Problem 18.56 The dender bar weighs 40 N and the
crate weighs 80 N. At the instant shown, the velocity of
the crate is zero and it has an acceleration of 14 m/s
toward the left. The horizontal surface is smooth. Deter-
mine the couple M and the tension in the rope.

Solution: There are six unknowns (M, T, N, Oy, Oy, @), five
dynamic eguations, and one constraint equation. We use the following
subset of the dynamic equations.

XMp : M — (40 N)(1.5 m)
— T cos45° (6 m)
— Tsn45°(3 m)
1 ( 40 N

P 2
=3 9.81m/32> (45 mer

9.81 m/s?
The constraint equation is derived from the triangle shown. We have

L=+45m, d=6v2m, 0 =63.4.

SF, 1 —Tcosd5’ = — (ﬂ> (14 m/s%)

x = LcosO ++d? — L2sin?0

 _(_r4ne L2cosf sing P
x=|-Lsnp - ——_ I d

d? — L?2sn?6

S'nce. the velocity x = 0, then we know that the angular velocity
o =6 = 0. Taking one more derivative and setting » = 0, we find

L?cosfsing |\ .
i=[-Ldno - ——"— )0 = —(14 m/s?
d? — L?sin%0

, L?cosfsing
=|-Lsng - ——— |«
d? — L2sin%¢

Solving these equations, we find that

o = 1.56 rad/s?, | M = 1149 N-m, T = 1615 N.
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Problem 18.57 The dender bar weighs 40 N and the
crate weighs 80 N. At the instant shown, the veloc-
ity of the crate is zero and it has an acceleration of
14m/s? toward the left. The coefficient of kinetic friction
between the horizontal surface and the crateis uk = 0.2.
Determine the couple M and the tension in the rope.

Solution: There are seven unknowns (M, T, N, Oy, Oy, a, f),
five dynamic equations, one constraint equation, and one friction equa-
tion. We use the following subset of the dynamic equations.

SMo 1 M — (40 N)(1.5 m)
— T cos45°(6 m)

— Tsin45°(3m)

) (45 m?)a,

_1( 40N
~ 3\ 981 m/is?

80N
SF,: —Tcosd5 + (02N =— [ ——— ) (14 m/s?
02 <9.81 m/sz> ( )

TF,:Tsin45’+ N — (80N) =0.
The constraint equation is derived from the triangle shown. We have

L=+45m,d=6v2m, 60 =634.

x = Lcost ++vd? — L2sin?6

I d

) . L? in .
X = —Lsne — M 0

d2 — L2sin’9
Since the velocity x = 0, then we know that the angular velocity w =
0 = 0. Taking one more derivative and setting » = 0, we find

. L?cosfsing |\ .. 0

¥=|-Lsing - —— )0 = —(14m/$d)

d2 — [2sn?0 ¥

. L2cos6 sing
=|-L9N0 — ——

d?2— L2s€n?e

Solving these equations, we find that

« = 1.56 rad/s®, N = —28.5 N, | M = 1094 N-m, T = 152.8 N.
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Problem 18.58 Bar AB is rotating with a constant y
clockwise angular velocity of 10 rad/s. The 8-kg slender

bar BC dides on the horizontal surface. At the instant I Ef

shown, determine the total force (including its weight) T K

acting on bar BC and the total moment about its center 04m

of mass. ) c

Solution: Wefirst perform akinematic analysis to find the angular {JA: s = x
acceleration of bar BC and the acceleration of the center of mass of [Z8.

bar BC. First the velocity analysis: ‘_ﬂo,4 m—we——08mM——

VB =Va +wap XTga =0+ (—10k) x (0.4i + 0.4)) = (—4i + 4))
Vc =Vp +®pc XTc/p = (—4i +4]) + wpck x (0.8 — 04])

= (=44 0.4 wpc)i + (4+ 0.8 wpe)j

Since C stays in contact with the floor, we set the j component to zero
= wpc = —5 rad/s. Now the acceleration anaysis.

ap =84 +oap XIp/a— wABZrB/A
=0+ 0— (10)2(0.4i + 0.4j) = (—40i — 40))
ac =ap t+apc XIc/p — CUBCZrC/B
= (—40i — 40)) + apck x (0.8i — 0.4)) — (—5)%(0.8i — 0.4))

= (—60 4 0.4arpc)i + (—30 + 0.8pc)j

Since C stays in contact with the floor, we set the j component to zero
= agc = 37.5 rad/s®. Now we find the acceleration of the center of
mass G of bar BC.

ac =ap +apc Xrg/p — wBCZrG/B
= (—40i — 40j) + (37.5)k x (0.4i —0.2)) — (—5)2(0.4i -0.2)

= (—42.5i — 20)) m/s.

The total force and moment cause the accelerations that we just cal-
culated. Therefore

F = mag = (8 kg)(—42.5 — 20j) m/s? = (—340i — 160j) N,

M=Ia= le (8 kg)([0.8 m]? + [0.4 m]?)(37.5 rad/s?) = 20 N-m.

F = (—340i — 160j) N, M = 20 N-m counterclockwise. |
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