ich i ier to under

e of which s easier D
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Minisimposio: Microstrutture nella meccanica dei materiali

Gyrocontinua

H

Girocontinui

! . : it the usual exte
.. In addition to
% Maurizio Brocato i R tions b, and f,, dual
i ; rnal actions ] :3]
Istifuto di Elaborazione della Informazione ' : :he unit volume and on the 1
@ i Cansiglic Nazionale delle Ricerche ‘nderstood as the torgue supplie
cogivladonn 212 Santa Maria 46, 56126~Pisa, Italia The kinetic energy of the gyro
,{@g\) brocato@iei.pi.cor. it _ ecalling that the eigenvalues of
: -

. e erefore:

We name gyrocontina a particular example of continua with microstructure, more pr- i "
of Cosserat’s continua, interesting in view of applications to control theory. S |
Actuation of structures’ control through gyroscopic effects has recently became viablg,
tharks, especially, to reduction of weight penalties, obtainable using a number of small, fagt:

A

In order the kinetic energy t!
a vector that £ = brg - w; this de
presentation of the issue), allowi
the spin velocity, control of the structure’s movements can be achisved, by = ¢

More complex devices can be imagined, where these reactions do not result from such
perfect constraints as the above mentioned pins, but must be described through constitutive
assumptions (e.g. fexible Jjoints may allow moderate changes of direction of the gyroscopic
axis) or, else, can be controlled tao,

Here, to furnish a general model, we study the case of a continuum the microstruciure of
which is a rotating mass with a privileged axis which is not kinematically constrained: both
the angular spin about the axis and its precession velocity vary independently. Constraints
such as null precession or constant spin will be treated as particular occurrences.

Results are available in the literature to deal with the settled physical problem. Therefore,
with reference—e. g.—tq (1) (81 and §23), we might assume v {the microstructure) be R ¢
Orth* (the absolute rotations of gyroscopes), o be @ = —%e(RRT), A (the infinitesimal
generator of rotations of the microstructure) be eR and draw the consequences,

{note that %%w is powerless).
Under constraint = = 0 anc
tinuum is much smaller then t

expressions:

1
brg = Ealwg

With these notations and tb
write:

Alternatively, one may derive the wanted equations of motion calling upon the method of dsz\
virtual power (¢f. e.g. [5]). z+c
Let J denote the inertia tensor of a gyroscope, @) its largest eigenvalue and am its only el +
other, double, eigenvalue, g—with lgl = I—the present gyroscopic direction (i.e. the eigen- Tn +
vector associated with o), w the relative Spin velocity about g, p i g-—with [p| = 1—the Sn =

present direction of precession of g and 7 the relative precession velocity; let ¢ := 7p. (‘Re-
lative’ refers here to a frame moving with the material point endowed with that particular

(rot. denotes a rotation comp
gyroscope, whilst ‘absolute’ refers to Galilean observers).

Let us take g, w, p and 7 as felds on the present configuration of the body, variable from _ div Sy,mT "
point to point and in time; eigenvalues 1 and oy are supposedly the same for all points and ¢+ d.JVS_‘*‘
at all times. z+ d1v5'-1!~

Other symbols are standard within an Eulerian description of motion in the frame of werk [symT + 3
of continua with microstructure. s n=fg

With the abeove listed notations, gyroscopes’ absohite spin writes: . Sno=fy %

1 L o @ = o divg —
W= wg+mwg X p- = roty, (1) (substitution div3 =g divs
2 The kinematic constralntti
Internal micro-zctions can be optionally defined through a vector z, dual to the absolute reactions appear there, but ft

spin , and a second order tensor 5, dual to gradw, or through variables (the constitutive z.
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! consequences.

calling upon the method of

- eigenvalue and o its only
ic direction {i.e. the eigen-
. p L g—with |p| = L-the
velocity; let g := =p. (‘Re-
dowed with that particular

a of the body, variable from
- the same for all poiats and

motion in the frame of work
‘ites:
(1

«ctor z, dual to the ab_sol:}t&
| variables (the constitutive

feature of which is easier to understand) that are dual to relative degrees of freedom: ¢ dual
to w, 5 to gradw, 7 to q and § to gradg,
Equivalerce of the two sets of variables occurs under conditions:

¢ = 29~S-gadg ;5 = g7, @
Z = zxg+el(gradg)s] ; § = (eg)S.

In addition to the usual external body and surface forces, we need introducing gioba]
external actions bg and [y, dual to w and applied respectively to the gyroscopes embedded
in the unit volume and on the unit boundary’s surface. Their projections along g can he
understood as the torque supplied to the EYTOsScopes.

The kinetic energy of the ZYTOSCOpES is & 1= %w- Jw; its time derivative must be computed
recalling that the eigenvalues of J, e and g, are fixed, while g and p rotate with Spin 1.
Therefore:

1 .
R=w-J+ FU- (( grad.J)vjuw. (3)
In order the kinetic energy theorem be verified, the inertia brg of gyroscopes must be such

& vector that & = bry - w; this defines it up £0 a component normal to 1 (ef [2] for a genera]
presentation of the isgue), allowing the special assumption:

by, = %i_” + [grad(Ju)lo - 5{( grad J)oju )

{note that g{w is powerless).

Under constraint = = and a‘;‘ = 0, when—as in ordinary cases—the spin of the con-
tinuum is much smaller then that of the 8YyT08Copes, use can be made of the approximate
expressions:

1
brg =2 %awg X rotv + {grad(eywg)jv — 5[( gradJ)vlwg . (5)

With these notations and the usual continuity requirements, the lgcal equations of motion
write:

divT + L rotb, + b = pp

z+ divS + b, = by, TeV,
el +z=0 (6}
[ -
g;zi-fingnz —frot,de} z € BV
=ly

(rot. denotes a rotation computed on the surface) ar, equivalently if (2) hoids:

divsymT — %rot divs «+ %rotbfy +bh=pgi

C-I-divs-}-bg-gtbfy-g zel,

Z+divS+ by x g =ty xg "
[sym? + fedivs — Yebyyjn = £ ~ 3 Tot. divs

sm=f-g z € Jv,

S'n:fgxg

(substitution div§ = gdivs — g x div3 has been omitted to shorten the equations).

The kinematic constraint » = 0 leave all of equations (7) ‘pure’, i.e. no traces of anknown
reactions appear there, but for the third of them which allows evaluating the reactive part of
z.
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