rotates clockwise about A at the
160 mm 160 mm constant rate @=0.75rad/s, determine the acceleration of

each of the chain links indicated.

Links 1 and 2.

SOLUTION

Let the arm AB be a rotating frame of reference. Q=0.75 rad/s ) =—(0.75 rad/s)k:

Link 1: r, =—(40 mm)i, v,z =uT=(80 mm/s)j
a) = -Q°r, =—(0.75)*(-40) = (22.5 mm/s)i
u*  80°

a,,; =— =——160 mm/s — = (160 mm/s*)i
p 40

2QX V5 = (2)(-0.75k) % (80j)

= (120 mm/s)i
a =a; +2,,5 +2QXV,,p
=(302.5 mm/s?)i a, =303 mm/s*> — <
Link 2: r, = (160 mm)i + (40 mm)j
Voup = U —> = (80 mm/s)i
a, = -Q°r,
=—(0.75)* (160i + 40j)
=—(90 mm/s®)i — (22.5 mm/s?)j
ay,; =0
2QXV,,,, = (2)(—0.75Kk) x (80i)
=—(120 mm/s)j

a’ =a) +ay,, 20X Vyyp
=-90i — 22.5j—120j
=—(90 mm/s®)i — (142.5 mm/s*)j

a, =+/(90)* + (142.5)*

=168.5 mm/s>

tanﬁz%, B=51.1° a, =168.5 mm/s’ > 57.7° 4
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PROBLEM 15.169

u A chain is looped around two gears of radius 40 mm that can

—
rotate freely with respect to the 320-mm arm AB. The chain
sB§ ; moves about arm AB in a clockwise direction at the constant
rate 80 mm/s relative to the arm. Knowing that in the position
4 shown arm AB rotates clockwise about A at the constant rate
160 mm 160 mm w =0.75rad/s, determine the acceleration of each of the chain

links indicated.

Links 3 and 4.

SOLUTION

Let arm AB be a rotating frame of reference. Q=0.75 rad/s ) =—(0.75 rad/s)k

Link 3: r; =360 mm)i vy, =u | =—(80 mm/s)j
ay =—Q°r; =—(0.75)*(360) = —(202.5 mm/s?)i
2 2
8y == (ng =160 mm/s’i « = —(160 mm/s?)i

20% vy, = (2)(~0.75k) X (~80j) = —(120 mmv/s?)i
a; =ay +a5,; +2QXV;,,

=—(482.5 mm/s®)i a, =483 mm/s’ ~— «

Link 4. r, = (160 mm)i — (40 mm)j
Vuup = U < =—(80 mm/s?)i
a, =-Qr,
=—(0.75) (160i — 40j)
=—(90 mm/s®)i + (22.5 mm/s?)j
a5 =0
2Q%V,,,5 = (2)(—0.75k) x (~80i)
= (120 mm/s?)j
a, =ay +ay,p +2QXv,,,

=—(90 mm/s*)i + (142.5 mm/s*)j

a, =+/(90)% + (142.5)?

=168.5 mm/s’
tmﬂ:%, f=517° a, =168.5 mm/s’ ™ 57.7° <
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. PROBLEM 15.170

A basketball player shoots a free throw in such a way that
his shoulder can be considered a pin joint at the moment of
w, 300mm  release as shown. Knowing that at the instant shown the
E upper arm SE has a constant angular velocity of 2 rad/s
counterclockwise and the forearm EW has a constant

|M°:dd> ws. @ clockwise angular velocity of 4 rad/s with respect to SE,
\/35 . determine the velocity and acceleration of the wrist W.
SOLUTION
Units: meters, m/s, m/s’
Unit vectors: i=1—, jle, k=1‘>

Relative positions:
rgs =(0.35¢c0s30°)i + (0.35sin30°)j=0.30311i + 0.175j
Ty, =—(0.3c0s80°)i + (0.3sin 80°)j = —0.05209i + 0.29544
Ty s =Tgg + Ly = 0251011 +0.47044j
Use a frame of reference rotating with the upper arm SE with angular velocity
Q=2rad/sk (Q=0)
The motion of the wrist W relative to this frame is a rotation about the elbow E with angular velocity
o=—(4rad/s)k (®=0)
Motion of Point W’ in the frame coinciding with W.
Vyr = QX1 = (2k)x (0.25101i + 0.47044j)
=—-0.94088i + 0.50204
a, = —Q%r,,c =—(2)>(0.25101i + 0.47044j)
=-1.00408i —1.88176j
Motion of W relative to the frame.
Vise = O XTIy = (—4k) x(=0.05210i + 0.29544j)
=1.18176i +0.2084j
Ay =~ Ty = —(4)*(=0.05210i +0.29544})
=0.8336i —4.72708j

Velocity of W: Vi = Yy + Ve = 0.24088i +0.71044

vy =0.750 m/s £ 71.3° 4
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PROBLEM 15.170 (Continued)

Coriolis acceleration:

20X vy, = (2)(2K) x (1.18176i +0.2084j)
= —0.8336i + 4.72704j

Acceleration of W:

ay =ay +ay, g + 20XV,

=-1.00408i —1.88176j

ay, =2.13m/s> 7 61.9° 4
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PROBLEM 15.171

The human leg can be crudely approximated as two rigid bars (the
in. femur and the tibia) connected with a pin joint. At the instant shown
the veolcity and acceleration of the ankle is zero. During a jump, the
velocity of the ankle A is zero, the tibia AK has an angular velocity
Y of 1.5 rad/s counterclockwise and an angular acceleration of 1 rad/s’”
counterclockwise. Determine the relative angular velocity and

in. angular acceleration of the femur KH with respect to AK so that the
velocity and acceleration of H are both straight up at the instant
2 shown.
SOLUTION
Units: inches, in./s, in./s’
Unit vectors: i=1—, jle, k =1‘>
Relative positions: Iy, =(121in)i+ (121n.)j

Iy =—(141in)i+ (141in.)j
Ty =Tgou Ty =—(21in)i+(261n.)j
Use a frame of reference moving with the lower leg AK with angular velocity

Q=1.5rad/s ‘> = (1.5 rad/s)k

and angular acceleration Q =1.0rad/s ‘> = (1.0 rad/s* )k

The motion of the hip H relative to this frame is a rotation about the knee K with angular velocity
o =wk

and angular acceleration o=cok

Both ® and o are measured relative to the lower leg AK.
Motion of Point H” in the frame coinciding with H.
V= Q X1y, =1.5kX(=2i+26j)
=—39in./s)i— (3in./s)j
ay = Qxry, - Qry,
= (1.0k) x (=2i + 26j) — (1.5)* (=2i + 26)
=-26i—2j+4.51-58.5j
=—(21.5in./s*)i — (60.5 in./s*)j
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PROBLEM 15.171 (Continued)

Motion of H relative to the frame.
Viax = OKXry, =0k x(=14i+14j))
=—-140i - 14wj
Ak = OKX Ty — 07Ty
= ok X (—14i + 14j) — @ (-14i +14j)
=-l4ai—-14aj+140%i - 140
Velocity of H. VszHT =vyl
Vu =Vu ¥ Vauk
vy j=-391-3j-140i - 14wj
Resolve into components.

39

i: 0=-39-14w w=—ﬁ=—2.7857 rad/s
i vy ==3-14w vy =-361in./s
Relative angular velocity: o =—(2.79 rad/s)k =2.79 rad/s ) <

Coriolis acceleration: 2Q XV 4k = 2)1.5K) x (-140i —140j)
= 420i—20j=—117 in./s?)i+ (117 in./s)j
Acceleration of H. a, =ay Tz agl

ay =ay +ay +2QX Ve
ayj=-21.51—60.5j—14ci - l4aj+ 140" —140°j-117i +117j
Resolve into components.
i: 0=-21.5-14a+(14)(-2.7857)* —117
o =-2.1327 rad/s*
j: ay =—60.5—(14)(=2.1327) — (14)(-2.7857)* + 117
=-22.284in./s>

Relative angular acceleration: o =—(2.13 rad/s* )k = 2.13 rad/s* ) <
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5 PROBLEM 15.172

® The collar P slides outward at a constant relative speed u along rod AB,

’\ 0 ’ which rotates counterclockwise with a constant angular velocity of

_A@_ 20 rpm. Knowing that » =250 mm when 6=0 and that the collar
0 mm

/ reaches B when 6 =90°, determine the magnitude of the acceleration of
the collar P just as it reaches B.

SOLUTION
a):20 :M:z_ﬂ- rad/s
60 3
a=0
6 =90° = — radians
Uniform rotational motion. 0=6,+wt
-6, 5
t=—=2=075s
o 5
Uniform motion along rod. r=r +ut
_r=1% _05-025_1 s,
t 0.75 3
1
Veiap = 3 m/sT
Acceleration of coinciding Point P’ on the rod. (r=0.5m)
a, =rw
2
2
=(0.5)| —
05[]
_ 2|
=2.1932 /s’ |
Acceleration of collar P relative to the rod. ap,5 =0
- . 2\ 1 )
Coriolis acceleration. 20X Vp 1 =200 =(2)| — 3 3 =1.3963 m/s” <~—
Acceleration of collar P. ap=ap +ap,p +20XVp,p

ap =[2.1932 m/s” | ] +[1.3963 m/s” ~— |
a, =2.60 m/s* 2 57.5° ap=2.60 m/s> <«
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PROBLEM 15.173

Pin P slides in a circular slot cut in the plate shown at a constant relative speed
u =90 mm/s. Knowing that at the instant shown the plate rotates clockwise
about A at the constant rate @ =3rad/s, determine the acceleration of the pin if
it is located at (a) Point A, (b) Point B, (c) Point C.

SOLUTION
@=3rad/s ), =0, u=90 mm/s=0.09m/s, =0
£ =100 mm
2 2
o _O0" ¢ mmis? = 0,081 mys?
p 100
®* =36 rad*/s*
20u = (2)(3)(90) = 540 mm/s® = 0.54 m/s*
(@) Point A. r, =0, v, =0.09 m/s «
u2
a,=0, a,,=—71=0081m/s>T
P
Coriolis acceleration. 20uT=054m/s> T
a,=a,+a,, +20uT]=0.621 m/s> T a, =0.621m/s> T «
(b)  Point B. r, =0.1/2 m ™ 45°, v, =0.09m/sT
ay =—0'r, =—(9)(0.142) ™ 45°=0.9v/2 m/s> X 45°
u2
Agpr =—
P
=0.081 m/s> -
Coriolis acceleration. 2wu =0.54 m/s> —

ay =ay +ag, +[20u—]

=[1.521 m/s* —]+[0.9 m/s* ] ay =1.767 m/s* X 30.6° <
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(¢)  Point C.

Coriolis acceleration.

PROBLEM 15.173 (Continued)

r.=02m7T
Ve =0.09 m/s —
ay =-w'r. =—(9)02T) =18 m/s* |

2
=0.081 m/s?{

Acp =

L
P
20u=0.54 m/s* |

a. =a. +ag, +[2oul]

=2421m/s* |

a. =242 m/s*| <«
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PROBLEM 15.174

Pin P slides in a circular slot cut in the plate shown at a constant relative speed
u =90 mm/s. Knowing that at the instant shown the angular velocity @ of the
plate is 3 rad/s clockwise and is decreasing at the rate of 5 rad/s”, determine the
acceleration of the pin if it is located at (a) Point A, (b) Point B, (¢) Point C.

SOLUTION
w=3rad/s ), a=5rad/s), u=90 mm/s=0.09m/s, i=0
£ =100 mm

2 2
w_ 00" o1 mnvs? =0.081 m/s?
5 100

@ =36 rad?/s?

20u = (2)(3)(90) = 540 mm/s” = 0.54 m/s>

(@) Point A. r,=0
V,r =0.09 m/s «

a, =0
u?
a,,=—1=0081m/s*T
Yol
Coriolis acceleration. 20uT=054m/s> T

a,=a, +a,, +20ul]

=0.621 m/s> T a,=0621m/s> T «
(b)  Point B. r, =0.1/2 m ™ 45°, v, =0.09m/sT
a, =0k xr, — 0'r, =[(0.132)(5) 7 45°]-[(9)(0.132) ™ 45°]

=[0.5v2 m/s> 77 45°1+[0.9v2 m/s> X 45°]

2
ay, =—=0.081 m/s’> -
P
Coriolis acceleration. 20u =0.54 m/s* >
a; =ay +tag, +[20u—]

=[1.021 m/s* =] +[1.4 m/s*|] a, =1.733 m/s> ~ 53.9° 4
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PROBLEM 15.174 (Continued)

(¢) PointC. r-=02m7T
Ve =0.09 m/s —
a. = ok X1, — 0’1,
=[(0.2)(5) «-1-[(9)(0.2 T)]
=[1 m/s® «]+[1.8 m/s* L]

Aqp = u’
o=
CIF p
=0.081 m/s* |
Coriolis acceleration. 20u=0.54 m/s> 1

a. =aq +agy +20ul

=1 m/s? «]+[2.421 m/s* 1]

a. =2.62 m/s* 7 67.6° 4
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PROBLEM 15.175
Pin P is attached to the wheel shown and slides in a slot
cut in bar BD. The wheel rolls to the right without
slipping with a constant angular velocity of 20 rad/s.
Knowing that x = 480 mm when & = 0, determine
(a) the angular acceleration of the bar and () the relative
acceleration of pin P with respect to the bar when 6 = 0.
SOLUTION
] J
Coordinates. e
g B D
x4 =(x4) + 10, Ya=r Ay |
xp =0, yp =T 8 [
B F i A
Xo = X4, ye =0 J_
Xp =x, +esind, yp =r+ecost
e %
0
Data: (x4)o =480 mm =0.48 m S “
=200 mm=0.20 m .
e=140mm=0.14 m
=0 x, =480 mm=0.48 m A
Tre
Velocity analysis. v
o, =20 rad/s), Wgp =a)BD) L -
Vp=(r+e)®,, —
=(0.20+0.14)(20)
=6.8 m/s —
Ve =[xp@p), i]+[ewBD — ]
Vop =[ucos f — ]+[usin S T]
tan § = e 014
xp 048
£ =16.260°
Use vp = vp + Vpr and resolve into components.
t.0 6.8=0.14wy, +ucos (1)
+ 1: 0=0.48y,, —usin 3 )
Solving (1) and (2), Wygp =3.8080 rad/s, u=06.528 m/s
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Acceleration analysis.

Coriolis acceleration.

PROBLEM 15.175 (Continued)

o, =0, Opp = aBD)
a, =0 ap, =@y, = (0.14)(20)* =56 m/s” |
ap=a, +ap, =56 m/szi
ap = [xpllp | 1+ ey — 1+ [xp@f, ~—1+[ewy, |]
=[0.480t,, | 1+[0.14025, — ] +[(0.48)(3.8080)" ~— ]
+1(0.14)(3.8080)* | ]
=048y, | 1+[0.14025,—= 1+16.9604 m/s” ~— |

+[2.0301 m/szu

app =[ucosﬂ—>]+[usinﬁT]

2wypu = (2)(3.8080)(6.528) =[49.717 m/s*> N f]

Use ap =ap +ap, +[2w,pu I\ A1 and resolve into components.

o0 0=0.140p, —6.9604 +iicos B +49.717sin 8

or 0.14a;, +1iicos f=—-6.9602

+|: 56=0.48a, +2.0301 +iisin 5 +49.717 cos 8

or 0.48a,, —uisin f =6.2415

Solving (3) and (4), O, =8.09 rad/s, it =—8.43 m/s’

(@)

(b) apy =8.

3)

“)

0y =8.00 rad/s’ ) 4

43 m/s® 77 16.26° 4
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p PROBLEM 15.176

Knowing that at the instant shown the rod attached at A has an angular
velocity of 5 rad/s counterclockwise and an angular acceleration of
2 rad/s® clockwise, determine the angular velocity and the angular
acceleration of the rod attached at B.

200 mm
SOLUTION
Geometry: Apply the law of sines to the triangle ABP to determine the lengths AP and BP.
Angle PBA=180°-70°=110° Angle APB =180°—-25°-110°=45°
AB=200mm =0.2m 02 __ AP ___BP
sin45°  sinl110° sin25°

AP =0.265785m BP =0.119534

Unit vectors: i=1—, j= IT, k=1 ‘>

Relative position vectors:

rp,, =0.265785(sin 25°1 + cos 25°j) = 0.11233i — 0.24088
rp =0.119534(sin 70°1 + cos 70°§) = 0.11233i + 0.04088 j

Angular velocities: o ,p, =5 rad/s ‘>: (5 rad/s)k
O pp = Wppk
Angular accelerations: a,, =2 rad/s’ ) =—(2 rad/s®)k
Opp = Olppk
Velocity of P: Vp = ,p XIp, =5kx(0.11233i +0.24088j)

=—(1.2044 m/s)i + (0.56165 m/s)

Acceleration of P: Ap =0 ,p XTpy —a)f\PrP,A
= (—2k) x (0.11233i + 0.24088j) — (5)*(0.11233i + 0.24088j)
=—(2.3265 m/s?)i — (6.2467 m/s?)j

Consider the slider P as a particle sliding along the rotating rod BP with a relative velocity

V. =u £ 20° =u(cos 20°1 + sin 20°§)
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PROBLEM 15.176 (Continued)

and a relative acceleration
a,y =u = 20° =1(cos 20°1 + sin 20°j)
Consider the rod BP as a rotating frame of reference.
Motion of Point P’ on the rod currently at P.
Vp =@ pp XTpp = Wppk X (0.11233i 4+ 0.04088jj)
=-0.04088w,i +0.11233w, j

Ap = Gy XTpyp = Dpplpp
= atppk % (0.11233i + 0.04088j) — w5, (0.11233i +0.04088j)
=—0.04088pi +0.1123301,j — 0.11233w;,5i — 0.04088w;
Velocity of P: Vp=Vp+V,
Resolve into components.
i: —1.2044 = —0.04088wgp + u cos 20°
iE 0.56165=0.11233wyp + usin 20°
Solving the simultaneous equations for @y, and u,
Wgp =7.8612 rad/s u=-0.93971m/s
Angular velocity of BP: @pp =7.86 rad/s ‘> <

Relative velocity: V. =—0.93971(cos 20°i + sin 20°j)

Coriolis acceleration:
20 5p X V) = (2)(7.8612k) X (—0.9397 1 cos 20° — 0.9397 1 sin 20°j)
=(5.0532 m/s?)i — (13.8835 m/s?)j

Acceleration of P: ap, =ap +a, +20, XV,

Resolve into components.

i ~2.3265 = —0.040880x, — 0.11233}, + i cos 20° +5.0532

~0.04088cx,,p +1i cos 20° = —0.43788 (1)
j: ~6.2467 = 0112331, —0.04088092,, + 1i sin 20° —13.8835

0.112330, +1isin 20° =10.1631 )

Solving Egs. (1) and (2) simultaneously,
Qgp =81.146 rad/s* 1 =3.0641 m/s’

Angular acceleration of BP: 0. =81.1 rad/s’ ‘> <
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Ry = 3R, PROBLEM 15.177

Disk S

\

The Geneva mechanism shown is used to provide an intermittent
rotary motion of disk S. Disk D rotates with a constant
counterclockwise angular velocity @, of 8 rad/s. A pin P is
attached to disk D and can slide in one of the six equally
spaced slots cut in disk S. It is desirable that the angular
velocity of disk S be zero as the pin enters and leaves each of
the six slots; this will occur if the distance between the centers
Disk D of the disks and the radii of the disks are related as shown.
when¢ =120° " Determine the angular velocity and angular acceleration of disk
S at the instant when ¢ =150°.

Rp=125in.

SOLUTION
Geometry:
Law of cosines. r? =1.25% +2.50* — (2)(1.25)(2.50) cos 30°
r=1.54914 in. P
) e .
Law of sines. M _Sm 30 Ay '?aj;’
— 1.25 r o B 200 8
B =23.794° 2.50 in.

Let disk S be a rotating frame of reference.

Q=w; ), Q=a)
Motion of coinciding Point P’ on the disk.
vy = rog =1.549140 N\ B

ay =~ K X T — W51y =[1.54914a, N\ B1+[1.549140; 7= B
Motion relative to the frame.
Vos = 7 B aps =u 7
Coriolis acceleration. 204u N B
Vp =V + Vg = [1.549140s N\ Bl+[u 7 Bl
a, =ap tapg +2wu \]
=[1.54914a, N\ B1+[1.54914w = B+ 7= Bl+[20u N Bl

Motion of disk D. (Rotation about B)
Vo =(BP)w, = (1.25)(8) =10 in./s > 30°

a, =[(BP)ar,, 77 60°1+[(BP)w; <T 30°1=0+[(1.25)(8)* < 30°]
=80 in./s* =< 30°
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PROBLEM 15.177 (Continued)

Equate the two expressions for v, and resolve into components.
NB: 1.54914@, =10cos(30° + )

O = 10c0s53.794°
5 1.54914
=3.8130 rad/s wg =3.81rad/s ) 4

> B u=10sin(30°+ ) =105in 53.794° = 8.0690 in./s
Equate the two expressions for a, and resolve into components.
I\,B: 1.549140;, —2wsu = 80sin (30°+ )

. 80sin53.794° + (2)(3.8130)(8.0690)
s 1.54914
=81.4 rad/s’ o =81.4 rad/s” ) 4
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PROBLEM 15.178

Ry = V3Rp In Problem 15.177, determine the angular velocity and
angular acceleration of disk S at the instant when ¢ =135°.

Rp=125in.  PROBLEM 15.177 The Geneva mechanism shown is used
to provide an intermittent rotary motion of disk S. Disk D
rotates with a constant counterclockwise angular velocity
)y, of 8 rad/s. A pin P is attached to disk D and can slide in
one of the six equally spaced slots cut in disk S. It is
desirable that the angular velocity of disk S be zero as the pin
Disk D enters and leaves each of the six slots; this will occur if the
when ¢ =120°  distance between the centers of the disks and the radii of the
disks are related as shown. Determine the angular velocity

and angular acceleration of disk S at the instant when

Disk S

\

I=2R,

¢ =150°.
SOLUTION
Geometry:
Law of cosines. r? =1.25% +2.50° — (2)(1.25)(2.50) cos 45°
r=1.84203 in. P
FA

: . s v 25
Law of sines. M _Sm 4 B go."'

1.25 r Fo) 8

2.50 in,

B =28.675°

Let disk S be a rotating frame of reference.

Q-a,), Q=a)
Motion of coinciding Point P’ on the disk.

vy = row, =1.842030, ]\ B
ap = —0K X Ty — 05Ty =[1.842030g N\ B1+(1.84203w; = B
Motion relative to the frame.
Vos =u 27 3 apg =u 37
Coriolis acceleration. 204u N B
Vp = Vpr + Vo =[1.842030 N\ Bl1+[u 7= fI
a, =ap +ap +2au \]

=[1.8420305 N\ B1+[1.8420302 = Bl+1i == Bl+[2wu N Bl
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PROBLEM 15.178 (Continued)

Motion of disk D. (Rotation about B)
vy =(BP)w,, = (1.25)(8) =10 in./s » 30°

a, =[(BP)ar, <T 45°1+[(BP)w; =T 45°1=0+[(1.25)(8)* < 45°]

=80 in./s* < 45°
Equate the two expressions for v, and resolve into components.
I\ﬁ: 1.84203@; =10cos(45° + )

_ 10c0s73.675°
s 1.84203
=1.52595 rad/s

7 B: u=10sin(45°+ ) =10sin 73.675° = 9.5968 in./s

Equate the two expressions for a, and resolve into components.
N B: 1.842030; —2m,u =80sin (45° + )

_ 80sin73.675° +(2)(1.52595)(9.5968)
1.84203

N

=57.6 rad/s®

g =1.526 rad/s ) 4

oy =57.6 rad/sz) <
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PROBLEM 15.179

At the instant shown, bar BC has an angular velocity of 3 rad/s
and an angular acceleration of 2 rad/s>, both counterclockwise.
Determine the angular acceleration of the plate.

9) C

L—éﬁn. ! 6 in.

SOLUTION

Relative position vectors.

Velocity analysis.

Bar BC (Rotation about C):

Plate (Rotation about D):

Let plate be a rotating frame.

Equate like components of v,.

Acceleration analysis.

Bar BC:

Plate:

Iyp = (4 in)i + (3 in)j
Iy e =—(6 in)i+ (3 in.)j
Wg- =3 rad/s ‘>
W = (3 rad/s)k
Vg = Wp XTIy = 3K X (=6i + 3j)
=—(9 in./s)i — (18 in./s)j

wp = wpk

Let Point B” be the point in the plate coinciding with B.

Vp = 0p XIp, = Opk X (41 + 3j)
=-3wpi +4wpj
VB/F = vrelj
Vg = Vg + Vg
=-3wpi+ (4wp +v,,)]
ii 9=-3w, o,=Grad/s)k
jo A8=HB®) +vy V. =—(30in/s)j
Ope =2 rad/s2‘>
e = (2 rad/s®k
ag =Olgc XTpc — a)éc Tpic
= 2Kk x (—6i + 3j) — (3)* (=6i + 3j)
=—12j—6i +54i — 27j= (48 in./s* )i — (39 in./s?)j
o, =apk
y =0p XTyp, — W) Ty
= ok x (4i +3j) — (3)* (4i + 3j)
=—3a,i + 40§~ 36i - 27j
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PROBLEM 15.179 (Continued)

Relative to the frame (plate), the acceleration of pin B is
2 2
. Vel . . 307,
App = (arel )tJ . 1= (arel)t J- 1
P 4

= (225 in/s?)i+ (ay),j

Coriolis acceleration. 20p XV

a, =23k)x(=30j)=(180 in./s%)i

Then agp=ay +ag; +a,
a, =—Bap +36)i+ (4ap —27)j— 2251+ (a,,), j+180i
a, =—Cap +8Di+[4ap +(a,,), —27]j

Equate like components of a,.

ii 48=—(a, +81) o, =—43 rad/s’ o, =43.0 rad/s? ) €
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PROBLEM 15.180

At the instant shown bar BC has an angular velocity of 3 rad/s and
an angular acceleration of 2 rad/s*, both clockwise. Determine the
angular acceleration of the plate.

9) C
L— 4 in. | 6 in. !
SOLUTION
Relative position vectors. Iy, = (4 in)i+ (3 in.)j
Iy =—(6 in)i + (3 in.)j
Velocity analysis. Wy =3 rad/s )
Bar BC (Rotation about C): ®g- =—(3 rad/s)k
Vp = Wpc XIpc

= (-3Kk) %X (—6i + 3j)

=(9 in./s)i + (18 in./s)j
Plate (Rotation about D): wp = wpk

Let Point B” be the point in the plate coinciding with B:

Vg = Wp XTIy
= wpk X (4i + 3j)
=-3wpi+4wp

Let the plate be a rotating frame. Vor = Vield
Vg = Vg + Vg

=3wpi+ (4wp +v,,)j
Equate like components of vy. i 9=-3w, ®, =—(3 rad/s)k
jo 8=@B)+v, V.., = (30 in./s)j

Acceleration analysis. Ope =2 rad/sz)

Bar BC: Oy =—(2 rad/s®)k
8y = Oye XTye — WpcTyc
= (=2K) X (—=6i + 3j) — (3)* (—6i + 3j)
=12j+6i+54i—27j
= (60 in./s*)i — (15 in./s?)j
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PROBLEM 15.180 (Continued)

Plate: oy, =opk
Ay =0y XXy, — Oply),
= ok x (4 +3j) — (3)* (4i + 3j)
=30l +4apj—36i —27j
Relative to the frame (plate), the acceleration of pin B is

2
rel »

1

App = (arel)zj -

. 307,
= (arel)z J _Tl

=—(225 in./s?)i+ (a,y), ]

Coriolis acceleration. 200p XV

a, =2(-3k)x(30j) = (180 in./s%)i

Then ap =ayp +ag, +a,
a, = —(3ctp +36)i + (darp — 27)j— 2251 + (a,y), j + 180
a, = —(a, +8Di+[4a, + (ay), - 27)j

Equate like components of a,.

i 60=—(a,+81) @, =—47 rad/s® o, =47.0 radis® ) <
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PROBLEM 15.181*

Rod AB passes through a collar which is welded to link DE.
Knowing that at the instant shown block A moves to the right at a
constant speed of 75 in./s, determine (a) the angular velocity of
rod AB, (b) the velocity relative to the collar of the point of the
rod in contact with the collar, (c¢) the acceleration of the point of
the rod in contact with the collar. (Hint: Rod AB and link DE
have the same ® and the same a.)

SOLUTION

Let = a)‘> and o= a‘> be the angular velocity and angular acceleration of the link DE and collar rigid
body. Let F be a frame of reference moving with this body. The rod AB slides in the collar relative to the
frame of reference with relative velocity u =u 7 30° and relative acceleration u=u 7 30°. Note that this
relative motion is a translation that applies to all points along the rod. Let Point A be moving with the end of
the rod and A” be moving with the frame. Point E is a fixed point.

6 in. .
Geometry. Iy =———=12in.~—
sin 30°
Velocity analysis. v, =75in/s —
vy =120)

v, =V, +u Resolve into components.

Fo: 75=0+ucos30° u= 75 =86.603 in./s
cos30°
. usin 30°
+T: 0=-12w+usin30° @=———=3.6085 rad/s
(@)  Angular velocity. o =3.61rad/s ‘> <
(b)  Velocity of rod AB relative to the collar. u=_86.61in./s 7 30° <«

(¢)  Acceleration analysis. a,=0

a, =[12a |1+ [120° — |=[120 | ] +[156.25— ]

Coriolis acceleration.

a, = 2wu ™ 60° = 625.01 in./s* ™ 60°
a,=a, +u+a_, Resolveinto components.

+.: 0=156.25+1cos30°—625.01cos 60°

1 =180.43 in./s>
+T : 0=-12+1isin30° + 625.01sin 60°

o =52.624 rad/s?
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PROBLEM 15.181* (Continued)

For rod AB, ®,5 =3.6085 rad/s )

045 =52.624 rad/s” )
Let P be the point on AB coinciding with collar D.
rp, =12c0s30° «730°=10.392 in. -~ 30°.
ap =a, +@py), +(@py),
=0+[(10.392)(52.624) ™ 60°] +[(10.392)(3.6085)* 2> 30°]
=[546.87 ™ 60°] +[135.32 7 30°] =[390.63 ~— ] +[405.94 i]
a, =563 in./s> 77 46.1° <4

a, may also be determined from a, =a, +u+a_using the rotating frame. The already calculated
vectors u and a_ also apply at Points P* and P.

a, =a, =607 30°+ 60 < 60°
=[315.74 in./s* 277 30°] +[78.13 in./s> 2> 60°]

Then a, =[315.742730°] +[78.13 X 60°] + (180.43 « 30°] +[625.01 ™ 60°]
= (135.31730°] +[546.88 ™ 60°]
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PROBLEM 15.182*

Solve Problem 15.181, assuming that block A moves to the left at
a constant speed of 75 in./s.

PROBLEM 15.181 Rod AB passes through a collar which is
welded to link DE. Knowing that at the instant shown block A
moves to the right at a constant speed of 75 in./s, determine (a) the
angular velocity of rod AB, (b) the velocity relative to the collar of
the point of the rod in contact with the collar, (c) the acceleration
of the point of the rod in contact with the collar. (Hint: Rod AB
and link DE have the same ® and the same o..)

SOLUTION

Let = w‘) and o= a‘> be the angular velocity and angular acceleration of the link DE and collar rigid
body. Let F be a frame of reference moving with this body. The rod AB slides in the collar relative to the
frame of reference with relative velocity u=u  30° and relative acceleration u =u < 30°. Note that this
relative motion is a translation that applies to all points along the rod. Let Point A be moving with the end of
the rod and A” be moving with the frame. Point E is a fixed point.

6 in. .
Geometry. Iy =———=12in.~—
sin 30°
Velocity analysis. v, =75 in./s =—
v, =120

v, =V, +u Resolve into components.

Fo: =75=0+ucos30° u= 75 =-86.603 in./s
cos30°
. u sin 30°
H: 0=-120+usin30° =" = 36085 rad/s
(@)  Angular velocity. ®=3.61rad/s ) |
(b)  Velocity of rod AB relative to the collar. u=2_86.6in./s > 30° 4

Acceleration analysis. a,=0

a, =[12a |1+ [120° — 1=[12a | ] +[156.25— ]

Coriolis acceleration. a, = 2wu ™ 60° = 625.01 in./s* ™ 60°

a,=a, +u+a, Resolve into components.

T+ 0=156.25+1ic0s30°—625.01cos 60°

4 =180.43 in./s>
+T : 0=—12a +1sin30° + 625.01sin 60°

o =52.624 rad/s®
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PROBLEM 15.182* (Continued)

For rod AB, ®,5 =3.6085 rad/s )

Oy =52.624 rad/s” )
Let P be the point on AB coinciding with collar D.
rp, =12c0s30° «730°=10.392 in. - 30°.

ap=a,+(@py), +(@p,),
=0+[(10.392)(52.624) > 60°] + [(10.392)(3.6085)2 ~ 30°]
=[546.87 ™ 60°] +[135.32 7 30°] =[390.63 <— ] +[405.94 i]

a, =563 in./s* 7 46.1° <4
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PROBLEM 15.183*

In Problem 15.157, determine the acceleration of pin P.

PROBLEM 15.157 The motion of pin P is guided by slots cut in
rods AD and BE. Knowing that bar AD has a constant angular
velocity of 4 rad/s clockwise and bar BE has an angular velocity of
5 rad/s counterclockwise and is slowing down at a rate of 2 rad/s’,
determine the velocity of P for the position shown.

SOLUTION

Units: meters, m/s, m/s’

Unit vectors: i=1—, jle, k=1‘>

From the solution of Problem 15.157,
60 =26.565° R=0.100m
rp, =0.1i +0.15j rp,p =—0.3i+0.15)
o, =—(4rad/s)k oy = (Srad/s®)k
a,,=0 0, =—(2 rad/s?k

Vup =j=—1.T775m/s)j

V ppe = —U, oS i+ u, sin 6j
=(—1.50935)(—c0s26.565° + sin 26.565°) j
=(1.35 m/s)i +(0.675 m/s)j

Acceleration of Point P’ on rod AD coinciding with the pin:
Ap = 0y XXy = D plp
=0—(4)*(0.1i +0.15j) = —1.6i — 2.4j
Acceleration of the pin relative to rod AD:

up o (L7757

Ap/ap :".llj_?lzul‘] 015

=, j—21.004i
Coriolis acceleration: a,=20,,XVp,p
a, =2(—4k)x (-1.775j) =-14.2i

Acceleration of P: ap=ap +ap,, +a,
a, =-36.804i —2.4j+u,j
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PROBLEM 15.183* (Continued)

Acceleration of Point P” on rod BE coinciding with the pin

Ap = 0pp XTpj — Wy
= (=2k) % (—0.3i + 0.15j) — (5)*(<0.3i + 0.15j)
—0.6j+0.3i+7.51—3.75j = 7.8i — 3.15]

Acceleration of the pin relative to the rod BE:

Coriolis acceleration:

Acceleration of P:

Appp = U, (—cos @i+ sin b))
2 =205, X Vppg
=(2)(5k)x (1.351 - 0.675j) =—13.5j+ 6.75i
ap =ap +appy +A,
a, =7.81-3.15j+u,(—cos 0i +sin 8j) +13.5j+ 6.75i
=14.55i+10.35j — u, cos 6i + u, sin 6j

Equating the two expressions for ap and resolving into components,

i:

Acceleration of the pin.

—36.804 =14.55—u, cos @
P 36.804 +14.55
€0s26.565°

=57.415 m/s>

~2.4+1i, =10.35+1i, sin 6
i, =12.75+57.415sin 26.565° = 38.426 m/s’

a, =—36.804i — 2.4j+38.427j
=-36.804i + 36.027j

a, —(36.8 m/s?)i+(36.0 m/s*)j=51.5m/s* ™ 44.4° <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

1263



https://students-hub.com
https://students-hub.com

y PROBLEM 15.184

At the instant considered, the radar antenna shown rotates about
the origin of coordinates with an angular velocity ®=,i+ ®,j+
/ @ k. Knowing that (v,), = 300 mm/s, (vg), = 180 mm/s, and
(vg), =360 mm/s, determine (a) the angular velocity of the
antenna, (b) the velocity of Point A.

O

0.25m

SOLUTION

r, = (0.3 m)i—(0.25 mk
Vv, =), i+ (0.3 m/s) j+(v,). Kk

i k
Va=0Xr (), i+03j+(vy) k=0, o o
03 0 -0.25

(V)i +0.3j+(v,),k =-0.25@,i + (030, +0.250,)j- 0.3 k

i (v,), =—0.25, (1
i 03=03w +0250, 2)
ki (v,), =030, 3)

r, = (0.3 m)i — (0.25 m)j
V= (), i+ (0.18 m/s)j+ (0.36 m/s)k

i J k
Vg =0Xrg: (v5),i+0.18j+036k =0, 0, o,
03 025 0

(V)i +0.18j+0.36k = 0.25@.i +0.3@.j — (0.250, +0.30, )k

i (vp),=03w, 4)
Jo 018=030, 5)
k:  036=-0250, -0.30, (6)
From Eq. (5), @, =0.6 rad/s
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From Eq. (2),

From Egq. (6),

(a)  Angular velocity.

From Eq. (1),

From Eq. (3),

(b)  Velocity of Point A.

or

PROBLEM 15.184 (Continued)

0, =—(0.3-03m)
0.25 :

=0.48 rad/s

y

w, = —L(0.36 +0.25m,)
0.3
=—1.6 rad/s
o = (0.480 rad/s)i — (1.600 rad/s)j+ (0.600 rad/s)k <
vy, = —O.25a)y
=0.400 m/s

(vy). = —O.3a)VV
=0.480 m/s

v, =(0.400 nv/s)i +(0.300 m/s)j +(0.480 m/s)k

v, = (400 mnvs)i + (300 mny/s)j+ (480 mm/s)k «
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y PROBLEM 15.185

At the instant considered the radar antenna shown rotates about
the origin of coordinates with an angular velocity @=w i+, j+
Y wk. Knowing that (v,), =100 mn/s, (v,), =-90 mm/s, and
(vg), =120 mm/s, determine (a) the angular velocity of the
antenna, (b) the velocity of Point A.

O

0.25m

SOLUTION

r, = (0.3 m)i-0.25 mk
v, =(0.1m/s)i —(0.09 m/s)j+(v,)_ k

i j Kk
vi=oxr: 0.1i-009+(v,).k=|0, o, o
03 0 -025

0.1i—0.09j+ (v,),k =-0.250,i +(0.30, +0.250,)j— 030,k

i 0.1=-0.25, (1)
i —0.09=0.3w, +0.25, 2)
ki (vy). = —O.3a)y 3)

r, = (0.3 m)i—(0.25 m)j
Vg =(p) i+ (), j+(0.12 m/s)k

i j k

Vp =0Xrg: (v),i+(v),j+0.12k=l0, o, 3

03 -025 0

(vp), i+ (vp),j+0.12k =0.25w,i + 0.3, j - (0.250, + 0.3)w k
i (vp), =025w, @)
i (VB)y =0.3m, ®))
k: 0.12=-0.250, - 0.3w, (6)
From Eq. (1) , ——ﬂ——o 4 rad/s
R Y025
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PROBLEM 15.185 (Continued)
1
F Eq. (6), =——(0.12+0.3
rom Eq. (6) o, 0‘25( +0.3w,)
=0
1
F Eq. (2), =——(0.09+0.25
rom Eq. (2) . 0.25( + ,)
=—0.36 rad/s
From Eq. (3), (v4). =—(0.3)(-0.4)
=0.12 m/s
(@) Angular velocity. ® = —(0.400 rad/s)j — (0.360 rad/s)k <«
(b)  Velocity of Point A. v, =(0.1 n/s)i —(0.09 n/s)j+(0.12 m/s)k
or v, = (100 mny/s)i — (90 mny/s)j + (120 mn/s)k <
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y PROBLEM 15.186

Plate ABD and rod OB are rigidly connected and rotate about the
ball-and-socket joint O with an angular velocity @ = @, i + @, j +
@, k. Knowing that v, = (80 mm/s)i + (360 mm/s)j + (v4), k and
w, =1.5 rad/s, determine (a) the angular velocity of the assembly,
(b) the velocity of Point D.

SOLUTION
o, =1.5rad/s o= (1.5 rad/s)i + a)yj +wk
r, =—(160 mm)i+ (120 mm)j + (80 mm)k
r;, =+(160 mm)i + (120 mm)j — (80 mm)k
(a) vV, =@Xr,
i j k
=15 o, o

-160 +120 +80
v, =B0w, —120®,)i + (-160w, —120)j+ (180 + 160w, )k

But we are given:

v, = (80 mny/s)i + (360 mm/s)j+ (v, ) Kk

(v4)y: 80@, —120e, =80 (1)
(vy),: —160@, ~120=360 @, =-3rad/s )
(vy),: 180+160@, = (v,), 3)

Substitute @, =—3.0 rad/s into Eq. (1):
80w, —120(-3) =80
@, =-3.5 rad/s
Substitute o, = —3.5 rad/s into Eq. (3):

180+160(=3.5)=(v,),
(v4), =-380in./s

We have: ® = (1.5 rad/s)i — (3.5 rad/s)j— (3.0 rad/s)k <«
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PROBLEM 15.186 (Continued)

(b)  Velocity of D.
Vp = 0XTI),
i j k
.5 =35 -3.0
+160 +120 -80
(360 + 280)i + (—480 +120)j+ (180 + 560)k

v, = (640 mny/s)i — (360 mmy/s)j + (740 mm/s)k <«
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PROBLEM 15.187

The bowling ball shown rolls without slipping on the horizontal xz plane with an
angular velocity o= ®,i+® j+@k. Knowing that v, = (14.4 ft/s)i —(14.4 ft/s)j+
(10.8ft/s)k and v, = (28 8 ft/s)l +(21 6 ft/s)k, determine (a) the angular velocity
of the bowling ball, (b) the velocity of its center C.

SOLUTION

Radius of ball: 4.3 in. = 0.35833 ft

At the given instant, the origin is not moving.

i J k
Vo =0Xr,: 144i-144j+10.8k =| o, o, o,

0.35833 0.35833 0
14.4i —14.4j +10.8k = —0.35833w,i + 0.35833w,j + 0.35833(w, — @,)k
i: —-0.35833w, =144 w, = —40.186 rad/s

i 0358330, = —14.4 o, = —40.186 rad/s
ki 035833@, - ®,) =108 @, — o, = 30.140 rad/s

i J k
Vp =0 X1y 288i+216k =lo, o, o
0 0.71667 0

28.8i + 21.6k = —0.71667.i + 0.71667w Kk

i: —0.71667w, = 28.8 @, = —40.186 rad/s
k: 0.71667w, =21.6 o, = 30.140 rad/s

o, = o, —30.140 = 0
(a) Angular velocity. ® = (30.1rad/s)i — (40.2 rad/s)k 4
(b) Velocity of Point C.

Ve = @X 1. = (30.140i — 40.186k) X 0.35833]
= 14.4i +10.8k

Ve = (144 ft/s)i + (10.8 ft/s)k <
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v PROBLEM 15.188

The rotor of an electric motor rotates at the constant rate @, =1800 rpm.
Determine the angular acceleration of the rotor as the motor is rotated
about the y axis with a constant angular velocity ®, of 6 rpm
counterclockwise when viewed from the positive y axis.

SOLUTION
o, =1800 rpm
=607 rad/s
w, =6 rpm
=0.27 rad/s
Total angular velocity. 0=0,j+auk

® = (0.27 rad/s)j+ (607 rad/s)k

Angular acceleration.

Frame Oxyz is rotating with angular velocity Q= ,].
o=n
=@y, T QAXO
=0+ jx (@ j+ k)
=w,wi
a = (0.27)(60)i
= (127 rad/s®)i o= (118.4 rad/s’)i «
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y PROBLEM 15.189

The disk of a portable sander rotates at the constant rate
@, =4400 rpm as shown. Determine the angular acceleration
of the disk as a worker rotates the sander about the z axis with
an angular velocity of 0.5 rad/s and an angular acceleration of
2.5 rad/s’, both clockwise when viewed from the positive
o, ’ Z axis.

SOLUTION
Spin rate: @, = 4400 rpm = 460.77 rad/s
Angular velocity of disk relative to the housing:
®, =(460.77 rad/s) j
Angular motion of the housing:
o, =—(0.5rad/s)k &, =—(2.5rad/s*)k
Consider a frame of reference rotating with angular velocity
Q = w,k = —(0.5 rad/s)k

Angular velocity of the disk: 0=0,+0,
=(460.77 rad/s)j— (0.5 rad/s)k
Angular acceleration of the disk:
=0 +®, + QX (0, +0,)
=0-2.5k 4+ (—0.5k) % (460.77j—0.5k)
=(230.38 rad/s”)i — (2.5 rad/s* )k

o = (230 rad/s®)i — (2.5 rad/s* )k <
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PROBLEM 15.190

Knowing that the turbine rotor shown rotates at a constant
rate @ =9000 rpm, determine the angular acceleration of
the rotor if the turbine housing has a constant angular
velocity of 2.4 rad/s clockwise as viewed from (a) the
positive y axis, (b) the positive z axis.

SOLUTION

Spin rate: @, =9000 rpm = 942.48 rad/s
Angular velocity of the rotor relative to the axle:
o, =—(942.48 rad/s)i
(a) Axle rotates with angular velocity , =—(2.4 rad/s)j
Consider a frame of reference rotating with angular velocity
Q=]
Angular acceleration:
a=0i+m,j+Q2Ax(0, +0,)
=0+0+QXx 0o,
=(—2.4j)x (-942.48i)

a =—(2260 rad/s> )k 4

()  Axle rotates with angular velocity ®, =—(2.4 rad/s)k.

Q =—-(2.4rad/s)k
a=Qx0, =(-2.4k)x(-942.48i)

o = (2260 rad/s®)j <
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PROBLEM 15.191

In the system shown, disk A is free to rotate about the horizontal rod
OA. Assuming that disk B is stationary (@,=0), and that shaft OC
rotates with a constant angular velocity @;, determine (a) the angular
velocity of disk A, (b) the angular acceleration of disk A.

SOLUTION

Disk A (In rotation about O):
Since 0, =0,

0, =0it+wj+ok

Point D is point of contact of wheel and disk.

Ipo =—rj— Rk
Vp =Wy XTp
i j kK
=0, @ a)z
0 -r -R

Vp =(Rw, +rw)i+Rwj-rok
Since @, =0, v, =0.

Each component of v, is zero.

(vp),=ro.=0; o =0

R
(vp),=—Rw, +rw,=0; o, :(—]wl

R
(@)  Angular velocity. O, =0+ (—]a)lk <
r

(b)  Angular acceleration. Disk A rotates about y axis at rate @,.

. . R R .
=m},xmA=a)IJx(a)13+7wlk] ocA=7a)211 <

_do,
AT dr
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PROBLEM 15.192

In the system shown, disk A is free to rotate about the horizontal rod OA.
Assuming that shaft OC and disk B rotate with constant angular velocities
@, and @,, respectively, both counterclockwise, determine (a) the
angular velocity of disk A, () the angular acceleration of disk A.

SOLUTION
Disk A (in rotation about O):
Since @, = o, 0, =oi+oj+tok

Point D is point of contact of wheel and disk.

Ipo =—1j— Rk
i j k
Vp =@ XTpp =| O, @ @,
0 -r -R
Vp =(-Rw, +r@,)i+ Ro j—-rak (D)
Disk B: W =0,
V) =0p XTIy, = W, jX (—1j— RK) =—Rw,i (2)

From Eqgs. 1 and 2: Vp=Vp: (R, —rw,)i+ R, j—rok =—Rw,i

w =0

X

Coefficients of k: -ra, =0;

Coefficients of i: (-Rw, +rw,) =-Ra,;

R
. =— (0, —,)
r

(a)  Angular velocity. ©, =0j+ B(a)l -0,k 4
r

(b)  Angular acceleration. Disk A rotates about y axis at rate @.

do . . R
oy = thz(‘oyX(‘oAza)l.lx|:a)1.]+7(w1_a)2)kj|

R .
o, =7a)1(a)1 -m,)i 4
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PROBLEM 15.193

The L-shaped arm BCD rotates about the z axis with a constant
angular velocity @, of 5 rad/s. Knowing that the 150-mm-radius
disk rotates about BC with a constant angular velocity @, of
4 rad/s, determine (a) the velocity of Point A, (b) the acceleration
120 mm of Point A.

SOLUTION

Total angular velocity. 0=0,j+uk
o = (4 rad/s)j+ (5 rad/s)k

Angular acceleration.

Frame Oxyz is rotating with angular velocity =K.

a=m
=W, +2X®
=0+wkx(w,j+ wk)
=—w,m,i
a=—5)i
=-20i
o =—(20.0 rad/s?)i
(a)  Velocity of Point A. r, =(0.15m)i+(0.12 m)j
vV, =0Xr,
i j k
=/ 0 4 5
0.15 0.12 0

=—0.6i+0.75j— 0.6k
v, =—(0.600 m/s)i +(0.750 m/s)j— (0.600 m/s)k <

(b) Acceleration of PointA. a, =0Xr, +®XV,
i j k i J k
=20 0 O+ O 4 5
0.15 06 O -0.6 0.75 -0.6
=24k -6.151-3j+2.4k

=—6.15i —3j a, =—(6.15 m/s%)i—(3.00 m/s*)j <
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PROBLEM 15.194

The cab of the backhoe shown rotates with the constant
angular velocity ®, =(0.4rad/s)j about the y axis. The arm
OA is fixed with respect tot he cab, while the arm AB
rotates about the horizontal axle A at the constant rate
@, =d Bldt =0.6 rad/s. Knowing that =30°, determine
(a) the angular velocity and angular acceleration of AB,
(b) the velocity and acceleration of Point B.

Angular velocity of AB

With respect to rotating frame:

With respect to fixed frame:

Angular acceleration of AB

r, =20i+8j (ft)
rp, =71—12.12j (ft)
rp =27i—4.12j (ft)
Oxyy is fixed; O,,, rotates with  =0.40j

®, =+ (0.60 rad/s)k
o0 =0, +®, =(0.40rad/s)j+(0.60 rad/s)k <«

a=(0),, =@, +2X®

0. =0+ (0.40j) % (0.40 + 0.60k) o = (0.24 rad/s?)i 4

Motion of B relative to rotating frame O,y,.

Since A does not move relative to O,

(Varr) = () 0y = 40y + (Bg) 0y, =0+ ©'XTy,
=(0.60k) x (7i —12.12j)
Vi = (127 fUs)i+ (4.2 £t/5); (1)

@pr) = () onye + (Bpsa) 0 =0+ 0" X (0" XT,)
= (0.60k) % (7.27i — 4.2j)
ay, =(2.52 ft/s?)i+(4.36 ft/s)j (2)

Motion of B’ of frame O,,, which coincides with B.

vy = Qxr, = (0.40§)x (271 — 4.12j)

vy =—(10.8 ft/s)k 3)
ay = QX (QxXry) = QX vV, = (0.4j)x (—10.8k)
a, =—(4.32 ft/s?)i “4)
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PROBLEM 15.194 (Continued)

Velocity of B using Equations (1) and (3):

Vg =V + Vg =—10.8k +7.27i + 4.2

vy =(7.27 ft/s)i+ (4.2 ft/s)j— (10.8 ft/s )k 4

Acceleration of B

ag=ay +ag,; +a,
We first compute the Coriolis acceleration. ac

a. =2Q X vy, =2(0.40§)x(7.271 +4.2j)
Recalling Equations (2) and (4), we now write

a, =—4.32i-2.52i+4.36j—5.82k

a, =—(6.84 ft/s*)i+(4.36 ft/s*)j— (5.82 ft/s* )k 4
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PROBLEM 15.195

A 3-in.-radius disk spins at the constant rate @, =4 rad/s
about an axis held by a housing attached to a horizontal rod
that rotates at the constant rate @, =5 rad/s. For the position
shown, determine (a) the angular acceleration of the disk,
(b) the acceleration of Point P on the rim of the disk if 8 =0,
(c¢) the acceleration of Point P on the rim of the disk

it 8=90°.

SOLUTION
Angular velocity. 0=wi+ank
o = (5 rad/s)i + (4 rad/s)k
(@)  Angular acceleration.
Frame Oxyz is rotating with angular velocity = ji.
=0
=W, + X0

=0+ o ix(@i+ w,k)

=—0,0]
=—(4)(5)j
=-20j
(b) 60=0.Acceleration at Point P.
rp =3 ini
=(0.25 ft)i
Vp =OXI,
= (5i +4Kk)x0.25i
=(1ft/s)j

a, =aXr, +OXV,
=-20jx0.251i + (5i + 4k) x (1 ft/s)
=5k + 5k —4i
=—-4i+10k

0 =—(20.0 rad/s*)j 4

a, —(4.00 ft/s*)i+(10.00 ft/s*)k <
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rp =
Vp =

ap, =

PROBLEM 15.195 (Continued)

(¢) 8 =90°. Acceleration at Point P.

(0.25 ft)j

@OXr,

(5i + 4k) x 0.25j

—(1.25 ft/s)i + (1 ft/s)]

AXTp +OXVp

—20jx0.25j+ (5i + 4k) X (=1.25i + j)
0+0-6.25j—4j+0

~10.25j

a, =—(10.25 ft/s*)j «
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PROBLEM 15.196

A 3-in.-radius disk spins at the constant rate @, =4 rad/s
about an axis held by a housing attached to a horizontal rod
that rotates at the constant rate @, =5 rad/s. Knowing that
0 =30°, determine the acceleration of Point P on the rim of
the disk.

SOLUTION

Angular velocity. =i+ ank
o = (5 rad/s)i + (4 rad/s)k

Angular acceleration. Frame Oxyz is rotating with angular velocity €= @ji.
0L=0=0),, +QX0
=0+ wix(wi+ aok)

=-00,j
=~(4)(5)j=-20j

a =—(20.0 rad/s*)j

Geometry. 6 =30°, rp = (3 in.)(cos30°i +sin 30°))
=(0.25 ft)(cos 30° +sin 30°j)
Velocity of Point P. Vp =WOXI,
i j k
= 5 0 4

0.25c0s30° 0.25s5in30° 0O
=—(0.5 ft/s)i + (0.86603 ft/s)j+ (0.625 ft/s)k

Acceleration of Point P. a, =0XI, +OXV,
i J k i J k
= 0 -20 O|+| 5 0 4

0.25c0s30° 0.25sin30° 0| |-0.5 0.86603 0.625
=4.3301k —3.4641i —5.125j+4.3301k

a, =—(3.46 ft/s*)i — (5.13 ft/s*)j+ (8.66 ft/s* )k «
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Y PROBLEM 15.197

A 30 mm-radius wheel is mounted on an axle OB of length
100 mm. The wheel rolls without sliding on the horizontal
floor, and the axle is perpendicular to the plane of the wheel.
Knowing that the system rotates about the y axis at a
constant rate @, =2.4 rad/s, determine (a) the angular
velocity of the wheel, (b) the angular acceleration of the
wheel, (c) the acceleration of Point C located at the highest
point on the rim of the wheel.

SOLUTION
Geometry. [=100 mm =0.1 m
b=30mm=0.03m
tan f = ? =03
B =16.699°

r, =—Isecfi
rp =—lcos Bi+bcos fBj
(a)  Angular velocities.
For the system, Q=w,j= (2.4 rad/s)j
For the wheel, o=oi+ o, Jtok
v, =0Xr, =(@i+oj+ok)x(-Isec fi)=0
—(lo, sec f)j—(lw, sec )k =0
a)y=0, w, =0 0=n0i
Vp =@XIy
=, iXx (I cos i+ bcos fBj)
=(w.bcos Bk
For the system, Vp =QXry
= w,jx (=l cos i+ bcos fj)
= (w,lcos Bk

Matching the two expressions for Vg,
@.bcos f=w,lcos

!
or o =20 _ZAHC0)

. 8 rad/s ® = (8.00 rad/s)i 4
b 100
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(b)  Angular acceleration.

(¢)  Conditions at Point C.

PROBLEM 15.197 (Continued)

o=
=M, +QAX®
=(0+2.4j)x8i
=—(19.2 rad/s» )k o.=—(19.20 rad/s* )k <

r. =—(lcos f—bsin )i+ 2bcos B
=(—87.162 mm)i + (57.47 mm)j
Ve =OXTr,
=8ix(—87.162i+57.47})
= (459.76 mm/s)k
as =UXT +OXV,
=—19.2k X (—87.162i + 57.47j) + 8ix 459.76k
=(1103.4 mm/s®)i — (2004.6 mm/s?)j

a. = (1.103 m/s*)i — (2.005 m/s*)j <«
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PROBLEM 15.198

At the instant shown, the robotic arm ABC is being rotated
simultaneously at the constant rate @, =0.15 rad/s about
the y axis, and at the constant rate @, =0.25 rad/s about the
z axis. Knowing that the length of arm ABC is 1 m, determine
(a) the angular acceleration of the arm, (b) the velocity of
Point C, (c) the acceleration of Point C.

SOLUTION

Angular velocity:

(b)  Velocity of Point C.

(¢)  Acceleration of C:

o0 =0j+ok
=(0.15 rad/s)j+ (0.25 rad/s)k

Consider a frame of reference rotating with angular velocity

Q=w,j=(0.15rad/s)j

(a) Angular acceleration of the arm.

0=0,+0, +Qx(0, +0,)
=0+0+(0.15j)x(0.15j+0.25Kk)

a=(0.0375 rad/s®)i <

Arm ABC rotates about the fixed Point A.

Ie,y = (1 m)(cos35°% +5sin35°)j
=(0.81915 m)i + (0.57358 m)j

VC :(OXI'C/A
i j k
ve=| 0 0.15 025

0.81915 0.57358 0
=-0.14340i + 0.20479j - 0.12287k

Ve =—(0.1434 m/s)i + (0.204 m/s)j — (0.1229 m/s)k
a, =0XI;, +OXV,
i ik i j K
a.=| 0.0375 0 0|+ o0 0.15 0.25

0.81915 0.57358 0 —0.14340 0.20479 -0.12287
=0.021509k + 0.06962i + 0.03585j+0.02151k

a. =—(0.0696 m/s*)i +(0.0359 m/s*)j+(0.0430 m/s* )k «
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¢ A PROBLEM 15.199

In the planetary gear system shown, gears A and B are
rigidly connected to each other and rotate as a unit about the
inclined shaft. Gears C and D rotate with constant angular

= i50 mm Vvelocities of 30 rad/s and 20 rad/s, respectively (both

. N\l

" ; counterclockwise when viewed from the right). Choosing
G H . . . .
the x axis to the right, the y axis upward, and the z axis
,, pointing out of the plane of the figure, determine (a) the
common angular velocity of gears A and B, (b) the angular
’ velocity of shaft FH, which is rigidly attached to the
inclined shaft.
80 mm' 80 mm
SOLUTION

Place origin at F.
Point 1: r; =—(80 mm)i + (260 mm)j

Point 2: r, =+(80 mm)i + (50 mm)j
®; =+(30 rad/s)i
®; =+(20 rad/s)i
Vi =g X1y
= (30i) x (—801i + 260j)

v, = (7800 mm/s)k

V, =g XTI,

= (20i)x (80i +50j)
v, = (1000 mm/s)k ()
Motion of gear unit AB: o=0i+aojt+aok
i j k
Vi=OXn=| 0, o, o,
-80 +260 0

=-260w,i - 80w, j+ (2600, + 80w, )k
Recall from Eq. (1) that v =7800k.
7800k =-2600.i —80w_j+ (260w, + 80w, )k
Equate coefficients of unit vectors.

w, =0
7800 = 260w, + 80w, €)
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PROBLEM 15.199 (Continued)

vV, =®XT,
i j k
=lo, o, 0
80 50 O

=(050w, - 80a)y )k
Recall from Eq. (2) that v, =1000K, and write
1000 =500, —80w,

Add Egs. (3) and (4): 8800=3100, o, =28.387 rad/s
Eq. (4): 1000 =50(28.387)~ 80w, @, =5.242 rad/s

(@) Common angular velocity of unit AB. ® = (28.387 rad/s)i + (5.242 rad/s)j

(b)  Angular velocity of shaft FH. (See figure in text.)

Point N is at nut, which is a part of unit AB and also

is a part of shaft GH.
1
XN ZE)’N
ry =xyi+ yyd
I . .
Iy ==~ Yyl+Yy)
2
Nut N as a part of unit AB: o = (28.387 rad/s)i + (5.242 rad/s)j

Vy = OXTy
=(28.387i + 5.242j)><(% yyi+ yNj)

vy =(28.387y, —2.621y, )k
= +(25.766y, )k

Nut N as a part of shaft FH. @ = @yl
Vy =@y XTIy
= (@pyi) X [% yyi+ YNj)
= Opy yyk
Equating expressions for v, from Egs. (5) and (6),

+(25.766 5 )k = @y vk
@, = (25.766 rad/s)i

“

® = (28.4 rad/s)i + (5.24 rad/s)j 4

®)

(6)

Opy =(25.8 rad/s)i 4
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PROBLEM 15.200

In Problem 15.199, determine (a) the common angular acceleration of gears A and B, (b) the acceleration of
the tooth of gear A which is in contact with gear C at Point /.

SOLUTION
See the solution to part (@) of Problem 15.199 for the calculation of the common angular velocity of unit AB.

o =(28.387 rad/s)i + (5.242 rad/s)j

The angular velocity vector @ rotates about the x-axis with angular velocity ®z;. See part (b) of Problem

15.199 for the calculation of @ .
Oy =(25.776 rad/s)i

(@) Common angular acceleration of unit AB.

0=y X0
= (25.776i) x (28.387i + 5.242j)
=135.12k a=135.1rad/s’k <

The position and velocity vectors of a tooth at the contact Point 1 of gears A and C are
r; =—(80 mm)i + (260 mm)j
v, = (7800 mm/s)k
as determined in part (a) of Problem 15.199.
(b)  Acceleration of the tooth at Point 1 of gear A.

a, =axXr +oxv,
= (135.12k) x (—=80i + 260j) + (28.387i +5.242) x 7800k
=-10810j—35131i —221419j + 40888i

= (5757 mm/s?)i — (232229 mm/s>)j

a, = (5.8 m/s?)i— (232 m/s?)j 4
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PROBLEM 15.201

Several rods are brazed together to form the robotic guide arm shown
which is attached to a ball-and-socket joint at O. Rod OA slides in a
straight inclined slot while rod OB slides in a slot parallel to the z axis.
Knowing that at the instant shown v, =(9 in/s)k, determine (a) the
angular velocity of the guide arm, (b) the velocity of Point A,
(c) the velocity of Point C.

A
-

Dimensions in in.

SOLUTION

Since rod at D slides in slot which is of slope 1:2,
V), ==2(vp),
and (Va)y =—2(vy)y
(a)  Angular velocity. 0=0i+ o, jtwk
Vp =0Xrz: Vin/s)k =(o i+ j+ok)x (12 in.)j
9%k =120k -12w.i

Coefficients of k: 9=12w, @, =0.75 rad/s
Coefficients of i: 0=-120, @, =0
vV, =0OXr,

v, =(0.75i+ a)yj) X (10k)
V) d+ ), j+(vy) k=-75j+100,i
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Coefficients of j:
Coefficients of i:

Coefficients of k:

Recall the Equations
and

So,

(b) Velocity of A:

(c)  Velocity of C:

PROBLEM 15.201 (Continued)

(Va)y, =—T75
(vy), =100,
(vy), =0

(Va)y =—2(vy),
100, =-2(-17.5)
o, =15rad/s and (v,),=15in/s
@ =(0.75 rad/s)i + (1.5 rad/s)j 4
v, =(15in/s)i—(7.5in/s)j 4

ro =5i+4j+2k

Ve =OXT,
i j k
=075 1.5 0
5 4 2

3i—-1.5j+(3-7.5k

ve =@ in/s)i—(1.5in/s)j— (4.5 in/s)k 4
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PROBLEM 15.202

In Problem 15.201 the speed of Point B is known to be constant.
For the position shown, determine (a) the angular acceleration of the
guide arm, (b) the acceleration of Point C.

PROBLEM 15.201 Several rods are brazed together to form the
robotic guide arm shown, which is attached to a ball-and-socket joint at
0. Rod OA slides in a straight inclined slot while rod OB slides in a
slot parallel to the z-axis. Knowing that at the instant shown
vg=(9 in./s)k, determine (a) the angular velocity of the guide arm,
(b) the velocity of Point A, (c) the velocity of Point C.

Dimensions in in.

SOLUTION

" ) —| Dimensions in inches

Y ink )k
%sud 2

19

A %

7
Since rod at D slides in slot which is of slope 1:2,

(VD)X = _2(VD)y

and (Va)y =—2(vy),
Angular velocity. 0 =0i+toj+aok

Vp=0Xry: (in/s)k =(wi+ a)yj +wK)X (12 in.)j
%k =120k -12w,i

Coefficients of k: 9=12w, @, =0.75 rad/s
Coefficients of i: 0=-120, ®, =0
vV, =0OXr,

v, =(0.75i+ @, j)x (10k)

V)i + (W), d+(v,). k=-7.5j+10w,i

Coefficients of j: (v4), =-T75
Coefficients of i: (v4), =100,
Coefficients of k: (vy), =0
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Recall the Equations

PROBLEM 15.202 (Continued)

(VA )x = _Z(VA)y

and 10w, =-2(-17.5)
So, o, =15rad/s and (v,),=15in/s
®=(0.75 rad/s)i + (1.5 rad/s)j
Velocity of A: v, =15 in/s)i— (7.5 in/s)j
Velocity of C: r. =5i+4j+2k
Ve = OXT,
i J Kk
=075 15 0
5 4 2
=3i-15j+(3-7.5k
Ve =@ in/s)i—(1.51in./s)j— (4.5 in./s)k
ap = OXTy; +OX(OXr.)
=0XI, +OX Vg
i j Kk i J Kk
a=a o o |(+075 15 0
0 12 0 0 0 9
=-12a,i +120,k +13.51 - 6.75]
a; =(13.5-12,)i-6.75j+12c Kk
(ag), =13.5-120, =0 ¢, =1.125 rad/s®
(ap), =—6.75 (ag), =—-6.75 in/s’
(ag), =120, =0 ., =0
a, =0Xr, +OX(®OXr,)
=0Xr, +OXV,
i k i J Kk
a, =0 « 1125(+/075 15 0
0 0 10 15 =75 0
=10a,i+(-5.625-22.5)k
a, =100,i-28.125k
Thus, (ay), =10, (a,), =0 (a,), =-28.125 in./s*
But (ay), =—2(aA)y =0
Therefore, (a,),=10c, =0 a, =0

&)
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PROBLEM 15.202 (Continued)

(a)  Angular acceleration: o =(1.125 rad/s* )k <

(b)  Acceleration of C: A, = OUXTo + OX(WXTK.)

= QXTI + WXV,

re =(5in)i+ (4 in)j+ (2 in)k
i j k i j kK
a,=|0 0 1.125|+|075 15 0
54 2 3 -15 —45

=—-4.5i+5.625j—6.751 +3.375j+ (-1.125-4.5)k

a, =—(11.3in/s»)i+(9 in/s*)j—(5.63 in./s* )k «
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20 in.

Z 12 in. \
o

D

PROBLEM 15.203

Rod AB of length 25 in. is connected by ball-and-socket joints
to collars A and B, which slide along the two rods shown.
Knowing that collar B moves toward Point E at a constant
speed of 20 in./s, determine the velocity of collar A as collar B
passes through Point D.

SOLUTION

Geometry.

Velocity of collar B.

Velocity of collar A.

where

Lip =X+ Yam+ 20 25 =(=12)% + y35 +(=20)°
Yyp =9in.

1, = (—12in)i+(9in)j— (20 in.)k
rpe = (12in)i—(91in.)j,

lep =+/(12)* +(=9)? =15 in.

Tpic
VB = VB s

lCD
V= (20)% = (16 in./s)i — (12 in/s)j
Vi =Va)

Vy=VptVup

Vup =Wy XTyp

Noting that v, is perpendicular to r,,, we get Iy, - Vg, =0.

Forming r,; - v,, we get

or

Typ - Vi =Typ - (Vg + Vyp)
=Typ Ve Ty Vyp

Typ Va=Typ Vg (1)

From Eq. (1), (=121 +9j-20k) - (v,j) = (—12i+9j—80k) - (161 —12j)

or

9y, =(=12)(16) + (9)(-12)
v, ==33.3331in./s v, =—(33.3in./s)j 4
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4 PROBLEM 15.204

/\Gm Rod AB, of length 11 in., is connected by ball-and-socket
b ' joints to collars A and B, which slide along the two rods
shown. Knowing that collar B moves downward at a
constant speed of 54 in./s, determine the velocity of collar A
when ¢ =2 in.

SOLUTION
Geometry. Lip=Xyg + v +2up: (AD>=(6)>+(=2)" +(z,)
Zyp =910, ryp =(-6in)i—(2in.)j+ (9in.)k
Velocity of collar B. Vp =—vpgj=—(541n./s)j
Velocity of collar A. v, =v,k
Vy=Vg+Vy,
where Vg =0y XTyp

Noting that v, is perpendicular tor,z, we get I, - Vg4 =0.

Forming r,; - v,, we get Yyp - Va=Tup (Vg +Vyp) =Typ Vg +Typ - Vup

or Tap - Va =Ty Vg (1)
From Egq. (1), (-6i-2j+9Kk) vk =(—6i —2j+9Kk) - (-54j)

or 9v, =108 v, =(12.00in/s)k <
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PROBLEM 15.205

Rods BC and BD are each 840 mm long and are connected
by ball-and-socket joints to collars which may slide on the
__C fixed rods shown. Knowing that collar B moves toward A

/CE at a constant speed of 390 mm/s, determine the velocity of

\f collar C for the position shown.
320 mm

480 mm

320 mm

SOLUTION
Geometry. lsc =Xgs + Yeus + Zoum
(840)% = c* + (640 —480)* +(200)> ¢ =800 mm
rp = (800 mm)i + (160 mm)j— (200 mm)k
12 5
Veloci B. V= -——j——Kk
elocity of B VB( 13_] 3 )
12 5
=390 mm/s)| ——j——Kk
(350 m S)[ 37713 j

=—(360 mm/s)j— (150 mm/s)k

Velocity of C. Vo = vl
Ve = Vg T Vo

where Vg = 0pc XTgyp

Noting that v, is perpendicular to rg;, we get Iy - Ve =0
So that Yo Ve =Yg Vg
800i +160j —200Kk) - (-360j—150k) = (800i +160j — 200k ) - (vi)
(160)(=360) + (-200)(—-150) = 800y
Y =—34.5 mm/s Vo =—(34.5 mm/s)i <
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PROBLEM 15.206

Rod AB is connected by ball-and-socket joints to collar A and to the
16-in.-diameter disk C. Knowing that disk C rotates counterclockwise at
the constant rate @, =3 rad/s in the zx plane, determine the velocity of
collar A for the position shown.

SOLUTION
Geometry. Iyc = (=8in)k
ry; =—(25in)i+(20in.)j— (8in)k

Velocity at B. Vg = Wy jXTp

=3jx(-8Kk)

=—(24 in./s)i
Velocity of collar A. Vi=V4i

Va=Vp TV

where Vag = W45 XTy/p

Noting that v, is perpendicular to r,, we get Iy, - Vg4 =0.

Forming r,,; - v,, we get Tap  Va=Tup (Vg +Vy5)

=Ty Vg +Tap Vs

or Tap Va=TYyp Vg (1)
From Eq. (1), (—25i+20j—8k) - (v,j) = (—25i +20j— 8Kk) - (24i)

20v, =—600
or v, =-30in./s v, =—(30.0 in./s)j 4
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v PROBLEM 15.207

Rod AB of length 29 in. is connected by ball-and-socket
) Pl joints to the rotating crank BC and to the collar A. Crank BC
is of length 8 in. and rotates in the horizontal xz plane at the
constant rate @, =10 rad/s. At the instant shown, when
crank BC is parallel to the z axis, determine the velocity
of collar A.

21 in.

SOLUTION
Geometry. Iye = (=8in)k,
r,p =(-12in)i+(2lin)j+ (161in.)k

Velocity at B. Vg = Wyj XTI

=10jx (—8Kk)

= (-801in./s)i
Velocity of collar A. Vi =V4d

Va=Vp+Vap

where Vap =045 XTy/p

Noting that v, is perpendicular to r,,z, we get Iy, - Vg, =0.

Formingr,; - v,, we get Yy Va=Typ (Vg+V,5)

=Ty Vg T4 Va

or Tag Va=Yamp Vg ey
From Eq. (1), (121 +21j+16Kk) - (v, j) = (—12i + 21j+16k) - (—80i)

21v, =960
or v, =45.7141in./s v, =(45.7in/s)j 4
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y PROBLEM 15.208

Rod AB of length 300 mm is connected by ball-and-socket joints
to collars A and B, which slide along the two rods shown.
Knowing that collar B moves toward Point D at a constant speed
of 50 mm/s, determine the velocity of collar A when ¢ =80 mm.

e
90 mm

D

180 mm

SOLUTION

Geometry. r, =Yj,
r;, = (90 mm)i
r. = (180 mm)k

Tpe =Tp —I¢
= (40 mm)i — (180 mm)k

Loy, =+/(90)* + (180)*
=201.246 mm
- c(rpc)
BIC = g0
_ 80(90i —180k)
- 180
= (40 mm)i — (80 mm)k
Ip =T¢ +Ipc
=180k + 40i — 80k
= (40 mm)i + (100 mm)k
Ta/p =Ts ~Tp
=—(40 mm)i + (y mm)j— (100 mm)k

By =+ 3>+ 2k 300° =(-40) + )7 +(-100)?
y =280 mm,
I, = (=40 mm)i + (280 mm)j— (100 mm)k
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PROBLEM 15.208 (Continued)

r
Velocity of collar B. Vg = Vg e
lep
_ (50)(90i —180k)
i 201.246

=(22.3607 mm/s)i — (44.7214 mm/s)k

Velocity of collar A. V4 =W
Va =Vt Vasp

where Vg = Oup XTIy 8
Noting that v, is perpendicular to r,,, we get g, - Vg, =0.
Forming r,; - v,, we get Cap V4 =Typ (Vg +V5)
=Tap VB TXa8 " Vasp
or Yap " Ya =YV (1)
From Eq. (1), (—40i +280j—100K) - (v, J) = (—40i + 280j—100k ) - (22.3607i — 44.7214k)
280v, =(-40)(22.3607) +(—100)(—44.7214)

or v, =12.7775 mm/s v, =(12.78 mm/s)j 4
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e
90 mm

D

180 mm

PROBLEM 15.209

Rod AB of length 300 mm is connected by ball-and-socket
joints to collars A and B, which slide along the two rods
shown. Knowing that collar B moves toward Point D at a
constant speed of 50 mm/s, determine the velocity of collar A
when ¢ =120 mm.

SOLUTION

Geometry.

I'A = yj’

r, = (90 mm)i
r. = (180 mm)k

Ipe =Tp ~—Tc

= (90 mm)i — (180 mm)k

lep =+/(90)* + (~180)*
=201.246 mm
Tpic = M
180
_ 120(90i — 180k )

180

= (60 mm)i — (120 mm)k
Iy =T¢ + g

=180k + 60i —120k

= (60 mm)i + (60 mm)k

Fyp =T4 —Tp

=—60i + yj— 60k

L =Xy + ¥ + 25 3007 =60+ y* + 60
y =287.75 mm,
r,p = (=60 mm)i+ (287.75 mm)j— (60 mm)k
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Velocity of collar B.

Velocity of collar A.

where

PROBLEM 15.209 (Continued)

I'pic
VB = VB _—
lCD
o (30)(90i ~ 180k)
B 201.246

=(22.3607 mm/s)i — (44.7214 mm/s)k

Va4 =Val)

Vo =Vp t Vypp

Vaip = QypXTyp

Noting that v, is perpendicular to r,,;, we get g, - Vg4 =0.

Forming r,; - v,, we get

or

From Eq. (1), (—60i+287.75j—60k) - (v,j) = (—60i 4+ 287.75j— 60k) - (22.3607i — 44.7214j)

or

Tap - Va =Tap (Vg + Vap)

=Ty VpTTyp Vap

Ty Va =Ty Vp

287.75v, = (-60)(22.3607) + (—60)(—44.7214)

v, =4.6626 mm/s

ey

v, =(4.66 mm/s)j <
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v PROBLEM 15.210
Two shafts AC and EG, which lie in the
vertical yz plane, are connected by a
universal joint at D. Shaft AC rotates
T with a constant angular velocity @, as
shown. At a time when the arm of the
crosspiece attached to shaft AC is
vertical, determine the angular velocity
of shaft EG.
SOLUTION
Angular velocity of shaft AC. o, =ak
Let @] be the angular velocity of body D relative to shaft AD.
Angular velocity of body D. o, =0 k+ 0,
Angular velocity of shaft EG. ®g; = @, (cos 25°K —sin 25°%j)
Let w,i be the angular velocity of body D relative to shaft EG.
Angular velocity of body D. O, = ®,(cos 25°k —sin25°j) + w,i
Equate the two expressions for ®,, and resolve into components.
i: 0=0 (1)
ji o, =-m,5in25° (2)
k: @ =w, cos25° 3)
o, w, . Acos o
From Eq. (3), = O = (—sin25°j+cos25°k) <«
cos25° cos25°
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Y PROBLEM 15.211

Solve Problem 15.210, assuming that
the arm of the crosspiece attached to
the shaft AC is horizontal.

PROBLEM 15.210 Two shafts AC
and EG, which lie in the vertical yz
plane, are connected by a universal
joint at D. Shaft AC rotates with a
constant angular velocity @, as
shown. At a time when the arm of
the crosspiece attached to shaft AC is
vertical, determine the angular

velocity of shaft EG.
SOLUTION
Angular velocity of shaft AC. o, =ok
Let w;si be the angular velocity of body D relative to shaft AD.
Angular velocity of body D. o, =wk+aii
Angular velocity of shaft EG. Oy, = @,(cos 25°k —sin 25°)
Let @w,A be the angular velocity of body D relative to shaft EG,
where A is a unit vector along the clevis axle attached to shaft EG. y
A =c0s25°j+5sin 25°k X
@\ = @, cos 25°j+ @, sin 25°k . 25
Angular velocity of body D. O, =0g; + Ok /V

o, =(w, cos25° — w, sin 25°)j
+ (@, sin 25° + w, cos 25°)k

Equate the two expressions for ®,, and resolve into components.

ii w;=0 (1
j: 0=, cos25°-w,sin25° )
k: @ =w,sin25°+ w, cos25° 3)
From Egs. (2) and (3), @, = W, cos25° Oy, = @ c0s25°(—sin 25%j + cos 25°k) 4
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PROBLEM 15.212

In Problem 15.206, the ball-and-socket joint between the rod and collar A is replaced by
the clevis shown. Determine (a) the angular velocity of the rod, (b) the velocity of collar A.

SOLUTION

Geometry. Iy =@in)k 1y, =—(25in)i+(20in.)j— (8 in.)k
Velocity of collar B. Vg = Wy j X Ty =—3jx8K =(24 in./s)i

Velocity of collar A. Vi =V,J

Angular velocity of collar A. 0, =0,j

The axle of the clevis at A is perpendicular to both the y axis and the rod AB. A vector p along this axle is
P =jXr,p =jx(-251+20j—-8k)=—-8i+ 25k
p=+8 +25* =26.2488

Unit vector A along axle: A =L = 0304781 +0.95242k
p

Let m, be the angular velocity of the rod AB relative to collar A.

®, = WA =—0.30478w,i +0.95242w,k

Angular velocity of rod AB. W, =0, +0,

®,5 =—0.30478,i + ,j+0.95242,k (1)

Vo=V + Vyp =V +Wyp XTyp

i J k
v, j=24i+|-030478w, o, 0.95242w,
=25 20 -8
Resolving into components,
i: 0=24-8w,-19.0484w, 2)
Jj: v,=-262487w, 3)
k: 0=25w,-6.0956w, 4
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PROBLEM 15.212 (Continued)

Solving Egs. (2), (3) and (4) simultaneously,

vy ==301in./s,
w, =0.27867 rad/s,
w, =1.1429 rad/s

(@)  Angular velocity of rod AB.
From Eq. (1) 0,5 =—(0.30478)(1.1429)i + 0.27867 j+ (0.95242)(1.1429)k

®,; =—(0.348 rad/s)i + (0.279 rad/s)j+ (1.089 rad/s)k <«

(b)  Velocity of A. v, =—(30.0in./s)j «

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1305

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

PROBLEM 15.213

In Problem 15.205, the ball-and-socket joint between the rod and
collar C is replaced by the clevis connection shown. Determine
(a) the angular velocity of the rod, (b) the velocity of collar C.

SOLUTION

Geometry. Ic = Xci + (640 mm)j, rz = (480 mm)j + (200 mm)k
L,z = N480% + 2007 = 520 mm
Yo = Xl + (160 mm)j — (200 mm)k

Length of rod BC. lpc = 840 = x +160* + 200°
Solving for x., Xx¢c = 800 mm

roz = (800 mm)i + (160 mm)j — (200 mm)k

e OClty. Vp = —(— ) — = - mm)j — mim/S
Veloci B 238( 480j — 200k) = (=360 )j — (150 mm/s)k

Angular velocity of collar C.  ®y = @i
The axle of the clevis at C is perpendicular to the x-axis and to the rod BC.

A vector along this axle is P =ixXrgy
p =ix(800i +160j — 200k) = (200 mm)j + (160 mm)k

p =~/200% +160* = 256.125 mm

Let A be a unit vector along the axle. A =L = 078087 j+0.62470k
p

Let o, = @\ be the angular velocity of rod BC relative to collar C.
o, = 0.78087w,j + 0.62470aw.k
Angular velocity of rod BC. Wpe = O + O
W = @ +0.78087w,j + 0.62470w .k

Ve = Vg + @pc XY

i i K
Vel = 360§ — 150k + | w. 0.78087m, 0.624700,
800 160 -200
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PROBLEM 15.213 (Continued)

Resolving into components,

i v = —256.1260, (1)
§0=-360 + 200 +499.76a, )
ki 0=-150+ 160, — 624.70, 3)

Solving the simultaneous equations (1), (2), and (3),

Wc =1.4634 rad/s, @, = 0.13470 rad/s, v, = —34.50 mm/s
(@) Angular velocity of rod BC.

W = 1.4634i + (0.78087)(0.13470)j + (0.62470)(0.13470)k

®pe = (1.463 rad/s)i + (0.1052 rad/s)j + (0.0841 rad/s)k <

(b)  Velocity of collar C. Ve = —(34.5 mm/s)i <
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y PROBLEM 15.214

In Problem 15.204, determine the acceleration of collar A
when ¢ =2 in.

PROBLEM 15.204 Rod AB of length 11 in., is connected
by ball-and-socket joints to collars A and B, which slide
along the two rods shown. Knowing that collar B moves
downward at a constant speed of 54 in./s, determine the
velocity of collar A when ¢ =2 in.

SOLUTION
Geometry. i =Xis + Vs +2am (AD*=(6)7+(=2)* +(z,5)°
24 =910, T, =(—601in)i—(2in.)j+ (9in)k
Velocity of collar B. Vp =—vpj=—(54in./s)j
5= 2551 -9%) (1.11803 in.)i — (2.23607 in./s)k
10.0623

Velocity of collar A. v, =v,k

Vy=Vp+ Vg
where Vg =04 XTyp

Noting that v, is perpendicular to r,,;,we get Iy, -V, =0

Forming r, 5 - v,, we get L Vo =Tp (Vg +Vyp) = Ty Vg + T8 Vyp

or Tap " Va =Ty - VB (1)
From Eq. (1), 6i—2j +9Kk) - v,k = (—6i — 2j+9K) - (-54j)

or 9v, =108 v, =(12.001in./s)k
Relative velocity Vg =Va— Vg

V.5 = (54in./s)j+ (12.00 in./s)k
(vp)° = (54)* +(12.00)* = 3060 in>/s*
Acceleration of collar B. a; =0

Acceleration of collar A. a,=ak

ay=agt+a,,
where Ay =0, XTyp T O XV, p

Noting that @, Xr,; is perpendicular tor,,z , we get ¥y, -0 45 XIys =0
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PROBLEM 15.214 (Continued)

Ty Wap X Vg =Vap Tap XOyp
We note also that 5
==Vap Vag =—ap)

Then, g Bap = 0= (yp)° ==(V4)°
Forming r,,;-a,, we get Typ 8y =Typ (@) +2,5) =Ty p A5 +Typ -y
or Tup 84 =Tap 8= (V)" 2
From Eq. (2) (-6i —2i +9k) - a,k =0-3060
9a, =-3060 a, =—(340in/s*)k <«
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200 mm

\
2

480 mm

|

2

PROBLEM 15.215
In Problem 15.205, determine the acceleration of collar C.

PROBLEM 15.205 Rod BC and BD are each 840 mm

- long and are connected by ball-and-socket joints to collars

\f which may slide on the fixed rods shown. Knowing that

820 m collar B moves toward A at a constant speed of 390 mm/s,
determine the velocity of collar C for the position shown.

SOLUTION

Geometry.

Velocity of B.

Velocity of C.

where

Relative velocity:

Acceleration of collar B:

Acceleration of collar C:

l;C = xé‘/B + yé‘/B + Zé/B
(840)* = ¢* + (640 —480)* +(200)> ¢ =800m
Ip = (800 mm)i + (160 mm)j— (200 mm)k

12, 5
VB =Vp (—EJ—EkJ

= (390 mnvs)| 12— 2k
137 13

=—(360 mm/s)j— (150 mm/s)k
Vo =Vl

Ve =Vpt+ Vo

Veip = Qpe XXgp

Noting that v ., is perpendicular tor.;, We get Tz - Vo =T - Vg

(800i +160j—200k) - (-360j + 150k ) = (800i +160j — 200K ) - (vi)
(160)(=360) + (-=200)(=150) = 800v

Ve =-34.5 mm/s Vo =—(34.5 mm/s)i
Yeis =Ve —Vp
Vep =—(34.5 mm/s)i + (360 mm/s)j+ (150 mm/s)k
V2 = (34.5)> +(360) + (150)* = 153290 mm> /s>
a, =0
a- =aci

ac =apt+acy

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

STUDENTS-HUB.com

1310



https://students-hub.com
https://students-hub.com

PROBLEM 15.215 (Continued)

where Acp = Ucp XTop T Wep XV

Noting that a5 XI5 is perpendicular to Iz, we get I'gp - Qg XTeyp =0

We note also that Ypc " Ocg X Ve = Ve Top XOcp

_ _ 2
==V Ve =)

Then, Iep-ac=0- (VC/B)2 = _(VC/B)2

Forming 1 -a., we get TopAc =Tgp - (@g +agp) =Tpc-Ap +Tpc A0y

2
so that Yop -ac =T -ag — (Vo) 2

From Equation (2), (800i +160j—200k) - a-i=0-153290
800a, =-153290

ac =-191.6 mmy/s’ ac =—(191.6 mm/s”)i <
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v PROBLEM 15.216

In Problem 15.206, determine the acceleration of collar A.

PROBLEM 15.206 Rod AB is connected by ball-and-socket joints to
collar A and to the 16-in.-diameter disk C. Knowing that disk C rotates
counterclockwise at the constant rate @, =3 rad/s in the zx plane,

20 in. determine the velocity of collar A for the position shown.
SOLUTION
Geometry. rpe =(=8in)k
ryp =—(25in)i+ (20 in.)j— (8 in.)k

Velocity at B. Vg = QyJX T

=3jx(-8Kk)

=(24 in./s)i
Velocity of collar A. Vi =V,

Va=Vpt+ Vg

where Vag = Wyp XTyp

Noting that v, is perpendicular to r,,;, we get Iy, - Vg, =0.

Forming r,/; - v,, we get Yyp- Vy=Tup (Vg +Vu5)

=Ty Vg Ty Vap

or Yap* Va =Tam "V (D
From Eq. (1) (251 +20j—8Kk)- (v, j) = (—25i +20j—8K) - (24i)
20v, =-600
or vy =30 in./s
Relative velocity. Vg =Va4—Vp

Vg = (=30 in/s)j+ (24 in./s)i
(p)” = (=30)% +(24)°
=1476 in*/s?
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PROBLEM 15.216 (Continued)

Acceleration at B. a, =@yjX vy
=3jx24i
=—(72in/s*)k

Acceleration of collar A. a,=a,j

a,=agta,,
where Ayp =0y XTyp T Wy XV yp
Noting that o, Xr,,; is perpendicular to r,,;, We get I, O g XI5 =0

We note also that Tap Oup X Vap =Vap Tap X0up

=~—Vap " Vasp
2
=—(Vyp)
2
Then T Ay =0—(Vy5)
2
==(Vyp)
Forming r,; -a,, we get Typ 8y =Typ (@, +a,;)

=Typ-ag +Typ-ayp
or Tpp Ay =Xyp-ap — (VA/B)2
From Eq. (2), (251 +20j-8Kk)- (a,)) = (-25i+20j—8k) - (=72k) —1476

20a, =576 -1476
=—45 in./s*

2

a, =—(45.0in/s%)j «

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

1313



https://students-hub.com
https://students-hub.com

y PROBLEM 15.217

In Problem 15.207, determine the acceleration of collar A.

PROBLEM 15.207 Rod AB of length 29 in. is connected by ball-
and-socket joints to the rotating crank BC and to the collar A.
Crank BC is of length 8 in. and rotates in the horizontal xz
plane at the constant rate ), =10 rad/s. At the instant shown,
when crank BC is parallel to the z axis, determine the velocity
of collar A.

21 in.
12 in.
SOLUTION
Geometry. rp- = (=8 in)k,
r,; =(-12in)i+(21in)j+ (16 in)k
Velocity at B. Vg = WhJ X Ty
=10jx(-8k)
=(-80 in./s)i
Velocity of collar A. V=V,
Va=Vp+Vyp
where Vap = Oy XTyp

Noting that v, is perpendicular to r,,z, we get 1y, - Vg, =0.

Forming r,; - v,, we get Yyp- Vy=Tup (Vg + V)

=Ty Vgt Typ Vap

or Yuip " Va =Ta " Vp (D
From Eq. (1) (—12i+21j+16k) - (v,j) = (—12i+21j—16k) - (-80i)

2lv, =960
or v, =45.7141in./s v, =(4571in/s)j 4
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PROBLEM 15.217 (Continued)

Relative velocity. Vg =V4— Vg
vyp =(45.714 in./s)j+ (80 in./s)i
(vyp) = (45.714)% +(80)*
=8489.8 (in./s)

Acceleration of Point B. ap, =X vg
=10jx (-80)i
=(800 in./s* )k

Acceleration of collar A. a,=a,j

ay=agta,,
where Ayp =0yp XTyp + W, XVyp
Noting that o ,, X, is perpendicular to r,,,, we get I,z - O 5 XTI, 5 =0.

We note also that Caup O XVap = Vg Tap XO,p

==Vap " Van
2
=—(Vyp)
2
Then Lyp s =0—(vy)
2
=—(Vyp)
Forming r,,; -a,, we get Typ -, =T, (2, ta,;)

=Typ-ap tryp —A,
or Typ @y =Typ-ap — (VA/B)2
From Eq. (2) (—12i+21j+16Kk)- (a,j) = (—12i + 21j+16k) - (800k ) — 8489.8

2la, =12,800—-8489.8

2

a, =(205in./s%)j <
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y PROBLEM 15.218

In Problem 15.208, determine the acceleration of collar A.

PROBLEM 15.208 Rod AB of length 300 mm is connected by
ball-and-socket joints to collars A and B, which slide along the
two rods shown. Knowing that collar B moves toward Point D at a
constant speed of 50 mm/s, determine the velocity of collar A
when ¢ =80 mm.

e
90 mm

D

180 mm

SOLUTION
Geometry. r,=yj, r, =90mm)i r,=(180 mm)k
Ip,c =Ip —Te = (90 mm)i— (180 mm)k
Iep =+/(90)? +(180)> =201.246 mm
c(rp,e)  80(90i —180k) ]
g = = = (40 mm)i — (80 mm)k
BIC 180 180 ( )i—( )
Iy =T+, =180k +40i — 80k = (40 mm)i + (100 mm)k
r,p =T, — Tz =—(40 mm)i + (y mm)j— (100 mm)k
Lig=X3p+y +245: 3007 =(=40)> + y* +(~100)>
y =280 mm,
r,,; = (—40 mm)i + (280 mm)j— (100 mm)k
Velocity of collar B. Vg = Vg Toe
lep
_ (50)(90i —180k)
i 201.246
=(22.3607 mm/s)i — (44.7214 mm/s)k
Velocity of collar A. V=V,
Va=Vg + Vap
where Vg = W45 XTyp

Noting that v, is perpendicular to r,,;, we get Iy, - Vg, =0.
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PROBLEM 15.218 (Continued)

Forming r,; - v,, we get Yyp - Va=Tup (Vg +V5)

=Ty Vp tTyp Vup

or Tyip Va =Tup " Vg (D
From (1) (—40i +280j—100K) - (v,j) = (—40i + 280j—100k) - (22.3607i — 44.7214k)
280v, =(-40)(22.3607) + (-100)(—44.7214)
or v, =12.7775 mm/s v, =(12.7775 mm/s) j
Relative velocity. Vg =V4 — Vg

= (12.7775 mm/s)i — (22.3607 mm/s)j+ (44.7214 mm/s)k
Vs - Vs = (12.7775)% +(22.3607)° + (44.7214)*
=2663.3 mm?/s*

Acceleration of collar B. a,=0

Acceleration of collar A. a,=a,j

a, =azta,p,
where Ayp =0,p XTyp T W5 XVyp

Noting that o, X1, is perpendicular to r,,;, We get Iy - O p XT,p =0

We note also that Cup Oup XVyp =V Tup X0 p
==V " VaB
2
=—(yp)
_ 2
Then Ly Ay =0— (1)
2
=—(Vyp)
Forming r,,; -a,, we get Fyp -, =Ty (@, +a,;)

=Typ g TTyp Ay,
or Cyp 8y =Ty -85 = ()’ 2)
From Eq. (2) (—40i +280j—100k) - (a,j) =0—-2663.3
280, = 26633 a, =-9.512 mnvs>

a, =—(9.51 mm/s*)j «
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y PROBLEM 15.219

In Problem 15.209, determine the acceleration of collar A.

PROBLEM 15.209 Rod AB of length 300 mm is connected by
ball-and-socket joints to collars A and B, which slide along the
two rods shown. Knowing that collar B moves toward Point D at a
constant speed of 50 mm/s, determine the velocity of collar A
when ¢ =120 mm.

e
90 mm

D

180 mm

SOLUTION
Geometry. r,=yj, rp,=090mm)i r,=(180 mm)k
I'pc =Tp —Te = (40 mm)i — (180 mm)k
lep, =+/(90) +(—180)* =201.246
c(rp,c)  120(90i —180k) .
Iy = = = (60 mm)i — (120 mm)k
BC =" 20 180 ( i—( )
rp =T +15,- =180k + 60i —120k = (60 mm)i + (60 mm)k
r,p =r, —rz =—00i+yj—60k
Ly =x3,+ Y + 2450 3007 =607 + y* +60°
y =287.75 mm,
r,,pz =(—60 mm)i+ (287.75 mm)j— (60 mm)k
Velocity of collar B. Vg =Vg Toe
lep
_ (50)(90i —180Kk)
g 201.246
=(22.3607 mm/s)i — (44.7214 mm/s)k
Velocity of collar A. V4 =V4d
Va=Vg T Vup
where Vg = W45 XTyp

Noting that v,,, is perpendicular to r,,;, we get ry, - vg, =0.

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 15.219 (Continued)

Forming r,, - v, we get Ty Va =Ty (Vg + Vap)

=Typ Vgt Typ - Vap
or Tap Va4 =Tap " Vp ey
From Eq. (1) (—60i +287.75j— 60Kk ) - (v, j) = (=601 + 287.75j — 60k) - (1.11803i — 2.23607 j)

287.75v, = (-60)(22.3607) + (—60)(—44.7214)

or v, =4.6626 mm/s v, =(4.6626 mm/s)j
Relative velocity. Vg =V4— Vg

=—(22.3607 mm/s)i + (4.6626 mm/s)j+ (44.7214 mm/s)k
Vg Vap = (22.3607)% +(4.6626)* + (44.7214)*

=2521.7
Acceleration of collar B. a, =0
Acceleration of collar A. a,=a,j

a, =azta,p,
where Ay =0, XTyp + W5 XVyp

Noting that o, Xr,,; is perpendicular to r,,;, We get r,z -0, gz XTI,z = 0.

We note also that T W X Vg = Vg Typ X0y
=~"Vai VB
= ()’

Then Typ Ay =0 (V)
=—(Vup )

Forming r, 5 -a,, we get Typ 8y =Typ (@, +a,,)

=Typ-ap tTyp-ayp
or Typ Ay =Typ a5 —(Vyp )? 2)
From Eq. (2),  (—60i+287.75j—60K) - (a,j) =0—2521.7
287.75a, =-2521.7 a, =—8.764 mm/s’

a, =—(8.76 mm/s*)j 4
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PROBLEM 15.220

A square plate of side 18 in. is hinged at A and B to a clevis. The
plate rotates at the constant rate @, =4 rad/s with respect to the
clevis, which itself rotates at the constant rate @, =3 rad/s about
the Y axis. For the position shown, determine (a) the velocity of
Point C, (b) the acceleration of Point C.

SOLUTION

Geometry. r. = (18 1in.)(cos 20°i —sin 20°))

Let frame Oxyz rotate about the y axis with angular velocity £ = ,j and angular acceleration Q=0. Then
the motion relative to the frame consists of rotation with angular velocity ®, = @,k and angular acceleration
o, =0 about the z axis.
(a) Vo = QXTI

=3jx (18cos20°1 —18sin 20°))

=-54c0s20°k

Verr = @y XT¢
=4k x (18c0s20°i —18sin 20°j)
=72sin20°1 + 72 cos 20°j
Ve = Vo't Yor
=72sin 20°1 + 72 cos 20°j— 54 cos 20°k

Vo =(24.6in./8)i + (67.7 in./s)j— (50.7 in./s)k <«

(b) a~ =QX Vo
=3jXx(-54co0s20°%k)
=—-162co0s20°i
Acyp = Wy X Vep
=4k X (72 sin 20°i + 72 cos 20°j)
=—288c0s20° + 288sin 20°j
2Q X Ve = (2)(3§) X (725in 20° + 72 cos 20°§)
=—432sin20°k
ac =ap +tagp +2QX Vg,
=—(162 +288)cos20°i + 288sin 20°j —432sin 20°k

a. =—(423in./s%)i+(98.5in./s%)j— (147.8in/s* )k «
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PROBLEM 15.221

A square plate of side 18 in. is hinged at A and B to a clevis. The
plate rotates at the constant rate @, =4 rad/s with respect to the
clevis, which itself rotates at the constant rate @, =3 rad/s about
the Y axis. For the position shown, determine (a) the velocity of
corner D, (b) the acceleration of corner D.

SOLUTION

Geometry. r, = (181in.)(cos20°1 —sin 20°j) + (9 in.)k

Let frame Oxyz rotate about the y axis with angular velocity Q = @,j and angular acceleration Q =0. Then
the motion relative to the frame consists of rotation with angular velocity ®, = @,k and angular acceleration
o, =0 about the z axis.
(a) vy =QXr),

=3jx(18co0s20°1 —18sin20°j+ 9Kk)

=271 —54co0s20°%k

Vpip =0, XTp
=4k x (18c0s20°1 —18sin 20°j+ 9Kk)
=725sin 20° + 72 cos 20°j
Vo =V + Vpyr
=(27+72sin20°)i +72c0s20°j— 54 cos 20°k

vy =(51.61in./8)i + (67.7 in./s)j— (50.7 in./s)k

) a, =Qxv,y
=3jx(27i —54c0s20°k)
—162cos20° —81k
App = Wy X Vpyp

=4k x (72 sin 20°i + 72 cos 20°j)

=—288¢c0s20° + 288sin 20°j
2Q X vy, =(2)(3j)* (725in 20°1 + 72 cos 20°j)

=—-4325in20°k

a,=a; +a,; +2QX v,
=—(162+288)cos20°i + 288sin 20°j— (81 + 432sin 20°)k

a, =—(423in./s?)i + (98.5in./s*)j— (229 in./s* )k «
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i{
90 mm
v B

135 mm A @,

135 mm

PROBLEM 15.222

The rectangular plate shown rotates at the constant rate @, =12 rad/s
with respect to arm AE, which itself rotates at the constant rate
w; =9 rad/s about the Z axis. For the position shown, determine the
velocity and acceleration of the point of the plate indicated.

Corner B.

N &

SOLUTION

Geometry. With the origin at A,

r, =(0.135m)j

Let frame AXYZ rotate about the Y axis with constant angular velocity Q = @,k = (9 rad/s)k. Then the motion
relative to the frame consists of rotation about the X axis with constant angular velocity ®, = @,i = (12 rad/s)i.

Motion of coinciding Point B'.

Motion relative to the frame.

Velocity of Point B.

Coriolis acceleration.

Acceleration of Point B.

Vg = QX1
=9k x0.135j
=—(1.215 m/s)i
ag =0Xr; + QX vy
=0+9k x(-1.215i)
=—(10.935 m/s?)j
Vgr =0, X =12ix0.135]
=(1.62 m/s)k
App =0y XTI+, X Vp/p
=0+12ix1.62k
=—(19.44 m/s*)j

Vg = Vgt Vpip

2QX Vg e

2Q X vy = (2)(9k) x1.62k =0

ag =ag +ag; +2QX vy,

a, =—(30.375in./s%)j

vy =—(1.215m/s)i +(1.620 m/s)k <«

a, =—(30.4m/s%)j 4
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i{ PROBLEM 15.223
90 mm

The rectangular plate shown rotates at the constant rate @, =12 rad/s with
respect to arm AE, which itself rotates at the constant rate @, =9 rad/s

B
C
about the Z axis. For the position shown, determine the velocity and
acceleration of the point of the plate indicated.
135 mm R A o, Corner C.
DT C
7 JORN
135 mm
SOLUTION
Geometry. With the origin at A, r. =(0.135m)j+ (0.09 m)k

Let frame AXYZ rotate about the Y axis with constant angular velocity Q = @,k = (9 rad/s)k.Then the motion
relative to the frame consists of rotation about the X axis with constant angular velocity ®, = @,i = (12 rad/s)i.

Motion of coinciding Point C’ in the frame.
Vo = QX1
=9k x(0.135j+ 0.09k)
=—(1.215 m/s)i
a =0XTrs + QX Vo
=0+9k x(1.215i)
=—(10.935 m/s?)j

Motion relative to the frame.
Vo =0y XIc
=12ix(0.135j+0.09k)
=—(1.08 m/s)j+ (1.62 m/s)k
Agp = 0y XTI + 0, X Veyp
=0+12ix(-1.08j+1.62k)
=—(19.44 m/s*)j— (12.96 m/s* )k

Velocity of Point C. Vo = Vot Vo

Vo =—(1.215 m/s)i — (1.080 m/s)j+ (1.620 m/s)k <«
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PROBLEM 15.223 (Continued)

Coriolis acceleration. 2QX Ve
2QX Vo =(2)(9k)x (-1.08j+1.62k)
= (19.44 m/s?)i
Acceleration of Point C. ac =ap +agp +2QX Ve

a. = (19.44 m/s*)i — (30.375 m/s*)j— (12.96 m/s* )k

a. = (19.44 m/s*)i — (30.4 m/s*)j— (12.96 m/s* )k 4
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Y PROBLEM 15.224

u Rod AB is welded to the 0.3-m-radius plate, which rotates at the
202 constant rate @, = 6 rad/s. Knowing that collar D moves toward end B
‘ of the rod at a constant speed u = 1.3 m, determine, for the position
shown, (a) the velocity of D, (b) the acceleration of D.

SOLUTION
Geometry. rp, = (0.6 mi+(025m)j 1.y, =(03m)i
0.5
Tpia = RrB/A
Tpic =Tpia ~Teia
=(0.2m)i+(0.20833 m)j
1,5 =~0.6% +0.25
=0.65m
r
Unit vector along AB: hp= A
Lyn
12, 5.
=—i+—j
13 12

Let Oxyz be a frame of reference currently coinciding with OXYZ, but rotating with angular velocity

Q =@, j=(6rad/s)j

(@)  Velocity of D. Vp =Vp T Vpup
Vo = QXTpc
=6jx(0.2i +0.20833j)
=—(1.2 m/s)k

Vorap = Uk 45

= (1.2 m/s)i + (0.5 m/s)j
vy =12 m/s)i+ (0.5 m/s)j— (1.2 m/s)k
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PROBLEM 15.224 (Continued)

(b)  Acceleration of D. ap=ap +a,,;+2QXV,
ap =0 X (0 XTpc)

=06jx(6jx(0.2i +0.20833j))

=—(7.2 m/s?)i
ap,p=0
20x Vv, =(2)(6§)x((1.2)i +(0.5)))
=—(14.4 m/sH)k a, =—(7.2 m/s>)i—(14.4 m/s*)k <
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y PROBLEM 15.225

The bent rod ABC rotates at the constant rate @, =4 rad/s. Knowing
that collar D moves downward along the rod at a constant relative speed
u =65 in./s, determine, for the position shown, (a) the velocity of D,
(b) the acceleration of D.

SOLUTION

. . . . 2
Units: inches, in./s, in./s

Geometry. r; =3k
r; =—12j+8k
rpp=—12j+5k

I, =%(rE +rp)=-6j+5.5k

Lz =122 +5% =13

r
Unit vector along EB: A=JE _ 12 L 5

Ly 13013

Use a rotating frame of reference that rotates with angular velocity

Q =, =(4rad/s)j

Motion of Point D' in the frame currently at D.
Vi =0, X1, =4jx(-6j+5.5k)
=(221in./s)i
ay =@ jXI, +O, XV
=0+ (4j)x(22i)
=—(88in./s*)k
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(a) Velocity of D.

Coriolis acceleration.

(b)  Acceleration of Point D.

PROBLEM 15.225 (Continued)

Motion of collar D relative to the frame.

12 5
V,r =uk=(65in./s)| ——j+—k
o =uk= (651 )(13J 13)
=—(60in./s)j+ (25 in./s)k
a,, =0 (Constant speed on straight path)
Vp=Vp +Vpr
v, =22i—-60j+25k
v, =(22 in./s)i— (60 in./s)j+ (25 in./s)k |
20XV =(2)(4) X (—60j+ 25Kk)
=(200in./s%)i

aj=a, +tay,; +2Qxv,

a,, = (200 in./s*)i— (88 in./s* )k «
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' PROBLEM 15.226

A
Ain
,B_{: —— The bent pipe shown rotates at the constant rate @; = 10 rad/s.
s ;3’—3.5: Knowing that a ball bearing D moves in portion BC of the pipe
K“x.ﬁ_ o toward end C at a constant relative speed u = 2 ft/s, determine at
lr’ o, i 2 the instant shown (a) the velocity of D, (b) the acceleration of D.
AT
i SN J
Py
S R
z X
SOLUTION
With the origin at Point A, rp, = (8in)i + (12 in.)j — (6 in)k
rep = 8in)i — (6 in)k,
lpe =N8& + 6 =10in.
Let the frame Axyz rotate with angular velocity Q = w|i = (10 rad/s)i
(a)  Velocity of D. Vp = QX1

=10i x (8i +12j — 6k)
= (60 in./s)j + (120 in./s)k

u = 2ft/s = 241in./s,
24
Ve = —(8i — 6k
oF = o ( )
= (19.2 in./s)i — (14.4 in./s)k
Vp =Vp + Vpp
= (19.2 in./s)i + (60 in./s)j + (105.6 in./s)k
v, = (1.600 ft/s)i + (5.00 ft/s)j + (8.80 ft/s)k <«
(b)  Acceleration of D.
ay = Qx v, =10ix(60j +120k) = —(1200 in./s?)j + (600 in./s>)k
app =0
2Q X v = (2)(101) x (19.2i — 14.4k) = (288 in./s?)j
a, =a, +ap; +2QX vy = —(912 in./s?)j + (600 in./s*)k

a;, = —(76.0 ft/s?)j + (50.0 ft/s)k <
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¥ PROBLEM 15.227

The circular plate shown rotates about its vertical diameter at the constant
rate @,=10rad/s. Knowing that in the position shown the disk lies in the XY
plane and Point D of strap CD moves upward at a constant relative speed
u =1.5m/s, determine (a) the velocity of D, (b) the acceleration of D.

\
DQ‘%O
200 mm '

SOLUTION
Geometry. Iy = (0.2 m)(cos30°1 —sin 30°j)

=(0.13 m)i — (0.1 m)j
Let frame Cxyz, which at the instant shown coincides with CXYZ, rotate with angular velocity

Q= j=(10rad/s)j.
Motion of coinciding Point D’ in the frame.
Vi = QXTpe

10§ (0.14/3i +0.1j)
~(3 mis)k
—Q%(rcos30%)i
~10%(0.13)i
—(10V3 m/s?)i

o
g
Il Il Il Il

Motion of Point D relative to the frame. u=15m/s
Ve = u(sin30° + cos 30°j)

=(0.75 m/s)i+ (0.75+/3 m/s)j
2
Ay = (—cos30° +sin 30°j)
p

= ﬁ (—cos30° +sin 30°j)
0.2 !

=—(5.625\3 m/s?)i + (5.625 m/s?)j
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PROBLEM 15.227 (Continued)

(@)  Velocity of Point D. Vp =Vp t+ Vp

v, = (0.75 m/s)i + (0.75v/3 m/s)j— (+/3 m/s)k

v, = (0.750 m/s)i + (1.299 m/s)j— (1.732 m/s)k <«
Coriolis acceleration. 2QX vpp
2Q% v, = (2)(10§)x (0.75i +0.75+/3j)
=—(15m/s7)k

(b)  Acceleration of Point D. a,=a, +a,; +2QX vy,

a,, =—(15.625v/3 m/s?)i + (5.625 m/s?)j— (15 m/s> )k

a, = (27.1m/s*)i+(5.63 m/s*)j—(15.00 m/s* )k <«
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PROBLEM 15.228

Manufactured items are spray-painted as they pass
through the automated work station shown.
Knowing that the bent pipe ACE rotates at the
constant rate @, =0.4 rad/s and that at Point D the
paint moves through the pipe at a constant relative
speed u =150 mm/s, determine, for the position
shown, (a) the velocity of the paint at D, (b) the
acceleration of the paint at D.

450 mm

SOLUTION

Use a frame of reference CE rotating about the x-axis with angular velocity
Q =, =(0.4 rad/s)i
Geometry: Iy = (250 mm)(—cos 60°i + sin 60°j)
=—(125mm)i+(216.51 mm);j
Motion of Point D' fixed in the frame CE but coinciding with Point D at the instant considered.
Vo = QXrp = (0.41) X (=125 + 216.51j) = (86.603 mm/s)k
a, =Qixry, +Qxv,
=0+ (0.4i) x (86.603k) = — (34.641 mm/s*)j
Motion of D relative to the frame CE.
Vpicr = u(cos 30°1 +5in30°j§) = (150 mm/s)(cos 30°i + sin 30°j)
=(129.90 mm/s)i + (75 mm/s)j
ap,p = u(cos30° +5sin30°j) + % (sin30°i — cos 30°j)
50?
250
= (45 mm/s*)i — (77.94 mm/s?)j

=0+ (sin 30°i — cos 30°j)

(a)  Velocity of D. Vp =V + Ve
vy = (129.9 mm/s)i + (75.0 mm/s)j+ (86.6 mm/s)k <«

Coriolis acceleration 20XV e
2QX Ve =(2)(0.41) % (129.90i + 75j) = (60 mm/s* )k
(b)  Acceleration of D. ap =ay +apep +2QX Ve

a,, = (45.0 mm/s®)i — (112.6 mm/s*)j+ (60.0 mm/s* )k <«
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¥ PROBLEM 15.229

Solve Problem 15.227, assuming that at the instant shown the angular
velocity @, of the plate is 10 rad/s and is decreasing at the rate of 25 rad/s’,
while the relative sgeed u of Point D of strap CD is 1.5 m/s and is decreasing
at the rate of 3 m/s”.

PROBLEM 15.227 The circular plate shown rotates about its vertical
diameter at the constant rate @,=10rad/s. Knowing that in the position
shown the disk lies in the XY plane and Point D of strap CD moves upward at
\§ a constant relative speed u =1.5 m/s, determine (a) the velocity of D, (b) the
D/ 300

|

acceleration of D.
200 mm

SOLUTION

Geometry. Iy = (0.2 m)(cos30° —sin 30°j)
=(0.14/3 m)i — (0.1 m)j
Let frame Cxyz, which at the instant shown coincides with CXYZ, rotate with angular velocity
and angular acceleration
Q= j=(10rad/s)j.
Q =—(25 rad/s?)j.
Motion of coinciding Point D’ in the frame
Vi = QXTpe
=10jx (0.13i + 0.1j) = —(+/3 m/s)k
a, =—Q%(rcos30°)i+Qxry,.
=—10%(0.1/3)i — 25jx (0.13/3i + 0.1j)
= — (1073 m/s?)i+(2.5v/3 m/s? )k
Motion of Point D relative to the frame. u=15m/s i =-3m/s?
Vo = u(sin30° + cos 30°j)

= (0.75 m/s)i + (0.75v/3 m/s)j
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PROBLEM 15.229 (Continued)

2
apy = L (—c0s30°i +sin 30°j) + u(sin 30°i + cos 30°j)
P

2
= 10—52 (—c0s30°i + sin 30°j) — 3(sin 30°i + cos 30°j)

=—(5.625v3 m/s?)i + (5.625 m/s?)j— (1.5 m/s)i — (1.5+/3 m/s®)j

(a)  Velocity of Point D. Vp = Vpr + Ve
v, = (0.75 m/s)i + (0.75v/3 m/s)j— (/3 m/s)k

vp =(0.750 m/s)i + (1.299 m/s)j— (1.732 m/s)k 4
Coriolis acceleration. 2QX vy,
2QX vy, =(2)(10§) % (0.751 + 0.75v/3))
=—-(15m/s?H)k
(b)  Acceleration of Point D. a,=a, +a,; +2QX v,

a, =—(103/3 m/s?)i +(2.5v/3 m/s? )k
—(5.625\/3 m/s?)i + (5.625 m/s?)j
—(1.5m/s?)i—(1.5v3 m/s?)j— (15 m/s>)k

a, =—(28.6m/s%)i+(3.03 m/s*)j— (10.67 m/s* )k <
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PROBLEM 15.230

Solve Problem 15.226, assuming that at the instant shown the
angular velocity @, of the pipe is 10 rad/s and is decreasing at the
rate of 15 rad/s?, while the relative speed u of the ball bearing is
2 ft/s and is increasing at the rate of 10 ft/s”.

PROBLEM 15.226 The bent pipe shown rotates at the constant
rate @, = 10 rad/s. Knowing that a ball bearing D moves in
portion BC of the pipe toward end C at a constant relative speed
u = 2 ft/s, determine at the instant shown (a) the velocity of D,
(b) the acceleration of D.

SOLUTION
With the origin at Point A, rp, = 8in)i + (12 1in.)j — (6 in)k
rep = (8 in)i — (6in)k,

lye =8 + 6% =10in.

Let the frame Axyz rotate with angular velocity Q = @i = (10 rad/s)i and angular acceleration
Q = @i = —(15 rad/s?)i.

(a)  Velocity of D. Vy = QXry
=10i x (8 +12j — 6k)
= (60 in./s)j + (120 in./s)k

u = 2ft/s = 241in./s,
24
u=—(8i -6k
0 ( )
= (19.2 in./s)i — (14.4 in./s)k
Vp=Vytu
= (19.2 in./s)i + (60 in./s)j + (105.6 in./s)k
v, = (1.600 ft/s)i + (5.00 ft/s)j + (8.80 ft/s)k «
(b)  Acceleration of D. ay = QXry + QX vy
= —15i x (8i + 12j — 6k) + 10i x (60 + 120k)
= —90j — 180k — 1200j + 600k
= —(12901in./s>)j + (420 in./s*)k
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PROBLEM 15.230 (Continued)

a,, =10 ft/s* = 120in./s*
120 . . o
a, = W(& —6k) = (96in./s7)i — (721in./s")k

2Q xu = (2)(10i) x (19.2i — 14.4k) = (288 in./s?)j
a, =a, +a, +2Qxu = (96in./s)i — (1002in./s)j + (348 in./s)k

a, = (8.00 ft/s*)i — (83.5 ft/s?)j + (29.0 ft/s*)k «
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PROBLEM 15.231
Using the method of Section 15.14, solve Problem 15.192.

PROBLEM 15.192 In the system shown, disk A is free to rotate
about the horizontal rod OA. Assuming that shaft OC and disk B
rotate with constant angular velocities @, and @,, respectively, both
counterclockwise, determine (a) the angular velocity of A, (b) the
angular acceleration of disk A.

SOLUTION
Moving frame Axyz rotates with angular velocity
Q=0wj
Oygr =0 i+ a0k
Iy, =—1j— Rk

(a) Total angular velocity of disk A:

O =0+ Oy r
=wit+wj+ok (1)
Denote by D point of contact of disks
Consider disk B: v, =0, jX(—RK) = —-Rw,i 2)
Consider system OC, OA and disk A.
Vp = X1y,

=@ jx(=rj—Rk)
=—-Rwi

Vair = Wiisir XYpja
=(w,i+w k)X (-rj— RK)
=-rok +Ro j+rwi
Vp=Vp +Vpp
=-Rwji-rwk+ R j+rwi 3)
Equate v, = v, from Eq. (2) and Eq. (3).

—Rw,i=—Rw, +rw, + Ro,j—rok
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PROBLEM 15.231 (Continued)

Coefficient of j: 0=Rw,— v, =0
Coefficient of i: —Rw, =-Rw, +ra,;
@, =§(w1 — @)
Eq. (3): w=w1j+§(w1—wz)k <

(b) Disk A rotates about y axis at rate ,.

o=0 X0

. . R R,
=a)13x[a)‘|+7(a)l—a)2)}k 0(=a)1(a)l—a)2)7,] |
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PROBLEM 15.232
Using the method of Section 15.14, solve Problem 15.196.

PROBLEM 15.196 A 3-in.-radius disk spins at the constant rate
w, =4 rad/s about an axis held by a housing attached to a
horizontal rod that rotates at the constant rate @, =5 rad/s.
Knowing that 8 =30°, determine the acceleration of Point P on
the rim of the disk.

SOLUTION
Let frame Oxyz rotate with angular velocity
Q =wi=(5rad/s)i
The motion relative to the frame is the spin
w,k = (4 rad/s)k
6 =30°
rp, = (3 in.)(cos 30°i +sin 30°j)
Vp = @ixXry
=5i % (3c0s30° + 3sin 30°j)
=(7.51in./s)k
Vep = 0K X1,
=4k X (3c0s30° + 3sin 30°j)
=—(61in./s)i+(10.392 in./s)j
ap =@ixXrp +@ix vy
=0+5ix7.5k
=—(37.5in./s%)j
app = kxr,
=KX Vp
=0+ 4k x(-6i+10.392j)
=—(41.569 in./s?)i— (24 in./s?)j
a, =2Qxv,,
=(2)(51) x (—=6i +10.392j)
=(103.92 in./s)k

Acceleration at Point P. a, =ap +ap; +a,

a, =—(41.6 in/s*)i—(61.5 in./s*)j+ (103.9 in./s* )k <
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PROBLEM 15.233
Using the method of Section 15.14, solve Problem 15.198.

PROBLEM 15.198 At the instant shown, the robotic arm ABC is
being rotated simultaneously at the constant rate @, =0.15 rad/s
about the y axis, and at the constant rate @, =0.25 rad/s about
the z axis. Knowing that the length of arm ABC is 1 m, determine
(a) the angular acceleration of the arm, (b) the velocity of Point C,
(¢) the acceleration of Point C.

SOLUTION
Geometry: Dimensions in meters.

re, =(1.0c0s35°i + (1.0sin35°)j=0.81915i +0.57358j
Angular velocities: o, =®,j=(0.15rad/s)j (@, =0)

o, =wk=(0.15rad/s)k (@, =0)
Use a frame of reference rotating about the y-axis.

Its angular velocity is Q= @, j=(0.15rad/s)j

(a)  Angular acceleration:
a=wj+a,k+Qx0,
=0+0+(0.15§)(0.25k)

a=(0.0375 rad/s?)i <

Motion of coinciding Point C.
Vo =QXrg, =0.15j%x(0.819151 +0.57358j)
=—(0.12287 m/s)k
a. =Qx(Qxrg,) =(0.15j)x(-0.12287k)
=—(0.018431 m/s*)i

Motion of C relative to the frame.

Ve = 0,k Xrp, =0.25k(0.81915i +0.57358j)

= —(0.14339 m/s)i + (0.20479 m/s)j
a; = Ok X vy =025k x (=0.14339i +0.20479j)

=—(0.051198 m/s)i — (0.035848 m/s)j
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PROBLEM 15.233 (Continued)

(b) Velocity of C. Ve =Ver + Veup
Ve —(0.143 m/s)i + (0.205 m/s)j— (0.123 m/s)k <«
Coriolis acceleration. 2QX Vo

2%V = (2)(0.15§) x (—0.14339i +0.20479j)
=(0.043017 m/s*)k

(¢)  Acceleration of C. a. =ap +agy +2QX Ve
a. =-0.01843i —0.051198i - 0.035848j+0.043017k

a. =—(0.0696 m/s*)i — (0.0358 m/s*)j+(0.0430 m/s* )k <
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PROBLEM 15.234

A disk of radius 120 mm rotates at the constant rate @, =5 rad/s
with respect to the arm AB, which itself rotates at the constant
rate @, =3 rad/s. For the position shown, determine the velocity
and acceleration of Point C.

Z 140 mm

- C
75 mm 120 mm

SOLUTION

Geometry. Ieyy = (0.195 m)i —(0.1)j
Iep =(0.12 m)i
Let frame Axyz, which coincides with the fixed frame AXYZ at the instant shown, be rotating about the y axis

with constant angular velocity € = @, j=(3rad/s)j. Then the motion relative to the frame consists of rotation
about the axle B with a constant angular velocity ®, = @,k = (5 rad/s)k.

Motion of the coinciding Point C’ in the frame.
Ver =QXre),
=3jx(0.195i - 0.14j)
=—(0.585 m/s)k
a =QXvy
=3jx(-0.585k)
=—(1.755 m/s*)i

Motion relative to the frame. Ver =W XTep
=5k x0.12i
=(0.6 m/s)j
Acyp =Wy X Vyp
=5k x(-0.6j)
=-(3 m/s®)i
Velocity of Point C. Ve =Vo +Veop v =(0.600 m/s)j—(0.585 m/s)k <
Coriolis acceleration. 20XV =(2)(3j)*x(0.6j) =0
Acceleration of Point C. a.=ap +agp +2QX Ve
a. =-1.7551i-3i+0 a, =—(4.76 m/s?)i <
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PROBLEM 15.235

A disk of radius 120 mm rotates at the constant rate
w, =5 rad/s with respect to the arm AB, which itself
rotates at the constant rate @, =3 rad/s. For the position
shown, determine the velocity and acceleration of Point D.

Z 140 mm

X
75 mm ¢ 120 mm
D
SOLUTION
Geometry. Iy, =(0.075 m)i —(0.26 m)j

r, =—(0.12 m)j

Let frame AXYZ, which coincides with the fixed frame AXYZ at the instant shown, be rotating about the y
axis with constant angular velocity € =@, j=(3rad/s)j. Then the motion relative to the frame consists of
rotation about the axle B with a constant angular velocity ®, = @,k = (5 rad/s)k.

Motion of the coinciding Point D’ in the frame.

V= QX1
=3jx(0.075i — 0.26j)
=—(0.225 m/s)k

ay, =QXxv,
=3jx (—0.225K)
=—(0.675 m/s>)i

Motion relative to the frame. Vo =0y XTI p

=5k x (-0.12j)

= (0.6 m/s)i

App =W, X Ve

=5k % (0.6i)

=3 m/s")j
Velocity of Point D. Vo=V + Vo v =(0.600 m/s)i —(0.225 m/s)k «
Coriolis acceleration. 20XV =(2)(3j)x(0.61)) =—(3.6 m/s?)k
Acceleration of Point D. a,=a, +a,; +2QXv,,

a,, =—(0.675 m/s*)i +(3.00 m/s*)j— (3.60 m/s* )k <«
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& Y PROBLEM 15.236

y le The arm AB of length 16 ft is used to provide an elevated
— 95 fi platform for construction workers. In the position shown,
B @ 4 arm AB is being raised at the constant rate d8/dt = 0.25 rad/s;
0 0 simultaneously, the unit is being rotated about the Y axis at the

i \ A constant rate @; = 0.15 rad/s. Knowing that € = 20°, determine

2 the velocity and acceleration of Point B.
.
— X
0]
Z
SOLUTION

Frame of reference. Let moving frame Axyz rotate about the Y axis with angular velocity
Q=w,j
=(0.15 rad/s)j.
Geometry.
Iy, =—16c0s20° +165sin20°j
=—(15.035 ft)i +(5.4723 ft)j

Place Point O on Y axis at same level as Point A.
Tgi0 =Tpa + X0
=1y, + (2.5 ft)i
=—(12.535 ft)i+ (5.4723 ft)j

Motion of corresponding Point B”in the frame.
Vg = QXTI
=(0.15j)x—(12.535i + 5.4723j)
=(1.8803 ft/s)k
ay =QXvy
=(0.15j)x (1.8803k)
=(0.28204 ft/s%)i
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PROBLEM 15.236 (Continued)

Motion of Point B relative to the frame.

(02 = —ﬁk
dt

=—(0.25 rad/s)k
Vip =Wy XTp4
= (=0.25)k X (~15.035i + 5.4723j)
= (1.36808 ft/s)i + (3.7588 ft/s)j
App =W, XVpip
= (=0.25k) % (1.36808i + 3.7588j)
=(0.93969 ft/s*)i — (0.34202 ft/s?)j

Velocity of Point B. Vg =Vg + Vgp
vy =—(1.37 ft/s)i +(3.76 ft/s)j+ (1.88 ft/s)k <«
Coriolis acceleration. 20XV, =(2)(0.15j)x (1.36808i +3.7588j)
=—(0.41042 ft/s* )k
Acceleration of Point B. ag =ay +ag, +2QX vy,

a, = (1.22 ft/s*)i — (0.342 ft/s*)j— (0.410 ft/s* )k <
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Y PROBLEM 15.237

The remote manipulator system (RMS) shown is used
to deploy payloads from the cargo bay of space
shuttles. At the instant shown, the whole RMS is
rotating at the constant rate @, =0.03 rad/s about the
axis AB. At the same time, portion BCD rotates as a
rigid body at the constant rate @, =df/dt =0.04 rad/s
about an axis through B parallel to the X axis. Knowing
that =30°, determine (a) the angular acceleration of
BCD, (b) the velocity of D, (c) the acceleration of D.

e

SOLUTION

At the instant given, Points A, B, C, and D lie in a plane which is parallel to the YZ plane. The plane ABCD is
rotating with angular velocity.

=(0.03rad/s)j (@, =0)

Body BCD is rotating about an axis through B parallel to the x-axis at angular velocity.
o, = i—ﬂi =(0.04 rad/s)i (w, =0)
t
(@)  Angular acceleration of BCD.
Opp =@ j+ @i +QX0,
=0+0+(0.03j)x(0.04i)
05cp =—(0.0012 rad/s> )k <

Let the plane of BCD be a rotating frame of reference rotating about AB with angular velocity €.
Geometry: B =30°
rpp = (6.5 m)(sin Bj—cos k) + (2.5 m)j=(5.75 m)j— (5.6292 m)k

Motion of Point D' in the frame.
Vy =QXry =0.03j%(3.25j-5.6292k)
=—(0.168875 m/s)i
a, =Qxv, =(0.03j)x(-0.168875i)
=(0.0050662 m/s” )k
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PROBLEM 15.237 (Continued)

Motion of D relative to the frame: This motion is a rotation about B with angular velocity.
®, = (0.04 rad/s)i

V Diframe = @2 XTpyp
=(0.04i)x (5.75j —5.6292k)
=(0.22517 m/s)j+ (0.23 m/s)k

Apsirame = D2 X p/frame
=(0.04i)x (0.22517j+0.23k)
=—(0.0092 m/s*)j+ (0.009007 m/s*)k

(b)  Velocity of D. Vp =V VY pytrame
v, =—(0.169 m/s)i + (0.225 m/s)j+ (0.230 m/s)k <«
Coriolis acceleration:  2QX V.

20XV, =(2)(0.03j)x (0.22517j+0.23k)
=(0.0138 m/s?)i

(¢)  Acceleration of D. ap, =a;y +Ap0ume T 22XV fame

a,, = (0.0138 m/s%)i — (0.0092 m/s*)j+(0.0141 m/s* )k <«
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PROBLEM 15.238

The body AB and rod BC of the robotic component shown
rotate at the constant rate @, =0.60 rad/s about the Y axis.
Simultaneously a wire-and-pulley control causes arm CD to
rotate about C at the constant rate @, =df/dt =0.45 rad/s.
Knowing that #=120° determine (a) the angular acceleration
of arm CD, (b) the velocity of D, (c) the acceleration of D.

7 500 mm

SOLUTION
Y/.f')' ={oy4 m%)g' £D = 400 ram

=(0.6 rad/s)j
Opp =0,
=—(0.45 rad/s)k
0O=0, +0,

= (0.6 rad/s)j—(0.45 rad/s)k

(a)  Angular acceleration of CD.
o=QxXw®
= (0.6 rad/s)jx[(0.6 rad/s)j—(0.45 rad/s)k]

a=—(0.27 rad/s*)i 4

For  =120°: rp,c = (400 mm)sin 30°i + (400 mm)cos30°j
= (200 mm)i + (346.41 mm)j
rpp = (500 mm)i + 1,
= (700 mm)i + (346.41 mm)j
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PROBLEM 15.238 (Continued)

(b) Velocity of D. Vp =V + Ve

vV, =QXr,,
= (0.6 rad/s) jx[(700 mm)i + (346.41 mm)j]
— (420 mm/s)k

Vpir = ®pp XIpc
=—(0.45 rad/s)k X[(200 mm)i + (346.41 mm)j]

=—(90 mm/s)j+ (155.88 mm/s)i
Vp =V + Vet vy = (156 mm/s)i — (90 mm/s)j— (420 mm/s)k <
(¢)  Acceleration of D. a,=a, +a,; +a,
a, = QX(QXr,,;)

=QXvp

= (0.6 rad/s)jx (—420 mm/s)k

=—(252 mm/s*)i

Apjp = Opsp X (@ XTpc)

=Op;r XVpip

=—(0.45 rad/s)k X[—(90)j + (155.88)i]
= —(40.5 mm/s*)i — (70.148 mm/s?)j

a, =2QXv,
=2(0.6 rad/s)jx[—(90)j+ (155.88)i]
=—(187.06 mm/s*)k

a, =a, +a,,; ta,
= —(252 mm/s*)i — (40.5 mm/s?)i

—(70.148 mm/s*)j— (187.06 mm/s*)k

a,, =—(293 mm/s*)i — (70.1 mm/s*)j— (187 mm/s*)k <
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Y PROBLEM 15.239

The crane shown rotates at the constant rate @, =0.25 rad/s;
simultaneously, the telescoping boom is being lowered at the
constant rate @, =0.40 rad/s. Knowing that at the instant
shown the length of the boom is 20 ft and is increasing at
the constant rate u=1.5ft/s, determine the velocity and
acceleration of Point B.

SOLUTION
Geometry. Tg, =Tg
= (20 ft)(sin 30°j + cos 30°k)
=(10 fO)j+ (10v/3 fO)k
Method 1

Let the unextending portion of the boom AB be a rotating frame of reference.
Its angular velocity is Q=w,i+wj
= (0.40 rad/s)i + (0.25 rad/s)j.
Its angular acceleration is o=, jX W,i
=-w,w,k
=—(0.10 rad/s)k.
Motion of the coinciding Point B’ in the frame.
vy =QXrg
=(0.40i+0.25j)x (10j+ 107/3k)
= (2.53 ft/s)i — (43 fU/s)j+ (4 ft/s)k
Ay =UXIg +QXVy
i j k i J k
=0 0 -0.10[+| 040 025 O
0 10 1043| [25V3 —43 4

i+i—1.6j—3.8538k = (2 ft/s®)i— (1.6 ft/s®)j— (3.8538 ft/s* )k

Motion relative to the frame. Vg =u(sin30°j+cos 30°k)
= (1.5 ft/s)sin 30°j+ (1.5 ft/s)cos30°k
agr =0
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PROBLEM 15.239 (Continued)

Velocity of Point B. Vg =Vpg + Vg

vy =2.53i — 43+ 4k +1.55in30°j + 1.5 cos 30°k
v, = (4.33 ft/s)i — (6.18 ft/s)j+ (5.30 ft/s)k 4

Coriolis acceleration. 2QX Vg p
2Qx vy, =(2)(0.40i +0.25§) % (1.5s5in 30°j +1.5cos 30°k)
=(0.64952 ft/s*)i — (1.03923 ft/s*)j+ (0.6 ft/s* )k

Acceleration of Point B. ap=ag tag; +2QX vy
a, =(2+0.64952)i — (1.6 +1.03923j) + (—3.8538 + 0.6)k

a, = (2.65 ft/s?)i — (2.64 ft/s*)j— (3.25 ft/s*k <
Method 2

Let frame Axyz, which at the instant shown coincides with AXYZ, rotate with an angular velocity
Q, = w,j=(0.25 rad/s)j. Then the motion relative to this frame consists of turning the boom

relative to the cab and extending the boom.

Motion of the coinciding Point B in the frame.

Vg =QXrg
=0.25jx (10j+10~/3k)
= (253 m/s)i

ay =QXvp
=0.25jx (2.5v/3i)

=—(0.625+/3 m/s?)k

Motion of Point B relative to the frame.

Let the unextending portion of the boom be a rotating frame with constant angular velocity
Q, = w,i =(0.40 rad/s)i. The motion relative to this frame is the extensional motion with speed u.

Vg =, XT1p
=0.40ix (10j+ 10v/3k)
= (43 ft/s)j+ (4 ft/s)k

Ay =, XV
= 0.40i x (—4+/3j + 4Kk)
=—(1.6 ft/s?)j— (1.6+/3 ft/s? )k

V gboom = U(sin30°j+cos 30°k)

= (1.5 ft/s)sin 30°j + (1.5 ft/s)cos 30°k

aB/boom =0
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PROBLEM 15.239 (Continued)

29, X Vg poom = (2)(0.40i) X (1.55in 30°j +1.5cos 30°k)
—(1.03923 ft/s*)j+ (0.6 ft/s* )k

Veir = Vet Vamoom
— —43j+ 4k +1.55in30°) +1.5c0s 30°k
=—(6.1782 ft/s)j+(5.299 ft/s)k

App =ap tagyoon T 2522 XV Bboom

=-1.6j—1.6v3k + 0—1.03923j + 0.6k
=—(2.6392 ft/s®)j— (2.1713 ft/s* )k

Velocity of Point B. Vg =Vp +Vgp

v, =2.53i - 6.1782j+5.299k
v, = (4.33 ft/s)i — (6.18 ft/s)j+ (5.30 ft/s)k

Coriolis acceleration. 2Q, X Vyp
2Q, X Ve =(2)(0.25§) x (=6.1782j+ 5.299Kk)
=(2.6495 ft/s?)i
Acceleration of Point B. ap=ag +ag, +2Q, X vy

a; = ~0.625+/3k — 2.6392j—-2.1713k + 2.6495i

a, =(2.65 ft/s*)i — (2.64 ft/s*)j— (3.25 ft/s* )k o
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PROBLEM 15.240

The vertical plate shown is welded to arm EFG, and the entire unit rotates at
the constant rate @, =1.6 rad/s about the Y axis. At the same time, a
continuous link belt moves around the perimeter of the plate at a constant
speed u=4.51in./s. For the position shown, determine the acceleration of
the link of the belt located (a) at Point A, (b) at Point B.

SOLUTION

Let the moving frame of reference be the unit, less the pulleys and belt. It rotates about the Y axis with
constant angular velocity Q =, j= (1.6 rad/s)j. The relative motion is that of the pulleys and belt with speed

u =90 mm/s.

(a) Acceleration at Point A.
r, =—(5in.)i+ (19 in.)j

vy =QXr,
=1.6jx (=51 +19j)
=8 in./s)k

a, :QXVA,
=1.6jx8k

=(12.8 in./s?)i
vyr =uk = (4.5 in/s)k

u’ .

aA/F:_{_JJ
o)

_ (457,

3 J

=—(6.75 in./s* ) j
2Qxv,, =(2)(1.6j)x (4.5k)

=(14.4 in./s?)i
a,=a, +a,y; +2QXv,p
=12.8i— 6.75j +14.4i a, =(27.2in./s*)i—(6.75in./s%)j 4
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PROBLEM 15.240 (Continued)

(b)  Acceleration of Point B.
ry; =—(5in)i+ (10 in.)j+ (3 in.)k

Vp =Q X1y
=1.6jx(-5i1+10j+3Kk)
= (4.8 in./s)i + (8 in./s)k

ay =Qxvy

=1.6jx (4.8i +8Kk)
= (12.8 in./s%)i — (7.68 in./s* )k

Vi = U
=—(3 in./s)j

agr=0

2Q XV, =(2)(1.6§)x(4.55)=0
ag =ay +ag, +2QX vy,

=12.8i—7.68k +0+0 a, = (12.80 in./s*)i — (7.68 in./s* )k «
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5in. PROBLEM 15.241

The vertical plate shown is welded to arm EFG, and the entire unit rotates at
the constant rate @, =1.6 rad/s about the Y axis. At the same time, a

R

3in A continuous link belt moves around the perimeter of the plate at a constant
R speed u=4.51in./s. For the position shown, determine the acceleration of
( the link of the belt located (a) at Point C, () at Point D.
6 %n/
6 in. l
V o,
3in. / g 10 in.
Z X
SOLUTION

Let the moving frame of reference be the unit, less the pulleys and belt. It rotates about the Y axis with
constant angular velocity € =, j= (1.6 rad/s)j. The relative motion is that of the pulleys and belt with speed

u =90 mm/s.

(a)  Acceleration at Point C.

ro =—(5in.)i+ (4 in.)j

Vo =QXr,
=1.6jx (=51 + 4j)
= (8 in./s)k

a. =Qxv,
=1.6jx8k
=(12.8 in./s*)i

Vo =—uk =—(4.5 in./s)k

u2 .
aC/F_(pJJ
(457,
)

=(6.75 in./s*)j
20XV = (2)(1.6§) % (—4.5K)
=—(14.4 in./s?)i

ac =ap +ag;r +2QX Ve
=12.8i+6.75j—14.4i a. =—(1.600 in./s* )i+ (6.75 in./s*)j <
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PROBLEM 15.241 (Continued)

(b)  Acceleration at Point D.
rp, =—(5 in)i+ (10 in.)j— (3 in.)k
Vy = X1y
=1.6jx(=5i1+10j—3Kk)
=—(4.8 in./s)i + (8 in./s)k
ay, =QXxvy
=1.6jx (—4.8i + 8K)
=(12.8 in./s®)i + (7.68 in./s*)k
Vo, =uj= (4.5 in./s)j
app =0
2QX vy =(2)(1.6)x(-4.5j)=0

ap=apy +ap; +2QXv,
=12.8i+7.68k +0+0 a,, = (12.80 in./s?)i+(7.68 in./s* )k 4
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180 mm PROBLEM 15.242

A disk of 180-mm radius rotates at the constant rate @, =12
rad/s with respect to arm CD, which itself rotates at the
constant rate @, =8 rad/s about the Y axis. Determine at
the instant shown the velocity and acceleration of Point A on
the rim of the disk.

150 mm

SOLUTION

Geometry. ryp =(0.15m)i+(0.18 m)j—(0.36 m)k
ryc =(0.18 m)j
Let frame Dxyz, which coincides with the fixed frame DXYZ at the instant shown, be rotating about the y axis
with constant angular velocity € = @,j= (8rad/s)j. Then the motion relative to the frame consists of a rotation
of the disk AB about the bent axle CD with constant angular velocity ®, = @,k = (12 rad/s)k.
Motion of the coinciding Point A’ in the frame.
Vo =QXry,
=8jx(0.151 +0.18j—-0.36k)
=—(2.88 m/s)i — (1.2 m/s)k
a, =Qxv,
=8jx(-2.881—1.2k)
=—(9.6 m/s°)i +(23.04 m/s> )k
Motion of Point A relative to the frame.
Var =@y XTyp
=12k x0.18j
=—(2.16 m/s)i
Ayp =0y XV yp
=12k x (-2.16i)
=—(25.92 m/s®)j

Velocity of Point A. Vi =V + Vyp
v, =—2.88i—1.2k —2.16i

v, =—(5.04 m/s)i — (1.200 m/s)k <
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PROBLEM 15.242 (Continued)

Coriolis acceleration. 2QX v,
2QX v, =(2)(8))x (=2.16i)
=(34.56 m/s”)k
Acceleration of Point A. a,=a, +ta,; +2QXv,,

a, =-9.6i +23.04k — 25.92j+ 34.56k

a, =—(9.60 m/s?)i —(25.9 m/s*)j+(57.6 m/s* )k 4
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180 mm PROBLEM 15.243

A disk of 180-mm radius rotates at the constant rate @, =12
rad/s with respect to arm CD, which itself rotates at the
constant rate @, =8 rad/s about the Y axis. Determine at
the instant shown the velocity and acceleration of Point B on
the rim of the disk.

150 mm

SOLUTION

Geometry. rgp =(0.15 m)i—(0.18 m)j—(0.36 m)k
rB/C = _(0 18 m)j
Let frame Dxyz, which coincides with the fixed frame DXYZ at the instant shown, be rotating about the Y axis

with constant angular velocity Q=@ j=(8rad/s)j. Then the motion relative to the frame consists of a
rotation of the disk AB about the bent axle CD with constant angular velocity ®, = @k = (12 rad/s)k.

Motion of the coinciding Point B’ in the frame.
vy =QXrg,,
=8jx(0.151 —0.18j—0.36k)
=—(2.88 m/s)i — (1.2 m/s)k
a, =QXxvy
=8jx(—2.88i—1.2k)
=—(9.6 m/s*)i +(23.04 m/s* )k

Motion of Point B relative to the frame.

Vgip = Wy XTpp
=12k x (~0.18j)

=(2.16 m/s)i
App =Wy X Vgip
=12k x2.16i
=(25.92 m/s?)j
Velocity of Point B. Vg = Vgt Vg

vy =—2.88i —1.2k + 2.16i

vz =—(0.720 m/s)i — (1.200 m/s)k <«
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Coriolis acceleration.

Acceleration of Point B.

PROBLEM 15.243 (Continued)

2QXVpp:
2Qx vy, =(2)(8))x(2.16i)
=—(34.56)k

ag =ay +ag, +2QX vy,
a, =-9.6i +23.04k + 25.92j—34.56k

a, =—(9.60 m/s*)i+(25.9 m/s*)j—(11.52 m/s*)k <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

STUDENTS-HUB.com

1360



https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

Y PROBLEM 15.244

A square plate of side 2r is welded to a vertical shaft which
rotates with a constant angular velocity ®,. At the same time,
rod AB of length r rotates about the center of the plate with a
constant angular velocity @, with respect to the plate. For the
position of the plate shown, determine the acceleration of end B
of the rod if (@) =0, (b) 6=90° (c) 8=180°.

SOLUTION

Use a frame of reference moving with the plate.

Its angular velocity is Q = @, j Q=0

Geometry: I,o =r(sin30°j—cos30°k)
Y10 =Ya0 + T
Acceleration of coinciding Point B' in the frame.
ay = QX(QXrg,)
Motion relative to the frame. (Rotation about A with angular velocity ®, ).
®, =, (cos30°j+sin30°k) (@, =0)

Vpip =0y XIpgy

_ )
App =Wy XVpp =—W5Ty,

Coriolis acceleration: 2QX Vg
Acceleration of B. ap =ay +ag,, +2QXV,
(@ 6=0 rp,, = r(—=sin30°j+cos30°k)
T0 =0
ay =0
Vpp =T,

Apip = _wgl‘B,A = ”w22 (sin30°j— cos 30°k)

20X Vg p =2(0,j) X (rw,i) = 2ro,w,k

- z
ag =ap tag,,; +ac

=0+ rw5(sin 30°j — cos 30°k) — 2r@, w,k

ay = r@;sin 30°j— (r@3c0s 30° + 2rm,w, )k 4
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PROBLEM 15.244 (Continued)

(b) 6=90°
Iy, =ri

Ipo = ri+rsin30°j—rcos30°%k

ag =QX(QXrg,,)
=, jx[@,jx (ri+rsin30°j—rcos30°k)]

=—rw;}i+ro;cos30°%k

Vgr =F@,(sin30°j— cos30°k)

- 2:
ag, =—rwsl

20XV, =2(w,j) X (ra, )(sin 30°j— cos 30°k)

=-2rm,w, cos30°i
ag=ay +ag, +ag

=[-r@’i+ ra; cos30°k] - raji — 2rw,w, cos 30°

a, = (@ + @ + 20,0, c0s 30°) + ro} cos30°Kk 4

() 6=180°
Iy = r(sin30°%j - cos 30°K) ylY
Iy =2r(sin30°j—cos30°k)

w = L,
ay =+(2rcos30°)w’k = +2r@” cos 30°k #e/y =2
Vi =Tyl

a,, = ras(—sin30°j+ cos30°k)

20XV, =20, ) X (—rani) = 2ro,w,k

ag =ay +ag, +2QX vy,

= 2r@; cos 30°Kk + ra; (—sin 30°j + cos 30°k) + 2re, @,k

ay = —ra; sin30°j+ (2@ cos30°+ @} cos30° + 2w @, )k 4
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PROBLEM 15.245

Two disks, each of 130-mm radius, are welded to the 500-mm
rod CD. The rod-and-disks unit rotates at the constant rate
w, =3 rad/s with respect to arm AB. Knowing that at the instant
shown w, =4 rad/s, determine the velocity and acceleration of
(a) Point E, (b) Point F.

Z 130 mm

SOLUTION

Let the frame of reference BXYZ be rotating about the Y axis with angular velocity Q= ,j=(4 rad/s)j.
The motion relative to this frame is a rotation about the X axis with angular velocity @,i = (3 rad/s)i.

(a) PointE. Iy =(0.25 m)i+(0.13 m)j
rgp =(0.13 m)j

Motion of Point E’ in the frame.
Vg = QXTI
=4jx(0.251 +0.13j)
=—(1 m/s)k
a, =QXvg
= 4jx (k)
=—(4 m/s?)i
Motion of Point E relative to the frame.
Vgr = @dXTg,
=3ix0.13j
=(0.39 m/s)k
agp = OIX Vg
=3ix(0.39k)
=—(1.17 m/s?)j

Coriolis acceleration. a, =2QX vy

a,=(2)(4j)x(0.39k) =(3.12 m/s)i

Velocity of Point E. Ve = Vgt Vg

v, =—k +0.39k = 0.61k v, =(0.610 m/s)k <
Acceleration of Point E. a;=ay +ag, +a,

a, =—4i—1.17j+3.12i a, =—(0.880 m/s?)i+(1.170 m/s*)j <
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PROBLEM 15.245 (Continued)

(b) Point F. Ipp =(0.25m)i+ (0.13 m)k
ryp =(0.13 mk
Motion of Point F’in the frame.
Vi = QXTpp
=4jx(0.251 +0.13k)
=(0.52 m/s)i — (1 m/s)k
ap =QX v
=(4j)*x(0.52i —-k)
=—(4 m/s?)i—(2.08 m/s?)k
Motion of Point F relative to the frame.
Vip = OAXTgp
=3ix(0.13k)
=—(0.39 m/s)j
app = OIX Ve
=3ix(-0.39j)
=—(1.17 m/s*)k
Coriolis acceleration. a, =2QX vy
a, =(2)(4j)x(-0.39j)=0
Velocity of Point F. Ve = Vet Y
v =0.52i -k —0.39j
v, =(0.520 m/s)i — (0.390 m/s)j— (1.000 m/s)k <«

Acceleration of Point F. ap =ap +agp +a,
a,=—4i-2.08k—-1.17k +0

a, =—(4.00 m/s*)i— (3.25 m/s* )k «
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PROBLEM 15.246

In Problem 15.245, determine the velocity and acceleration of
(a) Point G, (b) Point H.

PROBLEM 15.245 Two disks, each of 130-mm radius, are
welded to the 500-mm rod CD. The rod-and-disks unit rotates at
the constant rate @, =3 rad/s with respect to arm AB. Knowing
that at the instant shown @,=4 rad/s, determine the velocity and
acceleration of (a) Point E, (b) Point F.

VA 130 mm

SOLUTION

Let the frame of reference BXYZ be rotating about the Y axis with angular velocity Q = w,j= (4 rad/s)j.
The motion relative to this frame is a rotation about the X axis with angular velocity @,i = (3 rad/s)i.
(a) Point G. rgp =—(025 m)i+(0.13 m)j
I e =(0.13 m)j
Motion of Point G’ in the frame.
Vo = QXTI
=4jx(-0.251 + 0.13j)
=(1 m/s)k
a; =QXv,
=4jxk
= (4 m/s?)i
Motion of Point G relative to the frame.
Voir = OAX TG
=3ix0.13j
=(0.39 m/s)k
agp = OIX Vg
=3ix(0.39k)
=—(1.17 m/s*)j
Coriolis acceleration. a, =2QX Vg
a, =(2)(4j)x(0.39k)
=(3.12 m/s?)i

Velocity of Point G. Vg = Vet Vo

v; =k +0.39k v =(1.390 m/s)k <
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PROBLEM 15.246 (Continued)

Acceleration of Point G. a; =ag +agp +a,
a; =4i—1.17j+3.12i a; =(7.12m/s%)i - (1.170 m/s*)j <«
(b)  Point H. 1y, =—(0.25 m)i + (0.13 m)k

ryc =(0.13 m)k
Motion of Point H” in the frame.
Vg = QX Ty
=4jx(-0.251+0.13k)
=(0.52 m/s)i + (1 m/s)k
a,; =QXxXvy
=4jx(0.52i +k)
= (4 m/s”)i - (2.08 m/s” )k
Motion of Point H relative to the frame.
Vi = OAXTy
=3ix(0.13k)
=—(0.39 m/s)j
Ay p = OAX Vyp
=3ix(-0.39j)
=—(1.17 m/s* )k
Coriolis acceleration. a, =2QXxv,,;
a, =(2)(4j)x(0.39j)=0
Velocity of Point H. Vy =Vt Ve
vy =0.52i +k —0.39j
v, =(0.520 m/s)i — (0.390 m/s)j+ (1.000 m/s)k <«

Acceleration of Point H. a, =a, +ay,+a,

a, =4i—2.08k—1.17k +0 a, =(4.00m/s%)i—(3.25m/s* )k <«
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= w PROBLEM 15.247

The position of the stylus tip A is controlled by the robot
shown. In the position shown the stylus moves at a constant
é speed u# =180 mm/s relative to the solenoid BC. At the same
250 mm 800 mm time, arm CD rotates at the constant rate @, =1.6 rad/s with
respect to component DEG. Knowing that the entire robot
X rotates about the X axis at the constant rate @, =1.2 rad/s,
determine (a) the velocity of A, (b) the acceleration of A.

600 mm
500 mm

Z

SOLUTION
Geometry: Iy =— (500 mm)i + (300 mm)j+ (600 mm)k

r,,, =—(250 mm)i + (600 mm)k

Yy =Tap T =— (750 mm)i + (300 mm)j+ (600 mm)k
Angular velocities: o, =wi=(12rads)i (& =0)

o, =m,j=.6rad/s)j (w,=0)

Stylus motion: u=—ui=—180mm/s)i (u=0)
Method 1

Let the rigid body BCD be a rotating frame of reference.

Its angular velocity is Oqp =0, + 0, =(1.2rad/s)i + (1.6 rad/s)j

Its angular accelerationis oy =@, X®, = (1.2 rad/s)ix[(1.2 rad/s)i + (1.6 rad/s)j]
=(1.92 rad/s*)k
Motion of the coinciding Point A" in the frame.
Vo =Vp+tVap
Vy =0 XIp 6 (0 +0,) XTI,
= (1.2 rad/s)i X[— (500 mm)i + (300 mm)j]
+[(1.2 rad/s)i + (1.6 rad/s)j]|x[— (250 mm)i + (600 mm)k ]
= (360 mm/s)k — (720 mm/s)j + (400 mm/s)k + (960 mm/s)i
v, = (960 mm/s)i — (720 mm/s)j+ (760 mm/s)k
a, =, X(0, Xry,;)
= (1.2 rad/s)i x{(1.2 rad/s)i X[— (500 mm)i + (300 mm)j]}
=— (432 mm/s*)j
Ayp = Ocp XTap +Ocp X(@cp XTyp)
= (1.92 rad/s® )k x[— (250 mm)i + (600 mm)k ]
+ o, X{[(1.2 rad/s)i + (1.6 rad/s)j] < [— (250 mm)i + (600 mm)K]}
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PROBLEM 15.247 (Continued)

a,,, =—(480 mm/sz)j + @ X[ (720 mm/s) j+ (400 mm/s)k + (960 mm/s)i]

i j Kk
=-480j+[ 12 16 0
960 —720 400

=—480j + 640i — 480j — 864k — 1536k
a,,, = (640 mm/s*)i — (960 mm/s*)j— (2400 mm/s* )k
ay=apta,,
a, = (640 mm/s*)i — (1392 mm/s*)j— (2400 mm/s*)k
Motion of Point A relative to the frame.
Vo r =u=—(180 mm/s)i

a,;=0
(a) Velocity of A. VA=V + Ve
v, = (960 mm/s)i — (720 mm/s)j + (760 mm/s)k — (180 mm/s)i
v, =(0.78 m/s)i — (0.72 m/s)j+ (0.76 m/s)k <«
Coriolis acceleration: a, =20 XV p
a, =2[(1.2 rad/s)i + (1.6 rad/s)j] x (—180 mm/s)i
=+(576 mm/s*)k

(b)  Acceleration of A. a,=a,+a,,,+a,

a, = (640 mm/s)i — (1392 mm/s*)j— (2400 mm/s* )k + (576 mm/s* )k
a, =(0.64 m/s*)i—(1.392 m/s*)j— (1.824 m/s* )k <

Method 2
Use a frame of reference rotating about the x axis with angular velocity.
o, =wi=(1.2rad/s)i (w, =0)
Motion of coinciding Point A" in the frame.
V=0, X1, = (1.2 rad/s)i X [- (500 mm)i + (300 mm)j+ (600 mm)k]
= (360 mm/s)k — (720 mm/s)j
A, =W X(OXTy5) =0, XV,
= (1.2 rad/s)i X[(360 mm/s)k — (720 mm/s)j]
=—(432 mm/s?)j— (864 mm/s* )k
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PROBLEM 15.247 (Continued)

Motion of Point A relative to the frame.
Varp =0y XIyp +U
= (1.6 rad/s)j*x[— (250 mm)i + (600 mm)k] — (180 mm/s)i
= (400 mm/s)k + (960 mm/s)i — (180 mm/s)i
a,;: (Since A moves on CD, which rotates at rate ®,, we have a Coriolis term here).
a,,; =0, X(0,Xr,,)+20,Xu
=, x{(1.6 rad/s)jx[- (250 mm)i + (600 mm)k]} + 2m, Xu
= (1.6 rad/s)j*x [(400 mm/s)K + (960 mm/s)i]+ 2(1.6 rad/s)jx (—180 mm)i
= (640 mm/s” )i — (1536 mm/s* )k + (576 mm/s” )k
= (640 mm/s” )i — (960 mm/s”)k
(a) Velocity of A. VA=Vt Ve
v, =360k —720j+ 400k + 960i —180i
v, =(0.78 m/s)i — (0.72 m/s)j+ (0.76 m/s)k <«
Coriolis acceleration: a, =20, XV, p
a, =2(1.2 rad/s)i x[(400 mm)k + (780 mm/s)i]
=—(960 mm/s?)j
(b)  Acceleration of A. a,=a, +a,,; +a,

a, =-432j- 864k + 640i — 960k —960j

a, =(0.64 m/s*)i—(1.392 m/s*)j— (1.824 m/s* )k <
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PROBLEM 15.248

The angular acceleration of the 600-mm-radius circular plate shown is
defined by the relation & =aye”’. Knowing that the plate is at rest
when =0 and that o, =10 rad/s>, determine the magnitude of the
total acceleration of Point B when (a) t =0, (b) t=0.5s, (c) t =ce.

SOLUTION
(@ =0

(b) t=05s:
(© 1=e

w=0,l-¢"ly, wo=¢,(-e")
a, =ra=roye” = (0.6 m)(10 rad/s*)e™” = 6e”’

a, =ra* =rog(1—e)* =(0.6)(10)*(1—e™)* =601 —¢™)*

a, =6¢" =6 m/s’

a, =60(1-¢")* =0

ay=a’ +a; =6 ap =6.00 m/s> 4

a, =6¢™"° = 6(0.6065) = 3.639 m/s*
a, =60(1—e )
=60(1—0.6065)*

=9.289 m/s>
aj =a’ +a: =(3.639)" +(9.289) ay =9.98 m/s> <
a,=6e” =0

a, =60(1—¢™)* =60 m/s”

ay =a’ +a> =0+60" ay =60.0 m/s* <
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PROBLEM 15.249

Cylinder A is moving downward with a velocity of 9 ft/s when the brake is
suddenly applied to the drum. Knowing that the cylinder moves 18 ft
downward before coming to rest and assuming uniformly accelerated motion,
determine (a) the angular acceleration of the drum, () the time required for
the cylinder to come to rest.

0.75 ft

SOLUTION
Block A: v: —vy =2as
0—(9 ft/s)? =2a (18 ft)
a=-2.25 ft/s® a=2.25 fi/s® T
Drum: V=T,
9 ft/s =(0.75 fyw
@), =12 rad/s

—(2.25 ft/s*) = (0.75 f)
o = -3 rad/s* 0.=3.00 rad/s* D «

()  Uniformly accelerated motion. w=0 when r=1t,

w=a,+at: 0=(12 rad/s)— (3 rad/s*), ,=4.00s <
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PROBLEM 15.250

A baseball pitching machine is designed to deliver a baseball with
a ball speed of 70 mph and a ball rotation of 300 rpm clockwise.
Knowing that there is no slipping between the wheels and the
baseball during the ball launch, determine the angular velocities of
wheels A and B.

SOLUTION
Let Point G be the center of the ball, A its contact point with wheel A, and B its contact point with wheel B.
Given: Vg = 702 Lh 5280_ ft. 102.667 ft/s =1232in./s
h J\ 3600 s mi
@, yi= (300 rpm)| 2L\ LI}y ads
rev 60s
v, =1232in./s — ®y,y =107 rad/s )
Unit vectors: i=1—, j= IT, k= 1‘>
Relative positions: TG = %(—3 j)=—(1.51in.)j
1. .
T = 5(3]) =(1.5in.)j
Velocities at A and B. V4= Vg T 0 XTy6 =1232i+ (-107Kk) x (1.5])

=(1232+47.12)i =1279.12in./s —

V= Vg + Oy XTyq = 12321+ (—1077k) x (1.57j)
= (1232-47.12)i =1184.88 in./s —

v, _1184.88

Angular velocity of A. w, = =169.27 rad/s
Ts
®, =1616pm ) 4
Angular velocity of B.
0y =22 =212 185 73 raass )
Iy 7

@ =1745 rpm ) <
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40 mm 80 mm PROBLEM 15-251

Knowing that inner gear A is stationary and outer gear C starts from
rest and has a constant angular acceleration of 4 rad/s’ clockwise,
determine at = 5 s (a) the angular velocity of arm AB, (b) the angular
velocity of gear B, (c) the acceleration of the point on gear B that is in
contact with gear A.

SOLUTION
Angular velocity of gear Catt=S5s.
w, =0, t=(4rad/s*)(5s)=20radls @, =20rad/s )
Let Point 1 be the contact point between gears A and B. Let Point 2 be the contact point between gears B and C.
Points A, B, and C are the centers, respectively, of gears A, B, and C.
Positions: ~ Take x axis along the straight line A1 B2.
X, =x-=0
x, =r, =80 mm
Xg = (80 mm + 40 mm) =120 mm

x, =120 mm + 80 mm = 200 mm

Velocity at 1. Since gear A is stationary, v, =0.

Velocity at 2.V, =X,0c =(200)(20)
v, =4000 mm/s |
Point 1 is the instantaneous center of gear B.
vy =(x, —x)wp = (120 mm)wy
v, _ 4000

57120 120
v = (x5 — X)@g = (40 mm)(33.333 rad/s) =1333.33 mm/s

=33.333 rad/s

_vp 133333

= =11.111rad/s
Yy, 120

(a)  Angular velocity of arm AB: o, =11.11 rad/s) <

(b)  Angular velocity of gear B: o, =33.3rad/s ) |
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PROBLEM 15.251 (Continued)

Calculate tangential accelerations:
(al )t = O
(ay), = (a;), = 1.0, = (200 mm)(4 rad/s*)

(a,), =800 mm/s?|

(a,), = (x, — x)tz = (120 mm)ax,,

5 = (@), _300 6.667 rad/s*
120 120
(ag), = (x5 — )0tz = (40 mm)(6.667 rad/s*)
=266.67 mm/s’
Oyp = (a5), _ 20067 _ 2.2222 rad/s*
rg 120

Angular accelerations: a,, = 2.2222 rad/s’ ) 0y =6.667 rad/s )

Acceleration of Point B.
ag =[a, xBl] +l@sy x5 ~—]
=[(2.2222)(120) l] +[A1.11D)*(120) ]
= (266.67 mm/s*) |+ (14815 mm/s?) ~—

(c)  Acceleration of Point 1 on gear B.

a, =a, +[a;(x; —x) 1+[@h(xy —x)— 1]
=[266.67 |1+[14815 ~— ] +[(6.667)(40) [ 1+[(33.333)? (40) —~ ]

= [266.67 |1+[14815 ~—]+[266.67 || +[44444 . |

=29629 mm/s — a, =29.6m/s>— <

Note that the tangential component of acceleration is zero as expected.
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PROBLEM 15.252

Knowing that at the instant shown bar AB has an angular velocity of
10 rad/s clockwise and it is slowing down at a rate of 2 rad/s’,
determine the angular accelerations of bar BD and bar DE.

0.6 m
SOLUTION
A
Velocity Analysis o, =10 rad/s )
Vg
vy = (AB)w,, B
=(0.200)(10) M
=2m/s p
D ] & B
VB =Vp - 1 ¥ € [] c
Vp = vDi Y%

Locate the instantaneous center (Point C) of bar BD by noting that velocity directions at Points B and D are

known. Draw BC perpendicular to v, and DC perpendicular to v,

Vg 2
W,, =——=——=_8 rad/s
" BC 025

vy = (CE)wy, = (0.6)(8) = 4.8 m/s

vp 4.8
Wpp =——=——="24rad/s
P DE 02
Acceleration Analysis: 0y =2 rad/s’ ‘>, w,p =10 rad/s )
Unit vectors: i=1—, jle, k=l‘>

ap=a, +0,5XIg, — a)iBrB/A
=0+ (2k)x(-0.2)j— (10)*(-0.2j)
=(0.4 m/s»)i+ (20 m/s*)j

®yp =8.00 rad/s )
v, =4.8 m/s)

Oy =24 rad/s ‘>
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PROBLEM 15.252 (Continued)

ap =ag +0gy XIpp — wéDrD/B
= 0.4i +20j + a2k X (~0.6i — 0.25j) — (8)* (~0.6i — 0.25j)
a,, = (38.8+0.250, )i + (36— 0.60p)j (1)

ap =ag +0pp XIpp — w%ErD/E
= 0+ ok X (—0.20) — (24)2 (~0.2i)
=115.2i - 0.2, 2

Equate like components of a,, from Equations (1) and (2).
i: 38.8+0.25¢,, =115.2 Qg =305.6 rad/s’
B 36 -0.6ap, =020,
Qpp =30, —180 =736.8 rad/s’

Angular acceleration: o5, =306 rad/sz‘> |

apy =737 rad/s> ) 4
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PROBLEM 15.253

|<—41'11. 5 in. 5in. 41'11.—>|
Knowing that at the instant shown rod AB has zero angular
A& > £ | acceleration and an angular velocity of 15 rad/s counterclockwise,
B G D 3 determine (a) the angular acceleration of arm DE, (b) the
e . e acceleration of Point D.
SOLUTION

tanﬁ=%, B =36.87° W /
D
4 . =

v =(AB)w,; = (5)(15)

=751n./s
Vg =Vp I/ﬂ’ Vp =Vp F\,B

Point C is the instantaneous center of bar BD.

CB=—2——625in. @y =5 =" _12radss )
cos 3 CB 6.25
CD=—>_—625in. vy =(CD)wyy, = (6.25)12) =75 ins
cos B

Wpp =%=?=15 rad/s )
Acceleration analysis. 0 =0
ay =[(AB)a,; /' B1+[(AB)@; ™ f]
=0+[(5)(15)* ™ B1=1125in/s* ™.
ap =[(BD)ay |1+[(BD) @y, ~— ]
=[100t, [ 1+[(10)(12)* ~— ]
= (100, [ 1+[1440 in./s> ~— ]
a, =[(DE)ap; N\ B1+(DE)p, .~ fl
=[5ap: NB1+[(5)15)° -« fI
=[50, NB1+[1125in./s> = B]

a,=aytap, Resolve into components.
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PROBLEM 15.253 (Continued)

(@) *.: Sopsinf+1125co0s f=—-1125cos f—-1440
apy =—1080 rad/s> o,y =1080 rad/s® ) 4
(b) a, =[(5)(~1080) \ A1+ [1125in/s> < f]

=[5400in./s> N B1+[1125in/s> <~ f]

1125
tany=——
5400
y=11.77°
ap, =5400% +1125>

=5516in./s>

=460 ft/s*
90° — B+ 7 = 64.9° a,, =460 ft/s* Tx 64.9° 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1378

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

PROBLEM 15.254

the wheel.

SOLUTION

Geometry. We note that Point B moves on a circle of radius R = 300 mm
centered at C. It is useful to use the angle 3, angle ACB of the
triangle ABC, which indicates the motion of B along this
curve. Applying the law of sines to the triangle ABC,

AP ___BC (g-e0)
sin(x—6) sinf
or sinﬂzgsinﬁzmsin60°
BC 00 mm
B =35.264°

With meters as the length unit and the unit vectors defined as
i=1—, j=1l, and k=1
The relative position vectors are
rp,4 = (0.2 m)(sin 60°i — cos 60°j)
ry,c = (0.3 m)(sin Bi — cos Sj)
Let Point P be the contact point where the wheel rolls on the fixed surface.
rp = (0.015 m)(sin Bi — cos Sj)
Velocity analysis. v, =0.250 m/s T vp,=0
Vp=vp LB o=0k 0 =agk
Vp=Vat Vg =Vt 0,5 XTg),
=0.250j+ (@, 5)k X (0.2sin 60°i — 0.2 cos 60°})
v (cos Bi+sin £j) =0.25j+0.1w,51 +0.1732050,
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Rod AB is attached to a collar at A and is fitted with a wheel at
B that has a radius r = 15 mm. Knowing that when 8 = 60°
the colar has velocity of 250 mm/s upward and the speed of the
collar is decreasing at a rate of 150 mm/s’, determine (a) the
angular acceleration of rod AB, (b) the angular acceleration of
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PROBLEM 15.254 (Continued)

Resolve into components:
i: vgcos f=40.10,, (1)
i vgsin f=0.25-0.173205w,, 2)
Solving the simultaneous Equations (1) and (2),
vg =—0.29873 m/s W,z =—2.43913
vy =029873m/s 7 B ©,, =2.43913 rad/s )
Since the wheel rolls without slipping, Point P is its instantaneous center.

vyl =rag, Wpp = 0'3918573 0y =1.992 rad/s‘>

Acceleration analysis a, =150 mmy/s’ i
(ap), =0
ag=a,+ag, =a,+a,,kxXry, —or,

=—-0.150j+ o, 5k % (0.25in 60°i — 0.2 cos 60°j)
—(2.43913)(0.25in 60°i — 0.2 cos 60°j)

=—-0.150j+ (0.2sin 60°)x 45 + (0.2cos 60°)x ;51
—1.03046i + 0.59494

=(0.2¢c0s60°)x 51 + (0.25in 60°) x4 5 j — 1.03046i + 0.44494 j

Consider the motion of B along its circular path.

2
ag :[(aB)tiﬂ]+|:v?B\<lﬂi|

2
= (aB),(cos,Bi+sinﬁj)+%(—sinﬂi +cos fj)

2
% (—sin Bi +cos Bj)

= (a), cos fi+(ap), sin Bj—0.17174i +0.24288]

=(ay), cos Bi+(ag), sin Bj—

Equate the two expression for az and resolve into components.
i: (ag), cos f—0.17174 = (0.2cos 60°)r, 5 —1.03046 3)
i (ag), sin B +0.24288 = 0.25in 60°cxr, ; +0.44494 4
Solving Egs. (3) and (4) simultaneously,
(ag), =—2.0187 m/s*> @, =—7.8956 rad/s’
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PROBLEM 15.254 (Continued)

(a)  Angular acceleration of AB. o,z =7.90 rad/s’ ) <
(b)  Angular acceleration of the wheel.

(ap), =(ag), +rog =0
_(ap), _ (-2.0187)
r 0.015

=134.6 rad/s’

BP

@,y =134.6 radis> ) 4
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PROBLEM 15.255

Water flows through a curved pipe AB that rotates with a constant
clockwise angular velocity of 90 rpm. If the velocity of the water
relative to the pipe is 8 m/s, determine the total acceleration of a
particle of water at Point P.

SOLUTION
Let the curved pipe be a rotating frame of reference. Its angular velocity is 90 rpm ) or ®=9.4248 rad/s )

Motion of the frame of reference at Point P’

Vp = (AP)@ 7 45° = (0.57/2)(9.4248) 7 45° = 6.6643 m/s 7 45°

a, = (AP)@* X 45° = (0.5v/2)(9.4248)> < 45° = 62.81 m/s” << 45°

Motion of water relative to the frame at Point P.

Vo =8 m/s

2
(Ve )
app =41

=128 m/s” |
Coriolis acceleration. a, =2wvp
=(2)(9.4248)(8)
=150.797 m/s’
a, =150.797 m/s*> T

Acceleration of water at Point P. a, =ap tap; +a,
a, =[62.8145°]+[128 L]+[150.797 T]

=[44.413 m/s*> =] +[21.616 m/s> 1]

a, =49.4 m/s* 26.0° <
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J PROBLEM 15.256

A disk of 0.15-m radius rotates at the constant

/ rate @, with respect to plate BC, which itself

4 < rotates at the constant rate @, about the y axis.
/ Knowing that @, = ®w, =3 rad/s, determine, for

OO the position shown, the velocity and acceleration

(a) of Point D, (b) of Point F.

SOLUTION

Frame AXYZ is fixed.

Moving frame, Exyz, rotates about y axis at
Q= j= (3 radls)j

(a) Point D: W, = w,j= (3 rad/s)j
Tppu =0
rpe =—(0.15 m)i
vy =QXxr,, =0
Voir = @q XTp/p
= (3 rad/s)jx (—0.15 m)i
=(0.45 m/s)k

Vp =V + Vo v, =(0.45 m/s)k 4

a, =Qxv,=0
Ap;p =0 XVp/p
= (3 rad/s)j* (0.45 m/s)k
=(1.35 m/s)i
a, =2QX v,
=2(3 rad/s)jx (0.45 m/s)k = (2.70 m/s?)i

ap =a, +ap ta,
=0+(1.35 m/s®)i +(2.70 m/s?)i a, = (4.05 m/s*)i <
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(b) Point F:

PROBLEM 15.256 (Continued)

W, = @, j= (3 rad/s)j
r;, = (0.3 m)i;
Iy =(0.15 m)i
Vi = QXTI
= (3 rad/s)j* (0.3 m)i
=—(0.9 m/s)k
Ve = 0y X
= (3 rad/s)j* (0.15 m)i
=—(0.45 m/s)k
Vp = Vg + Vegp
=—(0.9 m/s)k — (0.45 m/s)k
a, =QXxv,
= (3 rad/s)jx (—0.9 m/s)k
=—(2.7 m/s*)i
App = 0y X Vg
= (3 rad/s)jx (—0.45 m/s)k
=—(1.35 m/s?)i
a, =2QX vy
=2(3 rad/s)jx (—0.45 m/s)k
=—(2.7 m/s*)i
a,=ap +ag, +a,

=—(2.7 m/s?)i —(1.35 m/s?)i — (2.7 m/s?)i

vy =—(1.35 m/s)k 4

a, =—(6.75 m/s*)i 4
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PROBLEM 15.257

Two rods AE and BD pass through holes drilled into a hexagonal
block. (The holes are drilled in different planes so that the rods will
not touch each other.) Knowing that rod AE has an angular velocity
of 20 rad/s clockwise and an angular acceleration of 4 rad/s’”
counterclockwise when 8= 90°, determine, (a) the relative velocity
of the block with respect to each rod, (b) the relative acceleration
of the block with respect to each rod.

100 mm

SOLUTION

Geometry:  When 6 =90°, Point H is located as shown in the sketch. Apply the law of sines to the triangle
ABH. A H
V'
100mm 5 T
sin60°  sin30° sin90°
f =57.735 mm
r, =115.470 mm

OO mm

B8

The angle at H remains at 60° so that rods AE and BD have a common angular velocity @ = a)‘> and a

common angular acceleration o =« ‘>, where
@=-20rad/s

and o =4rad/s

Consider the double slider H as a particle sliding along the rotating rod AH with relative velocity u; — and
relative acceleration u, —».

Let H’ be the point on rod AE that coincides with H.
vy =[ro!1=[(57.735 mm)(~20 rad/s) [ 1=[1154.7 mm/s | ]
a =lha |1+ (0" ]
=[(57.735 mm)(4 rad/s*) | 1+[(57.735 mm)(20 rad/s)> ~— |
=[230.9 mm/s* | 1+[23094 mm/s>~— |

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1385



https://students-hub.com
https://students-hub.com

PROBLEM 15.257 (Continued)

The corresponding Coriolis acceleration is
a, =[2au, | 1=[(2)(~20), [ 1= 404, |
Vi =V i —=[11547 mm | ]+, — | (1)
a,, = ay + [ — ]+ [40, ||

=[230.9 mnv/s | 1+[23094 mm/s® ~— ]+ [1,— ] +[40u, } ] )

Now consider the double slider H as a particle sliding along the rotating rod BD with relative velocity u, - 60°
and relative acceleration i, 760°.

Let H” be the point on rod BD that coincides with H.
vy = 5o ™ 30° = (115.47 mm)(=20 rad/s) > 30° = 2309.4 mm/s < 30°
a,. = ra x30°+ rw’ 3760°
= (115.47 mm)(4 rad/s>) ™ 30° + (115.47 mm)(20 rad/s)* 3= 60°
=461.9 mm/s” ™ 30° + 46188 mm/s* 3= 60°

The corresponding Coriolis acceleration is
a, =20u, ™ 30° = (2)(-20 rad/s)u , > 60° = 40u, < 30°
Vy =V +u, £ 60°=2309.4 mm/s < 30°+u, <60° 3)

a, =a,. +ii, A 60°+40u, < 30°
=[(461.9 mm/s?) ™ 30°] +[(46188 mm/s) 3 60°] +[1i, & 60°] + [40u, < 30°] (4)

Equate expression (1) and (3) for vy and resolve into components.

+T : 1154.7 mm/s = —(2309.4 mm/s) sin 30° + u, sin 60°
2309.4sin30°—-1154.7
U, = B u, =0
sin 60°
il u, =2309.4c0s30°+0 u, = 2000 mm/s

Substitute the values for u#; and u, into the Coriolis acceleration terms, and equate expressions (2) and (4) for
ay and resolve into components.

+T : 230.9 mm/s> — (40 rad/s)(2000 mm/s)
= (461.9 mm/s”)sin 30° + (46188 mm/s?) sin 60°
+ 1t 5in 60° — (40)(0) sin 30°

;. _ 230.9-80000 - 230.9 +40000
2 sin 60°

it, =—46188 mm/s’
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PROBLEM 15.257 (Continued)

. it, — 23094 mm/s” = —(461.4 mm/s*)cos 30° — (46188 mm/s*) cos 60°
—(46188 mm/s*)cos 60° + 0

i, = 23494 mm/s*
(@)  Relative velocities: AE: u,— =2.00 m/s — 4
BD: u, £60°=0 4
(b)  Relative accelerations: AE: u, =235 m/s” ~— 4

BD: i, A7 60°=46.2 m/s> 37 60° 4
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J PROBLEM 15.258

Rod BC of length 24 in. is connected by ball-and-socket joints
to a rotating arm AB and to a collar C that slides on the fixed
rod DE. Knowing that the length of arm AB is 4 in. and that it
rotates at the constant rate @, =10rad/s, determine the
velocity of collar C when 6 =0.

SOLUTION
Geometry. lge =24 in.
Iep = (8 in)i— (16 in.)j+ z-5k
247 =8% +16% + 22
Zep =16 1n.
Iep =@ in)i— (16 in.)j+ (16 in.)k
rp, =—(4 in)i
Velocity at B. vy =wKkXrg,
=10k x (—4i)
=—(40 in./s)j
Velocity of collar C. ve =vck
Ve =V + Ve
where Vg = Wpe XXy

Noting that v, is perpendicular to r.z, we get Iep -V =0
Forming r.; - v, we get Yo Vo =T (Vg + Vep)
=Tc Vet T VoB
or Yo Ve =Tep Vs (D

From Eq. (1) Bi—16j+16k)- (vok) =(8i—16j+16k) - (—40j)
16v, = (—16)(—40)

or Ve =40 in./s Vo =(40.0 in/s)k <«
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¥ PROBLEM 15.259

A In the position shown, the thin rod moves at a constant speed
u . .
1 % D u =3 in./s out of the tube BC. At the same time, tube BC rotates
6 in. - at the constant rate @, =1.5 rad/s with respect to arm CD.

Knowing that the entire assembly rotates about the X axis at the
L constant rate @, =1.2 rad/s, determine the velocity and

X acceleration of end A of the rod.
C 9 in.

SOLUTION
Geometry. r, =(6in)j+ (9 in)k
Method 1
Let the rigid body DCB be a rotating frame of reference.
Its angular velocity is Q=wji+wk

= (1.2 rad/s)i — (1.5 rad/s)k.
Its angular acceleration is o=mixak

=-0 0,
= (1.8 rad/s?)j.

Motion of the coinciding Point A’ in the frame.
v, =QXr,
=(1.2i —1.5k)x (6j+9Kk)
=7.2k —10.8j+9i
=(9in./s)i — (10.8 in./s)j+ (7.2 in./s)k
a, =0Xr, +QXv,
i j k| |i j k
=0 1.8 0O[+|l.2 0 -15
0 6 9 |9 -108 72
=16.2i—16.2i —22.14j—12.96k
=—(22.14 in./s*)j— (12.96 in./s* )k

Motion of Point A relative to the frame.
vyr =uj=(31in./s)j,

a,, =0
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PROBLEM 15.259 (Continued)

Velocity of Point A. Vi =Vt Ve
v, =91-10.8j+ 7.2k +3j

v, =(9.00 in./s)i — (7.80 in./s)j+(7.20 in./s)k <

Coriolis acceleration. 2Qxvyp =(2)(1.21 —1.5k) X 3j
= (9 in/s?)i+ (7.2 in/s?)k

Acceleration of Point A. a, =a,+a,, +2QxXv,,,
a, =-22.14j-12.92k +9i+ 7.2k

a, =(9.00 in./s*)i—(22.1in./s*)j—(5.76 in./s* )k <

Method 2

Let frame Dxyz, which at instant shown coincides with DXYZ, rotate with an angular velocity Q = @,i =1.2i rad/s.
Then the motion relative to the frame consists of the rotation of body DCB about the Z axis with angular
velocity w,k = —(1.5 rad/s)k plus the sliding motion u=ui = (3 in./s)j of the rod AB relative to the body DCB.

Motion of the coinciding Point A’ in the frame.
vy =QXr,
=1.2ix(6j+9Kk)
=—(10.8 in./s)j+ (7.2 in./s)k
a, =QXv,
=1.2ix(-10.8j+7.2k)
=—(8.64 in./s*)j— (12.96 in./s* )k

Motion of Point A relative to the frame.

Vyr = OKXT, +uj
= (-1.5k) X (6 + 9K) + 3j
=9 in./s)i+ (3 in./s)j

a,r = oLk xr, + 0, KX (w,k xXr,) +uj+ 20,k X (uj)
=0+ (=1.5k) X (9i) + 0+ (2) (= 1.5k) x (3j)
=—13.5j+9i
= (9 in./s?)i—(13.5 in./s?)j

Velocity of Point A. V=Vt Var

v, =—10.8j+ 7.2k +9i + 3
v, =(9.00 in./s)i — (7.80 in./s)j+ (7.20 in./s)k <
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PROBLEM 15.259 (Continued)

Coriolis acceleration. 2Q % v, - =(2)(1.21) X (-91 + 3j)

=(7.2 in/sH)k

Acceleration of Point A. a,=a,+a,,, +20xv,,
a, =-8.64j—12.96k +9i —13.5j+ 7.2k

a, =(9.00 in./s?)i—(22.1in./s*)j—(5.76 in./s* )k <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1391

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

	BeerVectorISM_C15-P001-P037
	BeerVectorISM_C15-P038-P072
	BeerVectorISM_C15-P073-P104
	BeerVectorISM_C15-P105-P149
	BeerVectorISM_C15-P150-P183
	BeerVectorISM_C15-P184-P219
	BeerVectorISM_C15-P220-P247
	BeerVectorISM_C15-P248-P259



