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1

The invention descrived herein may be manu-
factured and used by or for the Government for
governmental purposes, without the payment to
us of any royalty thereon.

This invention relates in general to improve-
ments in auxiliary apparatus used in combina-
tion with aviation ground trainers and more par-
ticularly relates to a novel arrangement of trans-
parent recorder table surfaces, one of which sur-
faces supports a simulated air borne or sea borne
target propelled at a constant speed and having

" a controlled direction and another of which sur-
faces supports a course indicator, or recorder,
controlled by the aviation ground trainer, where-
by simultaneous observation of the relative posi-
tion of the recorder and the target permits the
solution of interception problems.

At the present time instruction in complicated
aviation flisht problems is given on aviation
ground irainers, such as the well-known “Link”
trainer, with a consequent reduction in actual
flying time necessary to complete the course of
instruiction. 'The structure and operation of
such trainers is disclosed in United States Pat-
ents Nos. 1,825,462 and 2,099,857, granted to Ed-
win A. Link, Jr.

It is customary in the operation of aviation
ground trainers to use in conjunction therewith,
a course indicator, or recorder, which comprises
a frame supported by a plurality of rollers, each
of the rollers being rotatable about a vertical
sxis to cause a change in direction of rotation of
the rollers. The rollers are mounted on vertical
shafts, which are interconnected by gearing to a
“selsyn’ receiver mounted on the recorder frame.
The “selsyn” receiver is electrically connected to
a “selsyn” transmitter, driven by the trainer as it
rotates about a vertical axis, so that the recorder
rollers are always rotated through the same angle
as the trainer and the heading of the recorder
thus corresponds at any instant with the heading
of the trainer. At least two of the supporting
roliers of the recorder are driven by small electric
motors generally of the synchronous type, so that
the speed of the recorder over the map table
represents to a definite scale the simulated ve-
locity in fiight of the trainer. The speed of the

“recorder, or course indicator is Kept constant, but
may be adjusted to any desired value by changing
the speed of the generator supplying current to
the propulsion motors on the recorder.

~ Course recorders such as above described gen-
erally employ one of the supporting rollers as a
‘marker wheel, which when inked by a felt pad,
traces the course of the recorder on the record
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map, though the position of the marker wheel
even when not inked serves as a course indicator.

For a more complete description of course re-
corders suitable for use with aviation ground
trainers, preference may be had to United States
Patent No. 1,293,747, to Hannibal C. Ford and io
United States Fatent No. 2,179,663, granted to
BEdwin A, Link, Ji.

In a course of instructicn on the ground train-
er, it is desirable to be able to sclve inferception
problems, for example to simulate flight inter-
cepting another aeroplane, or water borne tar-
get, knowing the course and speed of the target
under either simulated fair weather conditions,
or under simulated bad weather conditions, ne-
cessitating simulating instrument flight either
in whole or in part. A means to render such in-
struction possible is provided by the invention, in
which a record map table is provided with a plu-
rality of record surfaces arranged in z rack in
the form of shelves and preferably made of a
transparent material such as glass, or cne of the
well-known transparent plastic msierials. The
target to be intercepied is placed on one of the
surfaces, which has suitable cowse indicia
marked therecon and the target is set into motion
with a velocity and under a controlled heading in
accordance with the desire of the instructor and
the trainer course recorder is placed in opera-
tion under the directional conirol of the frainer
and at a velocity proportional to the simulated
air velocity of the trainer and starting at a defiu-
ite point and with a known heading. The in-
structor then informs the student of the course
and simulated velocity of the target, who then
must solve the vector problem to intercept the
target al the proper point. The movemeni of
the course recorder relative to the target is at all
times visible to the instructor and the record
trace upon the record surfaces leaves a picture of
the completeness of the problem’s solution. The
sirnulated trainer flight may be wholly on instru-
ments, or may simulate fair weather flight, the
student observing the position of the course re-
corder relative to the target after simulating
flight for a time sufficient to bring the target into
view; if the same were in actual flisht, so that
the resulting solution of the preblem becomes
apparent,

Since it is essential to take inio account the
effect of simulated driff, on either the air horne
or water borne targets and also the effect of
winds on the trainer, the invention nrovides a
means for correctly simulating such effects hy
means of a device permitting the recorder and
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fargets to be displaced in a direction and at a
velocity proportional to the effect of a simulated
alr current on the trainer or air borne target and
to the effect of water currents on the watsr borne
target.

Analogous to the solution of interception rrob-
leras is the simulation of contro! of traffic of
a plurality of aircraft operating at different alti-
tudes approaching the same destination and re-
quired to proceed to a landing in accordance with
their order of arrival and their respective alti-
fudes. Such traffic control problems may be
readily solved with the trainer record table used
according to the invention, by providing a Sep-
arate record surface in the form of a shelf for
each trainer to be operated and the instructor
can then watch the respective recorders and give
to each student the proper information as to the
conduct of his respective simulated flight, in the
same manner that a traffic control director at a
large airport conducts the safe landing of a
number of aircraft arriving at close intervals of
time. It merely requires the supplying of the
proper maps and charts in order tc convert from
one type of problem to ancther.

It is an object of this invention to provide ap-
paratus for aviation ground training in which 2
multiple surface record table serves as a suppord
for one or more simulated air borne or water
borne targets, each having a controlled velocity
and direction on one of said surfaces and one or
more course indicators, or recorders, each direc-
tionally controlled by a respective ground trainer
and operating at a velocity proportional to the

simulated flight velocity of the trainer, whereby

flight interception problems may be simulated.

A& further object of the invention is the provi-
sion of a novel trainer table asserbly compris-
ing a plurality of superimposed spaced trans-
parent surfaces, each surface having position. in-
dicia thereon, whereby the instantaneous rela-
tive position of a ground trainer course .indi-
cator and a simulated air borne or a water borne
target may be observed. )

Another object of the invention is the provi-
sion of a means to cause a movement of 8 course
indicator for an .aviation ground trainer rels-
tive to its record surface, in & manner to simu-
late the effect of a wind acting on said trainer,
while in simulated sircraft flight.

A further object of the invention is the pro-
vision of a means for affecting the movement: of
a recorder, simulating in veloeity and direction,
the movement of an air borne or :water borne
craft in a manner equivalent to the effect on
said craft of an external force such as wind
or water currents respectively.

A further object of the invention is the provi-
sion of a novel trainer table assembly permitting
simultaneous operation of a plurality of aviation
ground trainer recorders thereon, whereby simul-~
taneous simulated flights of g plurality of avia-
tion ground trainers may be directed by an in-
structor. ‘

Gther objects of the invention will appear by
reference to the specification and the appended
drawings forming a part thereof and in which:

Fig. 1 illustrates a trainer record table having
superimposed record surfaces, one of which sur-
faces cooperates with a simulated air or water
borne target and another of said surfaces ‘coop-
erates with a course recorder controlled by an
aviation ground trainer;

Fig. 2 illustrates an-enlarged view -of 3 simu-
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lated water borne target, as employed in the
invention;

Fig. 3 illustrates an enlarged view of the de-
vice illustrated in Fig. 2, showing the driving
imechanism;

Fig. 4 is-a vertical cross sectional view.of Fig. 3;

Fig. 5 illustrates a simulated water borne tar-
‘get similar to the device of Figs. 2, 3 and 4 modi-
fied for use with distant speed and direction con-
trols; :

Fig. 6 is a vertical cross sectional view of Fig. 5;

:Fig, 7 illustrates the means employed for dis-
tantly-controlling the speed and direction of the
targets illustrated in Figs. 5 and 6;

Fig. 8 illustrates an enlarged view of a simu-

‘lated air borne target employed in the invention;

Fig. 9 illustrates a vertical section of a modi-
fied traimer record table assembly permitting
wind or water current drift effects to be simu-
lated;

‘Fig. 10 is a top plan view of the device of Fig. 9;

Figure 11 is an llustration of'two of the trainer
record table devices of Figures 9 -and ‘10 super-
imposed and used to replace the tables of ‘the
device of Figure 1.

Fig. 12 is a top plan view Nustrating an-avia-
tion ground trainer and table ‘array permitting
traflic. control problems to be solved; and

‘Fig. 13 is a front . elevation showing the ar-
rangement illusirated in Fig. 12.

Referring to Fig. ‘1, the reference .numeral i
generally indicates a record map ‘table ‘having
thereon an .upper supporting surface 2 and
spaced therefrom and. parallel therewith, a. lower

5 supporting surface 3 arranged in the.form of a

shelf. The upper.and lower surfaces are. pref-
erably made of a transparent.material .such as
glass or any of the transparent synthetic, resinous
materials where it is desired %o use the table for

the solution of course interception problems.

The upper and lower surfaces 2 and 3. are each
ruled with suitable indicia 4, such as.lines indi-
cating latitude and longitude, representing a part
of the surface of the.earth, either land. or water
and the indicia are ruled so as-to:be-identical
when supsrimposed. )

An aviation ground trainer 5 is placed adjacent

. the trainer record.table.{ .and is. electrically.con-
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-the .surface 8.

-nected through. the electric “selsyn” transmission

conductors-§ to a course recorder 7, movable over
one of the record surfaces and shown, as heing
The recorder 1 is supported:by
8 Dplurality of rollers.8, one of which serves as
a. marker wheel to leave -an inked trace of .the
recorder path on the recard:-surface 2. CGenerally

“the recorders are provided with three rollers, two
-of ‘which are driven by small electric-motors (not
-shown) supplied with current-by the conductors

8. 'The motors drive the recorder™i over the sur-
face 3 at a constant speed, representing:to a pre-
determined:scale, the simulated velocity of flight
of the trainer 5. The rollers 8§ are mounted on
vertical shafts, which are interconnected by gear-
ing with a “selsyn” receiver (not shown) ,which
in turn is connected by the conductors "6 to a
“selsyn” transmitter, rotated by the trainer 5 as
it changes its heading. The directional heading
of the recorder rollers 8 are thus simultaneously
rotated in step with the rotation of -the -trainer
and the course taken by the recorder in its move-
ment relative to the surface'3, is thus controlled

by the heading of ‘the trainer. “The construction
‘of the recorder and its control by the trainer,

as'before noted, is well-known in the art and the
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detail construction of the recorder and its con-
trol, therefore, has not been llustrated in the
drawings.

As seen in Fig. 1, a simulated water borne tar-
get 10, is adapted to be propelled over the record
surface 2 at a velocity proportional to the simu-
lated velocity of a target vessel on the ocean and
is adapted to be directionally controlled at the
will of the instructor. One form of the simulated
water borne target 10 is illustrated in Figs. 2, 3
and 4 in which the target comprises a hull shaped
casing {1, supported for movement over a record
surface by two pairs of rollers 12 and 12’ respec-
tively. As seen in Fig, 2, the casing I has two
manually controlled knobs thereon, the knob 33,
controlling the plane of rotation of the rollers {2
and 12’ and the knob 38, controlling the speed
setting of a rheostat governing the speed of the
driving motors. A suitable scale reading in-de-
grees of rotation and simulated speed In knots is
placed adjacent the respective knobs 33 and 29,50
that their respective settings may be observed.

As seen in Figs. 3 and 4, the propelling mech-
anism comprises a frame 14, secured to the cas-

ing 11 as by bolts, the frame having enlarged 2

bosses I5 and 15, which serve as bearings for
the vertical shafts 12 and (8’. The shafts 13
serve as supports for the rollers 12, which are
rotatably mounted on the lower ends of the shafts.

Small electric motors 16 are mounted on the

shafts 13 and are rotatable therewith. The mo-
tors 16 may be of the well-known universal type,
which can be énergized from any suitable low
voltage alternating or direct currvent source. The
shafts 16’, of the motors (8§, pass through suit-
able journal openings transverse to the axis of
shafts 18 and have pinion gears |T mounted on
the end portions of the shafts. The pinion gears
17 mesh with idler gears {8 rotatably mounted on
pivots carried by the shafts {3. The idler gears
18 each mesh with a driving gear 19 secured to
each of the rollers 12 and rotatable therewith.
The motors 16 each have secured thereto a pair
of brushes 20 and 22, which contact the respec-
tive slip rings 21 and 23 mounted on the bosses
15. The slip rings are connected in parallel by
a pair of conductors 3T to a power source (not
" shown). Each motor (6, when energized from
the power source, will drive a respective roller
{2 through the medium of pinion gear 7, idler
gear 18 and driving gear {9, at a speed propor-
tional to the motor speed. The motor speed is
adjusted to give a desired speed of franslation
to the target {8 by means of a variable resist-

ance 34, inserted in series with one of the con- :

ductors 31. The resistance 34 may be varied by
rotation of the arm 35 by the shaft 36. The shaft
36 carries the manual adjustment knob 39, as
seen in Fig. 2, so that the speed of the driving
motors 16 may be set at any desired value by
rotation of the knob 38. The motors I6§ prefer-
ably are provided with built in reduction gear-
ing, so that the normal speed of the shafts 16’
will be a desired small number of revolutions
per minute.
Upon their upper ends, the shafts 13, each carry
a gear 24, which mesh with a gear 25, rotatably
~mounted on the upper end of the shaft 21, rotat-
ably mounted in frame (4. The vertical shafts
13’ are rotatably mounted in the bosses 15’ and
the rollers 12’ are rotatably mounted on pivots
carried by the lower ends of the shafts 13’. At
their upper ends, the shafts 13’ are each pro-
vided with a gear 26, meshing with the gear 25.
-The shaft 27 carries a bevel gear 28 adjacent its
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6
lower end and the gear 28 meshes with a bevel
gear 31, mounted on the inner end of the shaft
32. The shaft 32 is suitably supported by the
frame 14 and at its outer end carries the knob 33.
Rotation of the knob 33 causes rotation of gears
3§ and 28, shaft 27, gear 25 and gears 24 and 26.
Rotation of gears 24 and 26, causes the plane of
rotation of rollers i2 and 12’ to be rotated in
equal angular increments. The knob 33 thus
serves as a means to alter the heading of the
target 10 at the will of the instructor.

A vertical shaft 28 is secured to the lower end
of the shaft 2T and is coaxial therewith. The
shaft 29 terminates in a fork in which the marker
roller 38 is rotatably mounted. The roller, when
snked by an ink saturated felt, will trace the
recorder path on a record sheet and is rotatable
in unison with the rollers 12 and {2’ by the knob
33.

The target {0 is placed in operation by the
instructor by aligning the target roller planes
with a line on the table surface 2 and then ro-
tating the knob 23 until the desired heading is
obiained. The knob 39 is set to operate the mo-
tors 18 at the desired speed to give a velocity of
transliation having a definite ratio to the simu-
lated velocity of a water borne craft and the
motors are then energized by connecting the con-
ductors 31 to the power source through a suit-
able switch (not shown).

Mgs. 5, 6 and 7 illustrate a modified form of
driving and control mechanism for the target 10,
iliustrated in Fig. 2, and similar parts are given
the same reference numerals as in Figs. 2, 3 and 4.
The construction, as seen in Figs. 5 and 6, differs
from the driving mechanism illustrated in Figs. 3
and 4, in that the electric motors 16 are replaced
by synchronous motors 18s which are adapted to
run at a speed determined by the frequency of
the alternating current supply for the motors, but
the driving mechanism to the rollers 12 other-
wise remains the same. The shaft 2T for the
gear 25 is replaced by the rotor shaft 21’ of a
“selsyn” receiver 48, mounted on the recorder
frame 14. The gear 25 is thus rotated in unison
with the rotor of the “selsyn” receiver 40. The
shaft 28 and marker roller 30 are mounted on
the lower end of the shaft 27’ of the “selsyn”
receiver 48 in the same manner as illustrated in
Pigs. 3 and 4. The “selsyn” receiver is adapted
to be connected to a “selsyn” transmitter by
means of the conductors 41 and the motors 16s
are adapted to be connected to a controlled fre-
quency alternating current supply, by means of
Rotation of the rotor of the “sel-
syn” receiver 40 thus controls the azimuth head-
ing of the target 10 in the same manner as the
manual control knob 33 and the speed of motors
185, and hence the velocity of the target can be
controlled by contro! of the frequency of the
alternating current supply for the motors.

The distant contrel mechanism for controlling
the “selsyn” receiver and the freguency of the
slternating current supply for motors 1§s, is illus-
trated in PFig, 7, in which the reference numeral
42 indicates a variakle speed electric motor sup-
plied with direct current hy conductors 43 and
contrelled by a variable resistance 44, which may
oy nple he connected in series with the
arma and field for a series wound motor, or
connected in ths srmature circuit of a shunt
wound motor. The motor 42, is connected to
drive a small alternator 45, which supplies cur-
rvent to the conductors 37’ at a freguency pro-
portional to the speed of rotation of the motor
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'#§2. Thespeed of:rotationof the motor42 is.indi-
“cated-by adachometer 46 which:can:be calibrated
b0 read:in:knots, eqiivalent to'the simulated ve-
~oeity wof thestarget : #4. . The translational veloc-
“ityof the target 48 can thenbe controlled by the
instructor by adjustment of the rheostat44, which
will-centrol :the sspeed 'of “mdtor+42 and:the.fre.-
quency of the current generated by.the alternator
<48, which in furn contrels:the speed of the syn-
:chronous driving | motors «16s.
may be purchased with:built:inigear Treductions
“simnitar-toithat ghove: described withrréference to
‘the universal motors+18§, thus permitting the tar-
rgetitio ke driven at a very slowispeed.

- ‘The “selsyn’ receiver &8 (Figure 5) is connected . ;

by theleads 44 to a “selsyn” transmitter 50, the
‘rotor ©f which can:be revolved -by ithe kneob -5l
:50 that the directional heading . of ‘the:target-10
may be controiled by rotating the knob §1. The

:stator windings of the “selsyn”: receiver -40.'and 9

the’ “selsyn” fransmitter -are 'supplied oy -a con-
stant frequency source of alternating.current (not
“shown). connected to.leads 52, The “selsyn” con-
trol-knob 81 and-the rheostat-44 serve to:respec-

“itively maintain the:heading:and velocity: of the

-target: 18, as desired by: the instructor. - The.motor
-generator set and the “selsyn” coritrol: may be
-placed:in the .cabinet indicated.by the-reference
.character la (Fig. -1) :placed -adjacent ithe in-
structor’s position, on thesside of the record table
~frame. ]

Fig. 8 illustrates the simulated-airsborne. target
88 which. may -be: used in. interception .problems
<in the same manner as the simulated sea-borne
target (10,
-aercplane.and is supported. on: rollers .61, .which

are.adapied to-be driven.and. direetionally -con-
trolled in the same manner as. above -described
with reference to Figs..2.to 7.inclusive. -A small
tered roller 82 is used asa marker wheel similar
in Tunction to the :roler .38 of the.device illus-
trated in Figs. 2.t0 -7, inclusive. The target. &8
may-be manually controlled:by .course: and Speed
~control kncbs 22 and -89, in the.same.manner-as
Mlustrated.in. Figs..3.and 4, or.the target may. be
-distantly controlled in the.manner.illustrated.in
Figs. 5 to 7 .inclusive.

-An . interception problem is.solved by .the.in-
structor setting. either one .or.more targets .40,
or 690, into cperation.on the surface 2,.of table | s
Wwith a desired heading and with g velocity- pro-
-portional to the simulated .air .veloeity, or water
velocity, .of the -target .crait .to be represented.
The trainer 8 is then piaced in.operation with. the
recorder ¥ paraliel-to the heading- of the trainer
and the course -and .simulated :velocity .of .the
target is given.to.the student aurally. .The.stu-
den{ must then solve a vector problem $o.obtain
the proper course to.simulate,:in order:to.inter-

cept-the target 10 or 60. .The.instructor, being .

in telephonic .communication with the student,
can at any time alter the speed.and.direction of
the target and informing the student of the
change, add additional elements to the .problem.
The simulated trainer flicht may be made .to
represent the fiying in fair weather, or dying by
[instruments in bad weather. Where -the .table
surfaces are made of transparent material, the
indicia on the surfaces 2 and 3, permit the in-
structor to watch -all phases in the solution of
the problem and the record itraces 1eéft on 'the
surfaces by the inked.marker -Wheéls, serve.as a
means Yo visualize the solution of .the problem
and any errors therein caused by improper simu-
.-lated flight by the student in"the trainer.

‘The: motors 8s

The target-B6. has the outline. of -an

50

: 8

~:In ithe :solution -of .interception -problems as
sdbove Jdescribed, it.ds important.to :be-able .to
introduce the effect of simulated winds :acting
-on:both:theitrainer.-and: the simulated. air.borne
.5 stargel,;orinthe.case of the simulated water:borne
barget, the ‘effect .of .currents.or other.factors
wcausingdrift. - -Asmeans ;to.simulate. such sair. or
‘water current-effects.is. illustrated.in:Figs..9 and
“d10,in-which: the:numeral 10.indicates each of four
tubular vertical :supports, each :provided -with
~rolers T, pivotally .mounted.on the. lower -ends
thereof and. adapted.to be:in.xoliing.contact with
~the.surface-of & floor. -The .rollers .14 .may he
sprovided with.suitable brake devices (not shown)
tto.retain.the .supports.in g fixed .position .on the
:flogr. 'The suppoits .if .are -retained -in.spaced
relation.and.serve.to support.q light metal trans-
-verse frame-generally .indicated by -the numeral
A2. The:frame T2 comprises transverse side.rails
:13:and 14,-spaced. by the.centrall y-disposed .cross-
tie-15.and the .plate-members ;76. and’ 71, placed
-at-the respective.ends-of the frame. "The . side
‘rails.13.terminate:at-each end in spaced enlarged
bosses 18, :which. serve..as .giides .in which the
-vertical tubular . supports “18 -are placed.  The
-hosses:. 18 are provided with ciamping screws 19
»s0.that the:frame T2 may. be adjusted Vertically
<on ‘the-supports Id.. "The crosstie 15 is provided
with.an-enlarged boss. 88 .wHich serves as a, guide
-and . clamping .means .for the vertical shaft .81
which -carries .z flange 82 at its. outer end, to
-which .is secured'the record table 83, which may
~have a transparent record surface such as above
-described with.réference to suffaces’2 and 3 of
35 the device of Fig.'1. "At one end.of the frame 12,
-a roll shaft.84 is rotatably mounted transverse
‘to.the frame.axis, by bealing 'bosses’ 85, formed
‘in’the frame menibers 13 and 14. "The roll shaft
"84 has a-worm wheel 86 and a, pulley. 37 mounted
‘thereon, ‘adjacent the frame member 13, The
worm wheel 86 is driven by a worm 88 mounted
in suitable bearings carried by the plate¥§. The
“worm 88 is driven by a reversible ad;justable Speed
electric ‘motor."88, also.mounted .on the plate 18.
‘Aflexible endless belt’88 passes over-the pulley
“81 -over an . adjustable “idler pilley “91’, ‘onto 2
wpulley 91, secured 'to .a “second roll -shaft 82,
moutited transversely o the frantes 13-and 14, 1n
“bearing bosses 93. ‘A spool or ‘drum'$4 is secured
“on the $haft 84 and a similar spool or drum 95
“Is'secured to the shaft’s2. ‘A-rollerdTis rotatably
meurited ‘ot the *frames 13 ~grid 14 “transversely
“therect, adjacent the drum 985 and-the “mounting
‘made -adjustable longitudinally *by ‘mesans ‘not
Shown, “and a Similar voll 88 is°mounted trans-
verseélyof frames' T3 and "4 aidjacent the drum 94.
"The outer-pefipheral-surface of the rolls 97 and
“¥8-are tangent with'the Plane ¢f the upper surface
0f ‘the ‘talile “83-or “slichtly -above the said table
“sutface. -“A-transparent -endless ‘belt 168 passes
wover-the Grums 84 and 85-and rollers *87 and 08
“and-passes “over the surface of “the table *83 in

‘contact therewith.
When- the ‘motor'89 is energized to ‘rotate in
“one-direction, the worm *88 will “drive the worm
gear 86, which will turn shaft 84 and pulley §7.
“'The pulley 87, by means-of belt ‘80, drives pulley
“91-and:shdaft 2. “The shdfts 84 and €2 Trespec-
‘Tivély.rotate the drums 94 -and 95, causing the
‘endless transparent.bélt T80 to move in one direc-
‘tion relative’ to the surface of table 83. Reversal
-0l motor 89 s¥ill drive:the balt 160 in the ‘Opposite
direction. "The -outline. of ‘table ‘83 -is.shown in
~dotted lines :in "Fig. 10 Tor simplicity, but. it will
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175 "be -evident ‘that “the .transparent belt 100 may
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move in a plane having any desired angle relative
to the longitudinal axis of the table surface 83, by
either rotating the table relative to the frame 12
or preferably rotating the frame 12, by means of
rollers T about the axis of the vertical shaft 81
relative to the table 83.

In the operation of the cross wind simulating
device, the trainer recorder 1T, serving as.an
indicator, is placed on the belt 100 and the belt
set in motion at a velocity proportional to the
velocity of the wind to be simulated and having
the longitudinal axis of the belt {00, making the
desired angle relative to the longitudinal axis of
the table 83. The belt 100 will then bodily dis-
place the recorder 1 in a direction and at &
velocity equivalent to the effect of a wind acting
on the simulated air borne trainer. The student
must then correct the heading of the trainer by
an amount equal to the drift angle and as indi-
cated in Fig. 10, if line B—C represents in length
to a certain scale, the velocity and direction of
the wind and A~—C represents the true course to
be traversed relative to a suitable chart placed on
the record surface 83, having a heading of angle z,
then line A—B, which represents the simulated
air speed of the trainer, is the course which must
be steered, to compensate for the effect of the
wind component B—C and the trainer heading
and similarly the heading of the recorder must
be changed to angle y, which equals the sum of
angle x and angle z, the drift angle. No matter
what the angle between the axis of the belt 100
and the longitudinal axis of the table, the effect
of wind will be corrsctly applied to the recorder
in the same manner as the wind would affect the
flight of an aeroplane, simulated by the trainer 5.
When employing the wind simulating device
above described the position of the course indi-
cator marker wheel relative to a suitable chart
placed on the table 83 beneath the belt (00,
serves to visually indicate to the instructor the
position of the flight trainer in its assumed flight
and the instructor gives the student the corre-
sponding positional signal. The course indicator
thus leaves no actual record on the chart of
table 83.

To utilize the device of Figs. 9 and 10, in the
solution of interception problems as in Fig. 1,
two or more of the frame and table assemblies
72—83, are superimposed in the manner illus-
trated in Figure 11, parts in common with Fig~
ure 1 having the same reference numerals. If
a water borne target is to be operated on the
upper assembly table, its table may be rotated rel-
ative to the belt (00, so that the effect on a target
10, will simulate the effect of a water current,
while the belt {00 on the lower table may be ar-
ranged to simulate the effect of a wind acting on
the trainer during the interception problem.
With such an arrangement the course of the tar-
get will be referred to the position indicia on the
lower table surface only, the chart to be used
being placed thereon. In a similar manner the
effect of wind on both the trainer and the air
borne target 60 may be simulated. The opera-
tion of the assembly of Figure 11 is otherwise
identical to the operation of the device of Fig-
ure 1 described above.

It is to be understood that transparent tables

83 are not essential where continuous observa- 7

tion of the target and trainer recorder courses
is not required and in such a case the tables
may be of any desired material suitable for the
intended purpose. The wind simulator as noted
is generally applicable to ground trainer instruc-
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tion and is not limited in use to inierception
problems.

As seen in Figs. 12 and 13, a variation of the
apparatus shown in Fig. 1 is used to simulate air
traffic control problems and the numeral {0{ rep-
resents a record table similar to the table ¢, illus-
trated in Fig. 1. The table 10{ has & plurality
of surfaces 102, 103, 104 and {0, in superimposed
spaced relation and preferably made of trans-
parent material similar to the surfaces 2 and 3,
of the device of Fig. 1. The table surfaces each
serve as a support for an aviation ground trainer
course recorder Ri, Re, R3 and R respectively.
Each course recorder is connected by an electric
conductor Si, Sz, S3 or S: respectively, to a cor-
responding flight trainer Ti, T2, T3 or T4 respec-
tively, to be directionally controlled thereby.
The trainers are grouped around the table and
each is assumed to be flying at a different alti-
tude from the other trainers. The course re-
corders are placed in operation tracing the course
of the simulated trainer flights, which are to end
at a predetermined point common to all the train-
ers. The instructor has telephonic communica-

5 tion with each trainer and as the course record-

ers approach the predetermined destination, the
instructor may then give individual instructions
as to the conduct of the flisht of each trainer,
so that a simulated landing can be made by each
trainer in a prescribed manner, dependent on the
assumed altitude of the particular trainer. The
instructor can watch all of the recorders and
their positions relative to the assumed landing
destination and thus has complete control over

7 the directional information to be given in the

solution of the problem.

While preferred embodiments of the invention
have been illustrated in the drawings, it is ap-.
parent that other modifications can be made
falling within the scope of the invention as
defined by the appended claims.

We claim:

1. In an aviation ground training system, an
aviation ground trainer for simulating aircraft
flight, a pair of superimposed refercncs surfaces
arranged in parallel spaced relation and at least
one of said surfaces being formed of a transpgarent
material, a course indicator asseciated with one of
said surfaces and adapted to have a transiatory
movement relative thereto at a velocily oropor-
tional to an assumed velocity of said trainer and
directionally controlled by said trainer, a target
obiect simulating a land, air or water horne craft
associated with the other of said surfaces and
movable relative thereto at a velocity proportional
to the supposed velocity of the craft to be repre-
sented and having a controlleg divectional head-
ing, the said surfaces being arvanged such that
the instant course of said target object relative
to the instant course of said course indicator is
at all times apparent by visual observation
through said transparent surface.

2. The structure as claimed in claim 1, in
which each of said surfaces have corresponding
positional indicia thereon.

3. In an aviation ground training sysiem, a
plurality of aviation ground trainers for simulat-
ing the flight of aircraft, a first reference surface,
a plurality of transparent veference surfaces
superimposed and in parallel spaced relation with
respect to each other and with respect to said
first reference surface, a plurality of course indi-
cators, each associated with one of said reference
surfaces and adapted to have a motion relative to
said one surface with a velocity proportional to
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an-assumed veloeity of one of said trainers :and
directionally conirolled thereby and reference
indicia .on at least said fikst reference-surface,
wherehy the instant course of each of :szid conrse
indiestors refative ito :a point on said first refer-
ence surface is.at all dimes apparent. by viswal
observation through said transparent surfaces.
4. A wind simulating device for use with avin-
tion ground traimers scomiprising, & -course indi-
cator ‘movable relative to a stationary chart on-a
supporting table surface at a velocity proportionzl
to ‘an assumed. velocity ‘in flight of 2an aviation
ground trainer and having an instant heading
equivalent to the heading of said trainer,a mov-
able surface contacting said chart.and having its
plane ‘of moetion at. any desired sngle velative to
the longitudinal axis of: the table surigce, said
movabie surface: having a veloeity wr opo*tiom!'l
to the:velocity -of an assumed. wind and o dites
tion equivalent thereto, szid course indiczior he-
ing ‘movable on said ‘movable surface and idis-
placed therewith in a manner to simviate
effect of :an assumed wind ‘acting on said namer
5. In-an aviation ground traimer: assembly for
simulating ‘fiight interception problems, an avia-
tion flight trainer for simulating the fight of an
aircraft, a -course-indicator radapted io have
translatory motion proportional fo-an as su‘ned
velocity in flight -of said trainer:ang divectionally
controlled thereby, a first mova surface liav=
ing-a motion equivalent to thedirection and pro-
portional tothe velocity of an asstined wind; said
surface. supporting sazid -course indicator : for
movemens thereon, a target object having o con-

trollable velocity and heading wepresenting a tac-

get craft, a second movable surface for sunpert-
ing said target object mnd said second movable
surface. having 2. velocity ‘proporfionat: o ~the
velocity of an assumed ‘current of ‘the support
medium -acting -on said target oliiect and having
a direction equivaient thereto, said surfacss sing
superimposed and in parallel spaced relation; ‘the
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upper one.of said- surfdaces being composed of g
transparent material whereby ‘the instant posi-
tioniof:said course indicator relative o said target
object iswat all ‘times apparent by visual observa-

tion :through said ‘transparent surface.

6. The structure as claimed in. claim 4, in
which :said movable surface is a belt driven at a
constant.speed by -an adjustable speed power
nreans.

CARL J. CRANE.
GEORGE V. HOLLOWMAN.
CARL W. MULLER.
RAYMOND K. STOUT.
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