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16-53 | pinion gear A rolls on the gear racks B and C.If B

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

Vc = VB + VC/B
(B) —4=8-06(w)
w = 20rad/s

Vq = Vp + VA/B

(=)

vy =8 —20(0.3)

vy =21t/s —

Also,
Ve = Vg + o Xrcsp
—4i = 8i + (wk) X (0.6])
—4 =8 — 0.6w
w = 20rad/s
Va=Vpt o Xryp
vui = 8i + 20k X (0.3j)

Vqg = 2ft/S i

Ans.

Ans.

Ans.

Ans.

0.3 ft
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16-55 Determine the velocity of point A on the outer rim |extra similar to 16-55 | A
of the spool at the instant shown when the cable is pulled to
the right with a velocity of v. The spool rolls without

slipping. </ o
’
R

e
Kinematic Diagram: Since the spool rolls without slipping, the velocity of the
contact point P is zero. The kinematic diagram of the spool is shown in Fig. a.
General Plane Motion: Applying the relative velocity equation and referring to Fig. a,
VB:VP+(UXI'B/D
vi =0 + (—ok) X [(R = r)j]
vi=w(R — r)i
Equating the i components, yields
v (R—r) Y
= o(R — ®=
R—r W =2R, A
P ’ \4‘
Using this result, w
VA:VP+wxrA/P { <0 ‘/0
X B
-0+ (—Vk> X 2Rj %=V
-r

Thus,

2R
vy = < >v—> Ans.
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16-56 A bowling ball is cast on the “alley” with a
backspin of w = 10 rad/s while its center O has a forward
velocity of vp = 8 m/s. Determine the velocity of the
contact point A in contact with the alley.

Vy=Vot+v AJO

<i>> v,y =8 + 10(0.12)

vy =920m/s —

VA=VO+w><rA/O
vai = 8i + (10k) X (—0.12j)
<d'+> vi=920m/s —

» = 10rad/s

Vo =8m/s

Ans.
w=r0radfs
v
muf&rﬂ/s
o2m \( J
Ans. VAT
AW
Thro

0.12m

¢

Ro Vi 0o
=100-12)
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16-63 The planetary gear system is used in an automatic
transmission for an automobile. By locking or releasing
certain gears, it has the advantage of operating the car at
different speeds. Consider the case where the ring gear R is
held fixed, wgz = 0, and the sun gear S is rotating at
wg = 5 rad/s. Determine the angular velocity of each of the
planet gears P and shaft A.

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

vp =10

Vg =Vyt o Xrp,

0 = —400i + (w, k) X (80j)

0 = —400i — 80w, i

wp = —5Srad/s = Srad/s

Ve = Vgt w Xrcp

ve = 0 + (—=5Kk) X (—40j) = —200i

200
®a= o9 = 1.67 rad/s

Ans.

Ans.
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16-123
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*16-108. At a given instant, the slider block A has the
velocity and deceleration shown. Determine the
acceleration of biock B and the angular acceleration of
the link at this instant.

v 1.5
thg = =2 =7.07
UB = T = G casds O /s

ag =a, +oXTry, —a)zr,m
—agj = 16i + (oK) % (0.3 cos45%i + 0.3 sind5°}) ~ (7.07)* (0.3 cos435°%i + 0.3 sind5°§)

(L) 0 = 16~ c(0. 3)sind5° = (7.07)%(0. 3)cosd5°

(+4) a5 =0-a(0.3)c0s45° + (7.07)*(0. 3)sind5°
Solving :
o4p =25.41ad/s* }  Ans

an = § 71 m/sd ~L : Ans

y=1.5m/s

a, =16 m/s?

03m ‘
ohy )
a7

i
A a.‘ l‘ﬂ/;‘
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16-131 At the instant shown, ball B is rolling along the slot z

in the disk with a velocity of 600 mm/s and an acceleration of
150 mm/s?, both measured relative to the disk and directed
away from O. If at the same instant the disk has the angular
velocity and angular acceleration shown, determine the
velocity and acceleration of the ball at this instant.

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

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

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

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

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

vp = 0 + (6k) X (0.4i) + (0.6i) = {0.6i + 2.4j} m/s Ans.

ag = 0 + (3k) X (0.4i) + (6k) X [(6k) X (0.4i)] + 2 (6k) X (0.6i) + (0.15i)

= [—14.2i + 8.40j} m/s? Ans.

616
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16-140] The disk rolls without slipping and at a given

instant has the angular motion shown. Determine the
angular velocity and angular acceleration of the slotted link
BC at this instant. The peg at A is fixed to the disk. o =2rad/s
a = 4 rad/s’

vy = —(12)Q2)i = —2.4ift/s

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

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

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

4 3
—24i=1.6 (L)Bcj - 12 (.UBci + O.SVA/Bi + 0'6VA/Bj
24 =-1.2 wpc + 0.8 VA/B M)‘Z/W/S
& =4 radfs?
0= 1'6wBC + O.6VA/B a ) g
A S
Solving, ° ™ osft
wgec = 0.720rad/s D Ans.

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

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

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

Y) 1f (vﬂb)xye

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

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

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

Solving,
age = 2.02rad/s> D Ans.

ap/a = —4.00 ft/s*

626
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