Engineering Mechanics - Dynamics

Problem 16-1

Chapter 16

A wheel has an initial clockwise angular velocity @ and a constant angular acceleration «. Determine
the number of revolutions it must undergo to acquire a clockwise angular velocity «. What time is

required?
Units Used: rev = 2 rad
. rad rad rad
Given: o =10 — a =3— wf = 15 —
S 2 S
S
wfz 2
Solution: a)f2 = a)z +2a6 6 = 6 = 3.32rev
2
Of — @
of =0+ at t = t=1.67s
(24
Problem 16-2

A flywheel has its angular speed increased uniformly from @, to @, in time t. If the diameter of the

wheel is D, determine the magnitudes of the normal and tangential components of acceleration of a
point on the rim of the wheel at time t, and the total distance the point travels during the time period.

. rad rad
Given: w1 =15 — @y =60 — t=280s D=2ft
S S
Solution: r= b
2
w0 — w1 rad
W = w1+ at a = 0:=0.56—2
t S
ft
at = ar at = 0.563—2
S
2 ft
an = w2 r an = 3600—2
S
a)22 - w1
0 = 6 = 3000rad
2
d=ér d = 3000 ft
Problem 16-3

The angular velocity of the disk is defined by @ = at? + b. Determine the magnitudes of the velocity
and acceleration of point A on the disk when t =1t;.
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Given:
rad
a=5—
3
S
rad
b=2—
S
r=08m
tt =05s
Solution: t = t1
rad
w=att+b w =322
S
rad
a = 2at o= 5.00—2
S
m
V = or v=260—
S

a-= (ozr)2 + (mzr)z a=935 m

*Problem 16-4

The figure shows the internal gearing of a “spinner” used for drilling wells. With constant
angular acceleration, the motor M rotates the shaft S to angular velocity @, in time t starting

from rest. Determine the angular acceleration of the drill-pipe connection D and the number of
revolutions it makes during the start up at t.

Units Used: rev = 2n

Given:
rev
oM = 100 — rm = 60 mm
min
—
rop = 150 mm t=2s al
o
Solution:
oM = amt
M rad
am = —/— a\m = 524 —
t 2
S
apMI'M = apIp
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™ rad
ap = aM (—j ap = 2.09—
D 2
S
1 2
0= EaDt 0 = 0.67rev
Problem 16-5

If gear A starts from rest and has a constant angular acceleration «,, determine the time needed for
gear B to attain an angular velocity a.

Given: A
rad Ry T
ap = 2 5—2 rg = 0.5 ft \ ’{‘-
ks \
W m-ozn SRR
S T —
Solution: // / / / / ‘ R RN \r;
—— " — @&

The point in contact with both gears
has a speed of

ft
Vp = wBIB Vp = 25.00; |
Thus,
v rad
op = — wp = 125.00 =
ra S
OA
So that o= oct t=— t=6250 s
127.)
Problem 16-6

If the armature A of the electric motor in the drill
has a constant angular acceleration a,, determine

its angular velocity and angular displacement at
time t. The motor starts from rest.

Given:
rad
ap =20 — t=3s
2
S
Solution:

rad
w=act o=oapt o=6000—
S
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1
0 = EaAtZ 6 = 90.00 rad
Problem 16-7

The mechanism for a car window winder is shown in the figure. Here the handle turns the small cog
C, which rotates the spur gear S, thereby rotating the fixed-connected lever AB which raises track D in
which the window rests. The window is free to slide on the track. If the handle is wound with angular
velocity @, determine the speed of points A and E and the speed v,, of the window at the instant 6.

Given:
rad
e = 05 e
S
6 = 30 deg
ra = 200 mm
Solution:
VC = aclC
m
vc =0.01 —
S
vC rad
g = — g = 020_
rs S

VA = VE = wsA

mm
VA = osTA va = VE = 40.00 e

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

mm
Vyy = vAcos(H) Vyy = 34'GT

*Problem 16-8
The pinion gear A on the motor shaft is given a constant angular acceleration «. If the gears A and

B have the dimensions shown, determine the angular velocity and angular displacement of the
output shaft C, when t = t; starting from rest. The shaft is fixed to B and turns with it.

Given:

399



Engineering Mechanics - Dynamics

t1 =25

rn =35 mm

ro = 125 mm

Solution:

ap = a

raa=reac ac

Il
7N\
=S | s
=
N——

N

>

Chapter 16

rad
oc = acty oc = 1.68—
S
1
Oc = E“Ctl 6c = 1.68rad

Problem 16-9

The motor M begins rotating at an angular rate @ = a(1 — e). If the pulleys and fan have the
radii shown, determine the magnitudes of the velocity and acceleration of point P on the fan
blade when t =t; Also, what is the maximum speed of this point?

Given:
rad
a=4— rp=1in
S
1
b=-1- ro =4in

tt =05s rg = 16 in

Solution:
t=1 Mol =rnw
rn
w1 = a(l—ebt) wp = (—jwl
2
in
Vp = 3wy vp = 6.30 —
S
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ap = / (azrs)” + (w22r3)2

As t approaches

r
w] = a wf = —w
2

Chapter 16

in
ap = 10.02—

in
Vi = r3of Vf = 16.00?

Problem 16-10

The disk is originally rotating at angular velocity a,. If it is subjected to a constant angular
acceleration ¢, determine the magnitudes of the velocity and the n and t components of

acceleration of point A at the instant t.

Given:
rad
oy =8 —
S
rad
a=6—
2
S
t=05s
r=2ft
Solution:
o = g+ at VA = To
at = re
a.n =Tw

fit
VA = 22.00 —
S
fit
ar = 12.00 —
2
S
fit
an = 242,00 —

S
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Problem 16-11

The disk is originally rotating at angular velocity a,. If it is subjected
to a constant angular acceleration ¢, determine the magnitudes of
the velocity and the n and t components of acceleration of point B
just after the wheel undergoes a rotation 6.

Given:
rad
rev = 2n rad 05:6—2 r=15ft
S
rad
wg =8 — 6 = 2rev
S
Solution:
rad
wz,/w02+2a€ o = 14.66 —
S
ft
VB = lrw vg = 22—
S
ft
apt = ra apt = 9—2
S
ft
apn = ra)2 apn = 322—2
S

*Problem 16-12

The anemometer measures the speed of
the wind due to the rotation of the three
cups. If during a time period t; a wind gust

causes the cups to have an angular velocity
= (At2 + B), determine (a) the speed of 5 . —

the cups when t = t,, (b) the total distance : = ] : - m
traveled by each cup during the time period - ; (-
t;, and (c) the angular acceleration of the h -

cups when t = t,. Neglect the size of the
cups for the calculation.

e

Given:
t1 =3s th=2s r=15ft

A=2 B =3

w |

1
3
S

402



Engineering Mechanics - Dynamics

Solution:

o) = At22+ B Vo) = rwp

t1
d=rJ At + B dt
0

dao
oa=— a = 2At
dt

Chapter 16

fit
vy = 16.50 —
S

d = 40.50 ft
o - 800"
2

S

Problem 16-13

A motor gives disk A a clockwise angular acceleration a, = at? + b. If the initial angular velocity of
the disk is ay, determine the magnitudes of the velocity and acceleration of block B when t = t;.

Given:
rad rad . Y
a=06— oy =6 — r=015m
4 S
S
rad
b =075 —2 t]_ =25
S
Solution:
ap = at12 +b
a
wp = §t13 + bty + wg
m
VB = oAl vg = 1.3656 —
s
m
ag = apr ag = 0.472 3

S

Problem 16-14

The turntable T is driven by the frictional idler wheel A, which simultaneously bears against
the inner rim of the turntable and the motor-shaft spindle B. Determine the required diameter
d of the spindle if the motor turns it with angular velocity @y and it is required that the

turntable rotate with angular velocity .
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Given:
rad
og = 25 —
S
rad
oT =2 —
S
a=29in
Solution:
d
a__
d 2
OB = OA —(—
B Al 2
d
a__
2
opl — | = wTa

2wTa

wB

d=144in

Chapter 16

Problem 16-15

Gear A is in mesh with gear B as shown. If A starts from rest and has constant angular
acceleration « , , determine the time needed for B to attain an angular velocity .

Given:
5 rad .
a = —_— =
A 5 A
S
rad

a)BZSOT g =

Solution:

aATA = GBIB aB = (_jaA

op = apt t

25 mm

100 mm

rA

'B

aB

t=100.0 s
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*Problem 16-16

The blade on the horizontal-axis windmill is turning
with an angular velocity a,. Determine the distance
point P on the tip of the blade has traveled if the blade
attains an angular velocity @in time t. The angular
acceleration is constant. Also, what is the magnitude
of the acceleration of this point at time t?

Given:
rad rad
oy =2 — w=5—
S S
t=3s p = 15 ft
Solution:
@ — W) i %
a = I|I |

t

0
an = rpa)2 at = fpa
an ft
ap = ap = 375.30 —
at 82

Problem 16-17

The blade on the horizontal-axis windmill is turning with an angular velocity ay,. If it is given an

angular acceleration «, determine the angular velocity and the magnitude of acceleration of
point P on the tip of the blade at time t.
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Given:
rad rad
wg=2— a=06— r =15 ft t=3s
S S2
Solution:
rad
o = og+ at o= 3.80—
S
ft
apt = ar apt = 9.00—2
S
2 ft
apn =wlr apn = 21660_2
S

= Japt + apn’ PITAL
ap = apt +apn ap— _2

S

Problem 16-18

Starting from rest when s = 0, pulley A is given an
angular acceleration a,=ké. Determine the speed

of block B when it has risen to s = s;. The pulley has
an inner hub D which is fixed to C and turns with it.

Given:
-2
k=6s rc = 150 mm
sp=6m rb = 75 mm
B
ra = 50 mm L
i
:
il
Solution:
rc)si
Opra = Ocre fcrp = s1 Opn =|—|—
A J'D
2 2
21N oA
OlAZke T :k(TJ WA Z\/T(QA

ra m
OATA = oCcfC  oC = (—JwA VB = ocID VB = 1470 —
S
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Problem 16-19

Starting from rest when s = 0, pulley A is given a constant angular acceleration «,. Determine
the speed of block B when it has risen to s = s; . The pulley has an inner hub D which is fixed to
C and turns with it.

Given:
6 rad
ap =6 —
A 2
S
S =6m
ra = 50 mm
rc = 150 mm ]
L
rp =75 mm a
Solution: N
:
L N
rcif s1
Onra = 6crc Ocrp = s1 o = (_j(_j
A J\'D
a)AZ
— = apb wp = +/2ap0
5 AUA A AUVA
ra m
WATA = OCTIC wC = —oA VB = oCcID vg = 1.34 "
rc

*Problem 16-20

Initially the motor on the circular saw turns its drive shaft at o= kt¥3, If the radii of gears A and B are
r, and rg respectively, determine the magnitudes of the velocity and acceleration of a tooth C on the

saw blade after the drive shaft rotates through angle &= 6, starting from rest.
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Chapter 16

rad

rad

rad
ap = 15.88—2

S

Given:
ra = 0.25in
rg =1in
rc =25in
61 =5rad
rad
k =20 —
>
3
S
Solution:
2
op = kt3
3
501 >
t] = | —
1= sk
2
op = kt13
ra
wB = — WA
B
-1
2
ap = —kt
A 3 1
VCc = rcwp
ac =

/ (rcas)” + (fchZ)z

ra
aB = —ap
B
in
vc = 8.81—
S
in
ac = 32.6—
C 32

rad
ag = 3.97 —

Problem 16-21

Due to the screw at E, the actuator provides linear motion to the arm at F when the motor turns

the gear at A. If the gears have the radii listed, and the screw at E has pitch p, determine the

speed at F when the motor turns A with angular velocity w,. Hint: The screw pitch indicates the
amount of advance of the screw for each full revolution.
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Given:
rev = 2n rad
mm
p=2—
rev
rad
op =20 —
S
ra = 10 mm
rg = 50 mm
rc = 15 mm
rp = 60 mm
Solution:
WATA = WBIB wBICc = wplD
(rAj("Cj rad
op =|—||—|lopn op=1l—
B\ D S
mm
VE = opp VE = 0.318 —
S

Problem 16-22

A motor gives gear A angular acceleration a, = af3+ . If
this gear is initially turning with angular velocity @y,

determine the angular velocity of gear B after A undergoes an
angular displacement 6,.

Given:

rev = 2n rad

a-o025
2

S

b 05
2
S

rad
opg = 20 —
S

409



Engineering Mechanics - Dynamics Chapter 16

ra = 0.05 m
rg = 0.15m
61 = 10 rev
Solution:
01
aA=a493+b a)A2= a)A02+2J (a6?3+b) do
0
01 d
rai
wp = a)A02 + ZJ a€3 +bdo wp = 1395.94 —
0 S
A rad
W = — OA wp = 465—
B S

Problem 16-23

A motor gives gear A angular acceleration a, = kt3. If this gear is initially turning with angular
velocity m,,, determine the angular velocity of gear B whent = t;.

Given: p LA 4

{0y In
rad t] =25 - SSS\) B qug;
k =4 — s (‘;.
5 Il
s ra = 0.05m y %5;_3) /@

rad a8 :
opg =20— rg=015m . ‘;6\ d

S o, 22 /

~J
Solution: t=1 ?/Iﬂ Ah

k rad
ap = k'[3 wp = (zjt4 + wpQ wp = 36.00 —
S
A rad
wg = — OA o = 12.00 —
B S

*Problem 16-24

For a short time a motor of the random-orbit sander drives the gear A with an angular velocity
ONS A(t® + Bt). This gear is connected to gear B, which is fixed connected to the shaft CD.

The end of this shaft is connected to the eccentric spindle EF and pad P, which causes the pad
to orbit around shaft CD at a radius rg. Determine the magnitudes of the velocity and the
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tangential and normal components of acceleration of the spindle EF at time t after starting from
rest.

Given:

ra=10mm rg =40 mm rg =15 mm

rad
A =40 = B =65 t=2s
s
Solution:
ra
oA = A(t3 + Bt) wB = — WA
B
ra
ap = A(St2 + B) aB = —ap
B
m
V = wBIE v=300—
s
m
at = aBprE at = 2.70 >
S
2 m
an = wB Ig an = 600.00 =

S

Problem 16-25

For a short time the motor of the random-orbit sander drives the gear A with an angular
velocity o, = k&?2. This gear is connected to gear B, which is fixed connected to the shaft

CD. The end of this shaft is connected to the eccentric spindle EF and pad P, which causes
the pad to orbit around shaft CD at a radius rg. Determine the magnitudes of the velocity and

the tangential and normal components of acceleration of the spindle EF when 8= 6, starting
from rest.

Units Used:

rev = 2n rad
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Given:
rad =
K =5 rad ra = 10 mm
S
rg = 40 mm
61 = 05 rev re = 15 mm
Solution:
op = k¢912
2
ap = (k91 )(2kl91)
A A
wB = — WA ag = —ap
B B
m
V = wBIE v=019 —
S
m
at = aBpIg ar = 5.81 -
S
m
an = wBZrE an = 2.28 3
S

Problem 16-26

The engine shaft S on the lawnmower
rotates at a constant angular rate @,.

Determine the magnitudes of the velocity
and acceleration of point P on the blade
and the distance P travels in time t. The
shaft S is connected to the driver pulley A,
and the motion is transmitted to the belt
that passes over the idler pulleys at B and
C and to the pulley at D. This pulley is
connected to the blade and to another belt
that drives the other blade.

Given:

rad

ra = 75 mm ap =0

50 mm t=3s

D
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Solution:
rA
wp = — oA
D
m
Vp = oplp vp = 12.00 —
S
2 m
ap = wp Ip ap = 720.00 >

S

optra
Sp = rp( o j sp =36.00 m

Problem 16-27

The operation of “reverse” for a three-speed automotive transmission is illustrated schematically
in the figure. If the crank shaft G is turning with angular speed ey , determine the angular speed

of the drive shaft H. Each of the gears rotates about a fixed axis. Note that gears A and B, C and
D, and E and F are in mesh. The radii of each of these gears are listed.

Given:
rad
oG = 60 —
S
ra = 90 mm
rg = 30 mm
rc = 30 mm
rp = 50 mm
re = 70 mm
re = 60 mm
Solution:
ra rad
wB = — G wg = 180.00 —
B S
rc rad
op = —oR op = 108.00 —
D S
'e rad
WH = —®p oH = 126.00 —
e S
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*Problem 16-28

Chapter 16

Morse Industrial manufactures the speed reducer shown. If a motor drives the gear shaft S with an

angular acceleration « = ke, determine the angular velocity of shaft E at time t after starting from
rest. The radius of each gear is listed. Note that gears B and C are fixed connected to the same shaft.

Given:
ra = 20 mm
rg = 80 mm
rc = 30 mm
rp = 120 mm
d
k=042
2
S
b=1s 1
t=2s
Solution:
t
a)=J kebtdt w = 256—
0

A Ic
o = |— || — |@ o = 0.160 —
rg)\ D s

Problem 16-29

Morse Industrial manufactures the
speed reducer shown. If a motor
drives the gear shaft S with an

angular acceleration o = ka?,
determine the angular velocity of
shaft E at time t; after gear S

starts from an angular velocity o,

when t = 0. The radius of each
gear is listed. Note that gears B
and C are fixed connected to the
same shaft.

Given:
ra = 20 mm
rg = 80 mm
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rc = 30 mm
rp = 120 mm
rad
og =1—
S
rad
k =4 —
5
S
t1 =25
Solution:
rad

Guess w; =1—
S

ty o]
Given J K dt :J o do w1 = Find(oy)
0 wQ

rad ral( rc rad
w1 = 240 — O = (—j(—jwl o = 0.150 —
S 1] D

Problem 16-30

A tape having a thickness s wraps around the

wheel which is turning at a constant rate «.

Assuming the unwrapped portion of tape remains /
horizontal, determine the acceleration of point P of |
the unwrapped tape when the radius of the |

wrapped tape is r. Hint: Since vp = @, take the |
time derivative and note that dr/dt = @ (s/27).

Solution:

Vp = ar

dvp  do dr
ap =— =—I1+ w—
dt  dt dt

since%—o ap = dr
it T Ay

In one revolution ris increased by s, so that

2r S

A0 Ar
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Hence,
S dr S
Ar=—4 —=—0w
2 d 2z
a s 2
=—ow
P 2

Problem 16-31

The sphere starts from rest at &= 0° and rotates with an angular acceleration « =ké.
Determine the magnitudes of the velocity and acceleration of point P on the sphere at the

instant 4= 4,.
Given:
01 = 6 rad r=28in
d
4 = 30 deg k=4 %
S
Solution:
a = ko
2 2
o
[} 1
o= - ko
ft
vp = arcos(¢) vp = 6.93—
2
ft
ap = \/(ozrcos(;é))2 + (wzrcos(qi)) ap = 84.3—

*Problem 16-32

The rod assembly is supported by
ball-and-socket joints at A and B. At the
instant shown it is rotating about the y
axis with angular velocity @ and has
angular acceleration «. Determine the
magnitudes of the velocity and
acceleration of point C at this instant.
Solve the problem using Cartesian
vectors and Egs. 16-9 and 16-13.
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Given:
w =25 id a=04m
s
b=04m
a =18 fad
52 c=03m
Solution:
0 -a
]=11 rac=| 0
0 c
1.50
Ve = (a)j) X TAC vc =| 0.00 % |Vc| = 2.50 ?
2.00
12.40
. . . m m
ac = (aj) x rac + (a)j) X I:(a)j) X rAC] ac =| 0.00 - |ac| =13.12 =
-4.30) ° >

Problem 16-33

The bar DC rotates uniformly about the shaft at D with a constant angular velocity @. Determine the
velocity and acceleration of the bar AB, which is confined by the guides to move vertically.

Ay A

|
- | C =] ] e —

 — ] ;  —
i 3
\( 6
L]
urfhu.ln.-’?.-’.-’.-’.-’#.-’.-’ L nw.-wrr::rm.l.l.r‘r.-'."
Solution: d=w d'=a=0
y = Isin(&)
y' = vy = lcos(60)@ vag = @l cos(6)
. ( o 2) 2 .

y" = ay = llcos(9) ¢' - sin(9) ¢ aag = - Isin(6)
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Problem 16-34

At the instant shown, @ is given, and rod AB is subjected to a deceleration a when the
velocity is v. Determine the angular velocity and angular acceleration of link CD at this

instant.
Given: o R y
e
A
v=101 a-161 ;
s 2
S - T N
il

6 =60deg r =300 mm
Solution:

X = 2rcos(0) x=0.30m

X' = —2rsin(€)€

-V rad
0 =—< w=-192—
2rsm(6’) S
X" = —2rcos(9) 02 - 2r5in(9)€'
2
a- 2rcos(€) @ rad
a = - o =-183—
2rsin(6) 2
Problem 16-35
The mechanism is used to convert the
constant circular motion o of rod AB h
into translating motion of rod CD. u o u
Determine the velocity and acceleration D: e it T
of CD for any angle &of AB.
¥ I
Solution:
X = Icos(&) X' =vyg= —Isin(9)€ -

X" =ay = —I(sin(e) g+ cos(e) 02)

Vyx = VCD ay = acp and d=w '=a=0

vep = —olsin(0)  acp = —a°1cos(0)
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*Problem 16-36

Determine the angular velocity of rod AB for the given 6. The shaft and the center of the roller
C move forward at a constant rate v.

Given: i
m -
Vv=5— _=
S
g A
6 = 30 deg : o
r = 100 mm
- X
Solution:

r= xsin(e) 0= x'sin(e) + xcos(H)H = —vsin(H) + xcos(@)w

X = — o = (than(e) o= 1443"9
sin(6) X s

Problem 16-37

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

Solution:

Position Coordinate Equation: Using law of cosines.

(ro+ r2)2 = x% + 112 - 2r;xcos(6)

X=1r cos(&) +\/r12 cos(e)2 +2r1rp + r22

0=2xx"-2nx cos(e) + 2r1xsin(6)6?
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—rlxsin(9)¢9

X—r cos(@)

s —_— v:—rlsin(e)w 1+

Chapter 16

r cos(e)

2
r12 cos(&) +2r1rp + r22

Problem 16-38

The crankshaft AB is rotating at constant angular velocity @. Determine the velocity of the

piston P for the given 6.

Given:
o = 150 Ed '
S a
0 = 30 deg : '! ' . \I_.P
a=02ft
b = 0.75 ft
Solution:

X = (a)cos(&) +4/ b2 - a2 sinz(e)

a2 cos(6’)sin(€)

)

X' =—(a) sin(ﬁ)H -

N

b2 - a2 sin(@)

a2 cos(@)sin(e)w

v = —(a) sin(&)a) -

N

b2 - a2 sin(&)

ft
v =-18.50 —
S

Problem 16-39

At the instant 8= 6, the slotted guide is moving upward with acceleration a and velocity v.
Determine the angular acceleration and angular velocity of link AB at this instant. Note: The

upward motion of the guide is in the negative y direction.

Given:

m
61 =50degv =2 —
S

L = 300 mm
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Solution:

y = Lcos(6)

y' = —Lsin(6)@ (,; Tr

./

y" = —Lsin(6)@" — Lcos(6) 9°

w0 = # o= 8.70@
LS|n(91) S

a-— Lcos(@l) a)z

a =
Lsin(el)
d
a = —50.50 -2
2 ¥
S i

*Problem 16-40

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

Solution:
X =1+ rcos(6) "
x' = —rsin(6)@

v = —rwsin(6)

Problem 16-41

The end A of the bar is moving downward along the slotted guide with a constant velocity V.
Determine the angular velocity wand angular acceleration a of the bar as a function of its position y.
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Solution: y' = -vp y'=0
r= ysin(&)

0= y'sin(&) + ycos(6)€

0=y" sin(ﬁ) + 2y cos(@)e - ysin(ﬁ) 62 + ycos(&)ﬁ'

oo 2

y
) VAZ( r j VA2 P rVA2(2)/2 - r2)
a=2—— + a=
- VP (y? - r2)3 VP (y? - r2)3

Problem 16-42

The inclined plate moves to the left with a constant velocity v. Determine the angular velocity and
angular acceleration of the slender rod of length I. The rod pivots about the step at C as it slides on

the plate.
Solution: X' =-v
X 3 | |

sin(¢— 49) - sin(180 deg — ¢) - sin(¢)

xsin(¢) = Isin(¢— 0)

X' sin(¢) = —Icos(¢— 6)9
Thus, = ——vsin(¢)

Icos(¢ - 6?)
2

x"sin(¢) = —Icos(¢— 6)6' - Isin(¢— 0) 7

0= —cos(¢ - 0) o — sin(¢ - 0) a)z
_ —sin(¢ - 0){ VZSin¢2 } o —v2 sin2(¢)sin(¢ - 49)
cos(¢ - 6) |ZCOS(¢ - 9)2 I2cos(¢ - 9)3
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Problem 16-43

The bar remains in contact with the floor and with point A. If point B moves to the right
with a constant velocity vg, determine the angular velocity and angular acceleration of the

bar as a function of x.

Solution: X' =vp X"=0
X = htan(&)

X' = hsec(&)ze

X" = hsec(@)ze' + 2hsec(0)2tan(€) 02

2,2
sec(6) = - tan(6) = =
hvg —2hxvpg
YT 2 “= 2
h” + x (hz N Xz)

*Problem 16-44

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

v
—

Solution:

Position coordinate equation: sg = ré. Using similar triangles sp = 2sg = 2ré@

S'A =Vv=2rf where € = @
v

w=—
2r
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Problem 16-45

Bar AB rotates uniformly about the fixed pin A with a constant angular velocity o. Determine the
velocity and acceleration of block C when 8= 4,.

Given:
L=1m I L
? o
61 = 60 deg ¥ L
- -
s
rad
w=2—
S
a=0 @
2
S
Solution
0-0, OG-0 0 =a r L -
rad rad

Guesses ¢p=60deg ¢4 =1— 4" =1—
s

m m
sc=1m ve = -1 — aC:—Z—Z
S

Given
Lcos(6) + Lcos(g) =
sin(6) @ +sin(g) ¢ =
cos(6) 0% + sin(6) & + sin(g) ¢* + cos(g) ¢” = 0
sc = Lsin(g) - Lsin(6)

Ve = Lcos(¢)¢' - Lcos(H)H

ac = —Lsin(g) g% + Lcos(g) g + Lsin(6) 9° — Lcos(0) 6"

¢

y

¢ _ o . rad . rad
|~ Find(¢, ¢, 4".sc.vc.ac) $=6000deg ¢ =-200— ¢ =-462—

S

V m m
¢ sc=000m vc=-200— ac=-231—
ac S 52
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Problem 16-46

The bar is confined to move along the vertical and inclined planes. If the velocity of the roller at A is
v, downward when 6= 6,. determine the bar's angular velocity and the velocity of roller B at this

instant.
Given:
vp =6 E i‘- I'
S
61 = 45 deg
¢ = 30 deg
L=5ft

Solution: 0 =6

Guesses
sp=1ft sg =1ft a)zlﬂ V|3:1E
S S
Given
Lsin(H) = sBcos(¢) Lcos(&)a) = vBcos(¢)
Lcos(&) =Sp + sBsin(¢) -L sin(ﬁ)a) = —vp + vBsin(¢)
SA
B SA 1.49 rad ft
= Find(sa,sB, @,V = ft =1.08— vg = 4.39 —
» (sa-58, . v8) (SBJ (4.08) © s B s
VB

Problem 16-47

When the bar is at the angle &the rod is rotating clockwise at @ and has an angular acceleration a.
Determine the velocity and acceleration of the weight A at this instant. The cord is of length L.

Given:
L = 20 ft
a=10ft
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b =10ft
6 = 30 deg
rad
w=3—
S
rad
a=5—
2
S
Solution: gd=-0 60 =-«a

sp =L —\/a2 + b2 - 2abcos(6)

—absin(0)@ '
Vp =
\/a2 + b2 - 2abcos(9)
a —absin(e)H' - abcos(@) 6?2 (absin(&)é’)2
A =
2 2 3
\/a +b” — 2abcos(6) \/(a2 . 2abcos(9))
sp = 14.82ft VA = 29.0% ap = 59.912

S

Chapter 16

*Problem 16-48

The slotted yoke is pinned at A while end B is used to
move the ram R horizontally. If the disk rotates with
a constant angular velocity o, determine the velocity
and acceleration of the ram. The crank pin C is fixed
to the disk and turns with it. The length of AB is L.

Solution:

X = Lsin(¢)

S = \/d2 + r2 + 2rdcos(9)
ssin(¢) = rsin(@)

Thus  x = Lrsm(@)

\/d2 + r2 +2rd cos(e)
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chos(H)a) N dersin(H)a)

= —
\/d +r +2rdCOS(9) \/(d2+r2+2rd008(9))

3

-L rsin(H) a)2 N 3dersin(6?) cos(e) 0)2 N 3d2L rssin(H) a)2

T2 2 3
\/d +1° + 2rdcos(6) \/(dZ N 2rdcos(t9)) \/(dz g 2rdcos(9))

5

Problem 16-49

The Geneva wheel A provides intermittent rotary motion @, for continuous motion ey, of disk D. By
choosing d = \/E r, the wheel has zero angular velocity at the instant pin B enters or leaves one of
the four slots. Determine the magnitude of the angular velocity @, of the Geneva wheel when 6= 6,
so that pin B is in contact with the slot.

Given: e i o
rad ;r”J
op = 2 — /
S pi
{ r . —
r = 100 mm ' ) -
I: five = 11 .":” —
61 = 30 deg \
L'
\\5\\ D
Solution: T
0=0
rad
Guesses ¢ = 10 deg op =1—
S
mm
SgA = 10 mm sgp = 10 —
S

Given  rcos(6) + sgacos(g) =+/2r
—rsin(&)wD + s‘BAcos(¢) - sBAsin(¢)a)A =0
rsin(e) = sBAsin(¢)

rcos(ﬁ)a)D = s'BAsin(¢) + sBAcos(¢)wA
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Chapter 16
¢
WA . rad
= Flnd(¢, @A > SBA » SIBA) ¢ = 42.37deg op = 0.816 —
SBA S
S'BA mm
SBA = 74.20 mm s'BA = 190.60 —
S
L 2cosl @) -1
The general solutionis  wp = wp V2 9
3 —2v/2cos(6)
Problem 16-50
If h and fare known, and the speed of A and B is v, = vg = v, determine the angular velocity
w of the body and the direction ¢ of vg.
1 Vi
/ 6 f
[ ,
\.\.I '\\H- A i
1.':- |'| ‘Jf'.l H‘\\I
Ll R | v o
'\\h i) | i
— '
¥i
IlI !H Li
Solution:

VB = VA + @ X IBA

—vcos(g)i + vsin(g)j = vcos(0)i + vsin(0)j + (~wk) x (=hj)
—vcos(¢) = vcos(e) — wh (1)

vsin(¢) = vsin(e) (2)

From Eq. (2), ¢p=20

From Eq. (1), w = % cos(&)
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Problem 16-51

The wheel is rotating with an angular velocity @. Determine the velocity of the collar A for the
given values of dand ¢.

Given:
6 = 30 deg
¢ = 60 deg
rad
w=8—
S
ra = 500 mm
rg = 150 mm
vg = 1.2 m
S
Solution:
rad m
Guesses opg = 1 — vp =1 —
S s
0 —Ig C0S ( 6?) 0 ra cos(¢) VA
Given 0 |x| rgsin(6) |+]| 0 |x| rasin(g) |=| 0
-0 0 WAB 0 0
WAB rad m
( j = Find(a)AB,VA) op = —4.16 — vp = 240 —
va S S

*Problem 16-52

The pinion gear A rolls on the fixed gear rack B with angular velocity @. Determine the velocity
of the gear rack C.

. rad Vi
Given: o =4 — r=0.3ft t
s
Solution:  vc = vg + VcB

ft
Ve = —6.56 ?

ve = o(2r)
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Problem 16-53

The pinion gear rolls on the gear racks. If B is moving to the right at speed vg and C is moving to
the left at speed v determine the angular velocity of the pinion gear and the velocity of its center A.

Given:
ft
vg =8 —
S
—2r
ft
ve =4 —
S ¥a
r =0.3ft
Vi
Solution:
VC = VB + VCB

-vc=vg-(2Nw

VC +VB rad
o = o = 20.00 —
2r S
VA = VB + VAR
ft
VA = VB+(—a))I’ vp =2—
S

Problem 16-54

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

Given:

6 = 60 deg

¢ = 45 deg
rad

wpB = 4 —
S

a = 300 mm

b = 125 mm
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Solution:
rad m
Guesses opc =1— ve =1—
s s
0 cos(6) 0 —cos(g) Ve
Given 0 |x|a sin(6) [[+] O |x|bl sin(g) ||=] 0
@WAB 0 @WBC 0 0
WBC rad m
( J = Find(a)Bc,Vc) wpC = 6.79— vc = -1.64 —
\e: S S

Problem 16-55

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

Given:
6 = 45 deg
¢ = 45 deg
rad
wpAB = 4 —
S
a = 300 mm
b = 125 mm
Solution:
rad m
Guesses opc =1— ve =1—
S S
0 cos(6) 0 —cos(¢) Ve
Given 0 |x|a sin(6) [[+] O |x|b| sin(g) ||=] 0
WAB 0 @BC 0 0
WBC rad m
( J = Find(a)Bc,Vc) wpc = 9.60 — vc =-1.70 —
\e: S S
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Problem 16-56

The velocity of the slider block C is v up the inclined groove. Determine the angular velocity of
links AB and BC and the velocity of point B at the instant shown.

Given:
fit I L 1
ve=4— L=1ft / r
s
Guesses : °a 99
ft
vBx =1 — vey =1
S
rad rad k
opg =1—  woBc =1—
s
45"
0 0 VBx ' AN '
Given 0 |x|L|=]|vBy
OAB 0 0
VB 0 L vc cos (45 deg)
vey | + 0 |x]|0|=] vcsin(45 deg)
0 ®BC 0 0
VBx
VBy ) WAB —-2.83 ) rad
= Flnd(vBX,vBy, WAB » wBC) = e
ons oBC 283 ) s
WBC
VBx 2.83) ft VBx ft
_ It - 283—
VBy 0.00) s VBy S

Problem 16-57

Rod AB is rotating with an angular velocity w,g. Determine the velocity of the collar C for the given
angles dand ¢.

Given:
rad
WAB = 5 ——
vg = 10 —
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a=2ft
b =25ft
6 = 60 deg
¢ = 45 deg
Solution:
Guesses
ft rad
vec =4 — ocg = 1 —
S S ‘
Given
0 (a)cos(¢) 0 ~bcos ()
0 |x|(a)sin(g) [+| O |x| —bsin(6)
WAB 0 @CB 0

rad
wcB = 5.66 —
S

Ve
( J = Find(Vc,a)CB)
@CB

Chapter 16

ft
Ve = 5.18 ?

Problem 16-58

If rod CD is rotating with an angular velocity apc, determine the angular velocities of rods AB

and BC at the instant shown.

Given:
opc = 8 fad
S
61 = 45 deg
6> = 30 deg
rag = 150 mm
rgc = 400 mm
rcp = 200 mm
Solution:
Guesses @3 = 20 deg wpg =1 %d ogc =1 %d
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Given
I’ABSin(Hl) - IBC Sin(ﬁg) + rCDsin(Hz) =0

0 -rcp cos(@z) 0 —IBC 003(63) 0 —raB cos(@l)
0 |x —I’CDSin(Hg) +1 0 |x| rgc Sin(ﬁg) +| 0 |x| -rap sin(ﬁl) =0
@DC 0 WBC 0 AB 0
03
) ®AB —9.615 ) rad
oOpB | = Flnd(93, OAB, CUBC) 63 = 31.01deg (Q)BCJ = (—1.067j%
WBC

Positive means CCW
Negative means CW

Problem 16-59

The angular velocity of link AB is @,g. h
Determine the velocity of the collar at &
C and the angular velocity of link CB #},
for the given angles @and ¢. Link CB . LA |
is horizontal at this instant. 4

C s H

Given: y
> -
rad 7 "

opg = 4 — ¢ = 45 deg 74 y

S P,

rag = 500 mm 6 = 60 deg

rgc = 350 mm @ = 30 deg

Solution:

m rad
Guesses ve =1— ocg =1—
] s

Given
0 rAB COS(H) 0 —-Igc -Vc COS(¢)
0 |x|ragsin(6) |+] O [x| o |=]|-vcsin(g)
WAB 0 “CB 0 0
Ve
( J = Find(VC, wCB) @OCB = 7.81@ vc = 245 m
@CB S S
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*Problem 16-60

The link AB has an angular velocity w,g. Determine the velocity of block C at the instant
shown when 6= 45 deg.

Given: :
rad . \ B
=2 — 15in X
WAB S ) y c ;

_.‘
Il

6 = 45 deg r=15in
Solution:
Guesses
rad in
opc =1— ve =1—
s s
Given
0 rcos(6) 0 rcos(6) 0
0 |x|rsin(0) [+] O |x|-rsin(0)|=]-vc
—WAB 0 —WBC 0 0
@WBC rad ft
( J = Find(a)Bc,Vc) wpc = 200—  vc =354—
Ve s s

Problem 16-61

At the instant shown, the truck is traveling to the right at speed v, while the pipe is rolling
counterclockwise at angular velocity o without slipping at B. Determine the velocity of the pipe’s

center G.
Given:
m
V=3—
S
rad
w=8—
S
r=15m
Solution:
VG = V+ VGB
m
Vg =V—or vg = -9.00 —
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Problem 16-62

At the instant shown, the truck is traveling to the right at speed v. If the spool does not slip at B,
determine its angular velocity so that its mass center G appears to an observer on the ground to
remain stationary.

Given:
v=2_8 o
S
r=15m
Solution:
VG = V+ VGB O=v-oar a):¥ a)=5.33%

Problem 16-63

If, at a given instant, point B has a downward velocity of vg, determine the velocity of point A
at this instant. Notice that for this motion to occur, the wheel must slip at A.

Given:
m
vg = 3 —
S
rp =015 m
rp =04 m
Solution:
Guesses
m rad
vpa =1 — w=1—
S S
Given
-va 0 0 -n
0 |[=|-vB|+| 0O |x|-Ir
0 0 - 0
VA . rad m
( j = Find(va, o) ®=2000—  vao=800—
@ S S
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Problem 16-64

If the link AB is rotating about the pin at A with angular velocity wag, determine the velocities of
blocks C and E at the instant shown.

b @
Given
rad
WAB = 5 ——
a=1ft d
b=2ft
6 = 30 deg
c = 3 ft 1 = i =
afl E
d=4ft
Solution:
rad rad ft ft
Guesses ogeD =1 — opg =1 — ve =1— VE=1—
s s s s
0 -a 0 bcos(6) -vc
Given 0 x| 0|+ O |x|bsin(e |=]| o
@AB 0 ®BCD 0 0
0 -a 0 —csin(6) 0 0 0
0 |x| 0 |+] O |x|ccos(0) |+| O |x|-d|=]|-Vvg
@AB 0 ®BCD 0 @DE 0 0
@WBCD
@WDE i d( ) @BCD 2.89 ) rad VE 9.33 ) ft
= Find( o , ®DE,VC, V] = — — —
e BCD, “DE. ¥C- TE WDE 188) s Ve 289 ) s
VE

Problem 16-65

If disk D has constant angular velocity ap, determine the angular velocity of disk A at the instant
shown.
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¢ = 45 deg d=2ft
6 = 30 deg
Solution:
rad rad
Guesses op =1 e wpc =1 e
Given
0 —rgsin(s) 0 —dcos(6) 0 —racos(¢) 0
ft
0 |x| rgcos(s) |+| O |[x| dsin(6) |[+| O [x| —rasin(g) |=]0 S
@D 0 @WBC 0 WA 0 0
o) rad rad
= Find(a)/_\, CUBC) opc = —0.75— op = 0.00—
@BC S S

Problem 16-66

The planetary gear system is used in an automatic
transmission for an automobile. By locking or
releasing certain gears, it has the advantage of
operating the car at different speeds. Consider the
case where the ring gear R is rotating with angular
velocity ax, and the sun gear S is held fixed, ax = 0.
Determine the angular velocity of each of the planet
gears P and shaft A.

Given:
rh=40mm @R =3—

rn=80mm vg=0

Solution:

VA = a)R(r2 + 2I’1)
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VA rad
wp = — wp = 6.00 — 1

2rq S Y A K
A9 ™\
VC = opln (r + ot ry) Loy e Y

| I."r ., \ 1
\/e 500 rad I|I I'\ ; _.'I I||

WA = WA = <. —_— !
A r2+ri A S \:\ - ﬁfl

Problem 16-67

If bar AB has an angular velocity wag, determine the velocity of the slider block C at the
instant shown.

Given:
©AB = 6 rd
S
6 = 45 deg
¢ = 30 deg
rag = 200 mm
rgc = 500 mm
Solution:

rad
Guesses wpc = 2 —
s

m
ve =4 —
S
Given
0 rag cos(6) 0 rgc cos(¢) Ve
0 |x| ragsin(6) |+| O |x|-rgcsin(g) |=] 0
WAB 0 wWBC 0 0
WBC
( J = Find(a)Bc,Vc) WBC = —1.96@ vc = -1.34 m
el S S
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*Problem 16-68

If the end of the cord is pulled downward with speed v, determine the angular velocities of
pulleys A and B and the speed of block D. Assume that the cord does not slip on the pulleys.

Given:
mm
vc = 120 —
S
rg = 30 mm
rp = 60 mm
Solution:
vc rad
Ve = WAl op = — op = 4.00 —
ra S
vc rad
VC = wp2rp og = — og = 1.00—
21y S
mm
VD = @By vp = 60.00 —
S

Problem 16-69

At the instant shown, the truck is traveling to the right at speed v = at, while the pipe is rolling
counterclockwise at angular velocity @ = bt, without slipping at B. Determine the velocity of the pipe’s
center G at time t.

Given:
m
a=8—
2
S
rad
b=2—
2
S
r=15m
t=3s
Solution:
v = at w = bt
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VG =V-— ar vg=(a—-bnt

where a—br=5.00 mz
S

Problem 16-70

At the instant shown, the truck is traveling to the right at speed v;. If the spool does not slip at B,

determine its angular velocity if its mass center appears to an observer on the ground to be moving
to the right at speed v.

Given:
m
vi = 12 —
S
m
Vg = 3 —
S
r=15m
Solution:
VG =Vt — wr
Vi — VG rad
o = o= 6.00—
r S

Problem 16-71

The pinion gear A rolls on the fixed gear rack B with an angular velocity @. Determine the
velocity of the gear rack C.

Given: . -
S T
_, = T S
vty o 2 Ve
E o g }
r=03f i_”: WA Py :3: /
= = :

. T A "t ) :
Solution: : A u\ _ra/
VC = VB + VCB L b J 5 —

Bl o ;
Ve = 20r h ?‘%q
1L g a
ft
ve = 2.40—
S
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*Problem 16-72

Part of an automatic transmission consists of a fixed ring gear R, three equal planet gears P, the sun
gear S, and the planet carrier C, which is shaded. If the sun gear is rotating with angular velocity a,

determine the angular velocity a, of the planet carrier. Note that C is pin-connected to the center of
each of the planet gears.

Given:
ws =6 @
S
rs = 4in
rp =2in
Solution:

wglg = a)erp

a)p = Ws| —
2rp

wp rp = a)c(rs + rp)

I rad
¢ = a)p( B j e = 2.00—
s+ rp S

Problem 16-73

When the crank on the Chinese windlass is turning, the rope

on shaft A unwinds while that on shaft B winds up. Determine

the speed of block D if the crank is turning with an angular L
velocity @. What is the angular velocity of the pulley at C? The
rope segments on each side of the pulley are both parallel and
vertical, and the rope does not slip on the pulley.

Given:

-Hi'f-

rc =50 mm rg =25mm

Solution:

Vp = wrp Vp' = @I
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Vp + VP! rad
oc = ———— oc = 4.00—
S

mm
VD = —Vp' + acrc vp = 100.00 —
S|

Problem 16-74
In an automobile transmission the planet pinions A and B rotate on shafts that are mounted on
the planet pinion carrier CD. As shown, CD is attached to a shaft at E which is aligned with
the center of the fixed sun-gear S. This shaft is not attached to the sun gear. If CD is rotating
with angular velocity ap, determine the angular velocity of the ring gear R.

Given:

rad
ocp =8 — 1y =50mm
S

rp=125mm r3 =75 mm

Solution:

Ve v

VC = ocDI? WA:E '

VR = @p2r] !
l|'.|

VR rad

OR = oR =114 —
M +r S

Problem 16-75

The cylinder B rolls on the fixed cylinder A without slipping. If the connected bar CD is
rotating with an angular velocity acp. Determine the angular velocity of cylinder B.

Given:
rad a =0.1m
wCcD = 5 —
S
b=03m P
Solution: =

vp = ocp(a+b)
'|-'_|I.l

VD
0B = — wB = 6.67@
b S
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*Problem 16-76

The slider mechanism is used to increase the stroke of travel of one slider with respect to that
of another. As shown, when the slider A is moving forward, the attached pinion F rolls on the
fixed rack D, forcing slider C to move forward. This in turn causes the attached pinion G to
roll on the fixed rack E, thereby moving slider B. If A has a velocity v, at the instant shown,

determine the velocity of B.

Given:
ft 3 /
VA=4— A B 4
S
» a " : ik T
=02 ft yovryyey = . Sy |
¥a o | AR A Yo
ft —  ASSE W | S e 2
VC =8 —
S Y YA LB
Solution: F DR\
VA
WF = — ve = wF(2r)
r
vC ft
oG = — vg = wg(2r) vg = 16.00 —
r S

Problem 16-77

The gauge is used to indicate the safe load acting at the end of the boom, B, when it is in any
angular position. It consists of a fixed dial plate D and an indicator arm ACE which is pinned
to the plate at C and to a short link EF. If the boom is pin-connected to the trunk frame at G
and is rotating downward with angular velocity aj, determine the velocity of the dial pointer A

at the instant shown, i.e., when EF and AC are in the vertical position.

Given:
rac = 250 mm a)B:4T
rec = 150 mm 61 = 60 deg

rge = 250 mm 6> = 45 deg

reg = 300 mm
Solution:
Guesses
rad rad
OEF :1T OACE :1T VA =
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Given
0 rGF cos(02) 0 0 0 ~rgcsin(6y)
0 |x|rgesin(62) [+ O |x|rEr|+| O |x|-reccos(6r)|=0
— g 0 oer ) \ o OACE 0
0 0 va
0 |x|rac|=]|o0
©ACE 0 0
OEF
. WEF 1.00 )\ rad m
oace | = Find(wer , waCE . VA) = ( )— va = 1.00 —
oace ) \-544) s s
VA

Problem 16-78

The wheel is rotating with an angular velocity @. Determine the velocity of the collar A at the instant
@and ¢ using the method of instantaneous center of zero velocity .

Given:
ra = 500 mm
rg = 150 mm
6 = 30 deg
01 = 90 deg
¢ = 60 deg
rad
w=8—
S
Solution:
VB = wIB
vg = 1.20 m
S

rBC = ra tan( 0)

rec =0.289 m
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VB A )
OAB = — N II,I—'h- N
'BC @Y |
A
rad lol
opg = 4.16 — |
S /
.l"_|. .I I
i |
rA |I |
AC = — rac = 0.577 m | @
sin(¢) Mo
.Ir'i | _T____:"F
m I
VA = FAC®AB vp = 240 —
S
Vo

Problem 16-79

The shaper mechanism is designed to give a slow cutting stroke and a quick return to a blade attached
to the slider at C. Determine the velocity of the slider block C at the instant shown, if link AB is

rotating with angular velocity aag. Solve using the method of instantaneous center of zero velocity.

Given:
rag = 300 mm

rgc = 125 mm

rad
wpB = 4 —
s

d = 90 deg
61 = 45 deg

6> = 60 deg

Solution:
cos(@l)

'oB = IB
Q ¢ cos(&g)
rQc = rBCsin(Hl) + I’QBSin(eg)
VB m
VB = wABTIAB wWBC = — VC = @wBCIQC vc = 1.64 —
roB S
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*Problem 16-80

The angular velocity of link AB is a,g. Determine

the velocity of the collar at C and the angular
velocity of link CB in the position shown using
the method of instantaneous center of zero
velocity. Link CB is horizontal at this instant.

Given:
opg = 4 % ff
rag = 500 mm :
rgc = 350 mm
¢ = 45 deg
6 = 60 deg

Solution:

Guesses rop = 1 mm roc =1 mm

Given rBc = rQBcos(e) + chsin(¢)
C o B

rogsin(6) = roccos(g)
rQc roc) (314 e o
= Find(rgc. ros) = ( )mm
QB QB 256 0Zic

VB
VB = @WABTAB oCB = —— VC = @oCBIQC
rQB

rad m
ocg = 7.81— vc = 245 —
S S

Problem 16-81

At the instant shown, the truck is
traveling to the right with speed vg, while

the pipe is rolling counterclockwise with
angular velocity @ without slipping at B.
Determine the velocity of the pipe’s
center G using the method of
instantaneous center of zero velocity.
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Given:
rad m
o =8— vg = 3 — r=15m
S S G
Solution:
d,
VB
dp = — d; =038 m .
w 1C
d =r-dp dp =113 m 4
m
VG = wdy vg = 9.00 — B Vi
S

Problem 16-82

At the instant shown, the truck is traveling to the right with speed vg. If the spool does not slip

at B, determine its angular velocity so that its mass center G appears to an observer on the
ground to remain stationary. Use the method of instantaneous center of zero velocity.

Given:
r=15m
m
vg = 8 —
S
Solution:
Mass center G is the instantaneous center. G
L
ro =Vvp
VB
®w=— '
r
rad
®=533—
S

Problem 16-83

If, at a given instant, point B has a downward velocity vy determine the velocity of point A at

this instant using the method of instantaneous center of zero velocity. Notice that for this
motion to occur, the wheel must slip at A.
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Given: :
_ m i) ) ~ )
rp =015 m @ p ~
rp =04m 2 §-
Solution: Vi A
VB rad
0w =— o = 20.00 —
r S
m
VA = o vp = 8.00 —
A
*Problem 16-84 ay ——y

If disk D has a constant angular velocity
ap, determine the angular velocity of disk

A at the instant 6, using the method of
instantaneous center of zero velocity.

Given:
r=05ft 6 =60 deg

rp = 0.75 ft 61 = 45deg

d
l=2ft 6 =30 deg a)D=2%

Solution:

a=0,+0 ﬂzg—a—az y=a—a-p

=

) rop=0m

o8 I(:Téy)
roc = (S'n(a)j roc = 061 m

sin(y)
vC
VC = opn OBC = —— VB = @BCIQB
rQC
VB 1
op = — op=0—
r S
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Problem 16-85

The instantaneous center of zero velocity for the body is located at point IC. If the body has an
angular velocity @, as shown, determine the velocity of B with respect to A.

Given: y
rad
o0 =4—
S z oIC
a = 1.5 m il
b=1m | s
c=05m
Bl
d=15m
e=05m
Solution: I i
L) 1 %
c+d-D '
¢ = atan(—)
a-c " a -
we
va=1| 0
0
sin(¢)
Vg = a)\/(a - c)2 +(e+d- b)2 cos(¢)
0
2.00
m m
VBA = VB — VA vga = | 4.00 | — |VBA| =447 —
S S
0.00
VBA
6 = atan 6 = 63.4deg
VBA0

Problem 16-86

In each case show graphically how to locate the instantaneous center of zero velocity of link AB.
Assume the geometry is known.
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el

Solution:
iC
'I"ﬁ
(b
Va
{a) ¥a
L"H
¥4
i
) IC
Problem 16-87
s L i |
The disk of radius r is confined to roll without :
slipping at A and B. If the plates have the velocities
shown, determine the angular velocity of the disk.
Solution:
2n
A I -
r-x X
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X = 4r — 2x
4
3x =4r X=-—r
3
2V 3v
w=— w=—
Ar 2r
3

*Problem 16-88

At the instant shown, the disk is rotating with angular velocity @. Determine the velocities of
points A, B, and C.

. et
Given:

rad
w=4— i !
S I
r=015m I TBic
Solution:

The instantaneous center is located at point A. Hence, Vi

va=0
m
ve =+/2re ve = 0.849 —
S
m
VB = 2r@ vg = 1.20 —
S
Problem 16-89
I "B
The slider block C is moving with speed v up i
the incline. Determine the angular velocities of ~ ° =
links AB and BC and the velocity of point B at
the instant shown.
Given:
ft 'l..llllfI
ve =4 —
S
rap = 1 ft
\.
rgc = 1 ft A 0
] =) '
0 = 45 deg e
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Solution:

QB = chtan(e)

vc rad
OBC = —— opc = 4.00—
roB S
ft
VB = WBCIQB VB = 4.00€
Vg B LT C
VB rad
OAB = — opg = 4.00 —
rAB S

Problem 16-90

Show that if the rim of the wheel and its hub maintain contact with the three tracks as the
wheel rolls, it is necessary that slipping occurs at the hub A if no slipping occurs at B. Under
these conditions, what is the speed at A if the wheel has an angular velocity «?

ICisatB.  va = ar2-r1)

Problem 16-91
The epicyclic gear train is driven by the rotating link DE, which has an angular velocity apg. If
the ring gear F is fixed, determine the angular velocities of gears A, B, and C.
Given:
ra =50 mm rc =30mm
rad

rg =40mm wpg =5 —
S
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Solution:

VE = (I’A +2rg + rC)a’DE

VE rad
oc = — oc = 26.7—

rc S
Vp = 2rcoc

Vp (rA + I’B) WDE

X X—1rIg
gvp
X =
Vp — (I‘A + rB)a)DE
vp rad
oB = — oB = 28.75—
X S

Vp = a)B(ZrB - x)

Vp' rad
op = — op = 1402
ra S

Chapter 16

*Problem 16-92

Determine the angular velocity of link AB at the instant shown if block C is moving upward at

speed V.
Given:
in
ve =12 —
S
c=4in
b =5in
0 = 30 deg
¢ = 45 deg
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Solution:
sin{90 deg — 6 .
d=c '(_ g-0+9) d = 5.46in
sm(90 deg - ¢)
sin( 8 .
e=c % e = 2.83in
sm(90 deg - ¢)
vc rad
WBC = — wBC = 2.20—
d S
in
VB = @wBCE® VB = 6.21?
VB rad
WAB = Y WAB = 1.24T

Chapter 16

Problem 16-93

In an automobile transmission the planet pinions
A and B rotate on shafts that are mounted on the
planet pinion carrier CD. As shown, CD is
attached to a shaft at E which is aligned with the
center of the fixed sun gear S. This shaft is not
attached to the sun gear. If CD is rotating with
angular velocity w¢p, determine the angular

velocity of the ring gear R.
Given:
rir =50mm rp =ry+r3

rad
r3 =75mm ocp :ST

Solution:
Pinion A:
rwcp rad
oA = op = 20.00 —
rn S
m
VR = a)/_\(2r1) VR = 2.00 —
S
VR rad
oOR = wr =11.4—
N +1r1 S
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Problem 16-94
Knowing that the angular velocity of link AB is w,g, determine the velocity of the collar at C and
the angular velocity of link CB at the instant shown. Link CB is horizontal at this instant.
Given:
rad
wopg =4 — 6 =60 deg
S

a = 500 mm ¢ = 45 deg

b = 350 mm
Solution:

B sin(90 deg - ¢)

"o (sin(% deg— 0+ ¢))

¢ = 256.22 mm

sin{ 8
d = b| — () d = 313.80 mm
sm(90 deg - 0+ ¢)
Vv a Vv 2.00 m
B AB B S L h E.
VB rad
OBRC = — oge = 7.81—
C S d ‘
m
ve = wpcd vec =245 — Y IC
S -

Problem 16-95

If the collar at C is moving downward to the left with
speed v, determine the angular velocity of link AB at

the instant shown.

Given:

m
Ve =8 —

S
a = 500 mm
b = 350 mm
0 = 60 deg
¢ = 45 deg
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Solution:

sin(90 deg - ¢)

B (sin(90 deg - 60+ ¢)

sin(H)

) c = 256.22 mm

a= (sin(90 deg - 0+ ¢)

vC
® = —
BC d
VB = wBCC
VB
WAB = —
a

) d = 313.80 mm

rad
wBC = 2549 —
S
m
vg = 6.53 —
S

rad
opB = 13.1—
S

Chapter 16

*Problem 16-96

Due to slipping, points A and B on the rim of the disk have the velocities v, and vg. Determine
the velocities of the center point C and point D at this instant.

Given:
ft
vpa = 5 — 6 = 45 deg r=0.8ft
S
ft
vg = 10 — ¢ = 30 deg
S
Solution:
Guesses a=1ft b=1ft
. a b
Given — =— a+b=2r

(aj _ (aj (0.53j
= Find(a,b) = ft
b b 1.07

VA
w = —
a
ve = o(r—a)

rad
w=9.38—
S
ft
Ve = 2.50—
S

Vp = a)\/(r —a+ rcos(té’))2 + (rsin(¢9))2

ft
VD = 9.43 ?
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Problem 16-97

Due to slipping, points A and B on the rim of the disk have the velocities v, and vg. Determine
the velocities of the center point C and point E at this instant.

Given:

ft
V/.\=5§ 6 = 45 deg r=0.8ft

ft
szloz ¢ = 30 deg

Solution:
Guesses a=1ft b=1ft

. a b
Given — =— a+b=2r
VA VB
a ) a 0.53
= Find(a,b) = ft
b b 1.07
VA rad
® = — w=9.38—
a S
ft
vc = o(r-a) VC:2.50§

[ ft
VE = @ (r—a)2+r2 VE = 7.91—
S

Problem 16-98

The mechanism used in a marine engine consists of a single crank AB and two connecting rods
BC and BD. Determine the velocity of the piston at C the instant the crank is in the position
shown and has an angular velocity @,g.

Given:

rad
WAB =5 —
a=02m
b=04m
c=04m
0 = 45 deg
¢ = 30 deg
B = 45 deg
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Solution:
sin(90 deg —
d:blif—iiﬂ d =049 m
sm(e)
sin{90 de -0
e:bl( -g+¢ ) e=055m
sm(@)
m
VB = wpBa vg = 1.00 —
S
VB rad
WBC = — opc = 1.83—
e S
m
ve = wgcd vc = 0.897 —
S

Problem 16-99

The mechanism used in a marine engine consists of a single crank AB and two connecting rods
BC and BD. Determine the velocity of the piston at D the instant the crank is in the position
shown and has an angular velocity @,g.

Given:
rad

WAB = 5 —
a=02m

i
b=04m ¥
c=04m ¥ \ '
0 = 45 deg P

| YE

¢ = 30 deg i 'II

|_ -
y = 60 deg r S
B = 45 deg N

Solution:
sin(90 deg —
d:clif—ﬁ—ﬁ d=028m
sm(ﬁ)
sin(90 d -
_ fsinl i il 4 p e=055m
sin(3)
m

VB = wpBa vg = 1.00 N
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VB rad

WBC = — opc = 1.83—
(S S
m
vp = wpcd vp = 0.518 <

*Problem 16-100

The square plate is confined within the slots at A and B. In
the position shown, point A is moving to the right with
speed v,. Determine the velocity of point C at this instant.

Given: o
i
6 = 30 deg vy
m
vp = 8 —
S
vg 4
a=03m
A Vi
Solution:
VA rad
o = o = 30.79 —
acos(@) S
2 . 2 m
Ve = a)\/(acos(e)) + (acos(&) - asm(@)) vc = 8.69 <

Problem 16-101

The square plate is confined within the slots at A and B. In
the position shown, point A is moving to the right at speed
v,. Determine the velocity of point D at this instant.

Given: e
il
6 = 30 deg "
m
vp = 8 —
S
a=03m g A
A Vi
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Solution:
VA rad
o = o= 30.79 —
acos(@) S
. 2 . 2 m
VD = w\/(—asm(e) + acos(e)) + (asm(@)) vp = 5.72 ?

Problem 16-102

If the slider block A is moving to the
right with speed v,, determine the

velocities of blocks B and C at the

instant shown. C
Given:

va =8 f—: rap = 2 ft

61 = 45 deg rgp = 2 ft

6> = 30 deg rcp =2 ft
Solution:

ralc = (rAD + rBD)Sin(Hl)

rBIC = (rAD + rBD)COS(Hl)

2 2 .
rcip = \/rAIC +rap — 2raic rADsm(Hl)

rcib

. [ fAD
¢ = asm(— cos(@l)j
y =90deg— ¢ — 6»
i ( sin(y) )
cb sin(90 deg + ¢)

. [ sin(62) j
roic = Teb sin(90 deg + ¢)

va ft
WAB = —— VB = wABIBIC vg = 8.00—
ralC S

r'ecic
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VD
rbic

, ft
VD = wABICID ocp = Ve = wcpr'cic Ve = 2-932

Problem 16-103

The crankshaft AB rotates with angular velocity w,g about the fixed axis through point A, and

the disk at C is held fixed in its support at E. Determine the angular velocity of rod CD at the
instant shown where CD is perpendicular to BF.

Given: J
ri =100 mm & = 60 deg

= rad

rp = 300 mm opg = 50 222
S
rg = 75 mm
rg =75 mm
rs = 40 mm
Solution:
rn

I = I =0.60 m
BIC COS(H) BIC

rric = r2tan(6)  reic = 0.5196 m e
m I|.|I
VB = wpBI vg = 5.00 —
s
- 8.33 1 /S
WBF = —— WBF = 8.33— y
rBIC s /A
i p A
(i e,
VF = @BFIFIC VE = 4.330 " £V o ‘ah_‘_%
p (s ~
Thus, IC
VF rad
acD = — wcp = 57.7— -
r3 S

*Problem 16-104

The mechanism shown is used in a riveting machine. It consists of a driving piston A, three
members, and a riveter which is attached to the slider block D. Determine the velocity of D at
the instant shown, when the piston at A is traveling at v,.
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Given:
rac = 300 mm
rgc = 200 mm
rcp = 150 mm
vp =302
S
61 = 30 deg
6o = 45 deg
63 = 60 deg
64 = 45 deg
Solution:
a=63-06>

P =90deg- 6>+ 01

Chapter 16

y=180deg-a-f
0 =03-06y D Fan G=1IC o=IC
£=180deg- 04— 6
rQc = rac sinl ) rQA = rAC snly)
Q sin(a) Q sin(a)
sin(5) sin(94)
rQ'D = fcb fQ'C = feb| ——y
sin(z) sin(e)
VA Ve
wopC = — VC = @ACTQC @CD = —— YD = “CD'Q'D
rQA rQIC
vp = 1061 ?

Problem 16-105

At a given instant the bottom A of the ladder has acceleration a,and velocity v,, both acting to

the left. Determine the acceleration of the top of the ladder, B, and the ladder’s angular
acceleration at this same instant.
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Given:
an = 4
AT
S
ft
vp = 6 —
S
L =16 ft
6 = 30 deg
. rad
Solution: Guesses ow=1—
S
—VA 0 Lcos(6’)
Given 0 |+ x Lsin(H)
0 w 0
—an 0 Lcos(6’)
0 |+|0 [x]| Lsin(0)
0 a 0
w
= Find a
VB I (a)ﬁ a7V87 B)
ap

ft
vg =1—
S
0
VB
0
0 0
X
w w
rad
o =-0.75—
S
rad
a=-147—
2
S

rad ft
a=1— ag=1—
2 2
S S
Lcos(6’) 0
Lsin(H) ap
0 0
ft
vg = -10.39 —
S
ft
apg = —24.93—2

Problem 16-106

At a given instant the top B of the
ladder has acceleration ag and
velocity vg both acting downward.
Determine the acceleration of the

bottom A of the ladder, and the ladder’
s angular acceleration at this instant.

Given:

agp =2 —
B 2

ft ft
vg = 4 —
S S
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L =16ft 6 = 30 deg
. rad ft rad ft
Solution: Guesses w=1— vp =1 — a=1— ap=1—
S S 2
S S
VA 0 Lcos(6’) 0
Given 0 |+] 0 |x Lsin(@) =|-VB
0 0] 0 0
aa 0 L cos(6) 0 0 L cos(6) 0
0 |+|0|x|Lsin(6) [+]0 |x]||0|x]|Lsin(e) ||=]-aB
0 a 0 10} w 0
[
rad ft
= Find(@, &, va, aa) = -0.289 — vp = —2.31—
VA s s
aa
rad ft
a= —0.0962—2 ap = 0.385—2
s S

Problem 16-107

At a given instant the top end A of the bar has the velocity and acceleration shown. Determine
the acceleration of the bottom B and the bar’s angular acceleration at this instant.

Given:
ft
vp =5 — L = 10 ft
S
ft
ap =7 - 6 = 60 deg
S
Solution:
rad rad
Guesses w=1— a=1—
S 2
S
ft ft
vg =1— ap =1—
S 2
S
0 0 Lcos(@) VB
Given VA |+| 0 [x —Lsin(&) =10
0 w 0 0
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0 0 L cos(6) 0 0 L cos(6) ap
—ap |+ 0 | x| -Lsin(@) |+| 0 [x]|| 0 x| -Lsin(8) || =] 0
0 a 0 w w 0 0
w
VB rad ft
= Find(@, Vg, o, a) = 1.00— Vg = 8.66 —
a s s
ap
rad ft
a = -0.332 — ag = ~7.88—
% s

*Problem 16-108

The rod of length r,g slides down the N

inclined plane, such that when it is at B it N A
has the motion shown. Determine the :
velocity and acceleration of A at this

instant.
Given:
ft
rag = 10 ft vg = 2 —
S
rcg = 4 ft 6 = 60 deg
ap = 1+
B3
s
Solution:
Guesses a)=1ﬂ a:lﬂ vA=1E aA=1E ¢ = 1deg
S 2 S 2
s s
Given rABsin(H— ¢) = rCBsin(é’)
VB 0 —TAB COS(¢) VA COS(H)
0 |[+]0|x rABsin(¢) = | —vasin(6)
0 @ 0 0
ap 0 —ragcos(g) 0 0 —rag cos(g) aacos(0)
0 |+]0 x| ragsin(g) |+ x| 0 | x| ragsin(¢) || =] -aasin(6)
0 a 0 w w 0 0
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¢
= Find(¢, o, @, va, ap) ¢ = 39.73 deg
VA
an
rad rad ft ft
w=018— o = 01049 — vp = 1.640— ap = 118~
S S
S S|

Problem 16-109

The wheel is moving to the right such that it has angular velocity wand angular acceleration « at
the instant shown. If it does not slip at A, determine the acceleration of point B.

Given: n
rad
S B
rad i
a =4 _2 £l
S
r = 145 ft
6 = 30 deg
¢ = 60 deg
Solution: A
ar 0 —rcos(H) 0 0 —rcos(e)
ag=| 0 [+] 0 |x rsin(e) +] 0 |x|[| 0 |x rsin(H)
0 -a 0 - - 0
13.72
ft ft
ag =| 212 |— ag| = 13.89 —
= 2 |as| 2
0.00 )S -

Problem 16-110

Determine the angular acceleration of link AB at the instant shown if the collar C has velocity v, and
deceleration a, as shown.
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Given:
ve =4 ft rag = 0.5 ft
C =47 AB = 0. i
ft
ac =3 — rgc = 0.5 ft i
32 i o —07p

6 = 90 deg ¢ = 45 deg .I

Solution: Fah
rad rad
Guesses wpg =1 — wpc =1 —
S S
&l A
rad rad al s
opg =1— apc=1—
2 2
[ S
Given
0 0 0 recsin(6) ~vc cos(¢)
0 |x|rag|+] 0 |x —rBCcOS(e) = VCSin(¢>
WAB 0 @WBC 0 0
o) (o (0 oY (o acoos(9)
0 |x|rag|+]| O [x 0 |x|raB || .. = —aCSin(¢)
aAB 0 ®AB @AB 0 0
0 rgc sin(6) 0 0 racsin(6)
+] 0 |x|-rgecos(d) |+| O [x|| O |x|-rgccos(6)
aBC 0 wBC WBC 0
WAB
oRC _ ®AB | (5.66 rad
= Flnd(a)AB, WBC, AAB, O!BC) = o
- oBC 566 ) S
aBc rad rad
aBc = 278— apB = —36.2—-
S S

Problem 16-111

The flywheel rotates with angular velocity @ and angular acceleration «. Determine the angular
acceleration of links AB and BC at the instant shown.
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Given
rad
w=2— a=04m
S
rad
a=6—2 b=05m

r=03m e =3

d=4
Solution:
0 d 0 0
b
rn=|r rp = 2—e r3 =|-a k=10
0 e"+d| o 0 1
rad rad rad rad
Guesses opg = 1 — opc =1 — apg = 1 — apc =1 —
S S S2 s2
Given

ok x 11+ opgkx rp + wgckxrz =0

ak x r1 + ok x (a)kx r1) + appk x ro + wppk x (a)Aka rg) ..=0
+ apck x r3 + wgck x (a)Bck X r3)

WAB
oBC _ ®AB ) (0.00) rad
= Flnd(a)AB,a)BC,aABaaBC) = o
e oBC 150) s
(04
BC aAB (0.75) rad
apc) \394) 2

*Problem 16-112

At a given instant the wheel is rotating with the angular
velocity and angular acceleration shown. Determine the
acceleration of block B at this instant.

Given:
d
=222 - 60deg
S
d
a=6% L =05m

r=03m ¢ = 45 deg
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Solution:
cos(H) cos(¢) 0
re =1 —sin(6) =L sin(¢) k=10
0 0 1
Guesses a)A|3=1ﬂ aA|3=1ﬂ vg =1— a|3=1m
S &2 S 2
Given
0
—oKxr1+ opgkx rp =| VB
0
0
—akxry— wkx (—a)kx rl) + apk x r2 + wpgk x (a)ABk X r2) =| ap
0
WAB
“AB = Find(a)AB, aABaVBaaB) WOAB = —1.47@ vg = —0.82 m
VB s s
8 apg = —8.27 % ag = —3.55 mZ
S S

Problem 16-113

The disk is moving to the left such that it has angular acceleration « and angular velocity o at
the instant shown. If it does not slip at A, determine the acceleration of point B.

Given:
rad
a=8—2 r=05m ¢ = 45 deg
s
d
w=322" - 30deg
S
Solution:
—ar 0 —rcos(e) 0
ag=| 0 |+|0|x|-rsin(g) |+|0 |x
0 a 0 w
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1.90
m
ag = | -121 | — |ag| =225 =
0.00 ) S 2
2
0 - atan| ——21e0s(9) + @7rsin(6) 0=-326deg | 6| = 32.62deg

—ar+ arsin(e) + wzrcos(a)

Problem 16-114

The disk is moving to the left such that it has angular acceleration « and angular velocity o at
the instant shown. If it does not slip at A, determine the acceleration of point D.

Given: @
q | -
ra "
a=8—2 r=05m ¢ = 45 deg D
S
d &:,_! ¢
ra
o =3— 0 =30deg r
S B
A
Solution: |

—ar 0 rcos(¢) 0 0 rcos(g)
0 |[+|0 [x|rsin(¢) [+] 0 |x]|| O [x]| rsin(g)
w

ap =
0 a 0 w 0
-10.01
m m
ap=| -035 | — ap| = 10.02 —
D > |ao] .
000 ) S s
arcos(¢) - a)zrsin(qﬁ)
6 = atan 6 = 2.02 deg

—ar— arsin(g) - w2r005(¢)

Problem 16-115

The hoop is cast on the rough surface such that it has angular velocity @and angular acceleration
a.. Also, its center has a velocity v, and a deceleration a,. Determine the acceleration of point A at

this instant.
Given:
rad m
w=4— ag =2 —
S S2
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a=5— r=03m

v0=5m ¢ = 45 deg

Solution: R TR
—ag 0 0 0 0 0
ap=| 0 |+| 0 |x|r|+| O [x|| O |x|Tr
0 a 0 - -0 0
-3.50
m m
an =| -4.80 | — aa| =594 —
A . EN .
0.00 ) S .

N

0= atan[Lrj 6 = 53.9 deg
—ag — ar

*Problem 16-116

The hoop is cast on the rough surface such that it has angular velocity @and angular acceleration
a. Also, its center has a velocity v, and a deceleration a,. Determine the acceleration of point B
at this instant.

Given:
rad m
w=4— a0=2—2
S S
rad
a=5—2 r=03m

v0=5m ¢ = 45 deg

S RO P
Solution:
-ag 0 rcos(¢) 0 0 rcos(¢)
ag=| 0 [+]|0 |x]|-rsin(¢g) |+| 0 [x|| O |[x]|-rsin(g)
0 a 0 - - 0
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~4.33
m m
ap =| 445 | — ap| = 6.21 —
B . |ag]| .
000 ) S S

2 .
6 = atan arcos(¢) o rsm(¢) 60 = —45.8deg |9| = 45.8deg

—ap + arsin(¢) - a)zrcos(¢)

Problem 16-117

The disk rotates with angular velocity @ and angular acceleration «. Determine the angular
acceleration of link CB at this instant.

Given:
rad
w=5— a=2ft
S
rad
a=6— b=151t
2
S
r=05ft 6 = 30 deg
Solution:
0 acos(e)
r=|-r rp = asin(&)
0 0
0 0
rg=1|b k=10
0 1
rad rad rad rad
Guesses wpg = 1 — ogec =1 — apg = 1 — ogc =1 —
S S 2 2
S S
Given ok x 11+ opgkx rp + wgckxrz =0
ak x r1 + ok x (a)kx rl) + appk x ro + wppk x (a)Aka rz) ..=0
+ apck x r3 + wpck x (a)Bck X r3)
WOAB
WBC ) OAB 0.00 ) rad
= Find(waB. @BC. 2AB, @BC) = —
OAB WBC 167) s
aBC rad rad
aAB = —4.81—2 aBC = 5.21—2
S S|
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Problem 16-118
At a given instant the slider block B is moving to the L

right with the motion shown. Determine the angular
acceleration of link AB and the acceleration of point
A at this instant.

Given:
ft
ap =2 - rag = 5 ft
S
ft =
Vg = 6= rac = 3 ft
S
Solution: d=, rA52 - rAC2
From an instantaneous center analysis we find that opg =0
rad ft
Guesses apg =1 — apy = 1 >
s s
Given
aAx
ap 0 d
0 =|YB |+] 0 |x]|rac
r
0 AC anB 0
0
aax
OAB Fi d( ) 5 . —7.00\ ft
= FINd| aAB, AA aa = A = -
aax AB- SAX VB 12.00 ) 2
rAC
rad
aAB = —3.00—2
S

appd
6 = atan 6 = 59.7 deg
aAx

Problem 16-119

The closure is manufactured by the LCN Company and is used to control the restricted
motion of a heavy door. If the door to which is it connected has an angular acceleration «,
determine the angular accelerations of links BC and CD. Originally the door is not rotating
but is hinged at A.
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Given:
. rad
rn=25in a=3—2 3
rp =6in S ; & .
| i
r3 = 4in 6 = 60 deg . '
rg =12 in
Solution:
) 0 -1y cos(e)
raB =1 rec =| 13 rcp = r4sin(€)
0 0 0
rad rad
Guesses agc =1 — acp =1 —
s s
Given ak xrag + agckx rgc + acpkx rcp =0

acb

aBC
( j = Find(agc,aCD)

aBC —9.67 )\ rad
acp) \-3.00) (2

*Problem 16-120

Rod AB has the angular motion shown. Determine the acceleration of the collar C at this instant.

Given:
WY
rad rad AC
opB = 3 — apg = 5 — ' ! 4 AR
S 2
s .
rag = 05m rgc = 06 m
61 = 30 deg 6o = 45 deg
Solution:
raAB cos(&l) —-Igc sin(@g)
r=|-rag sin(&l) rp =| -rgc cos(&g)
0 0
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rad rad
Guesses opec =1— apc =1 — ve =1—
S S
Given
0 0 0
0 X+ 0 XTIy =|-VC
—WAB wBC 0
0 0 0 0 )]
0 xrg+ 0 X 0 X I —ac
—QaAB —WAB —WAB 0
0 0 0
+| 0 |xrp+| O |x|| 0 |xn
| \?BC WBC wWBC 1
WBC
aBC . rad
= Flnd(a)BC , XBC,VC, ac) wpc = 1.77—
Ve S
ac m
vec =2.05 —
S

Chapter 16

Problem 16-121

At the given instant member AB has the angular
motions shown. Determine the velocity and
acceleration of the slider block C at this instant.

Given:
rad
w=3— a=7in d=3 c=5in
S
rad
05:2—2 b=5in e=4
S
Solution:
Guesses
rad rad
wgc =1— apc=1—
S 2
S
in in
ve =1— ac =1—
S SZ
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Given Ve

0 0 0 0 0 e
0 0 0 ac d
X|a|+ X x| a [ —

2 2
a 0 a) a) 0 ye +d 0

wWBC
aBC ) rad rad
= Flnd(a)Bc,aB(;,VC,ac) opc = 1.13— agc = —3.00—
vC S 2
S

ac in in

vec = -9.38 — ac = —54.7—

S 2

Problem 16-122

At a given instant gears A and B have the angular motions shown. Determine the angular acceleration
of gear C and the acceleration of its center point D at this instant. Note that the inner hub of gear C
is in mesh with gear A and its outer rim is in mesh with gear B.

Given:
rad rad
og=1—  op=4—
S S
rad rad
ag =6 — oap =8—
S S
ra =5in rc =10in rp=5in
Solution:
rad rad
Guesses oc =1— oc =1—
S 2
S
Given —OATA = a)B(rA +ID+ rc) - wC(FC + rD)

—apTA = aB(rA +IpD+ rc) — ac(rc + I’D)
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@C : rad rad
= Find(@c, ac) wc = 2.67 — ac = 10.67 —
ac S S2
in
VD = —wAlA + oC D vp = —6.67 —
s
in
apt = —aaAra + acrp apt = 13.33—2
s
2 .
VD in
apn = apn = 444 —
ra+1p 52
apt 13.33 ) in in
ap = ap = — |ap| = 14.05—
apn 444 ) 2 2

Problem 16-123

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

Given:
rad
opE = 4 —
S
rad
oapg = 20 —
2
S
a = 100 mm
b = 150 mm
¢ = 100 mm
d = 50 mm
r=75mm
6 = 30 deg
Solution: Guesses
rad rad
og =1— opc =1 —
S S
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_1 rad _1 rad
ac = 2 OAC = 2
s s
0 _a 0 _r 0 bsin(6)
Given 0 x| 0 |+| O |x|0|+| O |x|-bcos(g) |=0
—ODE 0 e 0 OAC 0
0 -a 0 0 -a 0 -r
0 x| 0 [+ 0 X 0 x| 0 [|+] O [x| O =0
—aDE 0 —@WDE —®WDE 0 aG 0
0 0 -r 0 bsin(6)
+| 0 |x|| 0 |x|0|[+] O [x|-bcos()
oG oG 0 apC 0
0 0 bsin(@
+] 0 x| O |x|-bcos(6)
WOAC WOAC 0
oG
WOAC . rad rad
= Flnd(wg, OAC, G, aAc) oG = -5.33— opc = 0.00—
aG S S
apC rad rad
oG = —2.07—2 OANC = —28.7—2
S S
Now find the motion of gear F.
wpc(c+d) — oge rad
opch+ oge=wpc(b+c+d) —wpd o =

o = 10.67 —
d . S
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*Problem 16-124

At a given instant the wheel is rotating
with the angular velocity and angular
acceleration shown. Determine the
acceleration of block B at this instant.

Given:
rad =
w2 0=60 deg
S
rad
S
| =15m r=03m i
Solution:
cos(e) cos(¢) 0
ry = 1 —sin(6) rz = 1 sin(g) k=|0
0 0 1
rad rad m m
Guesses opg =1 — aopg = 1 — vg=1— ag =1—
S 2 S 2
S S
Given
0
—wkxr1+ opgkx o =| VB
0
0
—akxrg — wkx (—a)kx rl) + apk x ro + wpgk x (a)Aka r2) =| ap
0
@WAB
OAB . rad m
= Flnd(a)AB, aABaVBaaB) op = —0.49 — vg = —0.82 —
VB S S
ap rad m
OAB = —2.28—2 ag = —2.53 2
S S

Chapter 16
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Problem 16-125

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

Solution:
Velocity
0 —a 0 ~/3a
wg=|0|x|al|+| 0O |x| -a
» 0 OAB 0

Since B stays in contact with the ground we have

Acceleration

—aa 0 -a 0
a=| 0 |+]|0|x| O |+| O |x
0 a 0 -
0 0 ~/3a
+ 0 X 0 X -a
WAB WAB 0

2 2
—a+ o +apg +v/30pR

= 2
ag = 4 —a —+\/3app + @AB

0

aB:[4;j_;/§a)2— 1:;_;/5@)&1

Chapter 16

(COAB - co)a
= —(\/§ WAB + a)) a

0

= — VR = —
OAB \/5 B \/§

0 -a 0

~/3a

- 1+\/§
wa

Since B stays in contact with the ground we find

2 2
WOAB — @ 10}

RE

Problem 16-126

The disk rolls without slipping such that it has angular acceleration « and angular velocity o at the

instant shown. Determine the accelerations of points A and B on the link and the link’s angular

acceleration at this instant. Assume point A lies on the periphery of the disk, a distance r from C.
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Given:
rad a = 400 mm
a = 4 —_— i
S i
b = 500 mm
rad ;
w=2— r = 150 mm
S
Solution:

The ICisatoo, so w,z=0

ac = ar

2
ap=act+axrac— o rac

ac 0 0 0
2
ap=|0|[+| 0O |x|r|—-w]|T
0 -« 0 0
1.20
m
ap=|-060 | — |aa| = 1.342 —
0.00 ) S s
ot
6 = atan 0 = —26.6 deg |6 = 26.6deg
ac + ar
m rad
Guesses ap = 1— aopg = 1 —
2 2
S S
0 a
a B ag
Given apn+| O [x|=2r|=] 0 = Find(aB,aAB)
aAB
aAB 0 0
rad m
aAB = 1.500—2 ag = 1.650 3
S S

Problem 16-127

Determine the angular acceleration of link AB if link CD has the angular velocity and angular
deceleration shown.
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Given: . - o
rad |
aCD=4—2 a=03m — &)
S
b=06m
rad
ocp = 2 — c=06m
S f
Solution: & . B
a+b . -~ | | A X
ogc =0 opB = wcD 2 T 4
a ; ¥ fitpy
Guesses b A D
J‘L Dl oth,
1 rad 1 rad
(04 = _— = RN
AB 2 aBC 2
S S
Given
0 0 0 0 0 0 —C 0
m
0 x|la+b|+| 0 |x 0 |x|a+bl||+] O |x|-b ...=0—2
—-acD 0 oCcD ocD 0 aBC 0 0) 3
0 0 0 0 0
+] 0 |x|-al|+| 0 [x 0 (x| -a
aAB 0 OAB OAB 0
OAB rad rad
= Find((zAB, agc) agc = 12.00— apg = —36.00 —
aBc 2 2
S S

*Problem 16-128

The slider block B is moving to the right with acceleration ag. At the instant shown, its velocity is vg.
Determine the angular acceleration of link AB and the acceleration of point A at this instant.
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. ft ft
Given: ag =2 — Vg = 6 —
2 S
S
a=3ft b=5ft
Solution: opg =0 VA = VB
VA rad
WAC = WOAC = 2—
a S
rad ra .
Guesses opg =1 — aopc =1 — Given
S S
0 0 0 0 0 0
0 X | —a |+ 0 X 0 X | —a ||+ 0
aAC 0 OAC OAC 0 aAB
OAB . rad
= Flnd(aAB, aAc) apc = —2.33—
anC 2
0 0 0 0 0
aa = 0 X | —a |+ 0 X 0 X | —a
aAC 0 OAC OAC 0
2
WAC a
6 = atan 6 = 59.74 deg
—apca

rad
apg = —3.00—

~7.00

ft

ap = | 12.00 -
0.00 )S

|aa| = 1389 %

Problem 16-129

The ends of the bar AB are confined to move along the paths shown. At a given instant, A has
velocity v, and acceleration a,. Determine the angular velocity and angular acceleration of AB at this

instant.
Given:
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r=2ft
_ 7 ft
a = 2 0=60deg
Solution: Guessses \
|
|
rad rad ¢
o=1— a=1 —
S s
ft ft
vg =1— apt = 1—
S 52
Given
~vgsin(9) 0 0 r+rcos(6)
vBcos(a) =|-VaA |+| 0 x| a+ rsin(@)
0 0 @ 0
~agtsin(6) 2 ((—cos(6) 0 0 r+rcos(6)
VB
aBtcos(H) +—r —sin(&) =|-ap [+| 0 | x| a+ rsin(@)
0 0 0 a 0
0 0 r+ rcos(e)
+10 [x[| 0 |x]|a+ rsin(@)
w w 0
ft ft
= Find(@, a,vg, agy) Vg = 20.39— apt = —607.01 —
VB s 2
apt
rad rad
w=4713— a= —131.00—2
S

S

Problem 16-130

The mechanism produces intermittent motion of link AB. If the sprocket S is turning with an angular
acceleration «, and has an angular velocity « at the instant shown, determine the angular velocity

and angular acceleration of link AB at this instant. The sprocket S is mounted on a shaft which is

separate from a collinear shaft attached to AB at A. The pin at C is attached to one of the chain links
such that it moves vertically downward.

Given:

rad
wS:GT rga = 200 mm
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rad
a5=2—2 rgc = 150 mm
S
61 = 30 deg rs = 175 mm _
o
6> = 15 deg rp = 50 mm ;
Solution:
kG
cos(61) —sin(2) | s\
ey
ry =rsA Sin(ﬁl) ry = rgc —cos(eg)
0 0
0 0
k=(0| j=|1
1 0
rad rad rad rad
Guesses opB = 1 — opc =1 — apg = 1 — apc =1 ~
s s
S S

Given opk x 11 + owgck x rp = —wsrgj

2 2 .
apgk x r1 — wpg 1 + apckx rp — wgc r2 = —agrgj

WAB

@wBC : rad rad
= Flnd(a)AB, WBC > CAB» agc) wgc = —4.95— agc = 70.8 —

OAB S 52

@BC rad rad

opg = —1.17— opg = 23.1—
S

Problem 16-131

Block A, which is attached to a cord, moves along
the slot of a horizontal forked rod. At the instant
shown, the cord is pulled down through the hole at
O with acceleration a and velocity v. Determine the
acceleration of the block at this instant. The rod
rotates about O with constant angular velocity.

Given:

m

a=4— o =4—
2
S
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V=2 % r = 100 mm
Solution:
—-a 0 0 r 0 -V
ap = 0 [+]0 |x|[{O0|x|0]||+200(|x]| O
0 @ ) 0 ) 0
-5.60
an=|-1600 | = |aa| - 1695 =
000 ) S s

Problem 16-132

The ball B of negligible size rolls through the tube such that at the instant shown it has velocity v
and acceleration a, measured relative to the tube. If the tube has angular velocity » and angular
acceleration « at this same instant, determine the velocity and acceleration of the ball.

Given:
v=5—
a=3—
Solution:
X
VB
VB
a 0 r 0 0 r 0 v
ag = +[ 0 [x]| 0|+ X x[0]|+2 0 [x|O
0 a 0 ) ) 0 @ 0
-15.00
ft ft
ag =| 40.00 |— ap| = 42.72 —
B 2 |as| 2
000 /S -
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Problem 16-133

The collar E is attached to, and pivots about,
rod AB while it slides on rod CD. If rod AB

has an angular velocity of a,g and an angular
acceleration of a,g both acting clockwise,

determine the angular velocity and the angular
acceleration of rod CD at the instant shown.

Given:
rad rad
apg =1 — oaB = 6 —
s? S
| =4 ft 6 = 45 deg
Solution:
cos(e) —cos(e)
up = sin(&) us = sin(@)
0 0
rad ft

Guesses ocp =1 Vgl = 1 —

S

Given

—wp K x r1 = ocpK x r2 + Veglu2

2 2
—apgkx r1 — wpg r1 = acpk x rp — ocp 2 + arelu2 + 2wcpk x (V,—e|u2)

@CD
acbD . ft ft
= Flnd(&)CD, aCD> Vrel» are|) Vrel = —-24.00 — are| = -4.00 —2
Vrel s S
Arel rad rad
acp = —O.OOT acp = 36—2
S

Problem 16-134

Block B moves along the slot in the platform with constant speed v, measured relative to the
platform in the direction shown. If the platform is rotating at constant rate @ ,determine the
velocity and acceleration of the block at the instant shown.

Given:
ft
V=2—
S
6 = 60 deg
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rad %
s
r=23ft ; =
h=2ft 4 h
#
Solution: GEE, L
r
—v 0 hcot(6)
vg =| 0 |+]|]0 |x h 5
0 1) 0 el

~12.00
fi fi
vg=| 577 |= |ve| = 13.32—
S

S
0.00
0 0 hcot(6) 0 -V
ag = 0 [x|| 0 |x h +2/ 0 |x| 0
1) 1) 0 1) 0
-28.9
ag = | 700 | % |ag| = 75.7—
2 2
00 )S s

Problem 16-135

While the swing bridge is closing with constant rotation @, a man runs along the roadway at constant
speed v relative to the roadway. Determine his velocity and acceleration at the instant shown.

Given:
rad
=05 —
S
ft
v=5—
S
d = 15 ft -
Solution: %
0 0 0 7.50
ft ft
Vman = | -V |+| 0 [ x| —d Vman = | -5.00 |— |Vman| = 9.01—
S S
0 w 0 0.00
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0 0 0 0 0
aman = 0 [x|| 0 [x|—-d|[[+2/ 0 |x]| -V
W w 0 W 0
5.00
aman = | 3.75 Ez |aman| =6.25E2
0.00 ) S >

*Problem 16-136

While the swing bridge is closing with constant rotation @, a man runs along the roadway such
that he is running outward from the center at speed v with acceleration a, both measured relative
to the roadway. Determine his velocity and acceleration at this instant.

Given:
w-05"d ,_ 1t
S 2
ft °
v=5— d =10 ft
S
Solution:
0 0 0
Vman =|-v|+|0 x| —d
0 w 0
0 0) [[o0 0 0 0
aman =|-a|+]| 0 |x 0 | x| —d +2 0 | x| —-v
0 ) ® 0 ® 0
5.00
ft ft
aman = 050 —2 |aman| = 502—2
0.00 /S .

Problem 16-137

A girl stands at A on a platform which is rotating with constant angular velocity . If she walks at
constant speed v measured relative to the platform, determine her acceleration (a) when she reaches
point D in going along the path ADC, and (b) when she reaches point B if she follows the path ABC.
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Given: . I
rad
=05 —
S
m
v =075 —
S
_".
d=1m
r=3m
Solution:
(@)
0 0 d 0 0 -1.00
m
agirl = | 0 |x|| 0 |x[0||+20 |x]|vV agirl =| 0.00 o
) ) 0 w 0 0.00 ) S
(b)
2
- 0 0 r 0 0 ~1.69
r m
agirl = 0 + x|{O [x]|O0O[|+2 0 x|V agirl =| 0.00 o
w w 0 w 0 0.00 ) S
0

Problem 16-138

A girl stands at A on a platform which is rotating with angular acceleration « and at the instant shown
has angular velocity @ .If she walks at constant speed v measured relative to the platform, determine
her acceleration (a) when she reaches point D in going along the path ADC, and (b) when she reaches
point B if she follows the path ABC.

Given: e

rad

a =02 —
2
S
rad

o =05— 3
S
m

v =075 —
S

d=1m

r=3m
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Solution:
(@)
0 d 0 0 d 0 0 -1.00
m
agirl =| 0 [x| 0|+ x| O |x]|0||+2 0 x|V agirl =| 0.20 o
a 0 ) w 0 @ 0 0.00 ) S
(b)
V2
0 r - 0 0 r 0 0
r
agirl =| 0 [x| 0|+ +1 0 x| O [x]|O0[|+2 0 |x|V
0
a 0 ® ® 0 ) 0
0
-1.69
m
agir|= 060 —2
0.00 ) S

Problem 16-139

Rod AB rotates counterclockwise with constant angular velocity «. Determine the velocity
and acceleration of point C located on the double collar when at the position shown. The
collar consists of two pin-connected slider blocks which are constrained to move along the
circular path and the rod AB.

. rad
Given: w=3— 6 = 45 deg r=04m
S
Solution: Guesses
m m m m
Vrgl = 1 — ve =1— apl=1— act =1—
S S S2 S2

Given

Ve cos(ZH) = Vre| sin(H) +]0 rsin 29
0 0 w

o

r+ rcos(249)
x| 0 |x rsin(20)
w 0

C
act 003(29) +T —sm

—sin(20) cos(6) 0 {r +rcos(20 }
0
0
w

—sin(26’) 2 —cos oS 49
= arel
0

sin 6?) +
3(9)
+2[ 0 |x|vrell sin(6)
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Vrel
fre = Find(VreI,areIaVCaaCt) (Vrelj = [_1.70) ul (arEIJ [ 509) u
Ve Ve 240 ) s act 0.00 ) 2
act
—sin(2€) —sin(26?) 2 —cos(2€)
vev = vl cos(26) acv = acy cos(26) Al —sin(20)
0 0 ' 0

-2.40 -0.00
vey = | 0.00 % acy = | ~14.40 mz

0.00 000 /S

Problem 16-140

A ride in an amusement park consists of a rotating platform P, having constant angular velocity
ap and four cars, C, mounted on the platform, which have constant angular velocities agp

measured relative to the platform. Determine the velocity and acceleration of the passenger at B at
the instant shown.

. rad
Given:  wp =15 — r=075m
s
rad
ocp =2 — R=3m
s
Solution: /
R 0 r ||I
vg=| 0 [x|0]|+ 0 x| 0
wp 0 wp + OCp 0
0.00
m m
vg =713 | — |lvg| = 7.13 —
s s
0.00

0 0 r
0 X 0 X O
0

o
+

0 wp + OCp wp + OCp

-15.94
m m
ag=| 000 |— ag| = 15.94 —
B 2 |ag| .

0.00 S
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Problem 16-141

Block B of the mechanism is confined to move within the
slot member CD. If AB is rotating at constant rate g,

determine the angular velocity and angular acceleration of

Chapter 16

member CD at the instant shown.

rad

Given: opB = 3 — = 100 mm
s
6 = 30 deg b = 200 mm
Solution: Guesses
rad rad
ocp =1 — acp =1 —
S 2
s
m m
Vrel =1 — arel = 1 —
S 2
s
Given
0 a sin(6) 0 bsin(6)
0 |x|0|=vplcos(6) |+] O |[x|bcos(6)
—WAB 0 0 —@CD 0
0 (0 a sin(0) 0 bsin(6)
0 X 0 x| 0 || = arel cos() | + 0 x | beos(6)
—opB ) |\ ~@AB 0 0 —-acp 0
0 0 bsin(6)
) X 0 x | beos(6)
—ocp ) [\ ~@cD 0
0 sin(0)
+2 O x | Vrel| cos(6)
—@CD 0
@“CD
acb . m m
= F'nd(wCDa aCD,VreIaareI) Vrel = —0.26 — arel = -0.34 —
Vrel S 32
arel rad

rad
ocp = 0.75— acp = —1.95—2
S

S
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Problem 16-142

The “quick-return” mechanism consists of a
crank AB, slider block B, and slotted link CD.
If the crank has the angular motion shown,
determine the angular motion of the slotted
link at this instant.

Given:
rad a = 100 mm
opg = 3 —
S | = 300 mm
_g rad
*AB = S_z 0 = 30 deg
¢ = 30 deg
Solution:
cos(6) sin(¢)
ui = | sin(6) up = | cos(g)
0 0
rad rad m m
Guesses ocp = 1 — acp =1 — Vrel = 1 — arel =1 —
S 2 S 2
S S
Given

opBK x 11 = wcpK x 1o + Vpglu2

2 2
apgk x r1 — wpg 1 = acpK x r2 — wcp 2 + arelu2 + 2ocpk x (VreIUZ)

@CD
acb . m m
= F'nd(wCDa aCD,VreIaareI) Vrel = 0.15 — arel = -0.10 -
Vrel > S
arel rad rad
ocD = 0.87T acp = 3.23—2
S

Problem 16-143

At a given instant, rod AB has the angular motions shown. Determine the angular velocity and angular
acceleration of rod CD at this instant. There is a collar at C.
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Given:
d d
a)A|3,=5i aAB:12% d=2ft
S S
Solution:
sin(60 deg) sin(60 deg)
up = | —cos(60 deg) | uo = | cos(60 deg)
0 0

0
rp=du; rp=dup k=10
1

rad rad
Guesses ocp =1— acp =1 —
S S
ft
Vrel =1 — arel =1 — aep
S 2

S
Given

—wcpkx ry = —wpg K x r1 + vrglug

2 2
~acpkx Iy — acp 12 = —apgk x 11— wpB 1 + arelu1 — 20ppk x (Vreju1)

@wCD
aCD . ft ft
= F'nd(wCDa aCD,VreIaareI) Vrel = 17.32 — are| = —8.43—
Vrel s 2
S
arel

rad rad
ocp = 10.00— acp = 24.00—2
S

S

Problem 16-144

At the instant shown, rod AB has angular velocity w,g and angular acceleration o,z Determine
the angular velocity and angular acceleration of rod CD at this instant. The collar at C is
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pin-connected to CD and slides over AB.

Tk Al
=]
AR g
_.-"'-

Given: 6 = 60 deg a=07m
rad rad _x».. ~
opB = 3 — aAB=5—2 b=05m '
S s
Solution: Guesses
rad rad m b 4
ocp=1— acp=1—F  Vrel=1-— b
S 2 S
s
m m m 1
areI=1—2 aCx=1—2 aCy—1_2 D
S S .&.
Given
0 0 0 asin(6) sin(0)
0 |x|b|=| 0 |x|-acos(6) |+ vre| —cos(6)
@CD 0 0 0
acx 0 0 0
aCy = b + X 0 X b
0 0 e acD 0
acx asin( 0 0 asin(6)
acy | = —acos(0) |+| O |x|| O |x]|-acos(6)
®OAB ®OAB 0
sin( 0 sin(6)
+ arel —COS +2 0 x| Vrel _COS(0>
WAB 0
@“CD
acb
Vre] F d( ) aCX 124.41 m
= Findlwcp, acD, Vrel, arel, aCx, & —
arel CD, &CD> Vrel, drel > 4Cx, ACy acy _4050 2
acx q
m ra
aC Vre| =390 — aCcD = -9.00 —
Yy S S
m rad
arel = 134.75 —  acp = —249—
s s
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The gear has the angular motion shown. Determine the angular velocity and angular acceleration

of the slotted link BC at this instant. The peg at A is fixed to the gear.

Given:
rad =
= o rad ri =05ft
s
ro =07 ft
rad
o =4—
32 a=2ft
Solution: b = ./a’ - (r+12)
r+r
6 = atan
b
rad rad ft
Guesses opc =1 — apc =1 — Vrel = 1 — arel = 1 >
S s
Given
[—ar1 +12) | 0 b cos(6)
0 =| 0 |x|ro+r2|+vpl sin 6?)
o | \esc 0
_—a(l’l + rg)_ 0 b
r a)2 =| 0 |x|rp+r X I’l + r2)
0 aBC 0 wBC a)BC
- cos(e) cos
+arel| sin(6) |+2 x| vrel| sin(
0
wWBC
aBc . ft ft
= F'nd(G)BC,aBC,Vrelaarel) Vrel = —1.92 — are| = —4.00—
Vrel S 32
arel rad rad
ogc = 0.72— aBC = 2.02—2
s
s
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Problem 16-146

The disk rotates with the angular motion shown.
Determine the angular velocity and angular
acceleration of the slotted link AC at this instant.
The peg at B is fixed to the disk.

Given:

rad rad
®w=6— 0:=10—2 | =075 m
S

S

6 =30deg ¢ = 30 deg r=03m

Solution:
sin(e) cos(¢) 0
0 0 1
rad rad m m
Guesses opc =1 — opc =1 — Vigl = 1 — arel =1 —
S 2 S 2
S S
Given
wk x r2 = wpck x r{ + Vpeug
2 2
akKxro—w rp = apckx r1 — wpac 1+ arelul + 2oack x (Vrelul)
WOAC
GAC . m m
= F'”d(a’AC,aAC,VreI,arel) Vrel = -1.80 — arel = -3.00 —
Vrel S 2
S
arel rad rad
opc = 0.00— aAC = —14.40—2
S
S

Problem 16-147

A ride in an amusement park consists of a rotating arm AB having constant angular velocity ong

about point A and a car mounted at the end of the arm which has constant angular velocity -@ k
measured relative to the arm. At the instant shown, determine the velocity and acceleration of the
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passenger at C.

Given:
rad rad
opg =2 — @ =05—
S s
a=10ft r=2ft
6 = 30 deg
Solution:
0 acos(6)
ve=| 0 |x|asin(g) |+
®WAB 0 WAB — @
0 (0 acos(6)
ac=| 0 |x|| 0 [|x|asin(o) ||+
opB ) |\ @AB 0

x| —=r

0

0

0
OpB — @

X

ft
vc=|1732 |—
0.00
0 0
0 x| —=r
wpB — @ 0
—34.64
ft
ac = | —15.50 -
0.00 /S

Chapter 16

Problem 16-148

A ride in an amusement park consists of a rotating arm AB that has angular acceleration a,gwhen
the angular velocity is w,g at the instant shown. Also at this instant the car mounted at the end of
the arm has a relative angular acceleration -&' k of when the angular velocity is - ' k . Determine

the velocity and acceleration of the passenger C at this instant.

Given:

rad rad
wpB =2 — apg = 1—
S 2

S
d d
w =058 4 -0
S 2

S

a=10ft r=2ft
6 = 30 deg
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Solution:
0 acos(e) 0 0 —7.00
ft
ve=| 0 |x|asin(o) |+ 0 x| —r ve=|1732 |—
s
WAB 0 WAB — @ 0 0.00
0 acos(6) 0 0 acos(6)
ac=|| 0 |[x]|asin(6) |+| O |x|| O |x]| asin(6)
INZY:] 0 WAB ©AB 0
0 0 0 0 0
+ 0 x| —r | + 0 X 0 x| —r
apg — o 0 wAR — @ opB — @ 0
—-38.84
ft
ac = -6.84 —2
000 )5

Problem 16-149

The cars on the amusement-park ride rotate around the axle at A with constant angular velocity
wy: measured relative to the frame AB. At the same time the frame rotates around the main axle

support at B with constant angular velocity « .Determine the velocity and acceleration of the
passenger at C at the instant shown.

Given: ;
rad
oAf =2 ——
S
rad
of = 1 —
S
a=15ft
L}
b=28ft
6 = 30 deg
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Solution:

0 —acos(6) 0 -b ~7.50
ve=1| 0 |x asin(@) + 0 x| 0 vc =| —36.99
wFf 0 of + OAf 0 0.00

0 0 —~acos(0) 0 0 —b

ac = 0 |x]|| O |x asin(e) + 0 X 0 x| 0
of of 0 of + OAf Of + OAf 0

84.99

ac =| —7.50

0.00

Chapter 16

Problem 16-150

The block B of the “quick-return” mechanism is confined to move within the slot in member CD. If
AB is rotating at a constant rate of w,g, determine the angular velocity and angular acceleration of

member CD at the instant shown.

Given:

rad
opB = 3—

S
rag = 50 mm
rgc = 200 mm
6 = 30 deg
¢ = 30 deg
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Solution:
sin(@) sin(¢) 0
up = | —cos(6) | uz =| cos(g) k=|0
0 0 1
rp = rapuzi rp = rpcuz
Guesses
rad rad
ocp = 1— acp = 1—-
S 2
S
m m
Vrgl = 1 — arel =1 —
S 2
S
Given

opK x 11 = ocpK x o + Vrglu2

2 2
~pB 11 = acpk x 12 — @CD’ 12 + areluz + 26CDK x (Vrelu2)

@CD
acb . m m
= F'nd(G)CD, aCD,VreI,areI) Vrel = 0.13 — arel = 0.25 -
Vrel S s
arel rad rad
acpD = —038T acp = 244—2
S

Chapter 16
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