#16-129. Determine the angular acceleration of link AR if | 0.6 m |
link CD has the angular velocity and angular deceleration

shown. T ac

0.6 m

—-— s

= B i _ 1.2

IC is at oo, thus || o= 4rad s

0.3 m wep = 2radfs
wpe =0

4 =A D5
vg = ve = (0.9)(2) = 1.8 m/s -\ o\

(ag), = (2)°(0.9) = 3.6 m/s* |
(ac) = 4(0.9) = 36 m/s* —
2

(apds = —.,) = 108 m/s* |
0.3

g = ac + ape X Tge — Whe Ty
(ag)i — 10.8] = 3.6i — 3.6] + (apck) ¥ (—0.60 — (0L6§) — 0
(5)  (ag) =36+ 06 ayc

(+1)  -108 = 3.6 — 0.6 apc

e = 12 rﬂdl."lﬁ-!

(ag) = 10.8 m/s’

10.8 ;
@8 =3 = 3frad/s” 2 Ans. I
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16-131. Gear A rotates counterclockwise with a constant
angular velocity of w4 = 10rad/s, while arm DE rotates
clockwise with an angular velocity of wpg = 6 rad/s and an
angular acceleration of @py = 3 rad/s>. Determine the
angular acceleration of gear B at the instant shown.

Angular Velocity: Arm D'F and gear A rotate about a fixed axis, Figs. a and b. Thus,
Ve = w pp g = 6(0.5) = 3m/s
Vi =wyrp=10(03) = Im/s
The location of the /C for gear B is indicated in Fig. c. Thus,
regpe = repe = 01 m

Then,

wy = =— = 30rad/s

Vi 3
rE_,"fC 0.1

Acceleration and Angular Acceleration: Since arm DF rotates about a fixed axis,
Fig. ¢, then

A = a pg X g — wpE” Tg

(—3Kk) % (0.5 cos 307 + 0.5sin 30°j) — 62 (0.5 cos 30° i + 0.5 sin 30° j)
= [~14.84 — 10.30§] m/s*

Using these results and applying the acceleration equation to points £ and F of
gear B, Fig. e,

ap = ap + ag X e — wpltyp
apcos 30°1 + ag sin 30° = (—14.84i — 1030j) + (—agk) %
(—02 cos 30° i — 0.2 sin 30°%]) — 30%(—0.2 cos 30° — 0.2 sin 30°j)

0.8660a; i + 0.5apj = (14105 — O.dag)i + (79.70 + 0.1732ay)j

Equating the i and j components yields
0.8660ar = 141.05 — 0lag
0.5ap = 7970 + L1732y
ar = 162 m/s*

@y = 7.5 rad/s’ Ans.

(e

g = 3 radfs®
()




+16-137. Ball C moves with a speed of 3 m/s, which is z
increasing al a constant rate of 1.5 m/s’, both measured
relative to the circular plate and directed as shown. At the
same instant the plate rotates with the angular velocity and
angular acceleration shown. Determine the velocity and
acceleration of the ball al this instant.

Reference Frames: The xyz rolating reference frame is attached to the plate and
coincides with the fixed reference frame XY at the instant considered, Fig. a. Thus,
the motion of the xyz frame with respect to the XY frame is

Vo =85 =10 w = [8k| rad/s @ = o = |5k] rad/s

For the motion of ball C with respect 1o the xyz [rame, we have
o = |03 m
(¥rellayz = 3] mys
z
Veal | :
The normal component of [s ,,.]‘ . s [EEEILRL - & - % = 30 m/s2.
il .
Thus,
(8 re)aye = (158 — 30§] m/s
Velocity: Applying the relative velocity equation,
Yo =¥o + w X Toip + (Vb

=0 + (BK) = (L3]) + (3i)

= [0.6i] m/s Ans.
Acceleration: Applying the relative acceleration equation.
a- = ;a+¢axrm+mx(mxrm}+zw " (vm,]_ﬂ+{n,d}‘ﬁ
= 0+ (5K) % (0.3) + (%) > [(8k) % (0.3)] + 2(3K) < (30) + (L5 — 305)
= [-12§| m/s? Ans,



#16-145. The disk rolls withoutl slipping and at a given
instant has the angular motion shown. Determine the
angular velocity and angular acceleration of the slotied link
BC at this instant. The peg at A is fixed to the disk.

—(1.2)(2)i = —24ifi/s

¥a
ay=8p+ a X yn — @ Tyn

8, = —40T)i + (4K) % (055) — (2)H05)
a, = —48i - 2

va=vp+ 1 % rgg + (Vagly

—24i =0+ {wgk) = (16 + L) + r,w(%)i + vym (%:h

—24i=lbapcj— L2api+ 08 m + 0bvyg)
24 =—-12wp: + MBvyp
0= 1wy + Obwp
Solving,
wge = 0T radfs
vam = — 192 fifs

a, =ag+ 0 ®rgg+ 0= (2 rgg) + 20 % (wypleye + (Bm)ge

Ans.

—48i— 2 =0 + (apc k) = (L6 + 125) + (0.72K) = (0.72k = (16 + 1.25))

+2(0.72K) % [—(08)(1.92)i — 0.6(192)§] + 0.8 ap i + 06apyj
—48i — % = Lbapej — 12apci — 08204 — 06221j — 2.2118j + 16589 + 0Bag,i + D6ag.j

—4.8 = —12ap- — 0B294 + 16589 + 0.8ay,
-1 = lbage — 06221 — 22118 + (Lbag,
Solving,

ape = 202 rad/s? D

s = —400 ftjs?

Ans.

w=1rad/fs
a = 4 rad/s




16-150. Al the instant shown, car A travels with a speed of
25 m/s, which is decreasing al a constant rate of 2m/s?,
while car B travels with a speed of 15my/s, which is
increasing at a constant rate of 2m/s’. Delermine the
velocity and acceleration of car A with respect o car 8.

Reference Frames: The xyz rotating reference frame is altached to car B and
coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Since

car B mn'.rfs along the circular road, its normal component of acceleration is
v 15
(ap)s = % “ 0.9 m/s". Thus, the motion of car B wilh respect Lo the X¥Z

frame is

¥g = |15 m/s
ag = [-2i + 0.9§] m/s*

Also, the angular velocity and angular acceleration of the xyz frame with respect o
the X¥Z frame is

_Ym_ 15 _ — -
w === gg = 006 rads w = [—0.06k] rad/s

. lagh 2
= BY =

Sop = 0008 rad/s” @ = [—0.008k] radys?
o

The velocity of car A with respect (o the X¥Z reference [rame is

va = |Z)| m/s a, = -2 m)s*
From the geometry shown in Fig. a,

Fam = |—200j] m

Velocity: Applving the relative velocity equation,

Ya=V¥g+ o X Tyg+ (Vg

25 = —151 + (—006k) > (—200§) + (Veethuy
Bj = 20+ (Vogluye
(Veal)upe = [271 + 25j] my's Ans,

Acceleration: Applying the relative acceleration equation,

IA=IE+¢EIXrM3+mX(er4ix}+?mX(l'dLF+I:Ird}k},:

@) ogmp> ¥

(@ekramfs* — N ]
osisnjs - Xx
240m
W tu=zsms
loyr 2oy
(a,

~2§ = (~20 + 0.9]) + (~0.008k) X (~200§) + (~0.06K) X [(~0.06k) % (~200])] + 2(—0.06K) X (2Ti + 25]) + (@ )y

~2 = —060 — 162 + (8 ) sye
(8 cet)ayz = (061 — 0.38)] m/s” Ans




o17-13. [If the large ring, small ring and each of the spokes
weigh 100 Ib, 15 Ib, and 20 Ib, respectively. determine the
mass moment of inertia of the wheel about an axis
perpendicular to the page and passing through point A.

Compaosite Parts: The wheel can be subdivided into the segments shown in Fig. a.
The spokes which have a length of (4 — 1) = 3 ft and a center of mass located ata

distance of (] + %) ft = 2.5 ft from point O can be grouped as segment (2).

Mass Moment of Inertis: First, we will compute the mass moment of inertia of the
wheel about an axis perpendicular to the page and passing through point 0.

00y, 120, (20 15
= | —— = —_— — |7 —_ =
lo (32.2)‘“ + 3[12(32.2)“ )+ (32.2)“" J] * (32_2)[”

= 84.94 slug - f1*

The mass moment of inertia of the wheel about an axis perpendicular to the page
and passing through point 4 can be found using the parallel-axis theorem

1 E(ﬂ) + b 85404 slug and d = 41t

_ 2 _
14y = Ig + md", where m = i 30 2

Thus,

I, = 8494 + 8.5404(47) = 22158 slug - f? = 222 slug - fi? Ans.

41t




“17=28. The jet aircraft has a mass of 22 Mg and a center
of mass at €7 If a towing cable is attached to the upper Ll-‘: m

partion of the nose wheel and exerts a force of T = 400 N
. ] . oosoooo0m
as shown, determine the acceleration of the plane and the =

normal reactions on the nose wheel and each of the two P — —_
wing wheels located at 8. Meglect the lifting force of the 7 s
wings and the mass ofthe wheels F=q400nN | 08m
fGm
im
— B F = mlag) 400 eos 307 = 22{10°) ag
g = 001575 mfs® = 0.0157 m/s® Ans.

CHIM, = Z(My)a:  400cos 30° (08) + 2Ny (9) — 22 10°) (9.81)(6)
= 22( 107 ) (0.01575)(1.2)

L1

Ng =TLWMTTON = TL9 kN Ans

+TEF, = miag),: N,y + 2(71947.70) = 22(10° ){9.81) — 400 sin 307 = 0

Ny =T212460 N =721 kN Ans

z2000 380N

22004,
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17-21.  Determine the mass moment of inertia of the thin
plate about an axis perpendicular to the page and passing
through point (. The material has a mass per unit area of

20 kg/m’.

Composite Parts: The plate can be subdivided into the segments shown in Fig. a.
Here, the four similar holes of which the perpendicular distances measured from
their centers of mass to point C are the same and can be grouped as segment (2). 50 mm 150
This segment should be considered as a negative part.

Mass Moment of Imertia: The mass of segments (1) and (2) are my =
{0.4)(0.43(20y = 32 kg and m; = w(0.05%)(20) = 0.057 kg, respectively. The mass
moment of inertia of the plate about an axis perpendicular to the page and passing
through point C is

Ir = % (320047 + 0.4%) - 4[% (0057 )(0.05%) + 0.057(0.15%)

= 0.07041 kg - m?

The mass moment of inertia of the wheel about an axis perpendicular to the

page and passing through point @ can be determined using the parallel-axis
theorem [ = Ie + md”, where m = m; — my = 3.2 — 4(0.057) = 25717 kg and
d = (1.4 sin 45°m. Thus,

Ig = 007041 + 2.5717(0.4 sin 45°)" = 0276 kg - m’ Ans.
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