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The present invention has for object certain
improvements In the automatic piloting of marine
or aerial vehicles. These Improvements are
malnly intended to considerably simplify auto-
matic plloting systems. ]

A first, part of the invention concerns vehicles
such as aeroplanes which are so devised that any
transverse inclination relatively to apparent
gravily causes a turning towards said inclination
with a speed which Is proportional thereto. This
property can be imparted to the aeroplane, elther
by the forms, arrangements and proportions of
the empennage and aerofoil, or by sliding detec-
tors acting on the steering rtiddet, such as weath-
ercocks, differential pressure-gauges, lateral pen-
dulums, or autopter units described in the French
Patent No. 825,922, dated 30th November 1936. In
this case, the invention conslsts In arranging on
the vehicle in question a steering detector (and in
particular of the yawing speeds), which can com-
DPrise a precession gyroscope, and in causing said
detector to act not on yawing rudders, but on roll-
ing rudders, or in other words, on transvetse in-
clination rudders.

In an aeroplane {(or other marine or aerial ve-
hicle) thus improved, the automatic piloting ap-
paratus Is considerably simplified. In fact, since
the aeroplane has the property of effecting yaw-
ing movements so as to rapldly come back,
damped, to the same initial sliding value (for
Instance null> when it has departed therefrom,
any transverse Inclination of the aeroplane is
instantaneously translated by a speed of yawing
rotation proportional to said transverse inclina-
tion, so that it becomes possible to pilot and steer
the aeroplane by means of its warping rudders
and ailerons, without the addition of a supple-
mentary mechanism on the steering control.

The simplification is considerable since it in-
cludes the complete elimination of any control
of the steerlng rudder, the adjustment of the
latter remaining locked In the position corre-
sponding, for instance, to null sliding, either be-
cause 1t presents the autopter functlon as de-
scribed in the French Patent No, 825,922 dated
30th November 1936 and that its adjustment is
maintalned at zero, or because 1t directly or In-
directly obeys a sliding weathercock or a trans-
verse pendulum the control linkwork of which
has been definitely adjusted.

The automatic plloting mechanism of the warp-
ing can then be presented in various forms, some
of which are descrlbed hereinafter by way of ex-
amples.

According to the technics of the use of Iree
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g¥roscopes, a single gyroscope | having an axis
2 (Fig. 1) can be arranged at right angles to the
plane of symmetry of the aeroplane; if it is as-
sumed that the end 3 of said axis is mounted as
a spherical joint and that the end 4 controls the
warplng rudders and ailerons, it can be imagined
that the rod 5 adapted to transmit the orders 1s
located in the plane X02 parallel to the plane of
symmetty. In the case of sald Plgure 1, it will
be seen that the order transmitted is the same
whether the aeroplane turns to the right, or
whether it inclines to the right; if in both cases
said order 1s intended to incline the aeroplane to
the left, it will also overcomea rolling disturbance
and a yawing disturbance.

This simple mechanism ensures the return to
rectllinear flying In the case of stoppage of a side
engine for instance, since the yawing speed is
proporitional fo the rolling divergence. As this
yvawing speed is compulsorily annulled by the de-
tection of divergence increasing in the direction
glven by the gyroscope, equillbrium is established
at the rolling inclination which creates, by slid-
ing, a yawing torque balancing the lack of hal-
ance due to the stoppage of the engine. The ad-
dition on the linkwork 5 of a compensation slowly
modifying the length of the warplng linkwork
until the divergence of the gyroscope according
to OX 1s annulled, will also have for effect to
bring back the steering to the initial head, the
aeroplane flylng correctly inclined, the stopped
engine being at the top.

On the other hand, automatic piloting appa-
ratus have already been proposed in which the
steering rudder Is controlled by its detectors and
by rolling detectors. But the present invention
concerns, in the embodiment which will be de-
scribed, an arrangement according to which it is
the warplng rudder which alone is controlled,
and not only by the steering detectors as in the
case previously described, not only by the rolling
detectors, which corresponds to the usual ar-
rangement, but by a coupling in parallel of these
two kinds of detectors, which is only possible on
an aeroplane having the property previously de-
fined.

In this case, and according fo the technics of
precession gyroscopes coupled {o an instrument,
a single gyroscope 6 (Fig, 2) can be arranged,
set as the preceding one and responsive to rolling
speeds, coupled to a compass T detecting the di-
rection. The gyroscope 6 will damp the rolling
disturbances, the aeroplane always coming back
transversely to the horizontal by the action of the
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compass T which Inclines it, in order to bring hack
the aeroplane to the Initlal course.

It wil] also be advantageous to provide the gyro-
scope In such a manner that it is responsive to
yawing speeds and always coupled to the com-
pass (flz. 3). The egyroscope 8 will damp the
rolling disturbances because they instantaneously
glve rise to yawing speeds, and in addition it will
energetically damp the yawing disturbances. As
in the case of fig. 1, the stoppage of a slde engine
will give rise to a yawing speed and to a rolling
Inclination, equilibrium belng finally established
by a certain divergence from the heead, a certain
transverse inclination of the aecroplane and fur-
ther rectilinear fiying; 1f a compensation mecha-
nism has been added, the Initial head will more-
over be re-established, the aeroplane flyilng cor-
rectly inclined, the stopped engine being at the
top.

It has finally been proposed to use, for con-
trolling a single rudder, a detector simultaneous-
ly responsive to two reference axes: it 1s thus
that automatic piloting apparatus are known In
which the steering rudder is conirclled by 2 free

EYroscope or precession gyroscope the axls of .

which is inclined in such a manner that it is si-
multaneously respongsive to rolling and yawlng
rotations. But, accordlng to the invention it is
the warping rudder which slone is centrolled,

and by a detector responsive both to rolllng and ;

to yawing, which is only possible on an aeroplane
having the property previously defined.

Fig. 4 glves, for Instance, a solution corre-
sponding to the known means in which the gyro-

scope 9 is simultaneously responsive to yawing

and to rolllng, so that, with the same results as
those of fig. 3, the rolling disturbances are also
immediately piloted, by avoiding the delay
caused by the use of the yawing movement deter-
mined by the steering rudder following a rolling
disturbance.

Another part of the Invention relates to the
case of an aeroplane provided wlth stabilizing
devices adapted to maintain constant, relatively
to the air, the incidence detected at the rear of
the centre of gravity of the aeroplane, This
aeroplane thereby presents the property of effect-
ing pitching movements so as to rapidly return,
damped, as set forth in the French Patent No,
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829,030, of the 29th November 1937, to its inltial
incidence when it has departed therefrom. It
then becomes possible to simplify most of the
automatic piloting and pitching devices. In fact,
the latter, since they must instantaneously over-
come the variations of the inclination relatively
to the horizontal or the variations of speed, have
a considerable actlon on the setting of the ele-
vator, and from this important action might re-
sult in certain cases, the appearance of slow
pitching oscillations, slightly damped or even am-
plified. That is why, for Instance, certain mech-
anisms having a free gyroscope adapted to main-
taln constant the Inclination relatively to the
horizon, are provided with a longitudinal pen-
dulum applied to the gyroscope, which thus sup-~
plles, by precession, an order proportional to the
derivative of the inclination relatively to the ho-
rizon, which ensures the damping of the oscil-
latlons. Other anemometer mechanisms adapt-
ed to maintain the constancy of the speed, are
provided with a precession gyroscope adapted to
damp the oscillations which the anemometer
pllotlng alone would allow to pass and would
amplify. The same would be true if the ane-
mometer was replaced by & longitudinal pendu-
lum. In these various cases, the property im-
parted to the aeroplane by the stabilizing devices
adapted to ensure the damping of the pitching
oscillations will allow of using a free gyroscope
without a coupled damping pendulum or &n gne-
mometer alone, or a pendulum alone. In gl
these cases, the actlon of the Instrument on the
setting of the rudder can be s0 much the more
reduced as said instrument supplies orders the
more delayed relatively to the disturbances to
which the aeroplane is subjected, either in the
case of the gyroscope it still pilots a great deal
during the instantaneocus disturhances and en-
sures, in addition, the slow modification of the
length of the linkwork, the constancy of the in-
clination relatively to the horizon notwithstand-
ing the permanent equilibrium disturbances; or,
in the case of the anemometer it pilots but
slightly durlng the lnstantaneous disturbances,
its effect being In particular to slowly modify the
length of the linkwork to maintain the speed con-
stant.
MARCEL LOUIS GIANOLI.



