16-58.

If the block at C is moving downward at 4 ft/s, determine
the angular velocity of bar AB at the instant shown.

-— 0

ve =4 ftls

SOLUTION

Kinematic Diagram: Since link AB is rotating about fixed point A, then v is always

directed perpendicular to link AB and its magnitude is vz = waprap = 2w 5. At

the instant shown, v is directed towards the negative y axis. Also, block C is moving

downward vt?rtically due to the constraint of the guide. Then v, is directed toward x I
negative y axis.

Velocity Equation: Here, vy = {3 cos 30°i + 3sin 30°%j} ft = {2.598i + 1.50j} ft.
Applying Eq. 16-16, we have
'wzo ’UC=4’F£/5

Vo = Vg T wpc X ¥y
—4j = 2w,pj + (wpck) X (2.598i + 1.50§)
—4j = —1.50wpci + (2.598wpc — 204p)j Vp=2ss
Equating i and j components gives
0= —1.50wpc wgc =0

—4 = 2598(0) — 2wy wsp = 2.00 rad/s Ans.
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16-62.

If the flywheel is rotating with an angular velocity of
w4 = 6rad/s, determine the angular velocity of rod BC at
the instant shown.

SOLUTION

Rotation About a Fixed Axis: Flywheel A and rod CD rotate about fixed axes,
Figs. a and b. Thus, the velocity of points B and C can be determined from

vg = wy X rg = (—6k) X (=0.3j) = [—1.8i] m/s

Ve = wep X re = (wepk) X (0.6 cos 60°i + 0.6 sin 60°j)

—0.5196wcpi + 0.3wepj

General Plane Motion: By referring to the kinematic diagram of link BC shown in
Fig. ¢ and applying the relative velocity equation, we have

Vp = V¢ + wpge X rB/C

—1.8i

—0.519%wcpi + (0.3wcp — 1.5wpc)j
Equating the i and j components

—1.8 = —0.5196w¢p

0 = 03wcp — L.5wpe
Solving,

wcp = 3.46 rad/s

wpe = 0.693 rad/s Ans.

1.5m

- BwA =6rad/s

—0) C

60° 0.6
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16-111.

Crank AB rotates with the angular velocity and angular
acceleration shown. Determine the acceleration of the
slider block C at the instant shown.

wyp = 4rad/s ©)
ayp = 2rad/s? /

SOLUTION

Angular Velocity: Since crank AB rotates about a fixed axis, Fig. a,
Vp = Wpplp = 4(04) =1.6 m/S

The location of the /C for link BC is indicated in Fig. b. From the geometry of this
figure,

rp/ic = 0.4m
Then

= 20 4rad
wBC_rB/[C_0.4_ ra /S

Acceleration and Angular Acceleration: Since crank AB rotates about a fixed axis,
Fig.a

ap = aup X Iy — 0ApTH
= (—2k) X (0.4cos30°% + 0.4 sin30%) — 4(0.4 cos 30°i + 0.4sin 30%)
= [—5.143i — 3.893j] m/s?
Using this result and applying the relative acceleration equation by referring to Fig. c,

_ 2
ac = ag + apc X Ic/p — Wpc Ic/B

Equating the i and j components, yields
ac = O.ZCVBC — 10.69 (1)
0 = 0.3464ag- — 0.6928 )

Solving Egs. (1) and (2),
age = 2rad/s?

ac = —1029 m/s*> = 10.3 m/s> — Ans.

(b

aci = (—5.143i — 3.893j) + (apck) X (0.4 cos 30°%i = 0.4sin 30°) — 4%(0.4 cos 30°% — 0.4 sin 30°%)
ac = (02apc — 10.69)i + (0.3464apc — 0.6928)]

G, 393 msi e
5, 143mist4 B
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16-119.

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

SOLUTION
Vg = Vg t Upia (Pin)

&y, = %(wﬁa) + 2aw’(%>

+10= —%(wﬁa) + 2aw’(\f)

ap = do t Ao (Pin)

(aq)y + (aq)y = aa + a(a) + w’a
- ! - ! N
(ay), = aa — w’a

(aA)y = aa

ap = aa + apa(pin)
1 w 2\/5
o3 (5%
ag = aa — wa + 2a(a’) > 2a N
2 o )1
O = —aa + 2aa’<7) + 2a<7) 7>
V3 V3/\2
o' = 0.577a — 0.19250"

ag = 1.58aa — 1.770%a
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17-34.

The trailer with its load has a mass of 150 kg and a center of
mass at G. If it is subjected to a horizontal force of
P = 600 N, determine the trailer’s acceleration and the
normal force on the pair of wheels at A and at B. The
wheels are free to roll and have negligible mass.

P = 600N
—

0.5m

SOLUTION

Equations of Motion: Writing the force equation of motion along the x axis,
B IF, = m(ag),; 600 = 150a a=4m/s*— Ans.
Using this result to write the moment equation about point A,
CHIM = M)y 150(9.81)(1.25) — 600(0.5) — Np(2) = —150(4)(1.25)
Np = 1144.69N = 1.14 kN Ans.
Using this result to write the force equation of motion along the y axis,
+1 2F, = m(ag)y; Ny + 1144.69 — 150(9.81) = 150(0)

N, = 32681 N = 327N Ans.

150(9-8))N

150a

1/

TI0
o>

/
[.25m

(a)
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17-39.

The uniform bar of mass m is pin connected to the collar,
which slides along the smooth horizontal rod. If the collar is
given a constant acceleration of a, determine the bar’s
inclination angle 6. Neglect the collar’s mass.

SOLUTION

Equations of Motion: Writing the moment equation of motion about point A,

L L
+3IMy = (M), mg sin0(5> = ma cos 9(5)

6 = tan! <£> Ans.
g
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17-43.

Determine the acceleration of the 150-1b cabinet and the
normal reaction under the legs A and B if P = 351b. The
coefficients of static and kinetic friction between the
cabinet and the plane are p, = 0.2 and p; = 0.15,
respectively. The cabinet’s center of gravity is located at G.

SOLUTION

Equations of Equilibrium: The free-body diagram of the cabinet under the static
condition is shown in Fig. a, where P is the unknown minimum force needed to move
the cabinet. We will assume that the cabinet slides before it tips. Then,
FA = MSNA = O.ZNAandFB = MSNB = 02NB

B IF, = 0; P—02N, — 02Ny =0 §))
+13F, = 0 Ny+ Np—150 =0 Q?)
+3IM, = 0; Ng(2) — 150(1) — P(4) = 0 3)

Solving Egs. (1), (2), and (3) yields
P=301b Ny=151b Np=1351b

Since P < 351b and N, is positive, the cabinet will slide.

Equations of Motion: Since the cabinet is in motion, F, = u;N4 = 0.15N 4 and
Fp = wNg = 0.15N . Referring to the free-body diagram of the cabinet shown in
Fig. b,

1

322

BIF, = m(ag)y; Ny+ Ng—150=0 5)
+3Mg =0; Ng(1) — 015N 4(3.5) — 0.15N 4(3.5) — N 4(1) = 35(0.5) =0 (6)
Solving Egs. (4), (5), and (6) yields

a = 2.68 ft/s Ans.

N, =2691b Ny =1231b Ans.

4 ft

rl fta‘kl ft—

=
150 [b
P
et
4
=
41t
=
Vg el
R
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—
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-
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