ASSIGNMENT# 3 SOLUTIONS

12-183. The box slides down the helical ramp which is
defined by r = 0.5 m,# = (0.5t%)rad,and z = (2-0.26%) m,
where f is in seconds. Determine the magnitudes of the
velocity and acceleration of the box at the instant
# = 2wrad.

Time Derivatives:

r=05m

r=r=10

6 = (1.52)rad/s 6 = 3(3f) rad/s?
z7=2-027¢

7 = (—04f)m/s 7= —04m/s’

When # = 27 rad,

2 = 0.5 t=2325s
Thus,
B2 s = 1.5(2.325)? = 8.108 rad/s
B2 3255 = 3(2.325) = 6.975 rad/s?
a5y = —0.4(2.325) = —0.92996 m/s
Zli—23255 = —0.4m/s?
Velocity:
v,=F=10
ve = ré = 0.5(8.108) = 4.05385 m/s
v, =z = —0.929% m/s

4

Thus, the magnitude of the box’s velocity is

v=Vy2+ vl + vl = VO + 4053857 + (—0.92996) = 416 m/s  Ans.
Acceleration:
a,=7— ré® =0 — 0.5(8.108)* = —32.867 m/s’
ag = ré + 2iH = 0.5(6.975) + 2(0)(8.108)> = 3.487 m/s?
=% =-04m/s’

a

Thus, the magnitude of the box’s acceleration is

a=\a>+ a7 + a;> = V(—32.867)7 + 3487 + (—04)* = 33.1m/s> Ans.




12-186. The slotted arm AB drives pin C through the spiral
groove described by the equation r = a#é. If the angular
velocity is constant at 8, determine the radial and transverse
components of velocity and acceleration of the pin.

Time Derivatives: Since @ is constant, then 8 = 0.
r=af i =ab F=ab =0

Velocity: Applying Eq. 12-25, we have

v =F = af Ans.
vy = rd = abh Ans.

Acceleration: Applying Eq. 12-29, we have
a, =7 — ré® =0 — abp* = —apd? Ans,

ag = B+ 2r0 =0+ Z(aé)(é) = 2ab? Ans.

PROBLEM 15.69

D, and E on the rim of the wheel.

560 mm

An automobile travels to the right at a constant speed of 80 km/h. If the
diameter of the wheel is 560 mm, determine the velocities of points B, C,

SOLUTION
v, =80 kmh = 22.222 m.r"sl Ve =04

d =560 mm, r= % =280mm = 0.28 m

v, 22222
o= =

= 79.364 rad/s )
- 0.28 «

Vo4 = Vpia = Ve =10

= (0.28)(79.364) = 22.222 m/s

Vg =V +vg, =[22222mis~ [+[22222mis - |
vy =444 mis — o
Vp = VbV =[22.222 mis — | +[22.222 m/s 7307 ]
v, = 429 mis +715.0°
Ve =V, Vg, =[22222mis - ]+ [22222 mis | |

vep =314m/isT<45.0° d




16-19. The vertical-axis windmill consists of two blades
that have a parabolic shape. If the blades are originally at
rest and begin to turn with a constant angular acceleration
of o, = 0.5 rad/s", determine the magnitude of the velocity
and acceleration of points A and B on the blade after the
blade has rotated through two revolutions.

Angular Motion: The angular velocity of the blade after the blade has rotated
2(27) = 4= rad can be obtained by applying Eq. 16-7.

o = tu% + 2a, (H = )
w’ = 07+ 2(0.5)(4x - 0)
w = 3.545 rad/s

Motion of A and B: The magnitude of the velocity of point A and B on the blade can
be determined using Eq. 16-8,

vy = wryg = 3.545(20) = 70.9 ft/s Ans.

wg = wrg = 3545(10) = 354 fi/s Ans.

The tangential and normal components of the acceleration of point A and B can be
determined using Eqs. 16-11 and 1612 respectively.

()4 = arg = 0.520) = 10.0ft/s>
()4 = ¥ rg = (35459)(20) = 25133 ft/s*
(a)p = arg = 0.5(10) = 5.00 ft/s*

(a)p = a’rg = (3.545%)(10) = 125.66 ft/<’

The magnitude of the acceleration of points A and B are

(@4 = Viai + (@i = V100 + 251.33% = 252 ft/s? Ans.,

(@)g = = Via)g + (a3 = V5.00° + 125.66° = 126 ft/s* Ans.,

b o, = 0.5 rad s




16-59. Determine the angular velocity of the gear and the
velocity of its center @ at the instant shown.

General Plane Motion: Applying the relative velocity equation to points B and C

and referring to the kinematic diagram of the gear shown in Fig, a,
¥g = veo t w Xrgge

3i = —4i + (—ak) x (225))

3i = (2250 — 4)i
Equating the i components yields
3=225w -4 (n
w = 3.111 rad/s Ans. (2)
For points O and C,

Yo = Yo+ w X fo,c

—4i + (-3.111K) % (15))

[0.6667i] ft/s

Thus,

vg = 0.667 ft/s — Ans,

r-5+.tssin;] .

= 2561 ft

e
—

U =4 ft)s

(W)
Uy 3ft/s
e
) 1{, )“r
[ |z25ft
Fe I5ft

!‘5(4%5“:/_05;}{

(a)




16-127.  Atagiven instant,the gear racks have the velocities
and accelerations shown. Determine the acceleration of

points A and B.

Velocity Analysis: The angular velocity of the gear can be obtained by using the
method of instantaneous center of zero velocity. From similar triangles,

vp ve

w = =
rpic  roic
[ 2

= I1]

Fpic  Foic

Where
rpjic + rejic = 0.5 121
Solving Eqs[1] and [2] yields
rpjc = 0375 ft Fouc = 0125 ft

Thus, D 6
=03 16.0rad/s

[
rpjic

Acceleration Equation: The angular acceleration of the gear can be obtained by
analyzing the angular motion point C and D. Applying Eq. 16-18 with
rp;c = |—0.5i} ft, we have

ap =ac +a Xrpc — w? I'pic

64.0i + 2j = —64.0i — 3j + (—ak) x (—05i) — 16.07(—0.5i)

6401 + 2j = 64.0i + (050 — 3)j

Equating i and j components, we have
64.0 = 64.0 (Check!)
2=05a-3 o= 100rad/s

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

2
g =ag ta X rge — ot rye

—64.00 — 3 + (—10.0K) X (—025i) — 1607 (=025i)

= [0.500) ft/s”

Thus,
ay = 0.500 ft/s* | Ans.

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

ag =ac +a Xrge - wzry,-'c
= —64.0i — 3j + (=10.0k) % (=025 — 025)) — 1607 (=025i — 0.25j)
= [-2.50i + 63.5j) ft/s?
The magnitude and direction of the acceleration of point B are given by

ac = V(-2.50)7 + 63.5 = 635 ft/s? Ans.

63.5
— -1 — o .
fl = tan e 81.7° & Ans,

w=/ib.
(d‘,]ﬁz_&/s‘ _\;tfﬁ’ﬂi
PRy (8,7 16.07025)

=64.0ftfs>

(Os)= 1607023 ™

= 6a.04tfs* .,e fa‘);.af«/s‘




