Dynamics 2e 1679

Problem 8.18 |

A uniform thin bar AB of length L = 4 ft is released from rest at an angle 8 = 6;. As
the bar slides, the ends A and B maintain contact with the surfaces on which they slide.
Neglecting friction and knowing that the end A4 has a speed of 18 ft/s right before hitting
the floor, determine 6.

Solution

We model the bar as a thin rigid body. We assume that the bar is
subject only to its own weight mg, which is a conservative force, @
and to the normal reactions at A and B perpendicular to the wall
and the floor, respectively. We denote by G the center of mass of
the bar. We denote by @ the position at which the bar is released
from rest. We denote by @ the position of the bar right before end
A hits the floor. We set the datum for gravity at the floor. We use
subscripts 1 and 2 to denote quantities at @ and @ and we observe
that the weight of the bar is the only force doing work.

4

Balance Principles. Applying the work-energy principle as a
statement of conservation of energy, we have

In+Vi=T+Va, (D)

where V is the potential energy of the bar, and where, denoting by vg the speed of the center of mass of the
bar, by /¢ the mass moment of inertia of the bar G, and by w,, the angular speed of the bar, we have

T = %mvél + %Iga)gl and Tp = %mvéz + %IGa)gz. 2)
For Ig we have
Ig = 5mL?. (3)
Force Laws. Due to the choice of datum,
Vi = %mgL cosf; and V, =0. 4)

Kinematic Equations. The bar is released from rest. Also, in @ point B is at a distance L from the wall,
1.e., it is at a maximum distance from the wall while its motion is constrained to remain in the horizontal
direction. This implies that the speed of B in @ is equal to zero so B is the instantaneous center of rotation
for the bar. This implies that v4, = Lwp,, where v4 is the speed of A. Therefore,

1
vG1 =0, wp; =0, VG2 = 5V42, Wpo = Vg2/L. )

Computation. Substituting Egs. (2)-(5) into Eq. (1), we have

imgLcost = tmvi, + semvi, = 6O =cos '[v5,/(3gL)] = |61 =33.02° [ (6)

where we have used the data v, = 18ft/s, g = 32.2ft/s?, and L = 4ft.
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Problem 8.401

The weights of the uniform thin pin-connected bars AB, BC, and CD are Wqp = 41b, Wpc = 6.51b, and
Wep = 101b, respectively. Letting ¢ = 47°, R = 2ft, L = 3.5ft, and H = 4.5 ft, and knowing that
bar A B rotates at an angular velocity wgqp = 4rad/s, compute the kinetic energy T of the system at the
instant shown.

Solution

The kinetic energy of the system is the sum of the kinetic energies of each individual component, i.e.,
I'=Tup + Tpc + Tcp.- (1)

Bars AB and CD are in fixed axis rotations about A4 and D respectively. Hence, letting G denote the mass
center of bar BC, we have

1 2 1 2 1 2 1 2
Tap = EIAC‘)AB’ Tpc = sMBcvg + EIGO)BC’ and Tcp = EIDC’)CD’ 2)

where 14 is the mass moment of inertia of bar AB about A, I is the mass moment of inertia of bar BC
about its own mass center G, and I is the mass moment of inertia of bar CD about D, i.e.,

Ig = 5mapR* + map(R/2)* = 0.1656 slug-f, 3)
Ig = %mBC L? = 0.2061 slug-ft*, @
Ip = tsmep H* + mep(H/2)? = 2.096 slug-ft?, ®)

where, recalling that the acceleration due to gravity is ¢ = 32.2 ft/s?, we have used the following numerical
data: myp = 41b/g, R = 2ft, mpc = 6.51b/g, L = 3.5ft, mcp = 101b/g,and H = 4.51t.

We now determine wpc, Vg, and wcp. The position of vectors of B relative to A, C relative to B, and
D relative to C are, respectively,

Fgja=RJ]. Fc/p=L1, and 7Fp/c = H(cos¢i—sing j). (6)
Then we have
U = wap k x Fp/a = —Rwap i, (7
ic = g + wpc k x rc/p = —Rwapl +wpcL j, ®)
ip = ic +wcp k xipjc = (Hocp sing — Rwag) i + (Lwgc + Hwcp cos @) f. ©)

Since D is a fixed point, we must have vp = 0, which then implies

Rcos¢
WBC = —WAB —— = —2.131rad/s and wcp = wap - = 2.431rad/s, (10)
Lsing Hsing
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where we have used the following numerical data: wqp = 4rad/s, R = 2ft, L = 3.5ft, and ¢ = 47°. Then,
using the first of Egs. (10), we have that the velocity of G is

- - N - . cos¢ .
UG = Up + wpc k x 3Fc/p = —Rwapi — yRwap—- ]
sin ¢
2
= 1% = R2w2, (1 + %%) = 77.91 /%, (11)
S

where we have used some of the same numerical data listed earlier. Substituting Eq. (3) into the first of
Eq. (2) and recalling that w4 g = 4rad/s, we have

Tqp = 1.325ft-1b. (12)

Substituting the numerical results in Eq. (4), the first of Egs. (10), and Eq. (11) into the second of Eq. (2), we
have
Tpc = 8.332ft-1b. (13)

Finally, substituting the numerical results in Eq. (5) and in the second of Eqs. (10), we have
Tcp = 6.193ft-1b. (14)

Keeping in mind that, although results are reported to four significant figures, the full precision of the results
obtained thus far is retained in the final result, summing the last three results, we have

T = 15.85ft-1b.
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