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where c is the separation constant and
i

. dt , d
()_dt() ().—d—x()
If the separation constant is set to c=n(n + 1), the frequency
expression as given by Mr. MacNeal results,

w, =0 N3n(n+1y/2 ©)

With ¢=n(n+1), Eq. (5) has the form of Legendre’s dif-
ferential equation? and for n=1 the form of the solution is
Z=(const.)x, i.e. it is satisfied by the pitch (rigid-body)
rotational mode. For other values of ¢, the resulting dif-
ferential equation may not be satisfied by such a solution.
In Mr. MacNeal’s model of the beam it is assumed that the
beam has had zero bending stiffness, whereas in the beam
model presented in the Note 14 it is assumed that the resistance
of the beam to transverse loads is due to internal bending
~ moments and the restoring effect of the axial tension due to
gravity-gradient is negligible. Thus, the different conclusions
reached by Mr. MacNeal and the authors, regarding the
lowest vibrational frequencies, are due to the different models
used to describe the motion of a thin flexible beam in orbit. In

- our opinion, a conclusive statement regarding the validity of
either model in the limiting situation as the beam becomes
slender can only be reached after appropriate in-orbit testing
of the behavior of such a structure under (near) zero-gravity

- conditions. It would appear that as long as the beam offers
any bending resistance to transverse loading that the model of
Ref. 1 would be valid.

Regarding Mr. MacNeal’s comments about the frequencies
of parametric excitation, the authors do agree that
w,/w,=1.0is not a frequency of parametric excitation. At the
center of the first unstable region of the Mathieu chart
(6=1.0, €=0), w,/w,=V3/2. In Ref. 1 it was the intention of
the authors to demonstrate the possibility of instability at very
low natural frequency due to small-amplitude pitch motion. It
appears that a number of points may be located in the first
unstable region for 0<¢<0.2, and w,/w.=0(1). Figure 2 of
Ref. 1 presents a clear example of such an instability. In the
tensioned-string model proposed by Mr. MacNeal, a lower
limit on the frequency is w, =3w,>V3w,/2. Here again, the
difference in results is apparently due to the different models
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and associated lower bound on the frequencies. If the analysis
of Ref. 1 is extended to consider higher order resonances, care
would have to be taken to include the correspondingly higher
order nonlinear terms in Eqs. (5) and (6).! The Mathieu
equation (10) is, at best, only an approximation to such a
higher order nonlinear system.
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HE order of the figures on pages 215 and 216 is incorrect.
Figures 2a and 2b should be interchanged with Figs. 3a
and 3b. )
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