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This invention relates to methods and means
for instructing and training student operators so
as to instill in the students knowledge and re-
sponsiveness for mainipulating the controls of a
machine or process to effect desired conditions
or operations, while at the same time offsetting
any undesirable external forces and effects to
which the machine or process msy be subjected.

In controlling the condit'on or operation of
various machines and processes, it is Important
that the operator become thoroughly familiarized
with the operation of the controls before under-
taking charge. This is particularly important in
operating or piloting machinees, such as air-
planes, where sevcral controls must be manipu-
lated in coordination to produce desired opera-
tions or maneuvers.

Referring further to airplanes, as by way of il-
lustration, it is well known that airplanes are
adapted to be maneuvered about three axes, the
longitudinal, a transversely horizontal and the
vertlecal. These movements may be affected by
the pilot mainly through manipulation of the
ailerons, the elevator and the rudder, respectively,
the first two being controlled by a joystick which
operates on a universal joint and the third by a
rudder bar. In maneuvering the airnlane the
pilot must coordinate the movements of the stick
and rudder bar to effect the desired maneuvers
and at the same time maintain correct flight.

Devices have been heretofore consiructed for
preliminary ground training and testing of pilots,
such as by providing a dummy cockpit supported
by a kind of universal joint which enables the
cockpit to assume different positions. The sta-
bility of the cockpit is usually influenced by ex-
ternal forces compelling the student to manipu-
late the controls so as to maintain the cockpit in
a given positlon. This type oi training device,
however, depends on the student’s feeling of equi-
librium which, under some circumstances, is mis-
leading. Other training devices heretofore pro-
posed have been provided with instruments, but
these do not teach the student how to manipu-
late the controls; they aid him in practicing after
he has once learned the proper manipulation of
the controls. B8till other devices have proposed
the use of a serles of lamups, motion pictures, as in
my French Patent No. 662,288, dated August 5,
1959, to simuiate unbalanced flight which the
student was supposed t0 correct by manipulating
controls.

While these prior devices were intended to aid
students in practicing control manipulation, none
of them teach or show a beginner how to manipu-
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late the controls, nor how to elfect desired ma-
neuvers.

It is therefore an object of my invention to pro-
vide improved methods and means to not only
provide practice for a student but to also pro-
vide positive assistance to show students how to
manipulate the controls in response to various
conditions.

Another object of my invention is to provide
methods and means for instructing and training
student operators in various phases of training
so as to instill In students a thorough knowledge
of control manipulationn and a responsiveness to
act spontaneously in malnpulating the controls.

Another object of my invention is to provide a
simple and relatively inexpensive means for in-
structing and training students in the art of ma-
nipulating the controls of a machine or process,
as the case may be.

Additional objeets and features of the invention
comprise the provision of means for indicating
to the student the proper manipulation of the
controls; the provislon of means for slmulating
actual operating conditions of a machine or proc-
ess to which students may respond and thereby
familiarize themselves with the feel and con-
trol of the machine or process as In actual prac-
tice; and the provision of means for Indieatlng or
recording the responsiveness of the student.

The foregolng object and others ancillary
thereto are accomplished by my Inventlon by si-
mulating the operation of a machine or process
by employlng an object or a visual representation
of an object which reacts or appears to react in
accordance with the operation or condition of the
controls or of the machine or process heing con-~
trolled, or a representation or image of the ma-
chine or process ltself or of instruments asso-
clated therewith. The controls or instruments
may he represented by individual spots or images,
such as arrows or the like, the positions of which
indicate the positions of the controls or the
readings of the Instruments, as the case may be.
Two or more movements or instrument readings
may be combined in one image or spot, such as
produclng an apparent movement of the land-
scape in respect to an airplane maneuvering
about 1ts vertical, horizontal and longitudinal
axcs, Insteand of the Image of a landscape, a
cross-lined grating may be used to produce a
representation of rotatlon and movement In ver-
tical and horizontal directions.

This representation may be accomplished in
several ways, either mechanieally or electrically,
such as by using lamps and switches or by use
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of a cathode ray tube or by optical means, to
name but a few. Where optics are employed, the
object representing the operations or conditions
of the machine or process or of the Instruments
associated therewith which would be observable
to the operator may be projected by means of one
ol more projection elements upon a screeh ih view
of the student. One or more of the projection
elements may be arranged for movement to simu-
late operatlons or conditions of the controls or of
the machine or process.

The movement of the projection elements may
be subject to variable external forces or to a de-
termined serles of effects or conditions. The
student, in order to maintain the object stationary
or in a predetermined conditlon, must operate his
controls which are operatively associated with
the projectlon elements to effect the desired
movement of the projection elements as well as to
offset or overcome the influence of external forces.
The rate of movement or control of the projection
elements, of course, may be varied depending on
the stage of Instruction for which the exercise
is Intended.

The electronic beams of the cathode ray tube
having propertles identical to light beams can be
reflected, deflected and focused the same as light
beams. It 1s therefore to be understood that
what Is stated In connection with optics and light
beams also follows for the cathode ray tube and
electronic beams, the apparatus assoclated with
the cathode ray tube belng varied in accordance
with the characteristics thereof.

The apparatus may also be provided with
means which may be used to impose a force upon
the controls In response to the movement of the
object away from normal position, thereby teach-
ing and helplng the student to make the proper
manipulations. This feature of my invention
may even be applied to the controls of the ma-
chine or process for automatic operation. Re-
ferring to alrplane operation, the means respon-
glve to movement of the machine or its instru-
ments may be arranged to operate upon such
elements as the rudder, allerons, elevators, throt-
tle, ete., to automatically maintain the plane In
correct flight.

Images representing instruments associated
with the machine or process may be projected
upon the screen to indicate actual conditions
thereof during a recorded or determined series
of manipulations or operations, This may also
be supplemented by the projection of objects such
ag spots upon the screen to represent the condi-
tlons or positions of the controls or the result of
the operation of the controls.

The supplemental projections may also be uti-
lized by means of photoelectric cells to Impose
forces upon the controls to teach the student the
proper manipulation of the controls for particu-
lar maneuvers, or for stabilizing the machine
when 1t 15 subjected to wvarlous disturbances.
Projection elements may salso be provided for
controlling the projected images in response to
manipulation of the controls so as to Indicate the
correctness and responsiveness of the student.
The responsiveness of the student may also be
checked by sultable metering means.

The projection devices may also be provided
with sound recordings to explain the maneuvers
projected or to furnish audible signals when
the controls are not properly manipulated, or to
simulate radio slgnals.

The above and other objects and features of
the Invention will become apparent upon consid-
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ering the following description when taken in
connection with the accompanying drawings, in
which:

Fig. 1 is a diagrammatical view in plan of one
form of apparatus having a plurality of pro-
jection elements which may be used to project
g movable object upon a screen to simulate
the movement of a machine, such as an air-
plane, or the landscape relatlve to the airplane or
the Indications of one or more instruments, or
to give signals indicating control manipulations;

Fig. 2 is a view In vertical elevation of a devi-
atlng device which may be connected to one of
the projection elements of Fig, 1;

Fig. 3 Is a view of the left-hand side of the de-
vice shown In Fig. 2;

Fig. 4 1s a schematic illustration of the connec-
tions between a manual control such as the usual
rudder bar of an airplane and the electromag-
netlc colls of the device shown in Figs. 2 and 3;

¥ig. 5 shows another form of devlating means
operatively associated with a manual control,
such as a joystick of an airplane;

Pig. 6 is a vertical sectional view taken along
line 6—86 of Fig. 5;

Fig. 7 is a plan view of the deviating means il-
lustrated In Fig, 5 showing a power drive for con-
trolling the movement thereof;

Fig. 8 illustrates diagrammatically a further
form of apparatus for projecting images upon a
sereen to simulale the functlon of various in-
struments and results of control operations;

Plg. 9 is a fragmentary view of a part of the
appargatus shown in Fig. 8 at an enlarged scale;

Fig. 10 is a diagrammatical view of a screen
showing the projectlon of lmages simulating in-
struments and the conditions of the controls;

Fig. 11 illustrates dlagrammatically a device
which acts directly upon the controls in response
to movements of certain of the projected images;
and

Fig, 12 is a diagrammatical illustration of the
apparatus indicating the coactive relation of the
elements and means for imposing forces upon
the controls, in accordance with maneuver indi-
cations on the screen,

One form of apparatus by which the method
of my inventlon may be practiced for Instruct-
Ing and training students to operate or pilot ma-
chines, such as airplanes, is dlagrammatically
1llustrated In Figs. 1 to 4 of the drawings. 'The
apparatus comprises a lantern | adapted to pro-
ject & beam of light through a diapositive 2 con-
talning an image, such as that of the landscape
viewed from an airplane, agalnst a mirror 3
mounted for movement about a vertical axls 3a.
The mirror 3 is adapted to reflect the beam of
light toward a mirror 4, which Is pivotally
mounted on an axls §a transverse to the axis 3a
for reflecting the heam of light through a sult-
able lens b and window ba upon a screen 1. The
diapositive 2 is adapted to be revolved in its plane
by a sultable connection 2a¢ while the mirrors
3 and 4 are adapted to be rotated back and forth
ahout the axes 2a and 4a, respectively.

From the feregolng description 1t will he ap-
parent that ths posltion of the image or land-
scape on the screen T will depend upon the rela-
tive positioning of the projection elements 2, 3
and 4. Movement of the mirror 3 controls the
horizontal movement of the projected image to
slmulate the movement of the alrplane or pref-
erably of the landscape relatlve to an airplane
as when the rudder of the sirplane Is actuated,
or the alrplane Is subjected to horizontal dis-
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turbances. Movement of the mirror 4 about the
axes 9a produces a movement of the projected
landscape in a vertical direction, an effect nor-
mally produced by operatlon of the elevator of
the airplane or by the forces of vertical disturb-
ances. The rotatlon of the diapositive 2 effects
a rotation of the projected landscape simulating
the effect of airplane banking or rotation about
Its longitudinal axis. The image projected upon
the screen may thus be caused to rotate and
move in all directions upon the screen, depend-
ing upon the movements of the projectlon ele-
ments 2, 3 and 4.

In order to produce unpredictable movements
for the projected image, the elements 2, 3 and
4 may each be operatively asscciated with & devi-
atable device having unstable equilibrium. This
effect of the deviatable devices upon the projec-
tlon elements may thus be advantageously uti-

lized to produce unpredictable effects slmulating

an unbalanced machine which the student is re-
quired to correct. Controls characteristic of the
machine may be provided to have an operative
effect or control over the deviatable devices so
that the student, by proper manipulation, can re-
turn the devices to their vertical or neutral po-
slitions. For example, the device which controls
the movement of the diapositive 2 may be oper-
atively associated with the joystick so that it
can be influenced by operation of the stick simi-
larly as would be the aileron of an airplane. The
device controlling the mirror 4 wowld also he
asscciated with the stick to simulate operation
of the elevator of the airplane and the device

controlling the mirror 3 would be associated with 3

the rudder bar to simulate rudder control. Any
suitable means, such as air movements from an
osclllating fan or other means may be provided
to cause the devices to move from neutral posi-
tion, whereupon further movemaent will be caused
by - acticn of gravity or hy power controlled
means.

Referving to F'gs. 2 and 3, a forin of deviat-
ing device is shown comprising a rod-shaped
member 6 which is provided with a shaft T dis-
posed transversely thereof and supported in suit-
able bearings 8 and 9. The shaft T is provided
with a bevel gear {0 which is adapted to mesh
with a hevel gear 11 cperatively connected to the
mirror 3. The rod § may be threaded at both
ends for receiving weights 12 and (3 by which
the center of gravity may be adjusted relative
to the axis of the shaft 7. The rod 6, to repre-
sent correct operating condition, should be in a
vertical positicn. In order to return or main-
tain the rod 6 in a vertical position, the rod is
shown provided with a pair of oppositely dis-
posed arcuately shaped arms 4 and I5. These
arms are assoclated with solenoids {6 and 17,
which when properly energized are adapted to
magnetically urge the red toward vertical posi-
tion. The energization of the solenoids 16 and
IT is in turm controlled by a manual control
which in the ecase of the mirror 3 would be th-
rudder bar.

The connections for the solenocids (8 and I7
are shown in Fig. 4 connected to a rudder bar 20,
whereby the deviatable rod 6 is adapted to be
returned toward vertical position upon proper
manipulation of the bar. The bar 20 is provided
with electrical brush contacts 18 and (9 at the
extremities thereof for brushing engagement with
an arcuately shaped stationary contact 18a. The
circuits thus completed are adapted to energize
one or the other of the solenoids 16 and I, de-
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pending on the operation of the rudder bar 20.
Should the rod € move out of vertical position the
student may by operating the rudder bar 20, en-
ergize either of the solenoids 16 or 1T to effect
the return of the rod to vertical position. Since
the movement of the rod 6 changes the position
of the mirror 3 and therefore the position of the
Image projected upon the screen, the student may,
by proper manipulation of the rudder bar, re-
turn and maintain the rod § In vertical position,
thereby stabilizing this component of the con-
trol over the projected image.

The operation of the apparatus thus described
produces effects simulating alrplane flying con-
ditions, it being understood that the Joystick is
associated with two deviatable devices, one con-
nected to the diapositive 2 and the other to the
mirror 4. Thus the student observing the image
on the screen must act, whenever the Image starts
to rotate or move out of a state of eguilibrium,
by manipulating the stick and rudder bar to ef-
fect the return of the image to s normal deter-
mined condition. Practice with this form of the
invention enables students to improve their re-
sponsiveness to operate the controls., In the case
of beginners, however, it iz desirable to provide
means to indicate the proper manipulation by
imposing forces on the controls, in response to
movements of the projected image.

Referring to Figs. 2, 3 and 4, the rod 6 is shown
provided with a sector 24 having electrical con-
tacts 25 and 26 which are adapted to engage &
stationery brush 27T as the rod deviates to the left
or right from the vertical position, as viewed in
Fig. 2. The rudder bar i{s provided with two ar-
cuate arms 20az and 20b operntively associated
with solencids 2( and 22, respectively. The sole-
noids 21 and 22 are connected to 2 lead 28 of a
source of electric power through a rheostat R,
while the brush 27 is connected to the opposite
lead 29. By this arrangement the bar 20 is
adapted to be subjected to an electromagnetic
force in the direction the contro! should be
moved. The force thus applied Is of the nature
of & dual fiight instruction. The force, however,
may be varled by the rheostat R so as to be sug-
gestive only or of sufficient strength to produce
automatic control operation,

The application of a force opposite to the prop-
er control movement, such as sometimes experi-
enced in actual flight, may be obtained by inter-
changing the electrical connections. This oppos-
ing force gives the student the feel of resistance
to control manipulation which is desirable after
the student has learned the fundamentals of con-
trol manipulations.

Bearing in mind that the diapositive 2 and each
of the mirrors 3 and 4 are more or less similarly
controlled by deviatable devices, such as the rod
8, the operation of the apparatus may be outlined
as follows. With the student sitting in a cockpit
before the screen T, a projected image of the
landscape may be caused to simulate a lanhdscape
such as viewed from an unbalanced airplane.

3 The unpredictable movement of the deviatable

devices, however, operates through brushes 27
and the associated contacts to impose force upon
the controls in directions to mainia'n stable
flight, thereby teaching the beginner the pioper
control manipulations for overcoming varirus dis-
turbances. As the bcginner learns the proper
method of centrol manipulaticn, the strength of
the imposed forces may be decreased and even
Teversed so as to better simulate the action of
the controls as in solo flight.
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In order to check the responsiveness of a stu-
dent, a sultable metering device M may be asso-
clated with each deviatable device, such as illus-
trated in Fig. 3, so as to record the time each de-
vice is permitted to remain beyond a given de-
viation, thereby furnishing the frainer a record
of the preclsion and rapidity of the student’s re-
actions.

Where it is desirable to control the rate of
movement of the deviatable devices, power means
may be provided. By utllizihg power control, the
movement of the deviatable devices may be op-
erated slowly. It is also possible to vary the
speed of movement of the deviatable devices in
proportion to the degree of movement of the con-
trols, thereby glving more nearly the same eflect
as experienced in actual flight.

This feature is shown in Figs. 5 to 7 associated
with a joystick 30, The stick 30 is diagrammat-
ically llustrated for operation with a universal
connection at 31 whereby control of the ailerons
and elevator may be effected. For brevity, only
the connecting mechanism to the shaft 33 will
be described, the principle of operation being the
same for both the aileron and the elevator and
also for the rudder bar.

The shaft 33 {s mounted in suitable bearings
34 and carries a sector 35 which Is provided with
two segmental contacts 36 and 37, which may
be adjustable, if desired. Rotatably mounted cn
the shaft 33 is a gear 38 integral with a lever
46. The lever 40 is provided with a brush 4l
which is adapted to engage the segmental con-
tacts 36 and 37 to complete certaln controlling
circults, depending upon the relative positions
of the stick and the deviatable device 6a. The
device Bg 1s provided with a gear 43 which may
be directly in mesh with the gear teeth 38 or
spaced apart and operatively connected by other
means, such as an endless chain 42, To control
the movement of the deviatable device 6g a pair
of spaced, oppositely opposed bevel gears 44 and
45 are operaftvely connected to the shaft 1a. A
bevel gear 48 driven by a motor 48 is adapted to
be shifted to engage one or the other of the gears
44, 45, depending on the direction in which the
device 82 moves from vertlcal or neutral posi-
tion. The drive between the motor 48 and the
bevel gear #8 comprises reduction gearing 48ec,
a flexible shaft 49, a rigid shaft 60 and a sleeve
52. The sleeve, which is pivoted at B4, rotatably
supports the shaft $8, The bevel gear 46 is
maintained in a neutral position between the
bevel gears 44 and 45 by oppositely opposed
springs 55 and 586 attached to the sleeve 32, The
sleeve 62 1s also provided with a pair of iron
cores BT, 58, which are operatively assoclated
with solenoids 80 and 01, electrically connected
to the contacts 36 and 37 respectively, similarly
as fllustrated In connection with deviatable de-
vice 0 in Figs. 2, 3 and 4.

The motor 48 may be continuously energized
to provide a continuous rotation of the gear 46.
When the device Ba is caused to move out of
vertical position, the brush 41 is brought into
engagement with one of the segments 36 or 37,
thereby closing a circuit to one or the other of
the solenolds 80 and 61, depending on the di-
rection of movement of the device Ba. As soon
as one of a solenoid 60 or 81 15 energized, the
gear 48 ls moved to engage one or the other of
the gears 44 or 48 to thereby control the further
movement of the device in its movement away
from vertical position. Thus, as soon as the
device leaves vertical position, it is brought under
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control of the gear 46 and caused to move in ac-
cordance with the speed of the motor 46. The
movement of the deviatable device being under
control of the motor 46, the movement thereof
may be arranged to be very slow, and if desired
to accelerate In speed the further it 1s permitted
to move from vertical position. This latter ef-
fect may be accomplished by providing the lever
40 with an additional brush 64 for engagement
with a serles of rheostat contacts 65 carrled on
the sector 35. The rheostat contacts 65 are
diagrammatically illustrated In Fig. 7, indicat-
ing that the electric power to the motor 46 is
increased as the hrush Is moved relative to the
left or right of the center 66 of the rheostat 65.

In operation, should the device 62 be caused
to deviate from vertical position, the lever 46
would be moved proportionally completing a sole-
nold circuit by brush engagement with elther
contact 88 or 31, as the case may be. This causes
the gear 46 to engage the proper gear 44 or 45
to continue the movement of the device 8a under
power of the motor 46. The movement of the
brush 64 in passing over the rheostat contacts 65
confrols the current to the motor 50 as to accel-
erate the movement thereof the further the
brush 6% moves relative to the rheostat center
68. To return the device Ba to vertical position
and thereby maintain the profected Image In
proper position on the screen, the stick 30 must
be moved sufficfently to effect a reversal of the
drlving_ engaging of the gear 48. Should this
corrective movement of the stick be exaggerated,
the brush 64 will be moved beyond the rheostat
center 88 to accelerate the return movement of
the device 8a similarly as in the case of over
actuation of the controls of an airplane. As the
device Ba approaches vertical position, the stick
30 must be actuated to slow the correcting move-
ment or the device will move beyond vertical
position just as In airplane maneuvering. The
affect of the stick operation on the devlatable de-
vice 1s conveyed to the student by his perception
of the projected image of the landscape or other
object, such as viewed by the aviator in actual
flight, as well as forces, such as disclosed in con-
nectlon with the forms {llustrated in Figs. 2 to 4.

Another embodiment of the invention is illus-
trated In Figs. 8 to 12, which is particularly suit-
able for Instruction in complicated maneuvers.
For example, students may, by use of this form of
the inventlon, be Instructeq and famillarized
with particular maneuvers or seties of maneuv-
ers, or even with the characteristics of a par-
tlcular machine or process.

Briefly, recordings of the instrument readings
and operations of the controls of a machine or
process may first be recorded either in an actual
operation, by operation of & dummy machine or
by artificial productlon, and in the case of avia-
tion, the recording may be of the instruments
during a particular flight.

These recordings may be utilized so as to pro-
Ject the same readings and Indications upon a
screen before a student. The projections may
comprise the particular instrument or an image
of the Instrument needle or a spot indicating
Instrument movements. The projections may
also include spots or images indicating control
operations or readings of Instruments responding
to one or more components of machine movement
or condition. These latter spots would be, in
substance, a duplication of instrument readings,
except that as in the case of aviation the spots
Indicating airplane movements may be used to
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teach beginners the action of the instruments
during various maneuvers., These projected spots
may also be utilized by meang of photoelectric
cells to teach the student the proper control
manipulation or feeling of control reaction by
imposing forces on the controls similarly as in
the form of Figs. 1 to 4, and laler, as a means of
checking the accuracy of the student in control
manipulation in response to instrument readings
only. The recording may also be provided with
sound effects, radio signals, or verbal instructions.

Referring to Fiegs. 8 and 9, the variable factors
pertaining to instrument readings, etc., are first
recorded on a film 85, preferably an opaque film
with recordings in the form of translucent lines.
The film having the recordings is adapted to be
moved past a serles of lanterns 88, 87, 88 and 89,
the film being transposed by means of rollers 93
for double passage at right angles across the lan-
tern 88.
ing readings of varlous instruments as well as
indications of control performances are indicated
on the film 85 (Fig. 9) in the form of wavy lines.
These translucent lines permit the passage of a
beam of light for projection upon a screen, The
beam of light may be controlled by a suitably
shaped opening so as to project the many con-
ditions of the recorded line as a movable spot or
instrument needle. As shown in Fig. 9, a shutter
82 {5 provided with a narrow window 93 across
which four translucent lines a, b, ¢, and d are
adapted to pass. Each translucent line is adapt-
ed to provide for the profection of a spot upon
the screen 100 representing the reading of an in-
strument, such as a tachometer, speedometer,
turn indlcator and bank indlcator. Other in-
strument readings may also be added. The
screen may be marked substantially as indicated
in Fig, I0 to represent the graduation of these
instruments or a separate lantern 94 may be pro-
vided to project such indications. The spots de~
pendIng on the waving characteristics of the lnes
a, b, ¢ and d will be caused to move back and forth
relative to the graduations of the Indicated in-
struments. The three recorded lines e, f and g
may represent varlables corresponding to opera-
tion of the elevator, the rudder and the ailerons,
respectively. The recording s, with which the
lantern 88 is adapted to cooperate, may be &
sound recording to provide verbal instructions as
the exercise proceeds or to glve sound effects or-
dinarily acecompanying the particular maneuver,
or they may comprise radio guide signals, If de-
sired.

While the lanterns 8§ to 89 are spaced apart,
the different curves are so provided as to be pro-
jected by the lanterns in synchronism. The lan-
tern 8T s provided with a window 85 to permit
the projection of the characteristics of the line g
in a linear dimension. Where desired, the win-
dow of g lantern may be moved to correspond
with one of the variables, thereby providing a
projection, the movement of which is bidimen-
slonal, each dimension corresponding to one var-
iable. This may also be effected by Intersect-
ing two of the wavy llnes representing two vari-
ables before z lantern, such as the lantern 88
(Fig. 8).

The screen 109 may be provided with a marking
or the projection of g circle or other mark 97
which will, when the projected spot G colncldes
therewith, represent that the control Is in proper
positlon, Should the lne g vary, the lamp 81
would then project the variations of the spot G
in a linear dimension horizontally of the screen

The recording of variables represent- o
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and relative to the circle 81. The movement of
the spot G indicates to the student the movement
expected of his contrel, the ailerons in this n-
stance, which may be returned to the eircle 97
by proper manipuwlation of the joystick. The
control of the projection may be provided with
the provision of one or more mirrors, such as in-
dicated in Figs. 1 and 12, suitably interposed
somewhere between the source of lantern light
and the screen, one of the mirrors being connect-
ed for operation in response to movement of the
aileron control to offset variations in the pro-
Jection of the spot G. Thus, as the spot G varies
to the right or left of the circle 97, it would Indi-
cate that the aileron control is not in proper po-
sitlon. Since this effect is deducible from the in-
strument readings, it will be understood, as here-
inafter described, that the projections of the con-
trols may be hidden from the student’s view for
advanced training.

‘The llnes e and f are combined by intersecting
the lines at right angles before the lantern 88,
This produces & singlé spot EF, which may move
in any direction from the circle 101 for movement
in the area 102, which is divided into quadrants
by the Intersection of the lines 108 and 108. The
control of the spot EFF may be accomplished by
providing two mirrors, such as 103 and 10§ of
Fig. 12, between the lantern 88 and the screen
108. Thus the student will be able by properly
manipulating his controls to return or maintain
the spot EF' In the cirele 181.

The controls of the student may be arranged
to receive automatic forces in response to move-
ments of the spots EF and G. A form of means
for providing the automatic control actuating
forces s diagrammatically illustrated in Figs. i1
and 12. Two cameras 107 and 108 are provided
with lenses 108 and 110 focused upon the area 102
of the screen (00 over which the spot EF s
adapted to move. The cameras 10T and 100 are
each provided with a ground glass {1l and 112
and g partition (13 and 114, respectively, divid-
ing the cameras into compartments to house a

3 palr of photoelectric cells 115, 1§8 and (T, 118,

respectively. Referring to the camera 108, each
cell thereof views ohe-half of the screen, as de-
termined by the line 105. The camera 107 being
dlsposed at 80° with respect to the position of
the camera 108, the cells thereof each views a
half of the screen, as determined by the line i08.

Referring to Fig. 12, any movement of the spot
EF to the left or rlght of the line i05 will be
viewed by one or the other of the photoelectric
cells of the camera (08. Likewise, any move-
ment of the spot above or helow the line 108 will
be viewed by one or the other of the cells of the
camera (07. The cells 115, 118, 11T and (I8
of the cameras 101 and (88 are electromagneti-
cally connected to controls, such as the rudder
bar 120 and joystick 126 by suitable relays 21,
122, 123, and 124, and solenolds 127, 128, (28 and
130, respectlvely. As illustrated in Fig, 12, the
rudder bar (20 is assoclated with the solenoids
129 and 130 and operatively connected by suit-
able means to the mirror 103. The elevator con-
trol 125 of the stick (26 is associated with the
solenolds 12T and 128 and operatively connected
by suitable means to the mirror 104, The projec-
tion lantern 88 may be arranged to project the
recording of the lines € and f upon the screen
area, 102 under control of the mirrors 103 and
104.

In operation of the apparatus, the recordings
projected by the lantern 88 are viewed by the
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mirrors of the cameras (07 and 108 to automati-
cally actuate the controls 120 and {28 and there-
by return the spot EF to the circle 101 each time
it 1s caused by the recordings to vary therefrom.
Assuming that the spot EF Is moved by the lan-
tern 88 from the eircle 101 upwardly along the
line 105, the spot will be vlewed by the cell 1i8.
The cells of the camera 108 will not view the spot
as long as it remains on the line (06 since the
focus thereof falls In glignment with the partl-
tion (14, The cell 118 when activated by the
spot EF energizes the solenoid 128 to impose a
force upon the stick 126 in the proper direction
to cause the mirror 104 to effect the return of
the spot EF toward the circle 181. Should the
spot EF be moved into the upper left-hand
quadrant of the area 102, as shown In Fig. 12, the
cells t18 and 118 will both view the spot to ener-
glze the solenoids 128 and (30 to so maneuver the

controls and the mirrors assoclated therewith to :

return the spot to the eircle 101, It will thus be
apparent that for any movement of the spot EF
from the circle i8l, it will be viewed by certain
of the photoelectric cells to Impose forces upen
the proper controls to effect the return of the
spot to the circle, If desired, the circults may
be arranged so that the foreces tend to act In
directions opposite to that described above.
Rheostats may also be included in the circuits
to vary the intenslty of the forces. The projec-
tion of the spots EF and G can also be removed
from view of the student during advanced In-
struction, and if desired, caused to act upon
metering devices. It should also be recognized
that the Instrument readings may continue to
Increase or decrease or remain the same after
actuation of a control or the return of a control
to normal position. These relationships between
the instruments and controls may easily be per-
celved by the student by use of the spots EF and
G. While the spots assoclated with the Instru-
ments Indicated on the screen 180 are not nor-
mally affected by operation of the controls, sult-
able mirrors may be provided for such control,
if desired.

Means sgimilar to the cells 16 to 118 may be
provided to view the spot G for automatically
imposing ‘force upon the aileron connection of
the stick 126 for the purpose of instructing the
student in the manipulation of the stick for ai-
Ieron control.

Devices similar to the cells 115 to 118 may be
provided for response to spots other than the
sbots recording the posltion of the controls, That
is, they may be arranged, for instance, for re-
sponse to the projection of spots which record
the forces acting upon the controls, so as to fune-
tion in coordination with the main projections.
A still further use of the apparatus may be ef-
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fected by the use of a lantern located in respect
to the mirrors 103 and 104 simllar to the lantern
88 but on the order of the lantern | in Fig, 1. The
beam of light from such a lantern being con-
trolled by the rudder bar and the stick may be
caused, by manipulation of the rudder bar and
stick, to follow and coincide with the spot EF
projected on the same screen by the lantern 08,
A student may thus practice the maneuvers by
causing the controlled beam to follow the spot
projected from a recorded operation by the lan-
tern 88. This recording may be that of a particu-
lar flight or of maneuvers carried out by a par-
ticular airplane. Blnce airplanes have distinct
characteristics, it will be apparent that such use
of the apparatus of my invention may also be
utilized in the ground training of students for
the purpose of flying a particular airplane.

The apparatus diagrammatically illustrated In
Flg. 12 {s also contemplated for use with unpre-
dictable deviating devices, such as shown in Figs,
2 to 7. That is, the lantern 88 and the mirrors
103 and 104 may be provided in association with
deviatable devices for unpredicteble movement
which the cameras 10T and 108 may obscrve and
relay to the student for Instruction In control
manipulation.

While my invention has been 1llusirated and
described in connection with the tralning of air-
plane pllots, 1t should be recognized that It is
readily adaptable for use In the training of oper-
ators for process as well as machines other than
airplanes, It will also be readily apparent to
those skilled in the art that many changes may
be made in the construction, arrangement and
use of the embodiments 1lustrated and described.
For example, a cockpit for the student may be
supported for movement about lts Iongltudinal,
horizontal and vertical axes, and the responsive-
ness of the photoelectric cells of the cameras 1071
and 108 used to effect a movement of the cock-
pit similar to an airplane in actual flight. The
cockpit thus supported may also be connected
for operation In response to several unpredictable
varlating devices, such as those illustrated In
Figs. 2 to 8, the student being required to right
same by manipulation of the controls. The pro-
Jectlon may also be performed by cinematographic
method. Itshould also be apparent that two vari-
ating devices may be associated with a single mir-
ror glving it the summation of two influences
instead of & single influence. For these reasons
it is to be understood that the forms of the in-
vention hereln lllustrated and deseribed are to
be regarded as Ilustrative of the Invention oniy
and not as limiting the scope of the appended
claims.

WSEVOLODE GRUNBERG.
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