[image: image1.png]Example 7.1 A torque I applied to the vertical shaft of the T-bar causes the rota-
tion rate  about the vertical axis to increase in proportion to the angle 6 by which
bar BC swings outward, that is, @ = cf. The mass of bar BC is m; and the moment
of inertia of the T-bar about its axis of rotation is I,. Determine the equations of
motion for the system, and for the torque I'.
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Example 7.1 Free-body diagram.




[image: image2.png]: Solution The location of the bar is fully specified by the precession angle
and the nutation angle. Since Q = J, the given constraint on the motion is y = ¢f,

;Whlch is nonholonomic. In addition, we wish to obtain an equation for I', which
}mposes the constraint. Hence, we employ both angles as generalized coordinates,

a=y and CIz =49, even though the system has only one degree of freedom.
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The kinetic energy of the T-bar is 31,y to which we must add the kinetic energy
of bar BC. This bar is in general motion, so
Tsc = $my(Vg- V) + tdpc-Hy,
where the velocity parameters are
@pc = YR +6k = —(y cos )T+ () sin )] + 6%,
V6 = ¥+ Gpe X Fsp = YL(—K) + Gge X (% 7)
- %o‘f_w<1+ L sin 0)/&.
Considering bar BC to be slender leads to

Iyy=lzz:EmlL2x [xx=1xy=1yz:[xz=ov

$0 its angular momentum is
Ho =1Ly, f+ 1,0,k = %mlﬁ[(\t $in6)+ 6.
The corresponding kinetic energy of the system is
T= %{ml[%zozuz‘&z(n% sineﬂ +<T12—m1L2>(¢'2 sin? 0+92)+12¢2}
= %[<m1L2+Iz+m]L2 sinf+ %m[LZ sin® 0)\1}2+ %mle(?zJ.
Ve select the elevation of pin B as the datum for gravitational potential eﬁergy, )

V =—1mgL cosé.

In order to evaluate the torque I, we explicitly account for reactions in the virtual
rork, rather than using Lagrange multipliers. Arbitrary increments 8y and 86 violate

nly the constraint imposed by I' on . Therefore, T is the only nonconservative
orce that does work,

W=T80=0Q,6y+Q,00 = O1=T, Q,=0.
Both T and V are independent of ¥, so the first Lagrange equation is

als)=o

(m1L2+12+m1L2 sin§+ %mle sin? 6)\0

+ m1L2<l +§ sin 9)(cos OYe=T. 1




[image: image4.png]For the second Lagrange equation, we have
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These two Lagrange equations, in combination with the constraint equation § =
govern the three unknowns , 6, and T. Substituting the constraint equation i
eq. (2) yields an ordinary differential equation for 9. After the response 6(¢) has b
obtained, the value of T'(¢) may be found by substituting #(¢) and the constra
equation into eq. (1).




