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GROUND TRAINER FOR- TRAINING:
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This invention relates to an aireraft- trainsr
in which the operation' of controls’ similar to

those of a standard aircraft by the pilot causes:

the operation of instruments on the- pilot’s’ and
copilot’s” instrument panels- and of instruments

at the instructor’s desk' to simulate the ingtru~

ment operation of an actual flight whereby stu-
dent pilots may be: given ground training com-
mensurate with actual training in an airplansg

and under all flight conditions which might be

encountered during an actual flight.

In the training of pilots it has been the prac~
tice heretofore to give training in aircraft of sz
training type and also' in ground trairers
equipped to give them some of the fundamentals
of instrument flight. To familiarize the pilots
with the handling of power and other equipment

of airplanes, ground courses have also been given'

with' such equipment. Following sueh basic

training, it has then been the practice to train
pilots extensively in the flight of actuial’ aircraft

which they will later be-assighed to fy.
Aircraft are costly to build, to fly and to main-

tain and their use for intensive trainihg purs

poses by pilots who have not yet attained their
skill in flying them, introduces a great hazard

both to the equipment and to the pilots during’
the training period‘and obviously-withdraws such’
aircraft from their more Valuab e use in actual

service.
From actual experience‘it has been foutid that
after the pilots have had ail of their basic trains

ing in fiying and in the operation of the equip--
ment of airplanes; the actual flying hours-in the-

air with- airplanes which will utimately be ag~

signed to them for flight may ‘be-materially re--

duced through the- use of a ground trainer de-
sizned to simulate all of the flight and operational

functions of the type-of airplane to which they-

will later be assigned. A ground trainer of thig
type for training the crew personnel of a multi-
engined airplane has been fully diselosed in: the
application of R. C. Davis, E. J: Fogarty-and B. O
Rippere, Serial No. 542,986, filed June 30, 1944,
In- the - disclosure of Patent 2,506,949 to F. M.
Burelbach and J. J. Lukacs of May 9, 1950, a
ground trainer has been disclosed in which the
pilots may be trained to perform all the functions
required to start and control the engines of an
airplane of the multiengined type which the
trainer is designed to simulate. The present in-
vention relates more particularly to a trainer of
the latter type in whieh the pilots may be trained

to perform all of the flight functions which would:

be required to actually fly such an airplane;
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It is therefore an object of the present- mvern=
tion to provide & ground trainer iti-whieh stidsnt:
pilots may be trained to: pérform- all flight- fine
tions which would be’ required’ to' aetually ¥ an-
airplane of the type which the trainer is: -designed-
to simulate:

To attain this object, the trainér in sccordande’
with'the present inventioit’ hisis been: desighed o
follow as neariy as possible the- flight gnid’ engme
chiaracteristics of the-airpline whieH it'is desireéd

_ to simulate, ini the operation of its contiols- and:
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the instrument response thereto: The itstriz-
mients and coutrols provided for the' pilots are
similar in appéaratice to those i the regular alr—
planie but sticll instrumenty are controled
through electrical cir¢nits and rschanically op=
erated dpparatus §o that the indications on the
instruments and “feel” of tHe COntrols simdlats
those of an airplane i fight. In sdditicn’ sound
effects and airplane vibrations ave simiutated by
a loundspeaker and vibratorsiocated iii the train=
er to render the training flight more reahsf,lc
Although the training” flight unit rémains’ sta-
tionary when the pllots perform’ thelr normal’
control functions at the start and during ﬂlght

equipment is brought into action which 51mulates
and records engine startmg, take off and landmg,
banked turns; altltude effects, -ete. in the 1nstru—
ment: response. The design is: based on various
aerodynamic and engine performance charac-
teristics and registers the-result in. terms. of nor-
mal airplane instrument-readings.

The objective is- obtamed -by the- use-of- motor
drive and motor control units which operate from
input- potentials caused- by the unbalancing. ef
the circuits- as the engine and- flight controls
are positioned. These motors through reduction:
gears produce shaft- rotations- to- angular posi~
tions proportional-to the input petentials: The-
shafts cause the. rotation- of potentiometers- or-
variacs which control: other motor drive units:
and-also. control:the operation of telemetriec. ap~
paratus which control: the- operation of corres
sponding instiunmrents: thus- causing said: instrii-
ments to register the-shaft positions: Potentiom=
eters: are- also: mechanieally coupled: to: the en~
girie and flight’ controlsand:are: electrically in~
cluded inthe moter: control cireuits.

In: order: that theé- training of: student- pilots>
may be suitably supervised-and: direeted; ancin=-
stitictor’s” desk -is® provided &7 which: duphcates*
of the instruments of the traiding: unit sre:
moufited; at-which:control Keys afids switchey aie

- provided:for ehabling the instrictor to intioduce:
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conditions of flight, and at which various super-
visory signals are also provided.

Just as an airplane uses thrust created by the
engines and propellers to take-off, climp and
fly, so does the trainer use thrust to simulate
take-off, climb and flight. The flight circuits
may be considered in two groups, one group
includes the circuits associated with straight
ahead flicht including climbing flight and the
other group includes the circuits associated with
turns. The straight flight circuits include angle
of attack, true rate of climb, indicated rate of
climb, rate of pitch, altimeter, true airspeed and
indicated airspeed.

Tn an airplane, the pilot uses the elevator comn-
trol to control the speed of flight. If the power
developed by the engines and propellers is more
than is needed to Ay level at the speed the pilot
chooses, the airplane will climb and similarly if
the engine power is less than that required to
fly level, the airplane will descend. The position
of the control determines the angle of attack of
the wings which is the angle between the lower
surface of the wings and the line of flight of
the airplane. The angle of attack determines
how much lift or drag the wings produce for any
airspeed. In the trainer, these effects are pro-
duced in a similar manner. The trainer control
is arranged to control the position of a poten-
tiometer in the rate-of-pitch motor unit. Po-
tentiometers on the rate-of-pitch motor unit con-
trol the position of the angle of attack po-
tentiometers which in turn control the indicated
airspeed and rate-of-climb motors. When the
angle of attack increases the rate-of-climb motor
moves its potentiometers and instruments to a
position representing the higher rate of climb
and the indicated airspeed motor moves its po-
tentiometers and instruments to a position rep-
resenting a lower airspeed. Lower indicated air-
speed results in lower rate of climb and as the
rate of climb decreases it causes an increase in
the indicated airspeed. The interaction of these
circuits eventually results in a stable condition

which correctly represents the new attitude of 4

the trainer.

‘The rate of climb potentiometer controls the
altimeter motor. If the rate of climb represents
a positive rate of 200 feet per minute, the altim-
eter will show an increase of 200 feet in altitude
at the end of a minute.

The true airspeed of an airplane is usually
different from the indicated airspeed because the
ordinary airspeed indicators depend on the air
density as well as the true airspeed. Air density
depends on barometric pressure and temperature,
both of which are closely related to altitude. In
the trainer the air density effect is controllable
by the altimeter motor unit and outside air tem-
perature so that as the altitude increases the
true airspeed becomes greater than the indicated
airspeed. Provision is also made whereby the
instructor may introduce the representation of
the outside air temperature.

The pitch bar motor unit controls the up and
down movement of the “horizon” in the gyro-
horizon instrument. It is controlled by various
potentials representing rate of climb, true air-
speed and the vertical components of the angle
of attack and yaw. In straight flight an increase
in rate of climb or angle of attack will cause the
pitch bar motor unit to move the horizon down
thus representing a nose ‘“up” condition.

The turning flight circuits include rate of turn,
rate of roll, bank, rate of yaw, ball, compass,
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ground speed and ground track (flight recorder)
and drift sight.

The rudder is used primarily to control move-
ment of the airplane around its vertical axis.
This movement is called yawing and the rate at
which the airplane moves aboub its vertical axis
is the rate of yaw. The rate of turn with respect
to the earth is related to the rate of yaw by the
bank angle of the airplane.

The ailerons are used primarily to control
movement of an airplane around its longitudinal
axis. This movement is called rolling. The
bank angle or angle between the wings and the
horizon is controlled by rolling the airplane.

There are other factors, however, which also
effect these movements. If the ailerons are de-
flected without using rudder, as the bank angle
increases the plane side slips. Side-slipping
causes air to strike the side of the rudder and
tail fin ecausing the airplane to yaw in the direc-
tion of the side slip. In this case the rate of
yaw is a secondary result of aileron movement.
If on the other hand the rudder is applied with-
out movement of the ailerons, the cenfrifugal
force causes the airplane to skid. Because of the
construction of the wings a skid causes the air-
plane to roll, raising the wing on the side toward
which it is skidding. Therefore, a secondary re-
sult of rudder movement is a change in bank
angle.

In the trainer the rate of turn, rate of roll,
rate of yaw and bank circuits are arranged so
that the effects briefly described above are repro-
duced. Application of left rudder without
ailerons causes the rate-of-turn motor to run its
potenticmeters and instruments in a direction
corresponding to an increasing rate of turn to the
left. Left rudder application also causes the yaw
motor unit to run its potentiometer in a direc-
tion corresponding to a skid to the right. Poten-
tials from the yaw potentiometers cause a de-
crease in the rate of turn and cause the rate-of-
roll motor to run its potentiometer in a direction
to represent a lowering of the left wing. The
rate-of-roll circuit causes the bank motor to move
its potentiometers and instruments to represent
g left wing down condition and a potential from
one of the bank potentiometers tends to decrease
the rate of yaw until a stable condition exists.

If the aileron control wheel is turned to the
right without moving the rudder pedals, a poten-
tial is connected to the rate-of-roll motor cir-
cuit so that the motor of such circuit moves its
potentiometers in a direction corresponding to a
lowering of the right wing. A potential from
one of these potentiometers causes the bank mo-
tor to move its potentiometers and instruments to
a right wing down position. A potential from
one of the bank potentiometers causes the yaw
mtor to move in a direction representative of
a slip to the right. The yaw movement is re-
flected into the rate-of-roll circuit until stabili-
zation occurs under the existing conditions.

The ball circuit controls the movement of the

5 ball indicator in the turn and bank instrument.

If the airplane has the correct bank angle for its
rate of turn and airspeed, the ball will be cen-
tered in the curved glass tube of the instrument.
If the right wing is lower than it should be, the
ball moves to the right. In the trainer if there
is a rate of turn to the right a corresponding po-
tential from the rate-of-turn potentiometer
tends to cause the ball motor to move the ball
to the left. If the bank angle is correct for the
airspeed and rate of turn, there will be no slip-
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friotor control circuit and apparatus of the as-
sociated motor unit;

Fig. 15 shows in the upper left portion a sche-
matic representation of the thrust motor control
circuit and apparatus of the associated motor
unit, in the central portion thereof a schematic
representation of the weight motor control cir-
cuit and apparatus of the associated motor unit
and in the lower portion thereof a schematic
representation of the angle of attack motor con-
trol circuit and apparatus of the associated
motor unit;

Fig. 16 shows schematically the instruments
mounted on the pilot’s instrument panel posi-
tioned before the pilot’s station on the flight deck
of the trainer and the synchro-receivers for con-
trolling them;

Fig. 17 shows schematically to the left of the
vertical dot-dash line the instruments mounted
on the copilot’s instrument panel positioned be-
fore the copilot’s station on the flight deck of
the trainer and the synchro-receivers for con-
trolling them, to the right of the vertical dot-dash
line the instruments positioned at the bombard-
jer’s station in the trainer and the synchro-
receivers for controlling them, and below the
horizontal dot-dash line control potentiometers
operable by certain of said controls and synchro-
transmitters operable by other controls posi-
tioned at the instructor’s desk; ’

Fig. 18 shows schematically instruments and
synchro-receivers for operating them, the flux
gate master indicater and drift sight apparatus
positioned at the navigator’s station in the
trainer; '

Fig. 19 shows the air temperature motor con-
trol circuit and apparatus of the associated motor
unit; .

Fig. 20 shows the potenticmeters operated me-
chanically by the elevator, rudder and aileron
controls, the potenticmeters operated mechani-
cally by the right and left foot brake pedals, and
a schematic representation of the elevator, rud-
der and aileron controls;

Fig. 21 shows schematically instruments with
their operating synchro-receivers mounted on
instrument panels at the instructor’s desk, the
flight recorder and cther controls; and '

Fig. 22 is a disgram showing how the several
figures of the drawing should be assembled to
fully disclose the invention.

The motor control circuits and associated
motor units are in general mounted in pairs.
Tor example, the rate-of-turn motor control cir-
cuit schematically disclosed in the lower portion
of Fig. 12 and all of the potentiometers and
synchro-fransmitters controlled thereby disclosed
in the lower portion of Fig. 12, and the rate-of-roll
motor control circuit and associated potentiome-
ters controlled thereby, constitute a single assem-
bly. Each motor control circuit comprises a direct
current reversible motor which, through a reduc-
tion gear box drives a main driving shaft which,
in turn may drive one or more synchro-trans-
mitters of the so-called “autosyn” type for con-
trolling instruments reinotely mounted on in-
strument panels of the trainer and at the instruc-
tor’s desk, may drive potentiometers or variable
transformers of the so-called *variac” type for
controlling other motor control circuits of the
trainer, and may drive limit switches to assure
that the driving motor will be arrested before
the sliders of the potentiometers or variacs are
driven beyond the ends of the windings with
which they are associated. The shaft may also
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drive cams for operating other switches. This
equipment is mounted on a motor plate as sche-
matically disclosed in the Pafent No. 2,428,767,
granted October 14, 1947, o W. P. Albert, R. C.
Davis, R. H. Gumley and W. H. T. Holden. The
relays, condensers, resistances, control rheostats,
testing jacks and electronic devices associated
with the equipment mounted on the motor plate
are located on an apparatus rack positioned
above and secured to the motor plate. Several
of these motor plates and mounting rack assem-
blies are mounted one above the other in appa-
ratus cabinets forming a separate unit of the
trainer equipment.

Each of the motor control circuits, for exam-
ple the altimeter motor control circuit disclosed
in Fig. 4, is of the type disclosed and fully de-
seribed in the Patent No. 2,428,767, granfed to
Alpert, Davis, Gumley and Holden, above re-
ferred to. In general, the circuit for control-
ling the motor 400 comprises a dual amplifier
tube VT1 which receives a signal potential in-
coming on signal control conductor 431, ampli-
fies it and applies it through the lower second--
ary winding of the step-up transformer 432 to
the plates of a dual rectifier tube VT2. The
tube VT2 serves as a full wave rectifier to rectify
the output signal from the tube VT1 and to
apply it as a positive potential to the grid of the
gas-filled motor impulsing tube MI. The output
potential of tube VT is also applied through the
upper secondary winding of transformer 462 to
the control grid of the left amplifier unit of tube
VT3, is amplified thereby and impressed upon
the control grid of the motor reversing tube MR.
Direct current grid bias for tube MI is supplied
from the right secondary winding of the power
transformer 403 through the right unit of tube
VT3 under the control of bias adjusting rheo-
stat 404. Direct current cathode bias is sup-
plied to the cathode of tube MR from the slider
of bias control rheostat 465, the winding of which
is connected in series with the resistor 40§ and
with the source of battery current.

Filament heating current for tubes VTI, VT2,
VT3 and MR is supplied from the left secondary
winding of transformer 403 and filament heat-
ing current is supplied to tube MI from the mid-
dle secondary winding of transformer 452. The
primary winding of transformer 403 is energized
from the 115-volt filament supply bus-bars Fl
and F2. Plate potential is supplied to the plates
of amplifier tube VT{ and to the plate of the
left or amplifier unit of tube VT3 from the 4-130-
volt direct current bus-bar, and 60-cycle plate
potential is applied from the 115-volt alternating
current bus-bar (1502 through choke coil 487 to
the plate of tube MI and through ballast lamp
408 and through the winding of the RV relay
409 to the plate and screen grid of tube MR.

The motor 409 is of the direct current reversible
type whose stator winding is energized by direct
current from the direct current bus-bar +130
through ballast lamp £19 under the coantrol of
the RVi{ reversing relay 41i, which relay is in
turn under the control of the RV plate relay £89
associated with the tube MR. The rotor wind-
ing of the motor is energized by positive impulses
of current transmitted therethrough by the firing
of the gas-filled tube MI. When the input sig-
nal potential applied to conductor 461 is in phase
with the potential applied to the plate of tube MR
relays 409 and 411 will operate and, since the
rectifier tube VT2 functions to make the grid of
tube MI more positive in response to both half
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pifig or skidding and thérefote ho yaw potential
controlling the ball. ‘The potentials from the
rudder potentiometer applied to control the ball
will be ‘equal and oppesite to the rate-of-turn vo-
tential and the ball motor will center the ball.
If the bank angle is 5 degrees less than it-should
be there will be a component yaw and the ball
motor will move the ball 5 degrees to the left.

The compass-system in the trainer is ccntro_lle.'d
by the movement 6f the compass motor imnit
which is a function of the rate of piteh, rate of
turn and bank angle. The effect of rate of “pitch
increases ‘as the bank angle -increases whereas
the effect of rate of turn decreases as the bank
angle increases. A turning error s fintrodu’ced
into the pilot’s magnetic compass circuit by 'tk_le
effect of the field produced by two ‘small -coils
mounted ‘in the compass ‘unit. The ‘current
through the coils is controlled by a potentiometer
on the rate-of-turn motor unit ‘and is ‘propor-
tional to the rate of turn. With this ‘arfange-
ment, no turning error will be prodiiced on - -an
east or west course and a maximum erior of -Eb~
proximately 30 degrees will ocecur on fast turns
from a north or sotuth course. :An ‘additional
error representative of the variation of the-hoii-
Zontal component of the earth’s ‘magnetic field
with change of location can be introduced by the
instructor.

The tendency of the directionsl gyro to -drift
away from the true heading is simulated by
means of a slow speed motor and -differéntial
gear box through which the ‘gyro-transmitter ‘is
attached to the compass motor unit.

The remote indicating coirpass at the pilot’s
position follows the flux gate master-indicator at
the navigator’s position and gives the true head_—
ing when the navigator has made the ‘correct
variation compensation at the -flux ‘gate master
indicator.

The compass, altiméter and airspeed-indicator
tell the pilot how fast and in what direction the
airplane is moving with respect to ‘the air-around
it. If that air is moving with respect'to the‘edrth
the pilot must make ‘allowance for the magnitude
and direction of the air movement with respect
to the earth. These functiohs ‘are known -as
ground wind velocity and diréction. Their
values can be deterniined in an -airplane by use

of a drift sight and an appropriate-course steered ¢

by the pilot in order to reach his destination.

In the trainer the imaginary course flown ‘is
recorded on a map by a flisht recorder whose
direction and speed over -the map are controlled
by the ground track and ground speed métor con-
trol circuits respectively which are dependent osn
the true airspeed and compass heading of 'the
trainer and the ground wind velocity-and diree-
tion.

The features of the -trainer by which fight
conditions may be simulated having been Hitefly
described, reference may now be had for a nmiore
comprehensive understanding of the invéntion
to the following detailed description -of the -in-
vention when read in connection with the acéoin..
panying drawings, in which:

Fig. 1 shows diagrammatically ‘the ‘flight
trainer together with the instructor’s desk ‘and
associated apparatus capinets;

Fig. 2 shows the ground speed sng “ground
track control amplifiers which control the-ground
speed and ground track motor units-disclosed in
Fig. 3;

‘Fig. 3 shows schematically -in the -upper:por--

tion thereof the ground speed: and .ground -track
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motor ‘units which control the speed and dirée~
tion of movement of the flight recorder -at the
instiuctor’s desk, diseloséd schematically in Fig.
21. Fig. 3 also shows in the lower left portion
thereof the schematic representation of the
static-ice motor unit;

‘Fig. 4 shows a schematic representation of the
alfimeéter motor control circuit -and altimeter
totor unit;

Fig. 5 shows above the dot-dash line a sche-
matic representation of the indicated rate-of-
climb motor control circuit and apparatus of the
associated motor unit and below the dot-dash
line & schematic representation of the yaw motor
constrol ‘circuit and ‘apparatus of the associated
motor unit;

Fig. 6 shows above the dot-dash line a sche-
matic representation of the true rate-of-climb
motor control circuit and apparatus of the gsso-
ciated motor unit and below the dot-dash line-a
Scheingtic representation of apparatus of the
bank motor unit;

Fig. 7 shows above the dot-dash line ‘a sche-
matic representation of apparatus of the true
airspeed motor unit and below the dot-dash line
a schematic representation of apparatus of the
indicated airspeed motor unit;

Fig. 8 shows above the upper dot-dash line g
schematic representation of apparatus of the
thrust motor unit, in the central portion of the
figure the schematic representation of apparatus
of the weight motor ‘unit, and below the lower
dot-dash line a schematic representation of ap-
Pparatus of the angle of attack motor unit;

Fig. 9 shows above the upper dot-dash line g
schematic representation of the wing flaps motor
unit, in the left center portion a schematic repre-
sentation of the engine cowl flaps motor unit,
in the right eenter portion schematic represen-
tation of the landing gear motor unit, and below
the lower dot-dash line schematic representa-
tions of the brake horsepower units for the four
simulated engines;

Fig. 10 shows a schematic representation of
the compass motor control circuit and apparatus
of the associated motor unit;

Fig. 11 shows in the upper right portion thereof
2 schematic representation of the pitch bar motor
control circuit and apparatus of the associated
motor unit and in the upper left portion thereof
a schematic representation of the ball motor
control circuit and apparatus of the associated
motor unit. Fig. 11 glso shows'a box in the lower
left corner thereof representing a rough air motor

. unit controlled from the instructor’s desk, Fig,

17, for simulating the effects of rough air;

Fig. 12 shows above the dot-dash line a sche-
matic representation of the rate of roll motor
control circuit -and apparatus of the associated
motor unit and below the dot-dash line a sche-
matic representation of the rate-of-turn motor
control circuit and apparatus of the associated
motor unit;

Fig. 13 shows above the dot-dash line a sche-
matic representation of the rate-of-pitch motor
control circuit and apparatus of the associated
motor unit and below the dot-dash line a sche-
matic-representation'of'the bank motor control
cirpi;uit and apparatus of the associated motor
unit;

-PFig. 14 shows above:the dot-dagh line a sche-
matic representation of the true airspeed motor
control circuit and apparatus of the associated
motor unit and below the dot-dash line a sche-
matic -representation of the ‘indicated airspeed
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waves of the signal regardless of the phase of
the signal with respect to the phase of the poten-
tial applied to the plate of tube MI, the tube MI
will cause the transmission of an impulse through
the rotor circuit of motor 460 each timse the tube
MI fires on each positive half wave of the plate
potential and the motor will rotate in one direc-
tion. In response to an input signal which is
out of phase with the potential applied to the
plate of tube MR, tube MR will not. conduct and
consequently relays 409 and 411 will not operate
but, since tube MTI will fire on each positive half
wave of the potential applied to its plate, the
motor 400 will be operated in response to the
incoming signal in the reverse direction.

Potentiometers and variacs of a motor unit
may enter into the control of several other mo-
tor control circuits of the trainer. For exaraple,
the motor 1259 of rate-of-turn motor unit of
Fig. 12 rotates shaft 125] through the reduction
gear box (262, which shaft through gears 1253
and {234 rotates the slider of potentiometer R'TI
and the rotor of synchro-transmitter RTT,
through gears 1255 and (256 rotates the slider of
potentiometer RT2 and through gears 1257 and
1258 rotates the slider of potentiometer RTS.
Potentiometer RT2 enters into the control of the
altimeter motor control circuit of Fig. 4 and
potentiometer RT3 enters into the control of
the compass motor control circuit of Pig. 10
and into the contro! of the rate-of-yaw motor
control circuit of Fig, 5. The potentiometer RT{
enters into the control of the magnetic compass
on the pilot’s instrument panel, PFig. 16. The
synchro-transmitter RTT is effective to control
the synchro-receivers 1609, 1786 and 2489 which
drive the rate-of-turn pointers of the turn and
bank instruments 1684, {761 and 2(0i on the
pilot’s, copilot’s and instructor’s instrument
panels.

The motor control circuits shown schematical-
Iy in figsures such as Fig. 12, are similar to the
altimeter motor control circuit of Fig. 4 but to
avoid unnecessarily increasing the disclosure have
been abbreviated to show only the input circuits
to the first amplifier tubes thereof, to show the
RV, RVI and LS relays which control the circuits
of the motors and to show the motors, reduction
gear boxes and limit switches. Such abbreviated
motor control circuits are disclosed in Figs, 5, 6,
9, 10, 11, 12, 13, 14 and 15.

The motors of the wing flaps, landing gear
and cowl flaps motor units of Fig. 9 and the
motor of the air temperature motor unit of Fig.
19 are of the reversible alternating current shaded
pole type having a main stator winding and
shaded pole windings. A motor of this type is
caused to rotate in one direction by energizing
the stator winding and short-cireuiting one of
the shaded pole windings aid to rotate in the
opposite direction by energizing the stator wind-
ing and short-circuiting the other shaded pole
winding. The wing flaps and landirig gear motor
units are more fully disclosed in Patent 2,516,803
to R. O. Rippere of July 25, 1950.

The instruments on the pilot’s, copilot’s, homs-
bardier’s, navigator’s ang instructor’s instrument
banels illustrated in Figs. 16, 17, 18 and 21 are
identical in appearance to the instruments which

would be found on the corresponding instrument 7

panels of an actual airplage but are driven by
synchro-receivers associated therewith as, for ex-
ample, the turn indicators of the turn and bank
instruments 1884, 176 and 2181 which are driven,
as previously described by the associated synchro-
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receivers 1600, 1700 and 2100. Some of the in-
struments, such as for example the gyro or arti-
ficial horizon have two driving synchro-receivers
associated therewith. In the case of the gyro
horizon instrument one of the receivers is oper-
able from the bank motor control unit to tip the
artificial horizon bar and to operate a pointer to
indicate the angle of bank simulated in the flight
being conducted in the trainer and the other re-
ceiver being operable from the pitch bar motor
unit to raise or lower the horizon bar to indicate
whether a level, diving or climbing flight is be-
ing simulated. An instrument of this type is
fully described in Patent 2,381,872 granted Au-
gust 14, 1945, to C. I. Baker.

The flight recorder motor control circuits of
Fig. 2 in conjunction with the motor units of
Fig. 3 control the flight recorder on the instruc-
tor’s desk schematically disclosed in Fig. 1. The
speed at which the flicht recorder is advanced
over a map to record the actual ground speed of
the simulated flight is under the control of the
ground speed motor control circuit shown in the
upper portion of Fig. 2 and the motor GSI dis-
closed in the left portion of Fig. 3. The motor
G81 through the reduction gear box 308, gears
301 and 302, and gears 303 and 304 drives the
ground speed synchro-transmitters GS4 and GS27
which may be electrically associated with the
synchro-receivers 2183 and 2i84 geared to the
driving wheels of the flight recorder. By the
operation of the GS4 relay 385 or the GS27 relay
308, under the control of switch 2185 and key
2106 at the instructor’s desk, the flight recorder
may be operated over a terrain map under the
control of transmitter G4 at a speed represen~
tative of four nautical miles per inch, or under
the control of transmitter GS27 at a speed rep-
resentative of twenty-seven nautical miles per
inch.

The orientation of the flight recorder to record
the direction of the simulated flight course is
under the control of the ground track motor con-
trol circuit disclosed in the lower portion of Fig, 2

» and the motor GT disclosed in Fig. 3 which motor,

through the reduction geais 307, 308; 389 and 310,
drives the synchro-transmitter GTST electri-
cally connected with the syhchro-receiver 2107
geared to the spindle of the steering wheel of the
flight recorder. In general, the flight recorder is
controlled in the mahner fully disclosed in Pat-
ent 2,486,784 to W. H. T. Holden of November 1,
1949,

The rough air unit represented by the hox 1160
of Fig. 11 is of the type fully disclosed in Patent
2,460,743 to C. E. Germanton of February 1, 1949:

The control columns 2008 and 2050, rudder
pedals 2881, 28082 and 2051, 2052, ahd brake pedals
2003, 2604 and 2093, 2054 at the pilot’s and co-
bilot’s stations are schematically illustrative of the
similar controls of an actual airplane: The con-
trol column 2088 compiises a slidable and rotat-
able sleeve 2005 to the forward end of which the
aileron control wheel 2096 is secured. The sleeve
carriés an arm 2887 which is longitudinally mov-
able with the sleeve but does not partake of its
rotation the end of which arm is secured to the
sprocket chain 2008 which extends over idler
sprocket wheels 25809, 2010, 2011 and over sprocket
wheel 2812 secured to shaft 2024. The shaft
through sprocket chain 2§25 drives counter shaft
2828 which in tarn through the sprocket chain
2027 drives the slider of elevator potentiometer
EL. Loading may be applied from the elevator
loading wnit 2028 through sprocket chain 2029
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to shaft 2026 and thence through sprocket chain
2025, shaft 2024 and sprocket chain 2098 to resist
the sliding movement of the control 2008. The
sleeve 2055 of control column 2050 at the co-
pilot’s station is similarly connected through arm
2057 and sprocket chain 2058 with shaft 2324 and
in the manner described with potentiometer EL
and elevator loading unit 2028. Thus when either
control column is given g sliding movement, the
slider of potentiometer EL is rotated toward the
“up” end of its winding if the column is pulled
out or toward the “down” end of its winding I
the column is pushed in.

The rotation of the column 2388 by the aileron
wheel 2006 is imparted to the square shaft 2843
which is capable of rotating with the sleeve 2085
but does not partake of the longitudinal move-
ment of the sleeve. The shaft 203 through the
sprocket wheel 2014 is connected by sprocket
chain 2015 with the sprocket wheel 2064 attached
to shaft 2063 associated with the column 28588 at
the copilot’s station so that rotation of the ai-
Jeron wheel 2006 at the pilot’s station or the ro-
tation of the aileron wheel 2056 at the copilot’s
station will cause the rotation of sprocket wheel
2030 which is connected by sprocket chain 2§31
extending over idler sprocket wheels 2632, 2833,
2034 and 2035 with sprocket wheel 2635 mounted
on shaft 2031. The shaft 2837 through the

sprocket chain 2038 drives the countershait 2835

which, in turn, through the sprocket chain 2049,
drives the slider of the aileron potentiometer AL.
Thus the rotation of either aileron wheel 286§ or
2056 will result in the movement of the slider of

potentiometer AL from its normal position at the

center tap of its winding toward the No. 1 or No. 3
terminal of the winding dependent upon the di~
rection of rotation of the aileron wheel for right
or left wing down. Aileron loading may he ap-

plied from the aileron loading unit 2641 through .

the sprocket chain 2042 to countershaft 2039 and
thence through the linkage previously described
to the aileron wheels 2006 and 2058.

At the pilot’s station the right rudder pedal
2002 is connected to sprocket chain 2016 which
extends over idler sprocket wheel 20617 and
sprocket wheel 2018 mounted on shaft 2043.
The left rudder pedal 2001 is connected to
sprocket chain 2019 which extends over idler
sprocket wheel 20208 and sprocket wheel 2621
mounted on shaft 2043. It will be noted that the
pedal 2001 is connected to the upper reach of
chain 2916 whereas the pedal 2002 is connected
to the lower reach of chain 2013 so that pressure
upon the pedal 2001 will cause the rotation of
shaft 2043 in ocne direction whereas pressure
upon pedal 2002 will cause the reverse rotation
of shaft 2043. The rudder pedals at the copilot’s
station are similarly linked to the shaft 2042
through the chains 2066 and 2069 extending over
sprocket wheels 2067, 2068, 2070 and 2071. Shaft
2043 is connected by sprocket chain 20484 with
counter-shaft 2045 which in turn drives the
sliders of rudder potentiometers RDI and RD2
through sprocket chain 2046. Thus pressure on
right rudder pedals 2001 and 2051 will result in
the movement of the sliders of these potentiome-
ters toward the No. 1 terminals of their wind-
ings representative of right rudder, or pressure
on left rudder pedals 2902 and 2052 will result in
the movement of the sliders of the potentiome-
ters toward the No. 3 terminals of their wind-
ings representative of left rudder. Rudder load-
ing may be applied from the rudder loading unit
2041 through the sprocket chain 2048 to coun-
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ter-shaft 2045 and through the linkage pre-
viously described to the rudder pedals 2001, 2002,
205( and 2052.

Pressure on the right brake pedal 2003 at the
pilot’s station is communicated through the
linkage 2022 to shaft 2074 and similarly pressure
on the right foot brake pedal 2053 at the co-
pilot’s station is communicated through the link-
age 2072 to shaft 2074 which, through the gears
2075, 2076 and 2071, operates the sliders of the
right brake potentiometers RBI and RB2 and
rotates the switch operating cams 2078 and 2078.
Pressure on the left foot brake pedal 2884 at the
pilot’s station is communicated through the link-
age 2823 to the shaft 2080 and, similarly, pres-
sure on the left foot brake pedal 2854 at the co-
pilot’s station is communicated through the
linkage 2073 to shaft 2088 which, through the
gears 2081, 2082 and 2083, operates the sliders of
the left brake potentiometers LBl and LBZ and
rotates the switch operating cams 2084 and 2085.

The apparatus employed in embodying the in-
vention having now been briefly described, the
procedure followed in making a typical flight
will now be discussed. Preparatory to making a
flight the pilot checks all instruments. The
gyro-horizon instrument should indicate a nose
level zero bank condition; the air speed indicator,
climb indicator and altimeter should read zero;
the turn and bank indicators should be cen-
tered; the wing flaps indicator should show a
flaps “up” position; and the air temperature in-
dicator should normally read +15 degrees centi-
grade. The engine instruments, not shown,
would also be checked. The pilot will also check
the controls for freedom of motion. The park-
ing brake is at this time set at its “on” position.
Starting of the engines may now be simulated in
the manner fully described in the Patent 2,506,~
949 to Burelbach and Lukacs, hereinbefore re-
ferred to. As each engine throttle is opened, the
manifold pressure as indicated by the manifold
pressure indicator increases and the tachome-
ters show an increase of engine speed, until when
the throttle is fully open a manifold pressure of
57 inches of mercury and an engine speed of
2800 revolutions per minute will be indicated.
As the speeds of the engines increase the brake
horsepower motor units for the four engines,
shown schematically in Fig. 9, will operate to
move the sliders of their potentiometers away
from the No. 1 terminals of their windings rep~
resentative of the production of brake horse-
power, and the thrust motor unit of Figs. 8 and
15 will be operated in a manner representative
of the thrust developed by the four engine driven
propellers, thus moving the sliders of potentiome-
ters T1, T2, T3 and T5 away from the No. 1
terminals of their windings.

The grounded condition of the airplane is
simulated in the trainer by the operated condi-
tion of the G relay 412 of Fig. 4 the circuit of
which is established over the normal contacts of
the L3 limit switch closed by cam 413 and the
normal contacts of the Lt limit switch closed by
cam 414 of the altimeter motor unit of Fig. 4,
which switches are both operated to their alter-
nate positions when the altitude of the simu-
lated flight is zero. The contacts of switch Li
close to their alternate positions as the altitude
decreases between 600 and 100 feet and the con-
tacts of the microswitch L3 close to their alter-
nate positions when the altitude becomes zero.
Relay 412, upon operating, establishes a circuit
from ground over the lower normal contacts of



the RG relay 4145, over the lower No. 4 contacts
of relay 412 and conductor 418, thence through
-the winding of the G5 relay 601 of Fig. 6 to bat-
tery; a circuit from ground over the lower nor-
mal eontacts of relay 415, over the lower No. 3
contacts of relay 412 and conductor 4i7 and
thence through the winding of the Gi relay 809
of the angle of attack motor unit of Fig. 8 to
battery; a circuit over the lower contacts of re-
lay 218, over the lower No. 2 contacts of relay
412 and conduetor 4i8 through the winding of
the G3 relay 1258 of the rate of turn motor unit
of Fig. 12 to battery; a circuit over the lower
contacts of relay 415, the lower No. 1 contacts
of relay 412 and conductor 419 through the
winding of the G2 relay 1851 of the indicated
airspeed motor unit of Fig. 14 to battery and a
circuit over the lower contacts of relay 415, over
the upper No. 2 contacts of relay 412, conductor
429 and through the winding of the G& relay
1851 of the angle of attack motor unit of Fig. 15
to battery.

For a simulated flight, the weight of the air-
plane and its load will be assumed to be 60,000
pounds. This is represented in the trainer by the
control of the weight motor unit of Fig. 15 by
the instructor. To accomplish this the instric-
tor adjusts the weight control rheostat 2108, the
winding of which is energized from the 40e!
bus-bar, to a position representative of the
welght of 60,000 pounds. Phase i potential
will thereby be impressed from the slider of rheo-
stat 2188, over conductor 1583 and through re-
sistor 1802 to the signal input conductor 1581
of the weight motor control circuit which funec-
tions in the manner previously deseribed in con-
nection with the altimeter motor circuit of Fig.
4 to cause the motor 1388 thereof to rotate the
shaft 1504 and the sliders of the potentiometers
W1, W8, W9, and Wil driven thereby into po-
sitions representative of the assumed weight of
60,000 pounds. When the slider of balancing
potentiometer W8 has heen moved toward the
No. 3 terminal of its' winding to a position rep-

resentative of this weight, the potential of phase -

@2 derived at its slider and applied through re-
sistor 18085 to the signal input conductor 1501 will
balance the phase ¢l potential applied through
resistor 1502 to conductor 150! and the motor

1508 will stop. To derive the phase 92 balane- /

ing potential, potential is applied from the 4042
bus-bar through resistor 1566 and thence in par-
allel through resistor 18507 and through the wind-
ing of potentiometer W9 to ground.

For take-off the wing flaps should be half

down (20 degrees) and therefore the motor 500
of the wing flaps motor unit, Fig. 9, is controlled
by the pilot in the manner fully disclosed in my
application Serial No. 676,603 hereinbefore re-
ferred to and rotates the sliders of potentiom-~
eters WF2, WF3, WF4 and WF5 driven from
shaft 88{ to positions approximately midway of
their windings. The pilot also operates the cowl
flaps control (not shown) to cause the motor of
the cowl flaps wmotor unit of each engine to op~
erate the shaft of such unit into a position rep-
resentative of a one-quarter opening of the en-
gine cowl flaps. For example, the motor 820 of
the cowl flaps motor unit for the No. 2 engine,
disclosed in Fig. 9, rotates shaft 921 and the
slider of the potentiometer CF2 driven thereby
one-quarter of the distance toward the No. 3 ter-
minal of its winding.

With the foot brakes locked, no airspeed is
developed as would be indieated by the airspeed
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indicators 1608, 1708, 1712, 1809 and 2109 on
the - pilot’s, copilot’s, hombardier’s, navigator's
and instructor’s instrument panels even with the
thrust developed due to open engine throttles.
The airspeed indicators are controlled from the
indicated airspeed motor umit disclosed in Figs.
7 and 14. This motor unit is controlled by .sig-
nal potentials representing forces along the line
of flight. During flicht, potentials representing
thrust, drag and the components of weight along
the line of flight when climbing or diving are
connected to the signal input conductor 1452,
The sum of these potentials represents acceler-
ating force. Since the motor 1456 runs at a
speed proportional to the potential applied to
conductor 1452, the rate of movement of the air-
speed indicators is proportional to the accelerat-
Ing force. The drag force is a function of air-
Speed, yaw, angle of attack, landing. gear posi-
tion and wing flaps position so that increasing
any of these increases the drag potential thus
reducing forward acceleration, fully stabilizing
‘Wwhen the equation is satisfied.

The force equation as represented by the indi-
cated airspeed is:

Thrust—drag—weight X (sine of angle of climb)
=accelerating force. Since no angle of climb
circuib is provided the relative magnitude of the
weight term is represented by the equivalent
term: WeightXrate of climb-true airspeed,

The circuit connected to input signal conduc~
tor 1452, through resistor 86§ , from the slider
of thrust potentiometer TS, Fig. 8, represents
the thrust. With the foot brakes locked, this
thrust potential is zero because the BL relay
1260 in the rate of turn motor unit of Fig. 12
will be operated and will open the circuit over
which the winding of the thrust potentiometer
TS is energized, which circuit extends from the
Junction point between resistors 862 and 803 of
the potential divider comnected from the 40p2
bus-bar through such resistors to ground, over
conductor 804, over the upper back contact of
the BL relay 1280, over conductor 805 and
through the upper 75 per cent of the winding
of potentiometer T5 to ground. Relay 1260 is
held operated so long as the brakes are locked,
over a circuit which may be traced from ground
over the alternate contacts of the L switeh closed
by cam 2078 when the right foot brake is locked,
over the alternate contacts of the L, switch closed
by the cam 2084 when the left foot brake is
locked, over conductor 1261 , over the middle
lower front contact of the G3§ relay 1259 and
through the winding of relay 1260 to battery.
As soon, however, as the foct brakes are unlocked
relay 1260 releases, the upper portion of the
winding of thrust potentiometer TS5 becomes
energized and potential of phase o2 hecomes
applied to signal input conductor $452 of the
indicated airspeed motor control circuit.

The drag force opposing acceleration consists
of the normal straight flight drag vplus a com~
penent introduced by the effects of yaw. The
straight flight drag is equal to XX (indicated
airspeed)2X Cp, where K represents one-half the
product of sea level air density and the wing area
of the airplane, and Cp is ths coefficient of drag
which is the sum of the parasite drag coefficient,
the drag coefficient due to deflection of wing flaps
and landing gear, and the induced drag coeffi-
cient due to the angle of attack of the wings.
The circuit connected to input signal conductor
1452 through resistor §02 represents the para-
while the cireuit con~
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nected to input signal conductor 1452 through
resistor 805 represents the induced drag due to
the angle of attack. The drag effects of yaw
and landing gear are simulated by the circuits
connected from the slider of the yaw poten-
tiometer Y4 of Fig. 5 through resistor 551 fo
signal input conductor 1452. The weight com-
ponent during flight is simulated by the circuit
connected from the slider of the weight poten-
tiometer W8 of Fig. 8 over conductor 8017, over
the inner lower back contact of the G2 relay
1451 associated with the indicated airspeed
motor unit, and thence through resistor 1453
to conductor 1452,

As previously stated the drag imposed by the
wing flaps is represented by a potential impressed
on conductor 1452 through resistor 886. This
potential varies as the square of the indicated
airspeed and is of phase ¢l. To derive this po-
tential from the 481 bus-bar is impressed across
the winding of the indicated airspeed variac IAST
of Fig. 7 and potential derived at the slider of
such variac is impressed over the inner lower back
contact of the ASN relay 150 which releases as
soon as airspeed is developed, and thence through
the winding of indicated airspeed variac IASS to
ground. The phase ¢! potential derived at the
slider of variac IASE which thus varies as the
square of the airspeed, is then impressed over
conductor 751, through the winding of the wing
flaps potentiometer WF2 of Fig. 9, over conductor
503, through resistor 808 and to ground over the
lower back contact of the S (stall relay) 809.
The potential then derived at the slider of poten-
tiometer WF2 is applied through resistor 902 to
signal input conductor {452. With the wing flaps
half down, as has been assumed, this potential
will impose a considerable amount of drag which
will increase as the airspeed increases.

A second drag is imposed by the wings. To

derive a potential representative of this drag, the.

potential derived at the slider of indicated air-
speed variac TASS is supplied over conductor 151
through the winding of the angle of attack po-
tentiometer AA{ of Fig. 8 to ground whereby a
phase ol potential derived at the slider of the
latter potentiometer is applied through resistor
818, through the winding of angle of attack
potentiometer AA2 to ground. The potential then
derived at the slider of the latter potentiometer
is applied through resistor 866 to signal input
conductor 1452. With the airplane on the ground
and the nose wheel of the landing gear still on
the ground, the sliders of the angle of attack
potentiometers will be positioned at the center
positions of the angle of attack potentiometer
windings as will be later explained and, con-
sequently, the phase ¢f drag potential applied
through resistor 835 to conductor 1482 will be
a function of the coefficient of drag of the wings
as determined by the position of the sliders of
potentiometers AAt and AA2 and will increase in
accordance with the increase of airspeed.

The drag due to the landing gear being down
is represented as previously stated by a potential
applied to conductor {452 through resistor 55f.
To derive this potential, the phase ¢l potential
derived at the slider of the indicated airspeed
variac IASS is applied over conductor 751 through
resistor 532, through the two halves of the wind-
ing of yaw potentiometer Y4 of Fig. 5 to the center
tap of such potentiometer winding, over con-
ductor 553, through resistor 811 and in parallel
with resistor 811 over the back contact of the
MGD relay 984 which, with the main landing
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gear down, will be released, thence through land-
ing gear potentiometer LGT, the slider of which
will be at the No. 3 terminal of its winding, con-
ductor 995, and thence to ground at the lower
back contact of the S relay 889. The potential
derived at the slider of the yaw potentiometer
Y4 is then applied through resistor 55i to con-
ductor 1452. This potential will thus vary as
the square of the indicated airspeed and is a
function of the position of the landing gear.
With the movement of the simulated flight
straight ahead and the slider of yaw potentiom-
eter Y4 at the center tap winding there will be no
cormponent of yaw imposed on this derived drag
potential.

A further slight drag potential will also be
applied to conductor 1452 which is representative
of the frictional resistance of the landing gear
and the resistance due to the rolling of the land-
ing gear wheels over the ground. To derive this
potential phase ¢l potential from the bus-bar
4901 is applied through resistor 152 and in paral-
lel therewith through the upper portion of the
winding of the indicated airspeed variac IAST
and the potential thus resulting which will vary
with the indicated airspeed is applied over con-
ductor 753, over the lower front contact of the
G3 relay {45! which remains operated as long
as the simulated flight is grounded, over con-
ductor {454, through the winding of the left brake
potentiometer LBI1 and in parallel through the
winding of the right brake potentiometer wind-
ing RB{, and through the 100-ohm resistor 2086 to
ground. Potential derived at the slider of po-
tentiometer LBI{ is then applied over conductor
2087 to ground through resistor {455 and through
resistor 1456 and over the inner lower front con-
tact of the G2 relay 1451 through resistor 1453
to signal input conductor 1452, and potential de-
rived at the slider of potentiometer RBI is then
applied over conductor 2088 to ground and
through resistor 1457 and through resistor 1458,
over the inner lower front contact of the G2
relay 1450 through resistor 1463 to signal input
conductor 1452. With the foot brakes both un-
locked for take-off the sliders of brake potenti-
ometers T.BI and LB2 should both be at the No.
1 terminals of their windings so that the drag
potential applied to conductor {452 over the cir-
cuit just traced will be relatively small.

The phase ¢2 thrust potential and the phase
el drag potentials derived as just described are
added at signal input conductor 1452 resulting
in a predominating potential of phase 92 which
causes the motor 1450 of the indicated airspeed
motor unit to drive the sliders of the potentiom-
eters and variacs thereof in a direction repre-
sentative of an increasing airspeed. The effect
of acceleration is introduced by means of the
gearing which connects the motor {450 to shaft
1458 from which the variacs and potentiometers
are driven. .

The shaft 1459 also drives through gears 1460,
1461 and 1462 the rotors of synchro-transmitters
AST| and ASTZ which rotors are energized from
the 28-volt, 400-cycle source of current schemat-
ically indicated in Fig. 10, over the 28V and 28G
bus-bars. The stator windings of transmitter
ASTI are connected over bus-bar 28G and over
conductors (263 and 1264 to the stator windings
of the synchro-receiver 2116 which drives the
air speed indicator 2189 at the instructor’s desk.
The stator windings of transmitter AST{ are also
connected over bus-bar 28G and over the upper
back contacts of the pl relay 457, and conduc-
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tors 1466 and 1466 with the stator windings of the
synchro-receiver 1610 which driveg the airspeed
indicator 1809 at the pilot’s station and with the
stator windings of the synchro-receiver (710
which drives the airspeed indicator 709 at the
copilot’s station. The stator windings of the
transmitter AST? are connected over bus-bar
268G and over the lower back contacts of relay
1487 and conductors 1468 and (469 with the sta-
tor windings of the synchro-receiver 1816 which
drives the airspeed indicator at the navigator’s
station and with the stator windings of the syn-
chro-receiver 711 which drives the airspeed in-
dicator 1712 at the bombardier’s station. 'These
alr speed indicators will how show the accelerat-
ing airspeed of the simulated movement of the
flight along the ground.

When an indicated airspeed of about 80 knots
is attained the pilot will pull backward on the
control wheel 2808 abous 4 inches resulting in &
movement of the slider of elevator potentiometer
EL from its normal position below the center tap
boint toward the upper toerminal of its winding
representative of the changing of the attitude of
the airplane for take-off, or change in the rate
of pitch. The rate of pitéh ig simulated in the
trainer by the rate-of-pitech motor ¢ontrol cireuit
and motor unit shown in the upper portion of
Fig. 13, This motor unit is controlled by poten-
tials representing a performance equation based
on the major moments tending to make the air-
plane pitch or turn about its lateral axis through
the wings.

In flight these moments are: Wing motent--
tail moment—moment due to rate of pitch=
pitch accelsrating moment, ’

The relative magnitude of the moments in the
above equation may be represented by potentials
which are dependent on Indicated airspeed, angle
of attack, wing flaps bosition, longitudinal center
of gravity, position of the elevator as determined
by the movemert of the control, rate of pitch and
rough air. The wing and tail moments are di-
rectly proportional to the square of the indicated
airspeed and the moment due to rate of pitch is
directly proportional to the true airspeed. In
the trainer the true airspeed and indicated air-
speed are assumed to ba equal in so far as rate
of pitch is coneerned and thus by dividing
through by indicateéd airspeed a simplified cireyit
is obtained in which the wing and tail moments
are represented by potentialg directly propor-
tional to indicateg airspeed, while the airspeed
part of the rate-of-pitch moment is eliminated.

By representing the coefficient of lift by an
equivalent angle of attack function; the cireuit
connected to the signal mput conductor. {301
through resistor 824 from the slider of angle of
attack poteniometer AAS Tepresents the wing mo-
ment and that part of the tail moment produced
by the stabilizer. The circuit connected to con-
ductor 1381 from the slidar of the elevator poten-
tiometer EL, over conductor 2689, through resis-
tor {302 represents that part of the tail moment
produced by the elevator action. In order to
give improved control near the neutral position
of the elevator a grounded center tap potentiom-
eter EL is used. Becaise each half of the po-
tentiometer represents unequal movement of the
elevator (—30 degiees “up” and +20 degrees
“down™) s correction factor represented by the
circuit connected to conductor {381 through re-
sistor $88 from the slider of the wing flaps po-
tentiometer WES ig introduced. The effect of
wing flaps is represented by the eireuit conrected
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from the slider of the wing flaps potentiometer
WEF4 through resistor 907 to conductor §201,
The circuit connected to conductor 1361 through
resistors 1303 and 1304 from the rate of pitch po-
tentiometer RP7 represents the piteching moment
due to the rate of pitch. Under the control of
the instructor random potentials representing
rough air may he applied from the rough air cir-
cuit 1189 of Fig. 11, over conductor 1101 and
through resistors 1305 and (203 to signal input
conductor $381. '

With a groundéd condition of flight simulated
and no airspeed, the only potential applied to
conductor 136§ will be that applied through re-
sigtor 842 répresentative of the weight of the air-
plane. This potential will be of phase of and
will cause the motor 1308 of the rate-of-pitch
motor unit 6f Fig. 13 to rotate the sliders of po-
tentiometers RP1 and RP8 nearly to the No. 1
terminals of their Windings or until the phase 2
botential derived at the slider of balancing poten-
tiometer RPT ang applied to conductor i3n¢
through resistors 1854 and {303 balances the
phase ¢l potential. 'The No. 3 terminal of po-
tentiometer RP7T is cotinected to the junction
point between resistors 130§ and 1307 of the po-
tential divider connected from the #8¢1 hus-bar
through such resistors to ground and the No. 1
terminal of the potentiometer is connected to the
junction point between resistors i 308 and {309
of the potential divider connected from the 402
bus-bar through such resistors to ground. The
movernent of the sliders of potentiometers RPT
and RP8 will now be representative of a negative
value of rate of pitch due to the weight of the
plane which is holding the nose of the blane down.

To determine the phase ol potential applied
through resistor 812 to conductor 1301, potential
from the 49% 1 bus-bay is applied through resistor
1472, over the upper contacts of the G2 relay
1451, through the indicated airspeed potentiom-~
eter TASI8, and through resistor 1473 tg ground,
the potential derived between the potentiometer
winding and resistor 1873 being applied over
conductor 1474, through the winding of longi-
tudinal center ot gravity rheostat 2112 at the in-
structor’s desk, and through resistor 2111 to
ground. The peotential derived at the slider of
rheostat 2112 is then applied over conductor 21{3
and through the winding of welght potentiometer
W1 of Fig. 8 and resistor 835 to ground. Through
the adjustment of the latter botentiometer, as
previously described in accordance with the as-
suthed Wweight of the airplane with its load, the
potential applied to the winding of such poten-
tlometer is modified and applied from the slider
thereof through resistor 812 to conductor 1261,

When the brakes are released and a simulated
airspeed is attained, the phase ¢! potential
applied from the slidaer of potentiometer W7
through resistor 812 to conductor 130{ does not
change until an indicated airspeed of approxi-
mately 50 knots is attained due to the short-cir-
cuited condition of the first 20 per cent of the
winding of indicated airspeed potentiometer
TASIS. As the airspeed increases above 50 knots
the potential. deérived at the slider of potenti-
ometer IASIQ decreases and as a consequence
the potential applied to signal input cenductor
(301 through resistor 812 decreases.

With zirspeéd now developed the lifting mo-
ments of the wings and stabilizer are represented
by a potential applied to conductor 1381 through
resistor 824 as previously stated. To derive this

Dbotential, potential of phase 92 derived as pre-
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viously described at the slider of indicated air-
speed variac TAS4 is applied over conductor 156,
through resistors 813, 814 and 8{5 in series,
through the lower portion of the winding of the
angle of attack potentiometer AA8 to ground ab
the 25 per cent tap of such potentiometer winding.
At the same time potential of phase ol derived
as previously described at the slider of the in-
dicated airspeed variac TAST is applied over con-
ductor 153, over conductor (475, through the
winding of the longitudinal eenter of gravity ad-
justing rheostat 2i1 4 at the instructor’s desk,
over conductor 2i{5 and through resistor 8i6 to
ground, and over the lower front contact of the
Gl relay 800, through resistor 817 and through
the upper 15 per cent of the winding of the angle
of attack potentiometer AA8 to ground. The
upper portion of the winding of potentiometer
AAS is shunted by a circuit through resistor 818,
over conductor 818 and through the winding of
the wing flaps potentiometer WF4 to ground.
Until the Gi relay 898 releases phase ¢l poten-
tial which energizes the upper portion of the
winding of potenticmeter AA8 will be low because
of the low resistance connection to ground
through the resistor 8(6. It has been assumed
that the sliders of the potentiometers of the angle
of attack motor unit are normally held at about
the centers of the potentiometer windings and
therefore with the slider of potentiometer AAS
positioned between the ground tap and the No. 3
terminal of the winding, phase ¢l potential of a
Jow value is derived at such slider and applied
through resistor 824 to conductor 1381, which
potential will increase as the airspeed increases.

To insure that the angle of attack motor unit
will normally position the sliders of its poten-
tiometers at positions representative of the atti-
tude of the airplane with its nose wheel on the
ground prior to the development of airspeed, at
which time the Gi relay 800 is operated, the po-
tentiometer AA3 is provided. The first half of
the winding of this potentiometer is energized by
potential of phase ¢l applied therethrough from

the 40¢1 bus-bar through resistor 8298. The po- <

tential derived at the slider of such potentiometer
is applied over the inner lower and inner and
middle upper front contacts of the Gl relay 800,
through resistors 821, 822 and 823 to signal input

conductor 1552 of the angle of attack motor con- ¢

trol circuit. This phase ¢l potential causes such
control circuit to operate motor 1558 in a direc-
tion to move the sliders of all potentiometers
driven from the shaft 1353 until the slider of
potentiometer AA3 reaches the grounded center
tap position at which time the motor will stop.

It will be recalled that the winding of wing
flaps potentiometer WF4 was included in shunt
with the upper portion of the winding of angle of
attack potentiometer AA8 and was thus energized
by the potential of phase ¢l. A potential is
therefore derived at the slider of such potenti-
ometer W4 which is applied as previously stated
through resistor 807 to signal input conductor
1301 representative of the effects of the wing flaps
which have been assumed to be halfway down.
This phase ¢l potential will be small until the
G1 relay 800 releases when take-off is simulated
and will increase as the airspeed increases.

At the same time the winding of wing flaps po-
tentiometer WF5 is connected in parallel over
conductors 829 and 830 with resistor &{# which
it will be recalled was included in the circuit over
which potential of phase ¢2 was supplied through
the lower quarter of the winding of angle of at-
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tack potentiometer AA8 and, consequently, po-
tential of phase ¢2 is applied from the slider of
potentiometer WF5 through resistor 906 to signal
input conductor (301.

The potentials thus applied to signal input con-
ductor 1301 through resistors 824, 906, and 9017
due to the simulated ground run for take-off,
which increase as the airspeed increases and are
representative of the lift forces, are added to the
phase ¢l potential applied to conductor 1301
through resistor 812 representative of the weight
of the airplane resisting take-off, and the result
is a potential of phase ¢l of less value than was
applied through resistor 812 before the airspeed
was developed, and consequently the phase 02
potential applied to the slider of balancing poten-
tiometer RPT will be greater than the new value
of phase ¢l potential and the motor 1300 will
therefore be controlled to rotate the sliders of
potentiometers RPT and RP8 away from the No.
1 terminals of their windings representative of a
reduction in the negative value of the rate of
pitch but not above the electrical centers of the
potentiometer windings.

The elevator control is the major factor de-
termining the movement of the sliders of the
rate of pitch potentiometers to positions repre-
sentative of g positive value of rate of pitch nec-
essary for take-off. The potential of phase ol
derived at the slider of the indicated airspeed
variac IAST, as modified by resistor 152 con-
nected from the No. 4 terminal of the variac to
the slider of such variac is supplied over con-
ductor 153, through resistor 1478 and over con-
ductor 2099 to the lower or MNo. 1 terminal of the
elevator potentiometer EL and potential of phase
»2 derived at the slider of indicated airspeed
variac IASH, as modified by resistor 754 connected
from the No. 4 terminal of such variac to the
slider of such variac, is applied over conductor
755, through resistor #47f and over conductor
2091 to the upper or No. 3 terminal of potenti-
ometer EL. Thus as the slider of the potentiom-
eter EL is moved by the elevator control toward
the No. 3 terminal of its winding, as previously
assumed for take-off, the potential of phase 2
applied therefrom over conductor 2883 and
through resistor 1302 to signal input conductor
1301 is reduced. This potential, which increases
as the airspeed increases, is now overbalanced
by the predominating potential of phase @2 pre-
viously applied to conductor {38{ from the slider
of wing flaps potentiometer WF§ and from the
slider of rate of pitch potentiometer RPT and as
a consequence the motor 1380 of the rate of
pitch motor unit will operate in a direction to
move the sliders of potentiometers RP7 and RPS
towards the Mo. 3 terminals of their windings to
reduce the potential of phase ¢2 derived at the
slider of potentiometer RPT and to change such
potential to phase ¢l as it moves past the elec-
trical center of such potentiometer winding until
it balances the predominant phase ¢2 signal
potential applied to conduct (381. The motor
1300 will then stop.

In the new position of the slider of rate of
pitch potentiometer RPT, phase ¢l potential is
applied over conductor (39 and through re-
sistor 1589 to the signal input conductor 1552 of
the angle of attack motor control circuit whicn
potential is effective to cause motor 1559 to turn
shaft 1553 into a position representative of the
new angle of attack resulting from the change in
the rate of pitch to a positive value.

As a result of the change of angle of attack
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represented by the movement of the slider of
angle of attack potentiometsr AAS, the true rate
of elimb motor control circuit is operateq in ac-
cordance with the rate of climb which would re-
sult from the ehange in the angle of attack. The
rate of climb motor unit is controlled by po=
tentials represeating forces perpendicular to the
earth. These forces are primarily the compoenent
of the lift produced by the wings and tail that
is perpendicular to the earth, and the opposing
force of weight. If the two are equal the rate
of climb: remains stationary but if ene exceeds
the other there is an increase or a decrease in
the rate of climb.

The force equation represented by the rate of
climb circuit is as follows: Liftxcosine of the
bank angle—weight=vertical accelerating force.
Substituting for 1ift the equation hecomes CrLE ¢
(indicated airspeed)? X cosine of bank angle=ver-

tical accelerating force, where X is a constant ©

equal to one-half of the air density maudtiplied
by the wing area and Cu is the coefficent of lift
and is a function of the angle of attack and the
position of the wing flaps.

Prior to the simulation of flight and with the
ASN relay 150 operated, the centering potenti-
ometer RC3 of the rate of climb motor. unit of
Fig. 6 is effective to center the sliders of poten-
ticmeters RCI, RC2 and RC3 at the electrical
cénters of their wihdings.
potential of phase ¢2 is applied from the 48¢2
bus-bar through resistor 82 and the lower half
of the winding of potentiometer RCS to ground
and potential of phase ¢l is applied from the
40p{ bus-bar ever the lower contacts of the ASN
relay 188, over conducter 683, through resister
654 and through the upper half of the winding
of potentiometer RC3 to ground. If the slider
of such potentiometer is not centered, potential
of phase ¢l or phase ¢2 will be applied from such
slider over conductor 885, over the lower front
contact of the G4 relay {581 associated with the
angle of attack motor unit, thence over econduc-
tor 666, through resistor 687 and to the signal
input conductor 888 of the rate of climb motor
control circuit. 'This potential is effective to
operate the motor 889 in a direction to drive the
slider of potenticmeter RC3 back to the center
tap position whereupon the motor will stop.

The lifting forces above referred to are repre-
resented by the circuits connected to signal input
conductor 848 through resistors 689 and 518. The
circuit connected to conductor 888 through re-
sistor 611 represents the weight for¢e which op-
poses lift. The main lifting force is exerted by
the wings and is determined by the angle of
attack of the wings ang by the air speed. To
deérive s potential which is representative of the
lifting force of the wings the phase ¢! potential
derived as previously described at the slider of
indicated airspeed variac IAS3, which varies as
the square of the indicated airspeed, is applied
through resistor 787 and over contuctor 158
through the upper 75 per cent of the winding of
the angle of attack votentiometer AAS o ground.
At the same time phase ¢ potential devived at
the slider of indicated airspeed variac TASS,
which also varies as the square of the indicated
airspeed, is applied through resistor 789 ang over
conductor 788 through the lower guarter of the
winding of potentiometer AAS to ground. Prior
to take-off the siider of potentiometer AAS will
be between the ground tap and the No. 2 ter-
minal of the winding and consequently potential
of phase ¢2 will be derived at the slider of such

To accemplish this, ¢
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potentiometer and awplied over eonductor 826,
over the inner upper hack contact of the S relay
888, over conductor 828, through resistor 04,
over conductor 82 and through resistor 6§12 o
greund through the bank potentiometer BKT.
Before take-off the bank angle will he zero and
therefore the slider of this potentiometer will
rest at the grounded center tap of such potenti-
ometer winding. The phase ¢2 potential derived
&t the junction peint between resistors 784 and
§12 is then appled through resistor 888 to the
signal input conductor 88 of the rate of piteh
motor contrel circuit.

To derive a potential which represents the lift
force of the wing flaps phase 2 potential de-
rived at the slider of indicated airspeed variac
TAS3, and which varies as the square of the indi-
cated airspeed, is supplied over conductor 158
through the winding of wing fiaps potentiometer
WF3. From the slider of this potentiometer as-
sumed to be in a position representative of the
half down position of the wing flaps, the derived
bhase ¢2 potential is applied over conductor 998,
through resistor 761, over conductor 782 to the
slider of bank potentiometer BK$ and thence
through the two halves of such potentiometer
winding in parallel and through resistor {4 to
ground. The potential derived ketwesn resistor
181 and the slider of potentiometer BEKS is then
applied through resistor 618 to signal input con-
ductor 608. The potential applied through resis-
tor 614 is further mogified in accordance with the
thrust by phase ¢2 potential derived at the slider
of thrust potentiometer T2 and applied through
resistor 827 to conductor 758 to augment the phase
»2 potential aprlied to conductor 758 through re-
sistor 757 from the slider of variac TAS3. To de-
rive the phase ¢Z potential at the slider of po-
tentiometer T2, the winding of the Iatter poten-

* tiometer is energized in the circuit from the 4052

bus-bar through resistor 828 and the winding of
potentiometer T2 to ground. This lift potential

is representative of the lift of those portions of

the wings in the path of the slip stream.

Opposing these phase ¢2 pstentials applied to
conductor 888, through resistors 688 and 616 is a
potential of phase ¢! applied through resistor
6i1, representative of the weight of the airplane
and its load which resists vertical acceleration.
To derive this potential, the winding of weight
potentiomefer Wil of Fig. 8 is energized over
a circuit extending from the A8p! bus-bar,
through resistor 831, through the winding of the
potentiometer, over conductor 32 and through
the wing ice rheostat 216 at the instructor’s
desk. The potential then derived at the slider of
potentiometer Wi, which will be representative
of the assumed weight of the airplane and load
as determined by the instructor and the added
weight of ice on the airplane as determined by the
instructor, will be applied ever conductor 833 and
through resistances §!5 and 618 of a potential
divider to ground from which potential divider
phase ¢l potential is applied through resistor g1
to conductor 608.

As a result of the application of the signal po-
tentials to signal input conductor 688, there will
be a predominating potential of phase ¢2 which
will cause the motor 689 to rotate in a direction
to drive the sliders of potentiometers RCi, RC2
and RC3 slowly toward the No. 3 terminals of their
windings. With airspeed deveioped the ASN relay
750 will now be deenergized and the centering
potentiometer RC2 will be ineffective.

The movement of the slider of potentiometer
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RC2 applies a potential of phase ¢2 derived there-
at, through the potential divider resistors 621 and
622 to ground, and a potential of phase g2 de-
rived at the junction point between these resis-
tors is applied through resistor 623 to signal in-
put conductor 401 of the altimeter motor control
circuit. In response to this potential the motor
400 of the altimeter motor unit rotates the shaft
421 of such unit at a speed commensurate with

the true rate of climb. The rotation of the shaft 1¢

421, through the gears 422 and 423, rotates the
rotor of synchro-transmitter Hi, through the
gears 424 and 425 rotates the rotor of synchro-
transmitter TH, and through the gears 42§ and
421 having a step-up ratio of 1 to 10, drives the
rotor of synchro-transmitter H, and also through
the gears 428 and 429 drives the auxiliary shaft
430. From the auxiliary shaft the rotor of the
static ice synchro-transmitter Si is driven
through the gears 431 and £32. The rotor of
synchro-transmitter Si is connected over con-
ductors 433 and 434 in parallel with the rotor
winding of the synchro-receiver S84 of the static
ice motor unit and with the secondary winding
of transformer SITR of Fig. 3.

The stator windings of the TH transmitter are
connected over the 28G bus-bar and conductors
436 and 437 with the stator windings of the
synchro-receiver TH which drives the pointers

of the altimeter 21i7 at the instructor’s desk -

which indicate the ten thousands and thousands
of feet of altitude. The stator windings of the
synchro-transmitter H are connected over the
28G bus-bar and conductors 43§ and 439 with the
stator windings of the synchro-receiver H which
drives the pointer of the altimeter 2117 which in-
dicates the hundreds of feet of altitude. With
the Si relay 435 unoperated, it: being assumed that
no static ice condition has been imposed by the

instructor, the stator windings of the synchro- 4

transmitter ¥ are also connected over bus-bar
28G and over the lower Nos. 3 and 4 back con-
tacts of relay 435 and conductors 442 and 443 with
the stator windings of the synchro-receiver H
which drives the pointer of the altimeter {704 at
the bombardier’s station to indicate the hundreds
of feet of altitude. With the SI relay 435 unoper-
ated the stator windings of synchro-transmitter
1 are connected over bus-bar 28G and over the
upper Nos. 1 and 4 back contacts of relay 438 and
conductors 441 and 440 with the stator windings
of the synchro-receivers H which drive the point-
ers of the altimeters 1693, 1703 and {803 at the
pilot’s, copilot’s and navigator’s stations to indi-
cate the hundreds of feet of altitude. The stator
windings of the synchro-receiver TH which drive
the pointers of the altimeters {503, 1103, 1704
and 1804 to indicate ten thousands and thousands
of feet of altitude are connected cver the bus-bar
28G and conductors 311 and 3{2 with the stator
windings of the synchro-transmitter ALT, the
rotor of which is driven by the shaft 313 of the
static ice motor unit of Fig. 3. The rotor wind-
ings of all of the synchro-transmitters associated
with the altimeter motor unit of Fig. 4, with the
static ice motor unit of Fig. 3, and the rotor
windings of all of the synchro-receivers associ-
ated with the altimeters 1603, 1703, 1704, 1804
and 2017 are energized by 400 cycle current sup-
plied thereto from the bus-bars 28G and 28V.

The shaft 313 of the static ice motor unit is
driven through the gears 314 and 313 from shaft
316 which is in turn connected to and driven by
“the rotor of the synchro-receiver SI telemetrical-
1y driven by the synchro-tranmitter SI associated
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with the altimeter motor unit. The gearing 314
and 315 has the same ratio as the gearing be-
tween the thousands and ten thousands scale
points of the altimefers at the pilot’s, copilot’s,
bombardier’s and navigator’s stations in the
trainer. When the SI relay 425 is operated by
the instructor, representative of a static ice con-
dition which in an airplane would clog the static
tube from which the altimeters are driven, the
circuits traced to the synchro-receivers which
drive the altimeters are opened and the altimeters
are not operated. The circuit over which the in-
structor controls the SI relay 435 may be traced
from battery through the winding of such relay,
thence over conductor 444, over contacts of static
ice key {705 at the instructor’s desk, over con-
ductor 1786 to ground at the back contact of re-
iay 1684, When the pilot discovers that his al-
timeter is not functioning he will operate the
static line switch (605 to simulate the transfer of
the altimeters to the alternate pressure supply
line thereby causing the operation of relay [664
which operates to open the circuit of the SI relay
435. When relay 435 releases the synchro-re-
ceiver SI of the static ice motor unit is again con~
nected with the synchro-transmitter SI of the al-
timeter motor unit. When this receiver assumes
a position corresponding to that of the transmit-
ter, the transmitter ALT geared to it is rotated
by the same amount as that through which the
synchro-transmitter TH of the altimeter motor
unit has rotated to control the synchro-receiver
TH which has been driving the altimeter 2117 at
the instructor’s desk.

The synchro-transmitter Hi which controls the
hundreds pointers of the altimeters in the trainer
as previously described, is disconnected from the
synchro-receivers H of the altimeters upon the
operation of the SI relay 485 but when relay 435
is again released, the synchro-receivers will come
into synchronism with the synchro-transmitter
HI. Of course, the static ice condition would not
ordinarily be simulated except where ice con-
ditions might be encountered.

In response to the firing of tube MI to trans-
mit power impulses to motor 420, the RG relay
415 is operated in a circuit from ground over the
Jower back contact of the LS relay 452, through
the winding and upper normal contacts of relay
415, over the cathode-anode path through tube
MI and through choke coil 407 to the 11892 bus-
bar. Relay 415 upon operating locks over its up-
per alternate contacts and through resistor 452
to battery and at its lower contacts opens the cir-
cuit of the G relay 4(2 which thereupon releases
and in turn releases the GI, G2, G3, G4 and Gb
relays 800, {451, 1259, 1551 and 681, respectively.
This will be representative of an airborne con-
dition of flight.

As a further result of the rotation of the shafts
421 and 430 of the altimeter motor unit, shaft
445 is driven from shaft 430 through the gears
446 and 447 thereby rotating cam 44 to release
the contacts of the L limit switch to their al-
ternate positions. The rotation of gear 427 has
also resulted in the rotation of cam 4{3 to re-
lease the contacts of the micro-switch L3 to their
alternate positions. With these switches now re-
leased to their alfernate positions, the operating
circuit of the G relay 412, previously traced is
opened at another point. By the operation of re-
lay 415 as soon as tube MI fires the airborne con-
dition of flight is simulated earlier than would be
the case if the release of the G relays were made
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entirely dependent upon the rotation of shafts
421 and 436.

With the G relay 809 now released, the slider
of the angle of attack potentiometer AA3 is dis-
connected at the front contacts of relay 888 from
the signal input conductor 1552 of the angle of
attack motor control circuit so that such control
cireuit is no longer controlled by the potentiom-
eter AA3. Over the upper back contact of relay
800 conductor 1552 is now connected through
resistor 82! and over conductor 83¢ with con-
ductor 908 and to the slider of the wing flaps po-
tentiometer WF3 so that the angle of attack
motor control circuit is now subject to the phase
92 potential representative of the lifting effect
of the wing flaps. Over its inner lower back con-
tact relay 808 connects conductor 1552 through
resistor 823 with conductor §26, which. conductor

Is connected over the inner upper back. contact
of the S relay 80¢ with the slider of the angle of’

attack potentiometer AA% so that the angle of
attack motor control circuit is now sukject to the
phase 92 potential representative of the lifting
effect of the wings. Over its inner upper back
contact relay 809 connects conductor [552
through resistor 822 with conductor 835 and
through resistor 624 and conductor 833 with the
slider of the weight potentiometer Wil so that
the angle of attack motor control circuit is now

subject to the phase ¢l potential representative 3

of the assumed weight of the airplane and its
load.

It will be recalled that upon the operation of
the. rate-of-pitch motor unit, the slider of po-
tentiometer RPT was adjusted to apply a phase
¢l potential through resistor 1559 to the signal
Input econductor 1582 of the angle of attack motor
control circuit. The angle of attack motor unit
now responds to the summation of the potentials
applied to conductor {552 which will be of pre-
dominantly phase ¢l and will cause the motor
{558 to rotate the shaft 1553 in a direction:-repre-
sentative of an inecrease in the angle of attack
until the slider of the angle of attack potentiom-
eter AAS moves toward the No. 3 terminal of its
winding sufficiently to cause the phase 92 po-
tential derived thereat and applied to control
conductor 1852 through resistor 823 to balance
the predominating phase ¢ i potential. The-mo-
tor 15508 will then stop.

The rotation of shaft 553 results in the move-
ment of the slider-of angle of attack potentiom-~
eter AAS toward the No. 3 termingl of its wind-
ing; With the G! relay 8868 now released the
phase ol potential derived at the slider of the
longitudinal center of gravity rheostat 2114 is
now applied over conductor 2118, over the lower
back contact of relay 883, through resistor 817
and through the upper portion of the winding of
potentiometer AAZ to ground and in parallel
through resistor 818 and through the winding of
. Wing flaps potentiometer WF4 to ground. The
potential of phase o{ thus derived at the sliders
of potentiometers AA8 and WF4 and applied re-
spectively through resistors 824 and §07 to sig-
nal input conductor #38{ of the rate-of=pitch
motor control circuit become increased and the
motor 1888 of the rate-of-pitch motor unit con-
sequently rotates the slider of potentiometer
RPT in a direction to decrease the phase ¢l po-
tential derived at its slider until a, potential bal-~
ance on conductor ‘1281 is secured.

The decrease in phase o potential at the slider
of ‘potentiometer RPT applied through resistor
859 to the signal input conductor 1552 of the
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angle of attack motor control circuit causes: the
motor 1858 of the angle of attack motor unit to.
operate shaft {558 in a direction representative
of a reduction in angle of attack until the new
value of ¢l potential applied to conductor 1552
from: the- slider of angle of attack potentiometer
AAF again provides a potential balance on. con-
ductor 1552. In response to the new settings of
the sliders of the potenticmeters of the angle of:
altack motor unit, the phase. ¢ potential ap-
plied from the siider of angle of attack potenti-
ometer AAS8 through resistor 824 to the signal
input econductor {881 of the rate-of-pitch mo-
tor-control circuit will be decreased and the mo-
tor 1308 of the rate-of-pitch motor unit will ro-
tate-the slider of its. potentiometer RPT in & di-
rection to increase the phase ¢l potentisl ap-.
plied: therefrom to the. signal input conductors:
i394 and 1552 of the rate-of-pitch and angle.of
attack motor- control circuits. The rate-of-pitch:
and angle of attack motor units thus continue:
to-interact until 2 new angle. of attack is reached:
for which-there is a zero rate of pitch.

The movement of the slider of potentiometer
RE2 applies a potential of phase ¢2 derived.
derived: thereat over the upper back contact of
the ASNY relay 617, which released: following the
release- of the ASN relay 750 representative of
the production of airspeed; thence over conduc~
tor- 648 and through resistor 891 to signal input
conducter 862 of the indicated rate-of-climb
motor control- circuit. To derive this potential
the winding: of potentiometer RCZ is bridged
through: resistors §4& and 620 between the 48k
In response to the phase
©2 potential applied to conductor 502 the motor
588 is controlled to retate shaft 503 in g direc~
tion to move the slider of balancing potentiom-
eter IRCV towards the No. 3 terminal of its
winding until the balaneing potential of phase
ol derived at its slider ang the signal potential
of phase ¢f applied to conductor 502 from: the
true rate-of-climb potentiometer RC?2 balance.
The motor §8¢ will then stop.

As-a result-of the rotation of the shaft 503, the
rotor- of the synchro-transmitter ICT is rotat-
ed. The stator windings of this transmitter are
connected over the 28G bus-bar and conductors
506 and 587 with the stator windings of the syn-
chro-receiver 2418 which drives the rate-of-~
climb indicator 2128 at the instruetor’s desk and
over the lower Nos. 1 and 2 back contacts of the
SI relay 435 and conductors £48 and 449 with
the stator windings of the synchro-receivers
68T and 1787 which drive the rate~-of-climb in-
dicators 1608 and 1788 at the pilot’s and copilot’s
stations. The rotor windings of the transmitter
ICT and receivers 1607 and 1787 are energized
The rate-of-
climb indicator in an airblane is operated from
the static tuke and if the tube becomes clogged
due to an icing conditipn, the rate-of-climb in-
dicator will cease to operate. The instructor can
simulate this condition by causing the operation
of the SI relay. 435.as previously described, there-
by opening the ecircuiis over which the stator
windings of the transmitter ICT and’ receivers
1807 and 1787 are conngcted whereupon the re~
ceivers will cease to operate the indicators 1608
and 1708. As soon as the pilot discovers that
the indicators are not operating, he will correct
the condition by operating the static tube switch
1605 in simulation of the switch-over to the al-
ternate static pressure- supply- whereupon relay
435 releases to recomnect the stator windings of
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transmitter ICT with the stator windings of re-
ceivers 1607 and 1707 and the receivers then op-
erate to regain synchronism with the transmit-
ter ICT.

The pilot will now pull back on the control 2096
while maintaining a zero rate of turn by use of
the rudder pedals 2801 and 2082 so that the rate-
of-climb indicators 1668, 1708 and 2119 will show
a continuous rate of climb of 800 to 1400 feet
per minute. The movement of control 2006 re-
sults in the movement of the slider of the ele-
vator potentiometer EL toward the No. 3 ter-
minal of its winding and a further decrease in
phase ¢l potential applied from the slider there-
of through resistor 1362 to the signal input con-
ductor 130 of the rate-of-pitch motor control
circuit. This will cause the readjustment of the
rate-of-pitch motor unit to a position repre-
sentative of the new positive rate of pitch. The
resetting of the slider of rate-of-pitch potenti-
ometer RPT results in the control of the true
rate-of-climb and angle of attack motor units
to positions representative of the new rate of
climb and angle of attack in the manner previ-
ously described. The resetting of the potenti-
ometer RC2 of the true rate-of-climb motor unit
in turn causes the control of the indicated rate-
of-climb motor unit to control the rate-of-climb
indicators 16068, 1708 and 2119 and to cause the
control of the altimeter motor unit to control
the altimeters 1603, (703, 1104, 1863 and 2111
to take new settings representative of the in-
crease in the rate of climb and the increase of
altitude incident to the operation of the control
2006.

When a reasonable altitude has been attained
the pilot will operate the landing gear control
(not shown) to its “up” position whereupon the
motor 999 of the landing gear motor unit will
be operated in the manner fully described in my
application, hereinbefore referred to, to simulate
the retraction of the landing gear. The retracted
condition of the landing gear will be indicated
to the pilot and to the instructor by indicators
(neot shown) and in the circuit of Fig. 9 will be
represented by the movement of the slider of
potentiometer L.G7 to the No. 1 terminal of its
winding. The movement of the slider to the No. 1
terminal connects direct ground to the center iap
of the yaw potentiometer Y4 and with the flight
assumed to be straight ahead and the slider of the
yaw potentiometer at the center tap position, the
phase ¢i potential connected from such slider
through resistor 554 to its signal input conductor
{452 of the indicated airspesd motor control cir-
cuit will be reduced to zero. As a result of this de-
crease in phase ¢f potential on conductor 1452,
the potential balance on conductor 1452 will no
longer exist and the phase ¢2 potential applied
from the slider of the thrust potentiometer TS
‘through resistor 801 to conductor {482 will cause
the motor 1458 of the indicated airspeed motor
unit to turn the shaft {459 in a direction repre-
sentative of the increase in airspeed incident to
the reduction in drag resulting from the retrac-
tion of the landing gear. This increase in in-
dicated airspeed is effective through the move-
ment of the sliders of the indicated airspeed
variacs IAS3, IAS4, TAST and TAS8 toward the
No. 4 terminals of their terminals to cause an
inerease in the rate of pitch, true rate of climb
and angle of attack in the manner previously de-
scribed.

The pilot will also operate the wing flaps con-
trol (not shown) to the “up” position thereby
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causing the motor 906 of the wing flaps motor
unit to rotate the sliders of the wing flaps poten-
tiometers back to the No. 1 terminals of their
windings. This will result in the application of
ground potential from the slider of potentiom-
oter W4 through resistor 807 to the signal in-
put conductor 1381 of the rate-of-pitch motor
control circuit and the decrease in the phase ¢2
potential applied to conductor 1381 from the
slider of potentiometer WF3 through resistor
906. The motor of the rate-of-pitch motor unit
will now be operated to a position representative
of the establishment of a negative rate of pitch.
Also ground potential will now be applied from
the slider of potentiometer WE3 through resistor
618 to signal input conductor 688 of the true
rate-of-climb motor control circuit and through
resistor 821 to signal input conductor §352 of the
angle of attack motor control circuit represen-
tative of the reduction in lift incident to the
raising of the wing flaps. The movement of the
slider of potentiometer WF2 to the No. 1 termi-
nal of its winding will also result in a decrease of
phase 1 potential applied therefrom through re-
sistor 8§62 to signal input conductor 1452 of the
indicated airspeed motor control circuit and the
consequent slight increase in airspeed.

The total result will be a reduction in the angle
of attack and the consequent reduction in the
indicated rate of climb, at an increassd airspeed.
To compensate for this the pilot will pull back
ahout one inch on the control 2835 thereby de-
creasing the potential of phase ¢l applied as
previously described from the slider of the ele-
vator potentiometer EL through resistor 1332 to
the signal input conductor 1361 of the rate-of-
pitch motor control circuit to compensate for
the reduction of the phase »2 potential by the
wing flaps.

Climb

Tor a continued climbing simulation the pro-
peller governors (not shown) are adjusted until
the tachometers read 2600 revolutions per min-
ute and the throttles are pulled back until the
manifold pressure indicators (not shown) show
manifold pressures of 43 inches of mercury. This
is accomplished in the manner previously set
forth in the Burelbach-Lukacs application here-
inbefore referred to. The elevator contrecl 2488
is now adjusted until the rate-of-climb indi-
cators 1608 and i788 show a rate of climb of 1309
feet per minute at an airspeed of 120 knots. As
a result of the movement of the control 28385 the
slider of elevator potentiometer EL is moved fur-
ther toward the No. 3 terminal of its winding
thereby further decreasing the phase ol poten-
tial applied from such slider through resistor {342
to the signal input conductor {301 of the rate-of~
pitch motor control circuit. This will cause the
readjustment of the rate-of-pitch motor unit to
a position representative of a new rate of pitch
and through the movement of the slider of rate-
of-pitch potentiometer RPT, the rate-of-climb '
and angle of attack motor units will be operated
to positions representative of an increased rate
of climb and an increased angle of attack. The
resetting of the potentiometer RC2 of the true
rate-of-climb motor unit in turn causes the con-
trol of the indicated rate-of-climb motor unit to
control the resetting of the rate-of-climb indi-
cators 1608, (708 and 2019 to show the new rate
of climb of 1300 feet per minute.

As a result of the increase in the angle of at-
tack and the movement of the sliders of angle of
attack potentiometers AAI and AAZ toward the
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No. 3 terminals of their windings, an inérease in
the drag effect due to the angle of attack of the
wings is applied as an increased potential of
phase ¢f through resistor §06 to signal input con-
ductor 1452 of the indicated airspeed motor con-
trol circuit whereby a potential unbalance oc-
curs on conductor {452 which causes the motor
1450 of the indicated airspeed motor unib to drive
the sliders of variacs TAST and IASS toward the
No. 2 terminals of their windings until a poten-
tial balance on conductor 1452 is again secured.
This resetting of the indicated_ airspeed motor
unit is representative of a slight reduction in
indicated airspeed due to an increase in the an-
gle of attack.

This reacts upon the rate-of-pitch motor con-
trol circuit through the indicated airspeed variac
IAST to reduce the phase ¢! potential applied
through resistors 824 and 907 to signal input con-
ductor i36f of the rate-of-pitch motor control
circuit, whereupon, the motor 1389 of the rate-
of-pitch motor unit operates in a direction to re-
duce the phase ¢l potential applied from the
slider of the potentiometer RP7 through resistors
1333 and 1384 to conductor 1301 until a potential
balance on conductor {301 is again attained.
The movement of the slider of potentiometer RP7
is thus representative of the establishment of a
lower positive value of the rate of pitch. The
reduction of the phase ¢l potential at the slider
of potentiometer RPT causes an unbalance of the
potentials applied to signal input conductor 1552
of the angle of attack motor control ecircuit and
the motor 1558 of the angle of attack motor unit
now rotates the slider of potentiometer AAS5
slightly back toward its No. 1 terminal until the
bhase ¢2 potential derived at such slider and
applied through resistor 823 to conductor {552
again establishes a potential balance. This re-
setting of the angle of attack motor unit is repre-
sentative of the decrease in angle of attack re-
sulting from the decrease in airspeed.

The movement of the sliders of angle of at-
tack potentiometers AA! and AA? toward the
No. 1 terminals of their windings causes a de-
crease in the phase ¢l potential applied through
resistor 808 to signal input conductor (452 of
the indicated airspeed motor control cireuit
whereby a potential unbalance occurs on con-
ductor 1452 which causes the motor {459 of the
ingicated airspeed motor unit to drive the sliders
of variacs IAST and IAS8 towards the No. 4 ter-
minals of their windings until a potential balance
on conductor {452 is again secured. This reset-
ting of the indicated airspeed motor unit is rep-
resentative of a slight increase in indicated air-
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speed due to a decrease in the angle of attack.

Thus the rate of pitch and indicated airspeed
circuits interact so that a phugoid oscillation ef-
fect of a climbing airplane will be simulated in
the fluctuations produced in the rate~of-climb
indicators 808, 1788 and 2119, which through
the rate of climb and indicated rate-of-climb
motor units, will follow the change in indicated
airspeed and angle of attack. These oscillations
will gradually die out until the indicators with
the position of the elevator control sustained,
will show a rate of climb of about 1300 feet per
minute.

As previously stated the true airspeed is dif-
ferent from the indicated airspeed because the
ordinary airspeed indicators depend on the air
density as well as on the true airspeed, and air
density depends. on barometric pressure and tem-
perature both of which are closely related to

60

65

70

30
altitude. In the trainer a motor unit is provided
which is controlled by signal botentials repre-
senting the relation between true airspeed, air
density, altitude and indicated airspeed as ex-
bressed by the following equation:

Air density at altitude
Air density at sea level

Xtrue airspeed=

indicated airspeed

In the trainer the square root of the density
ratio, based on standard atmospheric conditions,
is represented by a potentiometer A% driven by
the altimeter motor unit plus the outside tem-
perature rheostat OA2 at the instructor’s desk.
Under standard conditions for any altitude the
outside air temperature rheostat control at the
desk will be in the normal position. A potential
representative of the indicated airspeed is de-
rived at the slider of the indicated airspeed po-

" tentiometer IASS and applied over conductor

¥58 and through resistor 148{ to the signal input
conductor {482 of the true airspeed motor control
circuit. To determine this potential the wind-
ing of potentiometer IASO is energized over g
circuit from the 82¢!1 bus-bar, through resistor
84 and the potentiometer winding to ground.

The phase ¢! potential applied to conductor
4402 causes the motor 140g to turn shaft 1403 in
a direction to move the sliders of ail Ppotentiom-
eters driven thereby toward the No: 3 terminals
of their windings. Movement of the slider of po-
tentiometer TASZ applies a balancing potential
of phase ¢? through resistor {484 to conduetor
{422 until such potential balances the pbhase ol
botential. To derive this phase 2 balancing po-
tential the winding of potentiometer TAS?2 is
connected from ground through such potentiom-
eter winding, over conductor {485, through rhe-
ostat OA2 over conductor {466 and to the slider
of the aliimeter potentiometer A5, The wind-
ing of the latter potentiometer is energized in a
circuit extending from the 4042 bus-bar through
such winding and resistor 458 to ground. As the
altitude increases, the phase »2 potential at the
slider of potentiometer A5 decreases causing the
true airspeed motor 1488 to drive its potentiom-~
eters to points representing a higher true air-
speed, at which time the sum of the potentials
applied to control conductor 1462 becomes zero
thus causing the motor 1488 to stop.

In order to simulate other than standard con-
ditiens at any altitude the rheostat OAZ2 is pro-
vided at the instructor’s desk with a control for
increasing or decreasing the temperature from
that of standard conditions. As the temperature
is decreased the phase ¢2 potential abplied to
conductor {482 increases causing the trus air-
speed motor to drive the potentiometers t0 posi-
tious representative of a lower airspeed than for
standard conditions.

Although there is no instrument showing the
true airspesd, the botentiometers of the true air-
speed motor unit modify potentials affecting
cther motor control circuits, such as indicated
airspeed, yaw, ground speed and ground track,
pitch bar, rate of turn and ball.

The airplane gyro-horizon instrument is built
around a gyroscope rotating ahout an axis which
is at all times substantially vertical. Any .dis-
blacement of the attitude of the airplane from
that of level flight causes the instrument to
register the displacement by moving the horizon
or pitch bar from its normal position. In the

78 trainer the instrument used is electrically con~
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trolled by two circuits, namely, the piteh bar and
the bank circuits. This instrument is disclosed
in the Baker Patent 2,381,872 hereinbefore re-
ferred to. The pitch kar circuit controls the ver-
tical movement of the horizon bar while the bank
circuit controls the angular displacement of the
bar. The pitch bar circuit adds the vertical
components of the aitfack angle and yaw angle
to the angle of ¢climb in accordance with the fol-
lowing equation: Pitch bar angle—=angle of
climbtangle of attack (cosine of bank an-
gled-yaw angle (sine of bank angle). Since there
is no angle of climb circuit in the trainer the
equivalent is used, namely, rate of climb divided
by true airspeed=angle of climb. Thus pitch
angle=rate of climb divided by true airspeedan-
gle of attack (cosine of bank angle) +-yaw angle
(sine of bank angle).

The circuit connected to signal input con-
ductor fitl of the pitch bar mctor control cir-
cuit of Fig. 11 through resistor 788 represents
the angle of climb term and that connected to
conductor fiii through resistor €25 represents
the angle of attack term. The circuit connected
to conductor §ti! through resistor 584 represents
the angle of yaw term and the circuit connected
through resistor 1112 is a balancing circuit. To
derive the potential which is applied through re-
sistor 1085 and varies directly as the true rate of
cliimb and inversely as the frue airspeed, the
winding of true rate-of-climb potentiometer RCH
is bridzed through resistors 628 and §27 between
the 48l and &6¢2 bus-bars and since 2 climb-
ing maneuver has been assumed, the slider of
potentiometer RC{ will be above the electrical
center of its winding representative of a positive
rate of climb and the phase ¢ potential derived
at such slider will be applied through resistor §28
to ground. Potential derived at a point between
the potentiometer winding and resister 528 is
then applied over conductor 628 through the
winding of true airspesd potentiometer TASH
and through the potential divider resistors 06
and 787 to ground, the resistor 188 being shunted
over conductors 7688 and 788 by the winding of
weight potenticmeter W3. The potential de-
rived at the slider of potentiometer TASI is then
applied through resistor 785 to the signal input
conductor tifl. Since the first 25 per cent of

the winding of potentiometer TAS! is short- :

circuited, the effect of true airspeed is not em-
ployed until a true airspeed in excess of 65 knots
is attained.

The angle of attack potentiometer AAIll is
bridged through resistors €37 and 838 between
the 88pi and Alip? bus-bars and thus, with the
assumed angle of attack for climbing, a phase
ot potential is appiied through resistor 839, over
conductor 84@ to the slider of the bank poten-
tiometer BIXi0 and thence through the portions
of the potentiometer winding on either side of
the point of engagement of the slider with the
winding and through resistor 630 to ground.
With no bank angle assumed, the slider will be
at the electrical center of the potentiometer
winding. The potential derived between the re-
sistor 839 and the slider of potentiometer BK!S,
which thus varies with the angle of attack and
in accordance with the cosine of the bank angle,
is then applied through resistor 625 to signal
input conductor fi{{.

To provide a potential which varies as the angle
of yaw and as the sine of the bank angle the
windings of bank variacs BK2 and BKS§ are re-
versely connected between the 40pl and 4092
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bus-bars and the potentials derived at the sliders
of such variacs are applied through resistors 63!
and 632 and over conductors 623 and 634 through
the lower and upper halves of the winding of
yaw potentiometer Y5 to ground. From the
slider of the yaw potentiometer the derived po-
tential is applied through resistor 584 to con-
ductor {1if. With straightforward flight and
consequently no yaw it will be obvious that the
potential will be ground potential since the slider
of yaw potentiometer Y5 will he at the center
ground tap.

For a climbing flight, as assumed, the summa-
tion of the potentials thus derived and applied
through resistors 785, 625 and 554 to signal in-
put conductor i1l wiil be a phase ¢{ potential
and the motor i1 will consequently be driven
in a direction representative of a nose “up” con-
dition of flight. This will result in the move-
ment of the slider of balancing potentiometer
PB7 toward the No. 3 terminal of its winding.
With its winding bridged between the 40¢l and
4592 bus-bars through resistors 1{13 and 1iig
2 phase ¢2 potential will be derived at the slider
and applied to signal input conductor [fEf
through resistor §i{2. When this potential bal-
ances the phase ¢! signal potential the motor
{119 will stop.

The motor {18 in addition to moving the slider
of balancing potentiometer PBT also rotates the
rotors of the synchro-transmitters PT1, PT2 and
PT3. The stator windings of transmitter PT1 are
connected over bus-bar 323G and conductors 115
and 1116 to the stator windings of the synchro-
receiver 16821 which controls the elevation or de-
pression of the horizon bar of the gyro-horizon
instrument 1622 at the pilot’s station. The
stator windings of transmitter PT2 are connected
over bus-bar 33G and conductors t{IT and (118
with the stator windings of the synchro-receiver
1721 which controls the elevation or depression
of the horizon bar of the gyro-horizon instru-
ment (722 at the copiiot’s station. 'The stator
windings of transmitter PT3 are connected over
bus-bar 33G and conductors 1§19 and 1§20 with
the stator windings of the synchro-receiver 2421
which controls the elevation or depression of the
horizon bar of the gyro-horizon instrument 2122
at the instructor’s desk. The rofor windings of
all transmitters and receivers are energized from
the 33G and 33V bus-bars.

Should the pilot pull back too far on the con-
trol 2006 during the climbing rmaneuver and thus
cause tco great an angle of attack, the airplane
would get into a stall condition. This is simu-
lated in the trainer by the provision of the stall
(8) relay 883 which operates when the shaft 1553
of the angle of attack motor unit rotates the
sliders of the potentiometers driven thereby to
the No. 3 terminals of their windings represen-
tative of the maximum angle of attack or stall
condition and the cam {358 operates the L2 limit
switch to the alternate position. The circuit of
relay 888 may be traced from ground over the
contacts of switch L2 and over conductor (561
through the winding of relay 869 to battery and
ground. Relay 889, upon operating, establishes
a circuit from ground over its middle upper con-
tacts, over conductor 1582, over the lower back
contact of the RV{ relay 1555, and to battery
through the winding of the LS relay 1556. Re-
lay 1556 upon operating opens the rotor circuit
of motor 1550 to stop further rotation of shaft
1553.

At its lower back contact, relay 809 removes
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the ground connection through resistor 808 from
the No. 1 terminal of the winding of wing flaps
potentiometer WF2 thereby modifying the circuit
from the 4291 bus-bar through the wing flaps
potentiometer and through resistor 562 to the sig-
nal input conductor 1452 of the indicated air
speed motor control circuit so that with the slider
of the potentiometer WF2 at the No. 1 terminal
of its winding representative of the UP position
of the wing flaps the phase oi potential applied
through resistor 902 is materially increased, rep-
resentative of the increase in drag. As a con-
sequence the motor 1450 of the indicated air-
spéed motor unit turns the shaft 1458 in a di-
rection representative of g reduction in indicated
airspeed until the phase i potential derived at
the slider of indicated airspeed variac TAS8 and
applied to conductor 1452 through resistor 808
is reduced sufficiently to restore the potential bal-
ance on conductor 1452.

A further result of the operation of the stall
relay 899 is to disconnect the slider of angle of at-
tack potentiometer AAS from the circuit through
resistors 701 and §89 over which potential of
phase ¢2 was applied to signal input conductor
608 of the true rate-of-climb motor control cir-
cuit and from the circuit over the inner lower
back contact of the G relay 868 and through re-
sistor 823 over which phase 72 potential was ap-
plied to signal input conductor 1552 of the angle
of attack motor control cireuit and to apply phase
92 potential to such circuits through the 2200
ohm resistor 84{. As a consequence the phase
92 lift potentials are decreased. With a decrease
in the phase ¢2 potential applied to signal input
conductor 608, the motor 880 turns the sliders of
the rate-of-climb potentiometers toward the No.
1 terminals of their windings representative of the
rapid reduction in the rate of climb which will be
indicated by the rate-of-climb indicator 1698,
708 and 219 in the manner previously described.

As the result of the reduction in rate of climb,
the potential of phase @i derived at the slider of
rate-of-climb potentiometer RC{ and applied
through resistor {453 to signal input conductor
1452 of the indicated airspeed motor control cir-
cuit, becomes reduced and the motor 1450 oper-
ates the shaft 1459 in a direction representative
of a decrease in indicated airspeed which will be
indicated by the air speed indicators.

A further result of the operation of the stall re~
lay 889 is to confrol the elevator, rudder and
aileron loading units to simulate the removal of
the loading from the controls so that they “feel”
soft. To recover from the stall, the pilot may
push foerward on the control 260§ until loading is
reapplied. Pushing forward on the control causes
the slider of the elevator potentiometer EL to
move back toward the No. 1 terminal of its wind-
ing, thereby decreasing the phase ¢2 potential
applied from such slider threugh resistor I 302
to signal input conductor 138 of the rate-of-
pitch motor control circuit. The motor of the
rate-of-pitch motor unit will then respond in a

- manner to move the slider of potentiometer RPT
toward the No. 1 terminal of its winding, there-
by reducing the phase ¢l potential applied
through resistor {559 to the signal input conduc~
tor 1652 of the angle of atiack motor control cir-
cuit with the result that the anele of attack motor
1550 returns the sliders of the potentiometers
driven thereby toward the No. 1 terminals of their
windings representative of a reduction in the
angle of attack, and causes cam 1560 to release

-the L2 switch to release the stall relay 809, The
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circuit now returns to the condition prior to the
simulation of the stall.

As a further result of the climbing maneuver
and the operation of the altimeter motor unig rep-
resentative of an increasing altitude, potential of
phase ¢l is derived at the slider of altimeter po-
tentiometer A8 and applied over conductor 451
and through resistor (881 to signal input con-
ductor 1802 of the outside air temperature motor
control circuit of Fig. 19. In response to this
potential and through the operation of the tubes
VT, VTil, VT12, GTI and GT?, the motor 1900
is controlled to rotate shaft 1903 in g direction
representative of & decrease in temperature until
the potential of phase 92 applied from the slider
of balancing potentiometer AT through resis-
tor (984 to signel input conductor 1962 balances
the phase ¢ signal potential when the motor 1900
will stop. As the assumed altitude increases the
air temperature motor unit continually adjusts
itself to continually represent g slowly decreas-
ing outside air temperature at the rate of about
2 degrees per 1000 feet of altitude.

The instructor may initially control the air
temperature motor unit for a standard sea level
temperaturs of +15° C. or for any temperature
based on standard atmospheric conditions for
any altitude. To accomplish this the rheostat
OAl is provided at the instructor’s desk, the
winding of which is energized by potential ap-
plied from the 48¢f bus-bar through resistor
2122 and through the rheostat winding to ground.
The potential of phase ¢t derived at the slider
of such rheostat is applied over conductor 2124
and through resistor {995 to signal input con-
ductor 1892 of the air temperature motor control
cireuit and such circuit. is thereby controlled in
the manner previously described to turn the shaft
1883 to a position representative of the air tem-
perature determined by the instructor. From
this initial setting the shaft 1993 is turned -as
previously described to represent a decrease in
temperature as the altitude of the simulated
flight increases.

The position to which shaft 1983 and the slider
of potentiometer ATI are turned representative
of an assumed temperature for any altitude of
flight, is indicated by the free air temperature
indicators 1713, 1725, 1825 and 2{25 on the hom-
bardier’s, copilot’s, navigator’s and instructor’s
instrument panels. These indicators are of the
milliammeter type with their dials calibrated to
read in degrees centigrade. To control them the
potentiometer ATS$ is provided in the air tem-
perature motor unit, the slider of which is driven
from shaft {963 through gears {908 and 1987,
The winding of this potentiometer is energized in
8 circuit from the junction point between re-
sistors 1998 and 1918 forming a potential divider
connected between the -+130 volt bus-bar and
ground, thence through the potentiometer wind-
ing and resistor 1911 to ground. From the slider
of potentiometer ATS direct current potential
which varies in accordance with the position of
the slider and thus with the assumed air tem-
berature is applied through resistor 1912 and
over conductor {813 through the winding of in-
dicator {825 at the navigator’s station, over con-
ductor {828, through the windings of the indi-
cators 1725 and 17i3 at the copilot’s and bom-
bardier’s stations, over conductor 1744, through
the winding of indicator 2128 at the instructor’s
desk, and then through resistor 2{26 to ground.

The air temperature motor unit is provided
with additional potentiometers (not shown)
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which are instrumental in controlling carburetor
air temperature indicators for the four assumed
' engines.
’ Cruise

When a desired altitude has been reached and
the pilot wishes to cruise at that altitude, he will
adjust the engine throttles until the manifold
pressure indicators show 33 inches of mercury
and will adjust the propeller governors until the
tachometers show about 1900 revolutions per
minute. He will then move the cowl flaps con-
trols to their closed positions so that as a resuit,
the slider of the cowl flaps potentiometer CF2
~of the cowl flap motor unit for each engine is

operated by the motor 920 of such unit to the No.
"1 or.ground terminal of its winding thereby re-

ducing the phase ¢2 potential applied from such
slider over conductor 918 and through resistor

{521 to signal input conductor 1522 of the thrust

motor control circuit of Fig. 15, to zero, repre-

sentative of the removal of the drag imposed by
the slip stream from the propeller engaging the
engine cowl flaps when such flaps are open. To
supply this phase ¢2 potential, the winding of
true airspeed variac TASI0 is energized by po-~
tential applied thereto from the £8¢2 bus-bar
and the potential derived at the slider of the
variac, which will vary as the true airspeed, is
applied over conductor 716, through resistor §11
and thence in parallel through resistor 9i2 and
the winding of potentiometer CF2 to ground. At
this time with the airspeed in excess of 50 knots,
cam 165 on the slider shaft of the indicated air-
speed variac IAST will have released the contact
set AS to open the circuit extending from ground
thereover and over conductor 7166 through the
winding of the AS relay 635 of the bank motor
unit, thereby removing the direct ground con-
nection over the lower contacts of relay §35
from conductor 916.
similar manner removed from other conductors
corresponding to conductor §19 and from the
signal input conductor 1522 when the cowl flaps
controls of the other three engines are operated
to their closed positions. The motor 1520 of the
thrust motor unit is now controlled by the re-
moval of the phase 92 drag potential to rotate
shaft 1528 in a direction representative of the
increase in thrust which would be developed by
the engine driven propellers incident to the
closure of all of the engine cowl faps. The
movement of the shaft 1523 and the consequent
movement of the slider of thrust potentiometer
T5 towards the No. 3 terminal of its winding,
representative of an increase in thrust, increases
the phase ¢2 potential applied through resistor

801 to signal input conductor 1452 of the in-

dicated airspeed motor control circuit whereby

the motor (450 thereof rotates the shaft (488 in

a direction representative of the slight increase

in indicated airspeed resultant upon removing
‘the drag of the open engine cowl flaps.

The pilot will then push the control 2986 for-
ward slightly to hold the horizon bar of the gyro-
horizon instrument 1622 at a point corresponding
to an indicated airspeed of 150 to 160 knots with
a zero rate of climb. The horizon bar will be
very nearly in line with the horizontal marks
on the ring outside the face of the artificial
horizon. The elevator control will at this time
be in approximately its neutral position. Upon
the movement of the control the slider of poten-
tiometer EL is moved toward the electrical center
of its winding thereby reducing the phase o2
potential applied from the slider thereof through

Phase ¢2 potential is in a
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resistor 1362 to signal input conductor f38{ of
the rate-of-pitch motor control circuit. The
motor 1308 of the latter circuit will thereupon
operate in a direction representative of a neg-
ative rate of pitch and the slider of the rate-
of-pitch potentiometer RPT will apply notential
of phase ¢2 through resistor 155§ to signal input
conductor 1552 of the angle of attack motor con-
trol circuit. The motor 1580 of the angle of
attack motor circuit will thereupon rotate the
sliders of the potentiometers controlled thereby
toward the No. 1 terminals of their windings
until the slider of potentiometer AA5 reduces the
balancing potential of phase ¢2 applied from
such slider through resistance 823 to conductor
15582, to a value such that a potential balance
on conductor §552 is again attained. The shaft
{553 will now be positioned to represent a reduc-
tion in the angle of attack.

As previously described, the adjustment of the
slider of angle of attack potentiometer AA8 re-
sults in a decrease in phase ¢i potential applied
from its slider through resistor 824 to signal in-~
put conductor 1301 of the rate-of-pitch motor
control circuit to cause a change in the rate of
pitch and the angle of attack and rate-of-pitch
cireuits will as previously described interact until
a value of angle of attack is attained in which
the rate of pitch is reduced to a zero value.

As a result of the change of the angle of at-
tack and the movement of the slider of angle of
attack potentiometer AA5 toward the No. 1 ter-
minal of its winding, the phase 2 potential ap-
plied under the control of such potentiometer
through resistors 700 and 60¢ to signal input
conductor 688 of the true rate-of-climb motor
unit hecomes decreased and the motor 680 of the
rate-of-climb motor unit operates in a direction
representative of a reduction in rate of climb
and through its control of the indicated rate-
of-climb motor circuit causes the rate-of-climb
indicators to show a reduction in the rate of
climb.

As a further result of the reduction of angle
of attack, the sliders of the angle of attack po-
tentiometers AA{ and AA2 are moved toward the
No. 1 terminals of their windings thereby reduc-
ing the phase ¢ potential applied from the slider
of potentiometer AA2 through resistor 806 to
signal input conductor 1452 of the indicated air-
speed motor unit whereupon the motor 1459 of
such unit operates in a manner representative
of the increase in indicated airspeed resulting
from the reduction of the angle of attack until
the sliders of the indicated airspeed variacs IAST
and IAS8 increase the phase ol potential applied
through resistor 888 to conductor (452 to restore .
the potential balance on such conductor.

This increase in indicated airspeed causes an
increase in phase ¢2 potential derived at the
slider of indicated airspeed variac IAS3 and ap-
plied as previously described to the upper portion
of the winding of angle of attack potentiometer
AAS and a consequent increase in the phase o2
potential derived at the slider of potentiometer
AA5 and applied to the signal input conductor
608 of the true rate-of-climb motor control cir-
cuit and to the signal input conductor 1552 of
the angle of attack motor control circuit. The
increase in potential applied to conductor 608
causes the motor 688 of the true rate-of-climb
motor unit to run in a direction representative
of the slight increase in rate of climb due to the
increase in indicated airspeed and to conse-
quently cause the rate-of-climb indicators to
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show such an increase in rate of climb. As a
result of the increase in rate of climb the phase
o1 potential derived at the slider of the rate-of-
climb potentiometer RCi and applied as previ-

ously described through resistor (453 to signal -

input conductor 1452 of the indicated airspeed
-motor unit, becomes increased, representative of
the increase in drag due to the simulated inerease
in the rate of climb. This increase in phase ol
-potential causes the motor 1459 to run in a diree-
tion representative of a decrease in indicated
-airspeed.

In this manner the rate-of-climb and indicated
airspeed motor units interact until after 30 to
60 seconds a .state of stabilization is reached.
During this period the airspeed indicators and
rate-of-climb indicators on -the instrument
‘panels will show fluctuating readings, the fluctu-
ations slowing down until steady readings are
reached representative of a zero rate of climb
and an airspeed of between 150 and 160 knots.

Turns

It will now be assumed that the pilot desires
to simulate a turn. In an airplane any turn is
indicated by the rate-of-turn indicator and by
the compass system. The compass system in-
cludes & flux-gate master indicator operable from
an inductor compass, remote indicating com-
passes controlled from the master indicator, di~-
rectional gyro compasses and magnetic com-
passes. In the trainer -a compass system is pro-
vided which simulates these various types of
compasses which system is controlled by a com-
pass motor unit responsive to a potential which
is a function of the rate of pitch, rate of turn
and bank angle. The effect of rate of pitch in-
creases as the bank angle increases whereas the
‘effect of rate of turn decreases as the bank angle
increases. The motor unit telemetrically controls
‘the flux-gate master indicator whereby theremote
indicating compasses are controlled subject to
magnetic connections made by the navigator and
magnetic directions imposed by the instructor,

telemetrically controls the directional gyro- 4

compasses and telemetrically controls the mag-
netic compasses.

A turning error is introduced into the pilot’s
magnetic compass circuit by the effect of the
field produced by two small coils mounted in
the compass unit. The current through the coils
is controlled by a potentiometer on the rate-of-
turn motor unit as will be later described and
is proportional to the rate of turn. With this
prevision no turning errvor will be produced on
an east or west course and a maximum error of
approximately 30 degrees will occur on fast turns
from a north or south course. An additional
-error representing the variation of the horizontal
component of the earth’s magnetie field with
change in location can be introduced by the in-
structor as previously stated.

The tendency of the directional gyro-com-
passes to drift away from the true heading is
simulated by a slow speed motor and differential
gear box to which the synchro-transmitter of
the telemetric system which drives such com-
‘basses is attached to the compass motor unit.

The remote indicating compass at the pilot’s
station follows the master indicator at the navi-
gator station and gives the true heading when
‘the navigator has made the correct variation
.compensation at the flux-gate master indicator.

- .. Before flying any turns the flux-gate compass
System at the -navigator's station should be
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tested. This system, disclosed schematically in
Fig. 18, uses the standard flux-gate master in-
dicator used in an airplane for controlling the
operation of the remote indicating compasses
from an earth inductor compass. Tt is provided
with a coupling autosyn ca which, in an airplane
would be controlled from the earth inductor com-
bass, a servo amplifier AMP controlled, by such
autosyn, a servomotor SM controlled by such
amplifier and a transmitting autosyn TA operated
by the motor and arranged to be coupled with
the synchro-receivers 1627 and 2127 which oper-
ate the remote indicator compass (628 at the
pilot’s station and the true heading compass 2128
at the instructor’s desk. 'The stator of the trans-
mitting autosyn TA is rotatable by a magnetic
variation knob MV which the navigator may turn
to infroduce the variation correction from the
magnetic heading to cause the remote indicating
compass to show the true heading. For the New
York area, this variation is 10 degrees west. The
navigator, therefore, turns the knoh MV until the
pointer in the master indicator shows this varia-
tion. The rotor windings of transmitter TA and
synchro-receivers 1627 and 2121 being energized
from the 28G and 28V bus-bars, the rotation of
the stator of transmitter TA, the windings of
which are connected over the 28¢ bus-bar and
conductors 1894 and 1805 with the stator wind-
ings of receiver 1826, causes such receiver to
operate the remote indicating compass 1628 at
the pilot’s station to indicate the corrected head-
ing. The instructor by the operation of key 2129
to its alternate or pilot’s remote compass position
may also connect the stator windings of receiving
autosyn 2127 to conductors (884 and {805
whereby such receiver is also eontrolled by the
transmitting autosyn TA so that the true head-
ing compass 2128 at the instruetor’s desk indi-
cates the same corrected heading as the master
indicator at the navigator’s station. This com-~
bass should not show a variation of more than 3
-degrees frém its former reading. The key 2429
is then restored to its true heading or normal
position.

The directional gyro-transmitter DG in the
compass motor unit of Fig. 10 controls the direc-
tional gyro-compass 815 at the pilot’s station.
In an actual airplane this instrument is set by
the pilot to a position corresponding to the read-
ing of the magnetic compass and maintains such
reading by gyroscopic operation. This instru~
ment has a tendency to drift away from the cor-
rect heading at a rate not exceeding 3 degrees in
15 minutes. This is caused by a phenomenon
common to gyroscope operated instruments called
“precession” and it requires the instrument to. be
reset periodically to agree with the magnetic com-
bass. In the trainer this drift is simulated by a
small slow speed continually running motor 1831
which, through reduction gear box {522 and gears
1833 and 1934, drives one input shaft of a differ-
ential gear box 1036, the other input shaft 1837
of which is driven from the shaft {089 of the
compass motor unit. The output shaft of the
gear box 1036 is connected to the rotor of trans-
mitter DG. The motor (82} thus causes the
rotor of transmitter DG to continually add a
small increment of rotation to the rotation im-
posed by the shaft {838 of the compass  motor
unit. ‘The stator windings of transmitter DG are
connected over bus-bar 28G and conductors {038
‘and 1039 with the stator windings of synchro-
‘receiver 1614 which drives the compass 1§15,
~With the retor windings of transmitter DG and
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receiver 1614 both energized from the 28G and
28V bus-bars, the rotor of the transmitter DG
causes the movement of the rotor of the receiver
1614 to operate the directional gyro-compass to
show a drift of about 3 degrees every 15 minutes
from the heading shown by the magnetic com-
pass 1512,

The instructor may at any time inftroduce a
magnetic variation which will affect the readings
of the magnetic and remote indicating compasses
{612 and 1628 at the pilot’s station by the opera-
tion of either the INC WEST or INC EAST
variation key 228 or 2126 until the magnetic
variation indicator 2132 at the instructor’s desk
shows the desired variation. If the key 2130, for
example, is operated, a circuit is established from
ground thereover, over conductor 2133, through
the stator winding 1811 of the motor {0i0 and
through resistor 10i2 to the 8¢l bus-bar. The
motor 1319 thereupon operates and through the
reduction gear box 1612 and gears 1014 and 1013
rotates the rotor winding of the synchro-trans-
mitter V. The stator windings of this trans-
mitter are connected over the 28G bus-bar and
conductors (616 and 1817 with the stator wind-
ings of the synchro-receiver 2{2{ which drives
the remote indicating magnetic compass 2132 at
the instructor’s desk. The rotor windings of
transmitter V and receiver 2131 are both ener-
gized from the 286G and 28V bus-bars. When the
compass 2132 shows the desired variation, the in-
structor will release key 2130 to arrest the opera-
tion of motor 1010.

The motor 1010 also through gears 1014 and
1018 drives one input shaft 1819 of the differential
gear hox 1620 whereby gear 1821 on the output
shaft of the gear box through gears 1622 and
{023 drives the rotors of the synchro-transmitters
MH and MC. The stator windings of the trans-

mitter MC are connected over bus-bar 33G and

conductors 1024 and 1025 with the stator wind-
ings of the synchro-receiver (611 which drives
the magnetic compass 1612 on the pilot’s instru-
ment panel and, with the rotor windings of the
transmitter MC and receiver 1611 both energized
from the 33G and 33V bus-bars, the compass
1612 is operated to indicate the true magnetic
heading including the magnetic variation im-
posed by the instructor.

The stator windings of the synchro-transmit- :

ter MH are connected over the 28G bus-bar, over
back contacts of the DFG relay 1028 and con-
ductors 1026 and 10271 with the stator windings
of the coupling autosyn CA of the master flux-~
gate indicator at the navigator’s station. In
the trainer the synchro-transmitter MH, dif-
ferentially driven from the shaft 1030 of the com-
pass unit and from the magnetic variation motor
1010, is substituted for the flux-gate transmitter
unit used in the airplane. With the rotor wind-
 ing of transmitter MH energized from the 28G
and 28V bus-bars, the signal transmitted by the
rotation of such rotor winding is impressed from
the rotor of the coupling autosyn CA upon the
input of the amplifier AMP and the amplified
signal output from the amplifier results in the
energization of one phase winding 1886 of the
servo-motor SM, 90 degrees out of phase with the
other phase winding 1887 of such motor, with
the result that the motor SM operates to turn
the rotor of coupling autosyn CA until the null
position is reached for such autosyn at which
position the input signal to the amplifier AMP
will be zero and the motor will stop. The motor

SM in operating also rotates the rotor of trans--
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mitting autosyn TA to thereby control the re-
mote indicating compass 1628 at the pilot’s sta-
tion.

The instructor may at any time simulate the
failure of the master flux-gate indicator by op-
erating the flux-gate disable key 2128 thereby
establishing an operating circuit extending over
conductor 2135 for the DFG relay (928 which up-
on operating disconnects the stator windings of
the synchro-transmitter MH from the stator
windings of the coupling autosyn CA of the
master indicator so that the master indicator
will cease to function.

Tt is assumed that the true heading of the
trainer before a turn is simulated is due north
and that in the normal position of shaft {030 of
the compass motor unit, the rotor of the true
heading synchro-transmitter TH is positioned
by gears 1040 and 1041 so that through the stator
windings, connected over bus-bar 28G, conductors
{042 and 1643 and the contacts of key 2129 in its
normal or true heading position with the stator
windings of synchro-receiver 2127 at the in-
structor’s desk, the rotor of receiver 2127 posi-
tions the true heading remote indicator com-
pass 2128 to show the normal due north heading.

Tt will be assumed that the pilot desires to make
a 3 degree per second turn to the right. He will
therefore depress the right rudder pedal 2001
and momentarily turn the aileron wheel 2006 in
a clockwise direction. The movement of the
rudder pedal will, as previously described, be
imparted to the sliders of the potentiometers RD!
and RD?2 and such sliders will be moved from the
grounded center tap positions of their windings
toward the No. 1 terminals of the windings. The
upper portion of the winding of potentiometer
RDI is energized by potential of phase ¢! derived
at the slider of the indicated airspeed variac
TAS8 and which varies as the square of the air-
speed, and applied through resistor 768 and over
conductor 169 through the upper half of the po-
tentiometer winding to ground and the lower half
of the winding of the potentiometer is energized
by potential of phase ¢2 derived at the slider of
indieated airspeed variac IAS3 and which varies
as the square of the airspeed, and applied over
conductor 769, through resistor (476, over con-
ductor 1477 and through the lower half of the
potentiometer winding to ground. With the
slider of potentiometer RD{ now positioned in the
lower half of the potentiometer winding rep-
resentative of a right turn, potential of phase ¢2
is derived at such slider and applied over con-
ductor 2082 and through resistor 1262 to signal
input conductor 1263 of the rate-of-turn motor
control circuit of Fig. 12. This potential is thus
representative of the rudder moment and is pro-
portional to the deflection of the rudder from
neutral and varies as the square of the indicated
airspeed.

Anothar factor which may influence the rate
of turn is the unbalance of thrust developed by
the engines on the opposite sides of the fuselage
of an airplans. In the trainer this unbalance is
represented by potentials applied to signal in-
put conductor {283 through resistors 1264 and
1265. The potential applied through resistor 1264
represents the thrust moment of the inboard en-
gines 2 and 3 and the potential applied through
resistor {285 represents the thrust moment of the
outboard engines { and 4. These moments are
proportional tc the engine brake horsepower di-
vided by the true airspeed. If the engines are
developing the same horsepower, the potentials
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apblied through resistors 1264 and 1265 will be
zero and no turning moment will be produced.
To derive a potential to be applied through re-
sistor {264, phase p2 potential is applied from the
4092 bus-bar through resistor 7if, through true
airspeed potentiometer TASS, over conductor 112
and through resistor 842 to ground and the po-
tential derived at the junction point between the
potentiometer and resistor 842 is applied over
conductor 843, through resistor 913 and the wind-
ing of the BHI potentiometer of the No. 2 engine
brake horsepower motor unit to ground. From
the slider of potentiometer BEHI, rhase ¢ poten-
tial is applied over a front contact of the BHP
relay 814 of the brake horsepower unit for the No.
2 engine, through resistor §15, over conductor
916, over the inner lower back contact of the BL
relay 1280 and through resistor 1264 to the signal
input conductor (263 of the rate of turn motor
control circuit. At the same time phase ¢l po-
tential is applied from the 40pi bus-bar through
resistor 713, through the winding of potentiome-
ter TAS4, over conductor T14 and through re-
sistor 844 to ground and the potential derived at
the junction point between the potentiometer
and resistor 844 is applied over conductor 845,
through resistor §17 and the winding of the BHI
potentiometer of the No. 3 engine brake horse-
power motor unit to ground. From the slider of
this latter potentiometer phase ¢l potential is
applied over a front contact of g relay similar to
the BHP relay 814 of the brake horsepower unit
for the No. 3 engine, through resistor 918 to con-
ductor 816 and thence as traced through resistor
$284 to signal input conductor 1283. The poten-
tials thus applied through resistor 1264 are of op-
posite phase and if the Nos. 2 and 3 engines are
developing equal horsepower, these potentials will
balance each other and no signal potential will
be applied to conductor 283 through resistor
1264,

Phase ¢2 potential on conductor 843, which
varies with the true airspeed, is also applied
through the winding of the BHI potentiometer of
the No. 1 engine brake horsepower unit and this
phase ¢2 potential derived at the slider of this
potentiometer is applied through resistor 919,
over conductor 928, over the lower back contact
of the BL relay {280 and through resistor 1265 to
signal input conductor 1263. Phase i potential
on conductor 845, which varies with the true ajr-
Speed, is also applied through the winding of the
BH{ potentiometer of the No. 4 engine brake
horsepower motor unit and the phase ¢{ potential
derived at the slider of this potentiometer is ap-
plied through resistor 921 and thence as traced
over conductor 928 and through resistor 1265 to
signal input conductor 1263. It is to be noted
that series resistors between conductors 843 and
€45 and the windings of the BHI potentiometers
of the Nos. 1 and 4 outboard engines are omitted
50 that the potentials derived at the sliders of
such potentiometers are higher than those de-
rived for similar settings of the potentiometers
for the Nos. 2 and 3 inboard engines representa-
tive of the greater turning moment developed by
the outboard engines. The potentials thus ap-
plied through resistor 1265 to signal input con-
ductor 1283 are of opposite phase and if the Nos.
1 and 4 engines are developing equal horse-
bower these potentials will balance each other
and no signal potential will be applied to condue-
tor 1263 through resistor 1265. Tt will be assumed
that at the time the pilot initiates the turning
Mmaneuver, the engines are all developing the
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same power and that there is therefore no turr-
ing moment due to the engines.

When the trainer is on the ground with the G3
relay 1259 operated, the rate of turn motor con-
trol circuit is subject to the effect of the applica-
tion of the foot brakes represented by potential
applied through resistor 1266 to signal input con-
ductor i283. To produce this potential phase ¢2
potential derived at the slider of indicated air-
speed variac TAS4 and which varies with the air-
speed, is applied over the inner upper back con-
tact of the ASN relay 150, through resistor 7110
and over conductor 771 through the winding of
the right foot brake potentiometer RBI to ground
and potential of phase i derived at the slider of
indicated airspeed variac IAST is applied over the
inner lower back contaet of relay 159, through
resistor 172 and over conductor 773 through the
winding of the left brake potentiometer LB to
ground. The phase p2 potential derived at the
slider of potentiometer RBI{ is applied to the
Junction point between resistors 2094 and 2093 of
the series connected resistors 2093 to 2896, in-
clusive, and the phase ¢ potential derived at the
slider of potentiometer LB] is applied to the junc-
tion point between resistors 2695 and 2096, Any
difference between these phase ol and ¢2 poten-
tials due to the unequal application of the brakes
will therefore appear as a potential of either
phase ¢l or phase 92 at the junction point be-
tween resistors 2094 and 2095 and is applied over
conductor 1267, over the inner upper back con-
tact of the BL relay 1260 and the upper front

© contact of the G3 relay 1289 through resistor
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1266 to signal input conductor 1263. Such poten-
tial will be effective to introduce a turning mo-
ment representative of the turning of an air-
blane when taxiing along the ground in response
to the unequal application of the brakes. When
both brakes are operated to their locked positions
and the BL relay (260 is operated, this turning
moment is removed. Since, however, an airborne
condition of flight has been assumed, the G3 re-
lay 1258 will not be operated and the turning mo-
ment due to brake operation is removed at the
upper contacts of relay (259,

Under normal conditions when the flight is
assumed to be on the ground with no airspeed,
the ASN relay 758 of Fig. 7 will be operated and
greund through resistors 774 and 175 will be con-
nected over the inner front contacts of relays 750,
through the windings of the indicated airspeed
variacs TAS3 and IAS8 to ground, and conse-
quently, no potential will be applied from the
sliders of such variacs over conductors 75i and
118 and through resistors 555 and 556 to the
terminals of potentiometer 2 of the yaw motor
unit and no potential will ke connected over
conductors 768 and 1477 as previously described
to the terminals of the rudder potentiometer
RDi representative of rudder and side slip effects.
Under this condition, the balancing potentiom-
eter RT2 will cause the rate-of-turn motor unit
to assume a position representative of a zero
rate of turn. To accomplish this, the No. 1 ter-
minal of the winding of potentiometer RT2 is
connected over conductors 126§ and Ti{ with the
slider of the true airspeed variac TASI0 at which
potential of phase 92 is derived as previously
described, and the No. 3 terminal of the winding
of potentiometer RT2 is connected over conduc-
tors 1269 and 715 with the slider of the true air-
speed variac TASS. When there is no airspeed
the true airspeed motor unit is S0 arranged that
its potentiometer sliders will be at a point away
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fyom ‘their No. 2 terminals equivalent to a true
airspeed of about 42 knots and -consequently the
phase p 1 and phase ¢2 potentials will be applied
to ‘the terminals of the ‘balancing potentiometer
RT? and = ‘potential of either phase gl or ¢2
dépendent upon the ‘position of the -slider of
potentiometer RT2 will be -applied through the
potential divider resistors 1270, 1271 and 1212 to
ground and from the slider over conductor 1275,
over the lower front -contact of the ASNI relay
617, -coriductor -636 and through resistor 1274 to
tlie input conductor '{263. As a consequence the
motor 1250 of the rate-of-turn motor circuit will
be operated until the slider of potentiometer RT2
returtis to the grounded mid-tap position of the
winding whereupon the motor will stop.

--1t has been assumed, however, that the trainer
pildt-has simulated take-off -and in cruising has
started the -simulation of a right turn by the

depression of the right rudder pedal and that a ¢

phase ‘¢2 -signal potential representative of the
rudderoperation has been applied through resis-
tor 262 to signal input conductor 1263 of the
rate-of-turn motor -control circuit. It will fur-
ther be assumed that no potential is applied
thirough vresistors 1264 -and 1265. The motor
1250 of the rate-of-turn motor unit will therefore
be-operated in-a manner to ‘turn shaft (250 in a
direction representative of a turn to the Tight
thereby ‘moving the-sliders of all ‘potentiometers
driven ‘thereby from their electrical center posi-
tions toward the No. 3 winding terminals of the
potentiometer windings until the slider of bal-
ahcing ‘potentiometer RT2 reaches a position in
which the ‘phase g¢f potential derived thereat
arid applied to -signal input conductor 1253
through resistor 214 balances the phase 2 sig-
nal'potential. -For-applying this balancing poten-
tial, the slider of potentiometer RT?2 is connected
through the potential-divider resistors 1210, 1271
and 1212 to ground and the phase ¢ potential at
the *junction point between resistors 270 and
1271 -is -applied over -conductor 1273, -over the
lower back contact of the ASNI relay 617 over
conductor ‘536 and thence through resistor 1274
to signal input conductor 1263.

The rate-of turn may-also be influenced by any
side slip or skid that may ‘result ‘on the turn.
This is applied as a potential from the slider of
the yaw potentiometer Y2 -over-conductor 557 and
throligh resistor 12716 ‘to -signal input conductor
1263 ‘of the rate-of-turn motor -control circuit.

It will be recalled that to-execute a right turn
the pilot in addition to depressing the right rud-
der pedal 2001 also momentarily turned the
aileron wheel 2006 in a-clockwise direction. The
turning of the aileron wheel through the opera-
tion of the potentiometer AL controls the-opera-
tion of the rate-of-roll motor unit disclosed in
Tig.12. The rate-of-roll'motor unit is'controlled
by potentials representing the rolling moment -of
the airplane. These are the moments produced
by 'aileron movement and by side slip or skid.

The potential which represents-aileron moment
is applied to sighal input conductor 1201 through
resistor 1202 and over conductor 283 from the
slider of the aileron potentiometer AL of Fig. 20
and will be of phase 92 on a left wing down
movement of the slider toward the No. 3 ter-
minal of the potentiometer, and will be of phase
@1 on a right wing down movement of the slider
toward the No. 1 terminal of the winding. To
produce these potentials, ‘the potential of phase
2 derived at -the slider of indicated airspeed
variac TASH, is-applied over conductor 111, over
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the inner upper back contact of the G5 relay 601,
throtigh ‘resistor 638 and over conductor ‘639
through ‘thie upper porticn of the winding of
potentiometer AL Yo ground, and the potential of
phase of ‘dérived at the slider of the indicated
airspeed variac IAS1, is applied over conductor
118 over the inner 16wer back contact of relay
§81, through resistor €40 and over conductor 844
through the lower portion of the windirg of
potentiometer AL to-ground. The potential ‘de~
rived at the slider of potentiometer -AL is thus
proportional to the aileroh deflection from neu-
tral multiplied by the indicated airspeed. In the
case assumed, the movement of the aileron wheel
2986 clockwise ‘has rotated the slider of poten-
tiometer AL towards thé No. 1 terminal of its
winding representative of a right wing down and
fherefore ‘the derived potential applied to signal
input conductor 1281 is of phase ol.

The momeént potential representing yaw 'is
applied to conductor #2081 through resistor 560
from the slider of yaw potentiometer Y48 and
will be 'of phase ¢2 on & slip right movement of
the stider toward the No. 1 terminal of the po-
tentiometer winding and will be of ‘phase ¢f on
a-slip1eft movement of the slider toward the No. 3
of the ‘potentiometer winding. To provide these
potentials, the -potential of phase 2 derived at
the slider of indicated airspeed variac IAS4 is
applied over conductor 171, through resistor 642
and -over conductor 643 to the lower half of the
winding of potentiometer Y18 to ground and the
potential of phase ¢l derived at the slider of the
indicated -airspeed variac -IAST is applied over
conductor 118, through resistor §44 and over con-
ductor ‘645 through the upper half of the wind-
ing of potentiometer Y10 to ground. If-a turn is
executed properly there will be no side slip and
the slider of wyaw potentiometer Y10 will not
therefore leave its normal ground tap position
and ground potential will therefore be applied
through resistor 560 to conductor i201.

The Tolling effects of rough air are represented
by a variable -potential of either phase ¢l or 2
applied from the rough air circuit £ 136 of Fig. 11
over conductor (4§02 and through the potential
divider resistors 1352 and 1353 to ground, the
potential derived at the junction point hetween
resistors 1352 and 1353 being applied over con-
ductor 1354, through resistor 645, over the lower
back contact of the Gb relay 681, over conductor
647 and through resistor 1204 to signal input
conductor 1201 of the rate-of-roll notor control
circuit.

Tt will be assumed that there is no moment due
to side slip and no rough air condition imposed
by the instructor and that therefore the only sig-
nal-potential applied to-conductor 1231 is that of
phase i representative of a right wing down
condition. ‘The motor 1200 therefore responds
to this potértial and rotates shaft 1285 in such a
diréction as to move ‘the slider of balancing po-
tentiometer RRT from-its normal position at the
electrical center of its winding toward the No. 3
terminal of ‘its winding. -Potential of phase ¢2
is applied o the upper No. 3 terminal of the wind-
ing of poténtiometer RRT from the junction point
between resistors 1206 and 1207 connected be-
tween the 402 bus-bar and ground and potential
of ‘phase ¢l is applied to the lower No. 1 terminal
of the potentiometer winding from the junction
point between resistors 1208 and 1283 connected
between the 40p! bus-bar and ground. There-
fore upon ‘the movement of the slider of poten-
tiometer ‘RRT toward ‘the ‘No. -3 terminal of its
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winding, a balancing potential of phase 92 is
applied therefrom through resistor 1264 to signal
input conductor 1201 until it balances the signal
potential of phase ¢! when the motor 1206 will
stop in the position representative of the rate
of roll.

As the slider of potentiometer RR1 moves, it
applies an increasing value of phase @2 potential
over conductor 647, over the lower back contact
of the G5 relay 601, through resistor 646, over
conductor 1354 and thence to the signal input
conductor 135! of the bank motor control circuit.
In response to this potential the motor 1350 of
the bank motor unit will rotate the shaft 1355 in
a direction representative of a right wing down
condition so long as the phase ¢2 potential re-
mains applied to signal input conductor 251 by
the rate-of-roll potentiometer RR7.

The amount of the angle of bank will be indi-
cated by the bank unit of the gyro-horizon instru-
ment 1622 at the pilot’s station, the gyro-horizon
instrument 1722 at the copilot’s station and the
gyro-horizon instrument 2122 at the instructor’s
desk. For remotely controlling these instruments
the synchro-transmitters BKTI, BKT2 and

(43
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BKT3 are driven by gears 1356 to 1868, inclusive,

from shaft 1355. The stator windings of trans-
mitter BKTI are connected over the 33G bus-bar
and conductors 1361 to 1362 with the stator wind-
ings of synchro-receiver 2123 which tips the ho-
rizon bar of the gyro-horizon instrument 2122 at
the instrucfor’s desk. The stator windings of
transmitter BKT2 are connected over the 33G
bus-bar and conductors {363 and {364 with the
stator windings of synchro-receiver (623 which
tips the horizon bar of the gyro-horizon instru-
ment 1622 at the pilot’s station. Stator windings
of transmitter BKT3 are connected over the 233G
bus-bar and conductors 1365 and 1366 with the
stator windings of the synchro-receiver 1723
which tips the horizon bar of the gyro-horizon
instrument 1722 at the copilot’s station. The
rotors of these synchro-transmitters and synchro-
receivers all being energized from the bus-bars
33G and 33V, the movement of the rotors of the
transmitters will cause corresponding movements
of the rotors of the receivers and the consequent
tipping of the horizon bars of the gyro-horizon
instruments.

‘When the pilot notes from the bank indicator
of his gyro-horizon instrument that a desired
angle of bank has been attained, he will return
the aileron wheel 2806 to its neutral position
thereby reducing the phase ¢! potential applied
from the slider of aileron potentiometer AL to the
signal input conductor 120! of the rate-of-roll
motor control circuit to a zero value. The motor
1200 will thereupon operate in a manner to return
the slider of balancing potentiometer RR7 to the

electrical center of its winding whereupon the 3

motor will stop. With the slider of potentiometer
RRT thus positioned the phase ¢2 potential ap-
plied to the signal input conductor 1351 of the
bank motor control circuit is reduced to zero and
the motor 1359 of such unit stops in the position
representative of the desired angle of bank. This
angie of bank will be maintained until the pilot
later turns the aileron wheel 2006 in a counter-
clockwise direction.

It will be noted that when a ground condition
of flight is simulated the G5 relay 60! will be
operated and will remove all potential from the
winding of the aileron potentiometer AL so that
the aileron control 2006 will be ineffective to apply
signal potential to the signal output conductor
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1201 of the rate-of-roll motor control circuit srid
will also open the circuit over which potential
from the rough air circuit may be applied to con-
ductor (201. The rate-of-roll motor unit will
then be operated to rotate its shaft 1205 to the
neutral position under the control of the bal-
ancing potentiometer RR1. Also with relay 60{
operated, the potential from the slider of bank
variac BKS$ is applied over the lower front con-
tact of relay 69{, through resistor 646 and over
conductor 1354 to the signal input conductor 1351
of the bank motor control circuit whereby the
motor 1350 of such circuit is controlled to position
the shaft 1355 in its neutral position and to there-
by restore the horizon bars of the gyro-horizon
instruments to level positions. To provide poten-
tial at the slider of variac BKS, the winding of
such variac is bridged between the 4001 and
4042 bus-bars.

A further effect of rudder operation is to con-
trol the yaw motor unit. As bpreviously stated the
angle of yaw of an airplane is the angle between
fore and aft axis of the airplane and the relative
wind measured in the plane of the wings and
fuselage. In other words it is the angle of side
slip or skid. The yaw motor unit which solves
for this angle is controlled by potentials repre-
senting the difference between the rate at which
the airplane turns about its own axis perpendicu-

lar to the fuselage and wings and the rate of

change of deviation of the line of flight in the
fuselage-wing plane. The first of these rates is
represented by a potential applied through re-
sistor 588 to signal input conductor 559 of the

9 yaw motor control circuit from the slider of the

rate-of-turn potentiometer RT3. To derive this
potential phase i potential from the 4001 bus-
bar is applied through the potential divider re-
sistors 1278 and 1219 to ground and from the
Jjunection point between these resistors potential
is applied to the No. 1 terminal of potentiometer
RT3. Potential of phase ¢2 is applied from the
4892 bus-bar through potential divider resistors
1280  to 128i to ground and from the junction

¢ point between which resistors potential is applied

to the No. 3 terminal of potentiometer RT3. Po-
tential of either phase ¢l or phase p2 is thus de-
rived from the slider of potentiometer RT3 if
there is any rate of turn and is applied to the
junction point between resistors 1282 and (283
of the potential divider which extends from
ground through resistors 1282 and 1283, over
conductor {284 to the slider of bank potentiom-
eter BK3 and thence in parallel through the por-
tions of such potentiometer winding on either
side of the point of slider engagement and thence
through resistor 637 to ground. Potential de-
rived between resistors 1282 and 1282 is then ap-
plied over the lower back contact of the G2 relay
1289, over conductor {277 and thence through re-
sistor 588 to signal input conductor 559 of the
yaw motor control circuit.

The second of these rates is determined by
considering the side forces affecting the airplane.
These are centrifugal force, side force due to
rudder deflection and angle of yaw, and the com-
ponent of weight if the wings are not horizontal.
The equation for such side forces is: Centrifugal
force=weight (sine of the bank angle) +yvaw
force4-rudder force. Substituting the factors
which defermine these forces, the following equa-
tion is derived

MV—Tdi=W sin B+ KV 24+ KbV 2
ae
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wheére
mass M= W/g or the weight divided by -the gravita-
tional accleration;
V ris-the true airspeed;
ﬂ=the rate of change -of -direction .of the line of
‘flight-in the fuselage-wing plane;
W-=the weight;
B=the bank angle;
Yy=yaw 'angie;
sg=the rudder deflection;
V-;==indicated airspeed;
K, 'K,=constants of the airplane.

Dividing the above equation by MVz and solv-
ing for

&
di
we have
dy_gsin B¢ ks
i 7. 7K+ Kade) g7

Tor circuit simplification the weight is assumed
to bea constant and Vr'is assumed to be the equal
of Vi. Then the above equation becomes

dy__gsinB. . .
@ Ve G (Eap+Ksdr)V i

This equivalent of

‘d’l’

-df

is‘used in'the yaw motor control circuit.
The term
g sin B8

Vr
of the above equation is represented by a poten-
tinl derived at the slider of the bank variac BKS
modified by the 'true airspeed potentiometer
TAS3 and applied thirough resistor 648 to signal
input conductor 539 of the yaw motor control
circuit. To determine this ‘potentidl, which may
be .of either phase ¢l or phase ¢2 dependent on
wliether the barik is for a right or left wing down
condition, the winding of bank variac ‘BKS8 is
vridged between the 40¢1 and 4042 bus-bars and
the potential-derived at the slider -of such variac
is applied over conductor 649, through resistor
111, through the true airspeed potentiometer
TAS3 and through resistor 718 to ground. The
potertial thus derived.at the junction point-be-
tween resistor 118 and the slider of potentiometer
TAS? will vary.-in accordance with the term

gsin B
Vo

This. potential is then applied over’ conductor T19
and through resistor 648 to signal input conduc-
tor 559.

The term K«¥Vi of the above equation is rep-
resented by potential derived at the slider of the
yaw potentiometer Yid and applied to conductor
559 through resistor 58i. To determine this
potential, which may be of either phase ol or
phase ¢2 dependent upon whether the slip 'is to
the right or to the left, potential of phase ol
derived at the slider of indicated airspeed variac
IAST is applied as previously described through
the upper half of the winding of ‘potentiometer
v1i0 to ground and potential of.phase ¢2 derived
at the slider "of indicated airspeed variac TASA
is applied as previously described through the -
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lower half ‘of the ‘winding of potentiometer ¥ (0
to ground. If there s a side slip -to ‘the right,
phase 92 potential will ‘e derived at -the slider
potentiometer Y0 -and applied through -the
potential divider resistors 562 -and 583 to ground
and from the junction point between such re-
sistors ‘through resistor 581 -and thence to signal
input ‘conductor -559. If, on the other -hand,
there ‘s -a side :slip to the left, phase i poten-
tial ‘will be derived at-the slider of ‘potentiometer
vi0 -and the derivation ‘of :such potential will
pe :applied to conductor -599.

‘The term ‘KssRVi-of the above equation is-rep-
resented by ‘a potential derived at the slider :of
the -rudder potentiometer 'RD2 and applied ‘to
conductor 559 through resistor -650. To deter-
mine this potentigl, which may be of either
phase ¢l or phase ¢2 dependent upon whether
the -rudder is deflected to ‘the left .or ‘to the
right,-potential-of phase ol derived dt-the slider
of the “indicated airspeed variac IAST is -ap-
plied over the ‘inner lower back contact of the
ASN relay 156, conductor 179, resistor 1418,
over-conductor 1479 and through the upper ‘half
of 'the ‘winding of rudder -potentiometer RD2
to -ground and -potential -of phase 2 -derived
4t ‘the slider of ‘indicated airspeed variac IASS
is applied over the inner upper back ‘contact
of the ASN relay 150, -over conductor 780,
through resistor 1480 and over -conductor 48l
through:the lower half of the winding of péten-
tiometer RD2 to :ground. The -potential thus
derived at the slider of ‘potentiometer ‘RD2 is
applied over conductor 2097, through resistor
651, over the upper back :contact of the G5
relay ‘60{ and through resistor ‘652 to ground,
and -potential derived between resistors 651 -and
652 is applied through -resistor $50 ‘to signal
input conductor -559 of ‘the yaw motor -control
circuit.

1t is -to be noted that when a grounded con-
dition of flight is “béing simulated, the G5 relay
6ef -will be operated -and the potential repre-
sentative of rudder deflection will -be removed
at the upper ‘back -contact of such relay and
ground will ‘be applied over the upper ‘front
contact of Telay 801, ‘through resistor 848 to
conductor 559 in ‘lieu of ‘the ‘bank -potential.
Also the G3 relay 1259 will be operated-and will
connect -ground over its lower front contact,
conductor 1277, through resistor 538 to con-
ductor 559 in Heu of the potential representa-
tive Gf the rate of turn. The yaw motor unit
will -thereupon “be controlled by potential ap-
plied ‘to conductor -559 under -the control of the
yaw ‘potentiometer Y10 to cause the motor :559
to drive the -sliders of all ‘potentiometers con-
trolled thereby to the electrical centers of ‘their
windings at which ‘time the slider of potenti-
ometer Y16 will rest at ‘the- grounded mid-tap
position and the motor 550 will come to rest.

If upon the execution of a turn the-pilot has
applied the proper amount of bank by the opera-
tion of the aileron control 20066 for the rudder
deflection imposed by the depression -of the
rudder pedal 2021, the phase ¢2 potential repre-
sentative of the rate of turn and applied to
signal input conductor 589, in the case assumed
for a right turn, and the potential of phase 7Y ]
representative of a right rudder deflection, will
be slightly unbalanced by the phase ¢l poten-
tial “applied to ‘conductor 559 from the bank
variac BK8 and representative of a right wing
down condition for a right turn, and as a con-
sequerice the mictor 590 of ‘the yaw motor unit
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will operate in a manner to move the sliders of
. the potentiometers controlled. thereby slightly
towards the No. 1 terminals of their windings
until the phase ¢2 potential applied from the
slider of potentiometer Y10 through resistor 561
to signal input conductor 559 provides a poten-
tial balance on conductor 559.

Should the pilot fail to bank properly, how-
ever, the phase ¢l and phase ¢2 potentials ap-~
plied to conductor 559 will be definitely out of
balance. For example, if the pilot should under-
bank then the phase ¢f potential applied to
conductor 559 under the control of bank variac
BKS8 will be less than the phase ¢2 potentials
applied to conductor 559 representative of the
rudder deflection and rate of turn and the mo-
tor 550 of the yaw motor unit will move the
sliders of yaw potentiometer toward the No. 1
terminals of their windings representative of a

slip left until the phase ¢l potential derived ¢

at the slider of potentiometer Y10 again estab-
lishes a potential balance on conductor 559.
Had the pilot over-banked so that a greater
potential of phase ¢l was applied to conductor
559 then the potential on conductor 559 would
have been predominantiy of phase ol and the
motor 550 would have rotated the slider of poten-
tiometer Y10 toward the No. 3  terminal of its
winding representative of a slip right until the
the phase ¢2 potential derived at the slider
again establishes a potential balance on con-
ductor 559. .

The side slip is indicated to the pilot by the
ball part of the turn and bank indicator 160{
operable under the control of the ball motor unit,.
As previously described, the ball or bank. in-
dicator of an airplane is an inclinometer con-
sisting of a liquid-filled curved glass tube con-
taining a ball. The position of the ball is deter-
mined by the curvature of the tube and the var-
ious forces acting on the ball. Its position is an
indication of the lateral attitude of the airplane.
If the ball is centered it indicates a properly
banked turn while if it is in any other position
it is an indication of the amount by which the
actual bank angle differs from the correct angle,
Because the trainer is motionless a special in-
strument is used in which the ball is arranged to
be moved by a synchro-receiver. The movement
of the synchro-receiver is controlled by the ball
motor unit which, in turn, is controlled by po-
tentials representing side forces on the airplane.

The ball movement is closely approximated by
the following equation:

Sine of the ball angle=
sidewise centrifugal force

sine of the bank angle— weight
The sidewise contrifugal force is equal to and
opposite in direction to the sum of all the other
side forces acting on the airplane. The equa-
tion of side - force is:
weight X sine of the bank angle--yaw force-f-rud-
der force, When this equation for centrifugal
force is substituted in the previous equation, the
equation becomes:

yaw force-}-rudder force
weight

when' the airplane is turning some rudder de-
flection is required to stream the rudder in the
turn. Therefore the rudder displacement for
zero force is dependent on the rate of turn.
Taking this into account and assuming for the
circuit under consideration that the weight is

Sine of the ball angle=

Centrifugal force=
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constant: Sine of the ball angle=K:Vr (rate of
turn) — (Kzy+K3or) V2, where Vr is the true air-
speed; y is the yaw angle, sg is the rudder de-
fieetion, Vi is the indicated airspeed, and Ki, K»
and K3 are constants of the airplane.

The rate of turn term of the above equation is
represented by the potential applied from the
junction point hetween resistors 271 and 1272
of the potential divider comprising resistors
i210, (271 and 1272 extending from the slider
of the rate-of-turn potentiometer RT2 through
such resistors to ground, through resistor 1285
to signal input conductor 1151 of the ball motor
confrol circuit. The potential derived at the
slider of potentiometer RT2 will be of phase
ol if the turn is executed to the right, as as-
sumed, or of phase ¢2 if the turn is executed to
the left. The potentials of phase ¢l and phase
92 are supplied to the terminals of the poten-
tiometer RT2 from the sliders of the true air-
speed variacs TASS and TASI0 in the manner
previously described.

The potential applied to signal input con-
ductor 1§51 through resistor 1286 from the junc-
tion point between resistors 1287 and 1288 of
the potential divider connected from ground
through such resistors, over the inner lower back
contact of the G8 relay 1259 and over conductor
557 from the slider of the yaw potentiometer

) Y2, represents the yaw term of the above equa-
‘tion. As previously described, the potential de-

rived at the slider of potentiometer Y2 may be
of either phase ¢! or phase oy depending upon
whether there is a left or right slip and varies
with the square of the indicated airspeed. With
a grounded condition of flight assumed, ground
potential will be applied over the inner upper
back contact of the G3 relay 1259, through re-
sistor 1289 in lieu of a potential representative
of the rudder deflection determined by the posi-
tion of the slider of rate-of-turn potentiometer
RT2.

It has been assumed that a turn has been ex-

-ecuted to the right and tha, therefore, the signal

botential representative of this turn, applied
through resistor 1285 will be of phase pl. If
the turn has been promptly executed the yaw
botential for a right turn will be of phase ¢2
and of a value which will balance the rate-of-
turn potential. As a consequence there will be
no. potential effective to run the motor ({506 of
the ball motor unit and there will be no deflec-
tion of the balls of the ball units of the bank
and turn indicators. If, however, the pilot had
underbanked, the yaw motor unit would have
moved the sliders of the potentiometers driven
thereby toward the No. 3 terminals of their wind-
ings thereby causing a greater value of bhase ¢l
potential to be applied from the slider of yaw
potentiometer Y2 to the signal input conductor
1151 of the ball motor control circuit than the
phase ¢2 potential applied to such conductor
from the rate-of-turn potentiometer RT2 with
the result that the motor 159 of the ball motor
unit would turn the shaft 1i52 in a direction
representative of a ball movement to the left,
which would result from a skid, until the slider
of balancing potentiometer BL2 reaches a posi-
tion in which the balancing potential of phase
92 applied therefrom through resistor {153 to
signal input conductor 151 provides a potential
balance. To determine the balancing potential,
the No. 3 terminal of the potentiometer BL2 has
phase 92 potential applied thereto from the
Junction point between potential divider resistors
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{154 and 155 and the No. 1 terminal has phase
¢l potential applied thereto from the junction
point between potential divider resistors 1156
and 1151,

The balis of the turn and bank indieators are
controlled by the synchro-transmitter BT, the
rotor of which is driven from the shaft (182 of
the ball motor unit and energized from the 33CG
and 33B bus-bars and the stator windings of
which are connected over the 233G bus-bar and
conductors {158 and 1189 with the stater wind-
ings of synchro-receivers {682, 1762 and 2162
which. drive the ball units of the turn and bank
indicators 1601, 1704, 2§84 at the pilot’s, copilot’s
and instructor’s stations. For an under-banked
furn, as assumed, the balls would be moved to
the left.

As the turn is executed the compass motor unit
will be eperated to control the movement of the

compasses to an extent to show the changing o

course of the simulated flight. The compass mo-
tor unit is controlled by potentials representing
the speed of change of a compass needle for any
flicht condition within the limits of the trainer.
The compass heading is a function of the bank
angle, rate of pitch and rate of yaw. The effect
of rate of pitch on the airplane heading is de-
pendent on the bank angle. For a given rate of
pitch the compass heading change becomes
greater as the angle increases.
angle the rate of pitech has no effect on the com-
pass heading. The effect of rate of turn on the
compass heading is also dependent on the bank
angle. As the angle of bank increases the effect

of rate of turn decreases becoming zero at an .
The summation of the ef-

angle of 90 degrees.
fects described above give the compass heading
as equal to the rate of turn multiplied by the
cosine of the bank angle plus the rate of pitch

multiplied by the sine of the bank angle, and de-

termines the position of the ccmpass motor unit
which is an indication of the true heading. How-
ever, the gyro flux gate compass system, the mag-
netic compass and the directional gyro instru-
ment have additional controlling features that
simulate actual flight conditicns.

The rate-of-turn effect is represented by po-
tential applied through resistor §53 to signal in-
put conductor 1681 of the compass motor unit.
To determine this potential, potential of either
phase ¢l or phase ¢2 depending upcn whether
the turn is to the left or to the right, is derived
at the junction point between. resistor 1282 and
the slider of rate-of-turn.potentiometer RT3 and
is applied through resistor {283, over conduetor
1284, through the bank potentiometer BK3 and
resistor 637 to ground whereby the potential de-
rived between resistor 1284 and the slider of po-
tentiometer BK3 varies in accordance with the
rate of turn multiplied by the cosine of the bank
angle. This potential is then applied through
resistor 653 to conductor 199{.

The rate-of-pitch effect is represented by a po-
tential applied to conducter {084, over conduc-
tor 1342 and through resistor {311{ from the slider
of the rate-of-pitch potentiometer RP§. To de-
rive a potential at the slider of potentiemeter
RP& which shall vary as the rate of pitch mul-
tiplied: by the sine-of the bank angie, potential
of phase ol derived at the slider of bank variac
BKS$ is applied over conductor (54 and through
registor 1343 to the No: 1 terminal of the wind-
ing of potentiometer RP8 and potential of phase
@2 derived at the slider of bank variac BK2 is
applied. over cenductor 55 and through resistor

With zero bank
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214 to the No. 3 terminal of potentiometer RPS.

Tn response to these potentials, the motor 1388
of the compass motor unit turns the shaft 1039 in
a direction representative of the compass head-
ing. of the simulated flight and through the gears
(244, 1945 and {646 drives input shafts of the
differential gear boxes 826 and {036. It will be
recalled that the other input shaft 1835 of gear
box 1636 is continuously driven by the motor 1031
and that therefore the output shafi of such gear
pox is driven in a manner representative of the
summation of the movements of the input shafts,
whereby the directional gyro-compasses are oper-
ated in the manner previously described. The
output shaft of the differential gear box 1028 is
driven in a manner representative of the sum-
mation of the movements of the inpub shafts
whereby the synchro-transmitters M and MC
are operated as previously described in accord-
ance with the compass heading determined by
the movement of shaft $038 and modified by the
magnetic variation imposed by the instructor
through the operation of motor 1818,

Shaft 1838 through gears {840 and 047 ro-
tates the rotor of synchro-transmitter DST for
the purpose of centrolling the drift sight motor at
the navigator’s station as will be later described,
and through gears 1043, (049 and 1086, 108i
drives the rotatable transformers C and Y for in-
troducing the compass headings into the ground
speed and ground track motor control circuits
as will be later described.

The magnetic compass is subject to a turning
error which is normally present when turning
off a northerly or southerly course. In the air-
plane, this is due to the action of the vertical
component. of the earth’s magnetic field. On
a banked turn off a.northerly course the compass
may. show too slow a turn, no turn, or even a
turn. in the wrong direction whereas when turn-
ing off a southerly course the compass may show
too.fast a turn. - Slow flat turns will not introduce
this error to as great an extent. In the frainer
the turning error is simulated by means of two

5 small coils 1613 mounted like ear-mufis on the

magnetic compass unit. The circuit through the
coils is controlled by a potentiometer RT in the
rate-of-turn motor unit and the potential derived
is proportional to the rate of turn. The winding
of potentiometer RT! is energized from a source
of direct current and the direct current potential
derived at-the slider of such potentiometer is
applied over conductor- 1289 to the upper ter-
minals of the coils 1613, the lower terminals of
which coils are connected to a junction point
between resistors 1616 and {617 of a direct cur-
rentpotential divider. With this circuit arrange-
ment, no turning error will be produced on an
east or west course and a maximum error of
approximately 30- degrees will occur on a fast
turn from a north or south course. An addi-
tional error representing the variation of the
horizontal component of the earth’s magnetic
field with change in location can be introduced
by the instructor by means of the magnetic varia-
tion keys 2130 and 2136 as previously described.

The ground track and ground speed motor con-
trol circuits: and motor units disclosed in Figs.
2 and 3, which control the flight recorder at the
instructor’s. desk disclosed: in Fig. 21, are con-
trolled by potentials representing the vectorial
addition of the true airspeed and compass head-
ing of the simulated flisht and the ground wind
veloeity and direction. An additional controlling



2,554,155

53

factor is a potential dependent upon the yvaw
angle of the simulated flight,.

Potential representing the true airspeed of the
fiight is derived at the slider of true airspeed
variac TAST of phase ¢2 and is applied over
conductor 720 through the rotor winding of the
rotatable transformer C of the compass motor
unit. The potential on the rotor will cause other
potentials to be induced in the two stator wind-
ings and the magnitude of these potentials will
be proportional to the components of the true
airspeed in two directions 90 degrees apart which
represent the north-south and east-west com-
ponents of ground speed. These component
potentials are applied over conductors 1652 and
1033 through resistors 317 and 318 to conductors
319 and 320.

Potential representing the effect of yaw is
derived at the slider of yaw potentiometer Y3
and applied over conductor 164 through the rotor
winding of the rotatable transformer Y of the
compass motor unit. The potential on the rotor
will cause other potentials to be induced in the
two stator windings and the magnitude of these
potentials will be proportional to the components
of the true airspeed as modified by the yaw in
two directions 90 degrees apart which represent
the north-south and east-west components of
ground speed. These component potentials are
applied over conductors 1054 and 1055 through
resistors 321 and 322 to conductors 319 and 329.
To derive the potential at the slider of yaw
potentiometer Y3, which may be in either phase
ol or phase ¢2, the upper portion of the winding
of potentiometer Y3 is energized by potential
of phase ¢l applied from the slider of true air-
speed variac TASY, over conductor 121, and the
lower portion of the winding of potentiometer
Y3 is energized by potential of phase 92 applied
from the slider of the true airspeed variac TAST
over conductor 722.

The ground wind is similarly separated into
two 90-degree components by the wind direction
rotary transformer WD at the instructor’s desk,
Fig. 17. Potential of phase ¢2 is applied from
the 4092 bus-bar through the winding of the
calibrating transformer CAIL to ground and po-
tential derived at the slider of such trans-
former is applied through the winding of .the
wind velocity control transformer WYV, from the
slider of which, potential of phase ¢2 which
varies in accordance with the wind veloeity value
selected by the instructor, is applied through the
rotor winding of rotary transformer WD. The
potential on the rotor of this transformer will
cause other potentials to be induced in the two
stator windings and the magnitude of these
potentials will be proportional to the components
of the wind velocity in two directions 90 degrees
apart, which represent the north-south and east-
west components of wind velocity. These com-
bonent potentials are applied over conductors
IT18 and 1718 and through resistors 323 and
324 to conductors 319 and 320.

The summation of the three potentials applied
to conductor 319, through resistors 311, 321 and
323 and the summation of the three potentials
supplied to conductor 328 through resistors 318,
322 and 324 now represent 90-degree components
of the velocity and direction of motion of the
simulated flight with respect to the earth and
these summation potentials are applied through
resistors 325 and 326, through the stator windings
of the ground speed rotary transformer GST
operable by the ground speed motor unit to deter-
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mirie the ground speed and are applied through
resistors 327 and 328, through the stator windings
of the ground track rotary transformer GTT
operable by the ground track motor unit to deter-
mine the ground track. ’

The two component potentials being connected
to the stator windings of transformer GTT
through resistors 327 and 328, the current in the
transformer circuit is limited and a phase shift
of practically 90 degrees from the original po-
tential to the input potential for the ground track
motor control circuit will be secured. The phase
shift is necessary for the operation of the two-
bhase motor GT connected to the output of the
ground track motor control circuit shown in the
lower portion of Fig. 2. The stator potentials
induce a potential in the rotor whose phase and
magnitude depend upon its angulay position. The
potential is amplified in the ground track motor
control circuit and the amplified potential with
its phase shift of 90 degrees is connected to the
stator winding of the two-phase motor GT. The
other phase winding of motor GT is connected
to a source of 16-volt, 60-cycle supply, provided
at the right half of the secondary winding of
transformer SITR. The primary winding of
transformer S{TR is energized from the Ff and
T2 bus-bars. This causes the motor GT, through
the gears 207, 308, 329 and 338 to turn shaft
831 and through gears 332 and 333 to turn the
rotor of transformer GTT until the rotor poten-
tial becomes zero. At this point the amplified
potential is zero and the motor should come to
rest. However, the inertia of the motor circuit
may cause the motor to oscillate or hunt before
& balance is reached and in order to eliminate
this the motor GT, through gears 808 and 334,
operates the two-phase motor FB? as g, generator
which feeds a potential from its horizontal stator
winding 335 over conductor 336 to the control
grid of tube VT{5 of the ground track amplifier
circuit of such a phase that it stabilizes the op-
eration of the motor. The other phase winding
of the motor FB2 is energized over conductors
337 and 238 from the secondary winding of trans-
former TR4 which supplies filament heating cur-
rent to tubes VT4 gnd VT4,

The ground speed rotatable transformer GST-
is also geared through gears 338 and 240 to shaft
331 driven by the motor GT but the rotor is
placed 90 electrical degrees from the rotor of the
GTT transformer. Because of this, when the
ground track motor GT has driven the shaft 331
to a point where transformer GTT rotor poten-
tial is zero, the rotor potential of transformer
GST will be a maximum and proportional to the
ground speed. The flight velocity and direction
components of potential are connected to the
stator windings of transformer GST through re-
sistors 325 and 326 which perform the same func-
tion for the ground speed unit as the resistors
327 and 328 previously mentioned performed for
the ground track circuit. The stator potentials
induce a potential in the rotor circuit whose phase
and magnitude depend on its angular position.
This potential is amplified in the ground speed
motor control circuit and then applied to one
pvhase of the two-phase induction motor GSI
of the ground speed motor unit. 'The other phase
of the motor being energized from the left half
of the secondary winding of transformer Si TR,
the motor will run as long as airspeed is main-
tained and through gear box 300 will turn shaft
341. In order to provide stable speed control of
this motor a second motor FBI is coupled through
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gears 342, 343 and 344 torun as a generatorwhich
feeds back a potential from.one of its statorwind-
ings over conductors 345 and 346 and through.
rheostats R and CAL to the control grid of tube
VTA& of the ground speed motor control circuit.
The resistor 200:and. condenser 201 are provided
in the feedback circuit to get the proper phase
shift for the feedback potential.

The rotation of shaft 331 of the ground track
motor unit is communicated through gears 330,
329, 308 and 310 to the rotor of synchro-trans-
mitter GTST. The stator windings of this trans-
mitter are connected over bus-bar 32V2 and con-
ductors 347 and 248 with the stator windings of
the synchro-receiver 2107 of the flight recorder
at the instructor’s desk. With the rotor wind-
ings of the transmitter and receiver energized
over the 32VI and 32V2 bus-bars connected to
the secondary winding of power supply trans-
former TR, the primary winding of which is
energized from the Fl and F2 bus-bars, the steer-
ing wheel of the flight recorder is oriented.

The rotation of shaft 34{ through the gears
301, 302, 303 and 304 turns the rotors of synchro-
transmitters GS4 and GS27, the stator windings
of which may be connected to the stator wind-
ings of the synchro-receivers 2103 and 2104 as
described by the operation of either relay 305
or 306 over conductors 351 or 252 under the con-
trol of switch 2105 at the instructor’s desk, so
that a speed of 4 or 27 nautical miles per inch
may be represented by the movement of the flight
recorder in response to the operation of the
synchro-receivers 2103 or 2104, The stator wind-
ings are connected over conductors 249 and 350
and bus-bar 32V2 and the rotor windings are en-
ergized from the 32V1 and 32V2 bus-bars.

When the trainer is not in flight the G4 relay
{551 in the angle of attack motor unit is oper-
ated and ground supplied over its upper back con-
tact over conductor 1563 and through the flight
recorder key 2106 at the instructor’s desk is re-
moved and, therefore, neither relay 3805 or 306
may be operated. Consequently, the flisht re-
corder ground speed synchro-receivers are dis-
abled. The flight recorder may also be disabled
in flight by the operation of the flight recorder
key 2106. These disabling devices provide means
for preventing movement of the flight recorder
except when the trainer is in flight and the in-
structor is at the desk.

A further result of the operation of the ground
track and compass motor units is to control the
drift sight simulating means at the navigator’s
station. The indicated angle of drift is the dif-
ference in angle between the ground track direc-
tion and the compass heading. This difference
is secured electro-mechanically by means of a
differential synchro DIS geared to the ground
track motor unit shaft 331 through the gears
232 and 353. A potential which is representa-
tive of the compass heading is produced in the
stator of the synchro-iransmitter DST the rotor
of which is geared by gears 1040 and 1847 to
the shaft 1830 of the compass motor unit. This
potential is transmitted over conductors 1656 and
1851 and bus-bar 28G to the stator windings. of
the differential synchro DIS and impressed upon
the rotor windings of such synchro. The rotor
windings. being rotated by gears 332 and 353
from. the ground track motor shaft 331, the po-
tential indueed into such rotor windings will be
a funetion of both the compass heading potential
and the position of the differential synchro.
Since the compass heading potential is a fune-
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tion of the rotor position of the synchro-trans-
mitter DST the induced potential in: the differ-
ential synchro DIS ‘is a function -of the relative
positions of the rotors of both- devices or- of the
rotation positions of the compass and ground
track motor shafts. As-used in this eircuit, the
potential induced in the rotor of the differential
synchro is proportional to the difference between
the positions of the -ground track and compass
motor unit shafts.

This potential is impressed over eonduetors
254, 355 and 356 upon the stator windings of
the synchro-receiver DSR whieh drives the
motor of the drift sight to rotate a bracket which
supports the revelving landscape drum of the
drift sight. A drift sight of this type has been
fuliy disclosed and described in the application
of Davis, Fogarty and Rippere, Serial No. 542,986,
filed June 30, 1944.

Climbing while turning

It will now be assumed that while on a climb-
ing flisht as previously described, the pilot also
moves the aileron wheel 2005 in a clockwise di-
rection and depresses the right rudder pedal
5081 so that a climbping right. turn is simulated
with the correct angle of bank for the turn.
When the desired rate of turn has been attained,
the pilot will, as previously described return the
aileron wheel to its neutral position. It will be
recalied that on a climbing maneuver without
gny turn, the potential which affected the true
rate-of-climb motor unit was of phase ¢2 and
was applied under control of the angle of attack
potentiometer AAS through resistor 609 to signal
input conductor 608 of the true rate-of-climb
motor unit and that this potential was unmodi-
fied by the bank potentiometer BK1. Now, how-
ever, with ‘a bank angle and the slider of bank
potentiometer BKT moved away from the
grounded center tap position of the potentiom-
eter winding, and thereby adding resistance to
the potential divider extending from the slider
of angie of attack potentiometer AAB, over con-

: ductor 825, the inner upper back contact of the

S relay 809, conductor 828, through resistor 101,
over conductor 702 through resistor 612 and a
portion of the winding of potentiometer ‘BK1
to ground, whereby the potential applied through

. registor 609, therefore, becomes decreased. This

potential also becomes decreased by phase of
potential derived at the slider of bank poten-
tiometer BK7T through the two halves of the
winding which are energized in parallel over a.

5 circuit extending from the grounded midfap

over the two halves of the potentiometfer wind-
ing, through resistor 613 and to the junction
point between resistors 656 and 657 of the poten-
tial divider connected to the 48¢1 bus-bar.

At the same time the phase ¢l potential ap-
plied to conductor 6088 through resistor 611 will
be increased due to the decrease in resistance
imposed by the bank potentiometer BKI, the
increase of current flowing therein and the con-
sequent reduction of drop potential through re-
sistor 615.

The net result of these potential changes on
signal input conductor 608 is that the motor 600
of the true rate-of-climb motor unit will rotate
the sliders of the potentiometers driven thereby
in a direction representative of a reduction in
the rate of climb.

The reduction in the rate of climb causes the
indicated rate-of-climb and altimeter motor
units: to readjust their shafts to positions. repre-
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-sentative of a slower rate of climb and a slower
“increase in altitude as indicated by the rate-of-
climb indicators 1608, 1708 and 2129 and the
‘altimeters 1683, 1703, 1704, 1303 and 2117 driven
telemetrically by the shafts of the indicated
rate-of-climb and altimeter motor units.

Ancther effect of banking while climbing is
to cause a reduction in the angle of attack. As
the bank angle increases and the slider of bank
potentiometer BKI moves towards the No. 1
or No. 3 terminal of its winding, the current
flowing through the circuit from the junection
point between resistors 615 and 624, over the
slider potentiometer BKI, through the upper

and lower portions of the winding of such poten-

tiometer in parallel and through resistor 858 to
ground increases and consequently the poten-
tial applied from the junction point between
resistor 624 and the slider, over conductor 838,
over the inner back contact of the Gt relay 808
and through resistor 222 to signal input condue-
tor 1552 of the angle of attack motor controi
cireuit is reduced. The motor 158§ of the angle
of attack motor unit will, therefore, rotate shaft
{853 in a direction representative of a reduction
in the angle of attack. The reduction in the
true rate of elimb and in the angle of attack will
reduce the phase of drag potential applied
through resistor 1453 under the eontrol of the
rate-of-climb potentiometer RCI and through
‘resistor 888 under the confrol of the angle of
attack potentiometers AAl and AA2 to signal
input conductor 1852 of the indicated airspeed
motor control circuit whereupon the motor 1458
will be operated to rotate the shaft {458 in a
direction representative of an increase in indi-
cated airspeed.

A further effect of the increase of bank angle
is to decrease the phase ¢f potential which is
applied through resistor 625 to the signal input
conductor 1112 of the pitch bar motor control
cireuit. This is brought about by the reduction
of the resistance of the potential divider extend-
ing from the slider of the angle of attack poten-
tiometer AAII through resistor 629, over conduc-
tor 840, through the bank potentiometer BK (D
and resistor 630 to ground, whereby the poten-
tial applied from the slider of potentiometer BK 10
through resistor 625 to conductor iff{ becomes

reduced to cause the motor 1118 of the pitch bar ;

motor unit to turn the shaft thereof in a direc-
tion representative of a lowering of the horizon
bars of the gyro-horizon instruments. The re-
duction in angle of attack also augments this
action through the movement of the slider of
angle of attack potentiometer AAIL.

Return to straight flight from a right turn

It will be assumed that when the pilot has
made a turn of the desired amount he moves the
aileron wheel 2006 in g counterclockwise direc-
tion and depresses the left rudder pbedal 2892 to
its normal position. It will ke assumed that at
this time a level flight is being flown. The de-
pression of the left rudder pedal moves the sliders
of rudder potentiometers RD{ and RD?2 to the
center positions of their windings, whereby the
potential of phase o2 derived at the slider  of
potentiometer RDM in the manner previcusily de-
seribed and applied through resistor {262 to signal
input conductor 1283 of the rate-of-turn motor
control circuit is removed. The potential of phase
@l applied from the slider of balancing poten-
tiometer RT2 through resistor 1274 now becomes
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effective to cause motor 1256 to turn shaft 1251
of the rate-of-turn motor unit back to its normal
position whereupon the slider of potentiometer
RT2? will be at the grounded center tap position
of its winding and the motor 1250 will stop.
Through the return of shaft 1251 to its normal
position, the rate-of-turn needles of the turn and
bank indicators 1601, 1791 and 2101 will be oper-
ated to show a zero rate of turn.

The return of the slider of rudder poténtiom-

‘eter RD2 to its center tap position causes the

reduction of the phase ¢2 potential applied there-
irom as previously described through resistor 558
to signal input eonductor 559 of the yaw motor
control circuit to ground potential. With the

“return of the slider of rate-of-turn potentiometer

RT3 to the electrical center position of the poten-~
tiometer winding the phase 2 potential derived
ab the slider of such potentiometer RT3 and ap-
plied through resistor 558 to signal input con-
ductor 5858 is reduced to zero. 'The movement
of the aileron wheel in a counter-clockwise direc-
tion also moves the slider of aileron potentiome-
ter AL foward the No. 3 terminal of its winding
whereby potential of phase 92 is applied through
resistor 1202 to signal input conductor {208i of
the rate-of-roll motor control circuit. It will be
assumed that the pilot has applied the proper
amount of aileron control and that, therefore,
there is no side slip when he comes out of the
turn and that, therefore, the sliders of the yaw
motor unit are at the centers of their windings.
Under this condition, ground potential will be
applied from the slider of yaw potentiometer

5 Y10 through resistor 560 to signal input conduc-

tor 1281 of the rate of roll motor control cirenit

‘and the phase ¢2 potential applied to conductor

1201 under the control of the aileron potentiome-
ter AL will, therefore, cause the motor 1209 to
rotate shaft 1205 in a direction representative of
a rolling of the airplane to the left until the
phase @i balancing potential applied from the
slider of rate-of-roll potentiometer RR1 through
resistor 1204 provides a potential balance on con-
ductor 1201. The motor 1200 will then come to
rest.

In the manner previously deseribed, the poten-
tial of phase ¢l derived at the slider of poten-
tiometer RRT is applied through resistor 6456 to
signal input conductor 351 of the bank motor
control circuit whereupon the motor {358 of the
bank motor unit is operated in a manner repre-
sentative of a left wingdown condition as long
as the phase ¢l potential is applied. The bank
motor unit in the manner previously described,
controls the tilting of the horizon bars of the
‘gyro-horizon instruments 1622, 1722 and 2122,
When the pilot notes from his gyro-horizon in-

‘strument 1622 that the bank has been reduced

to zero, he will restore the aileron wheel 2008
‘to its neutral position thereby removing the phase
92 potential from signal input conductor 128§ of
the rate-of-roll motor control circuit. The bal-
ancing potentiometer RR7 will thereupon control
the motor. 1200 in a direction to restore the slider
of such potentiometer to the electrical center of
its winding, whereupon the motor 1200 will come
to rest. The return of the slider of potentiometer
‘RR1T to the electrical center of its winding re-
moves the phase ¢l potential from signal input
conductor $351 of the bank motor control circuit
and the motor thereof comes to rest.

If the bank has been properly executed to re-
turn the flight to a straight forward flight, the

75 operation of the bank motor unit as just described
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-will have reduced the phase ¢l potential. applied
from the slider of bank potentiometer BKS8 as
previously described through. resistor 648 to: sig-
nal input conductor 559 of the yaw metor-unit
to zero and with the phase ¢l potential sup-
plied through resistors 558 and $50 removed there
will be no potential on signal input. conductor
559 and the motor 558 of the yaw motor unit will
not operate. As a further result.of the restoration
of the rate-of-turn motor unit to. the position
representative of a zero rate of turn, the poten-
tial of phase ¢2 derived at the slider of rate-of-
turn. potentiometer RT3 and applied through re-
sistor 653 to the signal input conductor 1081 of
the compass motor control circuit is reduced. to
zero. and the motor 1000 of the compass. motor
unit. will come to rest.

Descent

It will now. be. assumed. that the fiight is.in.a »

position in which the pilot desires to simulate a
descent for landing. To descend the pilot new
partially closes the engine throttles thereby re-
ducing the thrust developed by the.engines-which
will be represented in. the trainer by the move-
ment. of the sliders of the potentiometers driven
by the shaft 1523 of the thrust motor unit. te-
ward the No. 1 terminals of their windings. The
movement of the slider of potentiometer TH re-

duces the phase 2 potential applied through re- ;3

sistor 881 to signal input. conductor 1452 of the
indicated airspeed motor control circuit, where-
upon. the motor 1450 of such circuit rotates the
shaft 1458 of the indicated airspeed motor unit
in.a. direction representative of a decrease in air-
speed. As a result of .the movement of the slider
of thrust potentiometer T2, in a direction repre-
sentative of. the reduction in thrust, phase o2
potential applied from such slider through the
upper portion of the winding of angle of attack
potentiometer AAS and representative of the lift
produced by the slip stream on.the portions of
the wings in the path of the slip stream is re-
duced. Also as a result. of the reduction in indi-
cated airspeed and the movement.of the sliders of
indicated airspeed variac IAS3 towards the No. 2
terminal of its winding, the potential of phase
2 applied therefrom through the upper partion
of angle of attack potentiometer AASY, is reduced.
As a. consequence of the reduction of the phase ¢2
potential applied to the winding of potentiometer
AAB, the potential of phase 2 derived at. the
slider of this potentiometer and:applied through
resistor 823 to the signal input conductor {552
of the angle of attack motor control circuit and
through resistor 8§69 to the signal input.conductor
608 of the true rate-of-climb motor control cir~
cuit become reduced.

With the reduction in phase ¢2 potential ap-
plied to signal input conductor 1852, the motor
{550 of the angle of attack metor unit will ro-
tate shaft (553 in a direction representative of
an increase in.the angle of attack thereby mov-
ing the sliders of angle of attack potentiometers
AAl and. AA2 towards- the No. 3 terminals of
their windings, whereby the potential of phase ol
applied from the slider of potentiometer AA2
through resistor 866, to signal input conducter
{452 of the indicated airspeed metor-eontrol cir-
cuit hecomes decreased and the metor {450 of
the indicated airspeed motor unit will rotafte
shaft 1459 in a direction representative of an in-
crease- in indicated airspeed. The indicated air-
speed and angle of attack motor unit thus in-
teract.
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The reduction in phase «2 potential applied
to signal input conductor 608 of the rate-of-
climb. motor control circuit due to the reduction
in thrust and indicated airspeed causes the motor
689 of the rate-of-climb motor unit to rotate the
shaft of such unit in a direction representative
of a reduction in the rate of climb, or to move
the sliders of the potentiometers driven: therehy
toward the No. 1 terminals- of their windings.
Thereupon the slider of potentiometer RCI moves
below the electrical center of its winding and po-
tential of phase ¢2 becomes applied therefrom
over the circuit previously traced through resistor
{453 to the signal input conductor (452 of the
indicated airspeed motor confrol circuit. Motor
1450 will now be operated to rotate shaft 1459
in a direction representative of an increase in
airspeed due to the diving attitude of the flight.
In response to the increase in indicated airspeed
the phase ¢2 potential applied from the slider
of indicated airspeed variac IAS3 to the winding
of angle of attack potentiometer AAS increases
with the result that. the phase ¢2 potential ap-
plied to signal input conductor 698 of the true
rate-of-climb motor control circuit increases and
the motor 600 thereof is operated in a direction
representative of a reduction in the angle of
dive. The true rate of climb and indicated air-
speed motor unit thus interact until a stable con-
dition is reached in which a steady descending
flicht results at the indicated airspeed deter-
mined by the position of the elevator control
2008 and the throttle openings. The rate of
dive will be indicated by the rate-of-climb indi-
cators: 1607, 1707 and 2120 conftrolled in the
manner previously described.

As a further result in the decrease in airspeed
due to the closing of the throttles, the potential
of phase 2 applied from:the slider of wing flaps
potentiometer WF5 through resistor 826 to signal
input conductor 1301 of the rate-of-pitch motor
control circuit becomes reduced and as a resulb
the motor 1360 rotates the slider of potentiometer
RPT toward the No. 1 terminal of its winding
representative of a negative rate of pitch. A
potential of phase ¢2: is thereby applied through
resistor (559 to.signal input conductor 1552 of the
angle of attack motor control circuit whereupon
the angle of attack motor unit functions in a
manner representative of a reduction in angle of
attack. The phase ¢l potential applied through
resistor 824 to signal input conductor 138f of the
rate~-of-pitch motor control circuit then becomes
reduced and the motor (300 of the rate-of-pitch
motor unit will thereby be controlled to move the
slider of rate-of-pitch potentiometer RP7T in a
direction to reduce the phase-¢2 potential applied
therefrom to the signal input conductor 1552
whereupon the motor 1550 of the angle of attack
motor unit will function to again slightly increase
the. angle of attack. The angle of attack and
rate-of-pitch motor units thus interact until a
value of angle of atfack is attained in which the
rate of pitch becomes zero at which time the
sliders of the rate-of-pitch motor unit will he at
the electrical centers of their windings.

If the line of descent is not correct for the
simulated landing, the pilot may increase or
decrease the rate of dive by the operation of
the elevator control 2806 and the consequent
resetting of the potentiometer EL which will in
the manner previously described control the rate
of pitch and thereby the angle of attack and
rate of dive.
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Approach and landing

When the altimeter reading has decreased suf-
ficiently the pilot will operate the landing gear
control to its “down” position whereupon the
motor of the landing gear motor unit will- oper-
ate such unit to a position representative of a
fully “down” position of the landing gear in
which position the slider of the landing gear
potentiometer LGT will be at the No. 1 terminal
of*its winding. This readjustment of the poten-
tiometer L.GT increases the phase ol potential
applied through resistor 551 to the signal input
conductor 1452 of the indicated airspeed motor
control circuit whereupon the motor 1458 of the
indicated airspeed motor unit operates in a man-
ner representative of a decrease in airspeed. The
decrease in airspeed causes a decrease in the
phase ¢2 potential applied from the slider of
the indicated airspeed variac IAS3 to the upper
portion of the winding of the angle of attack
potentiometer AA5 with the result that the true
rate-of-climb motor unit is operated in a direc-
tion representative of an increase in the rate of
descent. By means of the elevator control and
the throttles, the pilot will now readjust the
indicated airspeed to 130 to 135 knots at which
airspeed the rate of descent will be from 600 to
900 feet per minute.

The pilot will then operate the wing flaps con-
trol thereby operating the wing flaps motor. unit
of Fig. 9 until the indicators show the wing flaps
to be about 20 degrees down. The movement of
the wing flaps potentiometer W2 toward the
No. 3 winding terminal will decrease the phase ¢!
potential applied through resistor 902 to the sig-
nal input conductor 1452 of the indicated airspeed
motor control circuit whereupon the motor 1450
thereof will rotate shaft 1459 in g direction rep-
resentative of a decrease in airspeed. To main-
tain an airspeed of 130 to 135 knots the pilot will
push forward on the elevator control whereby,
through the interaction of the rate of pitch and
angle of attack motor control circuits as pre-
viously described, the angle of attack motor unit
is controlled to represent an angle of attack
which through the angle of attack potentiometers
AAl and AA2 will maintain the airspeed at 130
to 135 knots. A further result of the movement
of the wing flaps potentiometer WF3 toward the
No. 3 terminal of its winding will be to increase
the phase ¢2 potential applied through resistor
610 to the signal input control conductor 608 of
the true rate-of-climb motor control circuit there-
by causing the rate-of-climb motor control cir-
cuit to be operated in a manner representative
of a decrease in the rate of descent.

The pilot will then further reduce the air-
speed to 120 to 125 knots by further closing the
throttles. The reduction in the airspeed results
as previously described in an increase in the rate
of descent to 650 to 950 feet per minute. The
pilot will then operate the wing flaps control
until the indicators show the wing flaps to be
40 degrees down with the result that potentiom-
eter WF2 again causes the indicated airspeed
motor to be readjusted to a position representa-
tive of a further decrease in airspeed. "To main-
tain an airspeed of 105 to 110 knots the pilot
will again pull forward on the elevator control
whereby, through the interaction of the rate of
pitch and angle of attack motor control circuits
as previously described, the angle of attack motor
unit is controlled to represent an angle of attack
Which through the angle of attack potentiometers
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AAl and AA? will maintain the airspeed at 105
to 110 knots. At this time the rate of descent
will inerease to 700 to 1000 per minute.

When the altimeter reads zero the pilot will
fully close the throttles thereby further reducing
the airspeed through the reduction of the phase
92 thrust potential applied from the slider of
thrust potentiometer T5, through resistor 801 to
signal input conductor 1452 of the indicated air-
speed motor confrol circuit. With a zero alti~
tude represented by the position of the shaft of
the altimeter motor unit, the I:i and L3 switches
of such unit are both operated to thereby close
the circuit of the G relay 412 which operates in
turn operating the G, G2, G3, G4 and G5 relays

. 800, 1451, 12568, i551 and 60i, respectively. To
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simulate the nose wheel off the ground condition
in the landing the pilot pulls back on the elevaior
thereby moving the slider of elevator potentiom-
eter EL to a position in which phase 92 potential
is applied therefrom to signal input conductor
1301 of the rate-of-pitch motor control circuif
whereupon the motor of such ecircuit will move
the slider of potentiometer RPT into a position
such that potential of phase ¢l will be applied
therefrom through resistor 559 to signal input
conductor 1852 of the angle of attack motor
control circuit. The motor 1550 of the angle of
attack motor unit will thereupon rotate its shaft
into a position representative of an angle of
attack such that the nose wheel in the airplane
would be off the ground. At this time the horizon
bars of the gyro-horizon instruments will, under
control of the pitch bar motor unit, in turn con-
trolled by the rate of climb and angle of attack
motor units, show a nose “up” condition of the
trainer. When the indicated airspeed hecomes

" reduced to 40 to 70 knots the potentials control-
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ling the position of the shaft of the angle of
attack motor unit, become changed so that the
angle of attack becomes reduced with a conse-
quent operation of the pitch bar motor unit until
the horizon bars of the gyro-horizon instruments
show a nose level condtion.

When the airspeed has become reduced to
40 to 70 knots and the foot brakes are applied,
foot brake potentiometers RBI and LBl move
toward the No. 3 terminals of their windings
and, with the G3 relay 1258 now operated, the
botentials of phase ¢f are applied through resis-
for {483 to signal input conductor 1452 of the
indicated airspeed motor control circuit where-
by the motor of that circuit causes the shaft
1459 to turn rapidly to a position of zero air-
speed. With the G relays all operated, the var-
ious motor units of the trainer sre controlled
to restore the sliders thereof to their normal
positions in the manner previously described.
At zero airspeed the position of the rate-of-turn
indicators will be centered, the balls of the ball
units of the turn and bank indicators will be
centered, the horizon bars of the gyro-horizon
instruments will be horizontal, the rate-of-
climb indicators will read gzero and the com-
passes will cease to move.

What is claimed is:

L. In a device for simulating the fight of an
airplane, a source of current, a control conduc-
tor, a potentiometer for deriving a potential
from said source commensurate with the rate
of turn of the simulated flight and for apply-
ing said potential to said conductor, a first mo-~
tor responsive to the potential applied to said
conductor for integrating the rate of turn with
respect to time, an instructor’s desk, a second
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motor, means. at.said desk for causing said ses-
ond-motor to. turn in one or the other direction
to a degree commensurate with a desired com-
pass variation, simulated compasses at said in-
structor’s desk and at crew stations in said
trainer and means jointly controlled by said mo-
tors for operating said compasses.

2. In a device for simulating the flight of an
airplane, a source of current, a control condue-
tor; a. potentiometer for deriving a potential
from said source commensurate with the rate
of turn of the simulated flight and for apply-
ing said potential to said conductor, a first: mo-
tor responsive to the posential applied to said
conductor for integrating the rate of furn with
respect to time, an instructor’s desk, a second
motor, means at said desk for causing said sec-
ond motor to turn in one or the other direc-
tion to a degree commensurate with a desired
compass variation, a differential gear box, the
input shafts of which are driven by said first
and second motors: respectively, whereby the
output shaft of said gear box is driven at a
speed equal to the differential sum of the speeds
of the input shafts, and simulated compasses
at said instructor’s desk and at crew stations
in said trainer operable in respcnse to the ro-
tation of said output shaft.

3. In a device for simulating the flight of an
airplane, a source of current, a contrel con-
ductor, a potentiometer for deriving a potential
from said source commensurate with the rate
of turn of the simulated flight and for apply-
ing said potential to said conduetor, a first mo-
tor responsive to the potential applied to said
conductor for integrating the rate of turn with
respect to time, an instructor’s desk, a second
motor, means at said desk for causing said sec-
ond motor to turn in one or the other direction
to a degree commensurate with a desired com-
pass variation, a simulated compass at said in-
structor’s desk operable in response to the op-
eration of said second motor to indicate the
amount of magnetic variation imposed by the
instruector, simulated compasses at said instruc-
tor’s desk and at crew stations in said trainer,
and means jointly controlled by said motors for
operating said latter compasses to indicate the
heading of the simulated flight as corrected
by the magnetic variation imposed by the in-
structor.

4. In a trainer for simulating the flight of an
airplane, a source of current, a control conduc-
tor, a potentiometer for deriving a potential
from said source commensurate with the rate
of turn of the simulated flight, a potentiome-
ter for modifying said derived potential in ac-
cordance with the cosine of the angle of bank
of the simulated flight, means for deriving a
second potential from said source which varies
with the angle of bank of the simulated flight,
a potentiometer for modifying said latter po-
tential in accordance with the rate of piteh of
the simulated flight and for applying said lat-
ter potential to said conductor, a motor respon-
sive to the summation of the potentials applied
to said conductor for integrating the rate of
turn and the rate of pitch as modified by the
angle of bank with respect to time, and instruc-
tor’s desk, and simulated compasses at said in-
structor’s desk and at crew stations in said
trainer operable in response to the operation
of said motor.

5. In a trainer for simulating the flight of
an airplane, a source of.current, a control con-
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ductor, a potentiometer for deriving a potential
from said source commensurate with the rate
of turn of the simulated flight and for apply-
ing said potential to said conductor, a motor
responsive to the potential applied to said con-
ductor for integrating the rate of turn with re-
spect. to time, representative of the operation
of an earth inductor compass, a navigator’s
station, a simulated master indicator flux gate
compass at said station, telemetric means op-
erable by said motor for operating said mas-
ter indicator flux gate compass, and a simu-
lated remote indicating compass in said trainer
telemetrically operable by said master indica-
tor flux gate compass.

6. In a trainer for simulating the flight of an
airplane, a source of current, a control conductor,
a potentiometer for deriving a potential from said
source commensurate with the rate of turn of
the simulated flight and for applying said po-
tential to said conductor, a motor responsive to
the potential applied to said conductor for in-
tegrating the rate of turn with respect to time,
representative of the operation of an earth in-
ductor compass, a navigator’s station, a simu-
lated master indicator flux gate compass at said
station, telemetric means operable by said motor
for operating said master indicator flux gate
compass, means at said navigator’s station for
introduecing a magnetic variation correction into
said compass, an instructor’s desk, a simulated
remote indicating compass at said desk, and a
key at said desk for enabling the instructor to
cause said remote indicating compass to be
telemetrically controlled by said motor to in-
dicate the true heading of the simulated flight
or by said master indicator flux gate compass
to indicate the heading as corrected by the navi-
gator.

7. In a trainer for simulating the flight of an
airplane, a source of current, a control conduetor,
means for deriving a first potential from said
source which varies as the rate of turn and with
the bank angle of the simulated flight and for
applying said potential to said conductor, means
for deriving a second potential from said source
which varies with the true airspeed and with
the bank angle of the simulated flight and for
applying said latter potential to said conductor,
means for deriving a third potential from said
source which varies with the indicated airspeed
and with the amount of simulated rudder de-
flection and for applying said latter potential
to said conductor, a balancing potentiometer for
deriving a potential from said source which varies
in accordance with the indicated airspeed and
with the amount of side slip and for applying
said balancing potential to said conductor, a
motor responsive to the summation of the po-
tentials applied to said conductor for adjusting
said balancing potentiometer until the sum of
the potentials applied to said conductor becomes
zero, and means controlled by said motor for
introducing the effect of rate of yaw or side
slip into other motor control circuit networks
in the trainer.

8. In a trainer for simulating the flight of an
airplane, a source of current, a control conductor,
means for deriving a first potential from said
source which varies as the rate of turn and with
the cosine of the bank angle of the simulated
flicht and for applying said potential to said
conductor, means for deriving a second potential
from said source which varies with the true air-
speed and with the bank angle of the simulated
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flisht and for applying said latter potential %o
sald conductor, means for deriving a third po-
tential from said source which varies with the
indicated airspeed and with the amount of the
simulated rudder deflection and for applying
said latter potential to said conductor, a balanc-
ing potentiomater for deriving a potential from
said source which varies in accordance with the
indicated airspeed and with the amount of side
slip and for applying said balancing potential
to said conductor, a motor responsive to the sum-
mation of the potentials applied to said con-
ductor for adjusting said balancing potentiometer
until the sum of the potentials applied  to said
conductor becomes zero, means controlled by said
motor for introducing the effect of rate of yaw
or side slip into other motor control circuit net-
works in the trainer, and means operative when
a ground condition of flight is simulated for dis-
continuing said first three potentials whereupon
said balancing potentiometer becomes effective
to control said motor to center the slider of
said balancing potentiometer at a position of zero
vaw.

9. In a frainer for simulating the flight of an
airplane, a source of current, a control conductor,
a potentiometer for deriving a potential from
said scurce commensurate with the rate of climb
of the simulated flight, a potentiometer for modi~
fying said potential in gccordance with the true
airspeed of the simulated flisht and for apply-
ing said modified potential to said conductor, a
notentiometer for deriving a potential from said
source commensurate with the angle of attack
of the simulated flight, means for modifying said
latter potential in accordance: with the cosine
of the angle of bank of the simulated flight and
for applying said modified potential to said con-
ductor, a balancing potentiometer for deriving
a potential from said source and for applying
it to sald conductor, & motor responsive to the
summation of the potentials applied to said con-
ductor for adjusting said balancing potentiometer
until the sum of the potentials applied to said

conductor becomes zero, an instructor’s desk,

simulated gyro-horizon instruments at said in-
structor’s desk and at crew stations in said
trainer, and means controlled by said motor for
elevating or depressing the horizon bars of said
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instruments to indicate the nosing down, nosing

up or level condition of the simulated flight.
10. In a trainer for simulating the flight of
an airplane, a source of current, a control con-
ductor, a potentiometer for deriving a potential
from said source commensurate with the true
rate of climb of the simulated flicht, a potenti-
ometer for modifying said potential in accord-
ance with the airspeed of the simulated flicht
and for applying said modified potential to said
conductor, a potentiometer for deriving a po-
tential from said suorce commensurate with the
angle of attack of the simulated flight, means

60

for modifying said latter votential in accord-

ance with the cosine of the angle of bank of
the simulated flight and for applying said modi-
fied potential to said conductor, means for de-
riving a potential from said source if an incor-
rectly banked turn is simulated and for apply=~
ing it to said conductor, a balancing potenti-
ometer for deriving 2 potential from said source
and for applying it to said conductor, a motor
responsive to the summation of the potentials
applied to said conducter for adjusting said
balancing potentiometer until the sum of the
potentials applied to said conductor becomes
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zero, ‘an: instructor’s: desk, simulated gyro-hori-
zon instruments at said instructor’s desk and
at crew stations in said trainer, and means con-
trolled by said motor for elevating or depress-
ing the horizon bars of said instruments to in-
dicate the nosing down, the nosing up or level
condition of the simuiated flight,.

11. In g trainer for simulating the flight of
an airplane, a source of current, a control con-
ductor, a potentiometer for deriving a potential
from said source commensurate with the true
rate of climb of the simulated flight, a potenti-
ometer for modifying said potential in sccord-
ance with the true airspeed of the simulated
flight and for applying said modified potential
to said conductor, a potentiometer for deriving
a- potential from said source commensurate with
the angle of aittack of the simulated flight,
means for modifying said latter potential in
accordance with the cosine of angle of bhank of
the simulated flight and for applying said modi-
fied potential to said econductor, means for de-
riving equal potentials of opposite phase from
said source which vary in value in accordance
with the simulated angle of bank, a potenti-
ometer having a grounded mid-tap to the ter-
minals of the windings of which said latter
potentials are applied and the slider of which
Is' controlled in accordance with the side slip of
an incorrectly banked turn and applies the po-
tential derived thereat to said conductor only
if' a turn is incerreetly banked, a balancing po-
tentiometer for deriving a potential from said
source and for applying it to said conductor,
a motor responsive to the summation of the
potentials applied to said conductor for adjust-
ing said balancing potentiometer until the sum
of the potentials applied to said conductors
becomes zero, an instructor’s desk, simulated
gyro-horizon instruments at said desk and at
crew stations in said trainer, and means con-
trolled by said motor for elevating or depressing
the horizon bars of said instruments to indicate
a-nosing down, g nosing up or a level condition
of the simulated flight.

12. In a trainer for simulating the flight of
an airplane, a source of current, a control con-
ductor, means for deriving a potential from said
source which varies in accordance with the
square of the indicated airspeed of the simulated
flieht, a potentiometer for deriving a further
potential from said source which varies with
the simulated thrust of the airplane propellers,
a potentiometer for modifying the summation
of said derived potentials in accordance with
the effect of the assumed positions of the wing
flaps of the simulated airplane and for apply-
ing said modified potential to said conductor,
a potentiometer for modifying said summation
potentials in accordance with the angle of at-
tack of the simulated flight and for applying
sald latter potential to said conductor, a po-
tentiometer for deriving a potential from said
source commensurate with the effect of the
assumed weight of the airplane and for applying
said potential to said control conductor, a motor
operable in response to the summation of the
potentials applied to said conductor to a degree
commensurate with the rate of climb of the
simulated flight, an instructor’s desk, and indi-
cators at said desk and at crew stations in said
trainer operable in response to the operation
of said' motor to indicate the rate of climb of
the simulated flight.

13: In a:trainer for simulating the flight of an
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airplane, a source of current, a control conductor,
means for deriving a potential from said source
which varies in accordance with the square of the
indicated airspeed of the simulated flight, a po-
tentiometer for deriving a further potential from
said source which varies with the simulated thrust
of the airplane propellers, a potentiometer for
modifying the summation of said derived po-
tentials in accordance with the effect of the
assumed positions of the wing flaps of the simu-
lated airplane and for applying said modified
potential to said conductor, a potentiometer for
modifying said summation potential in accord-
ance with the angle of attack of the simulated
flicht and for applying said latter potential to
said conductor, a potentiometer for deriving a
potential from said source commensurate with the
effect of the assumed weight of the airplane and
for applying said potential to said eonductor, po-
tentiometers for modifying the potentials ap-
plied to said conductor-in accordance with the
angle of bank of the simulated flight, a motor
operable in response to the summation of the po-

tentials applied to said conductor to a degree

commensurate with the rate of climb of the simu-
lated flight, an instructor’s desk, and indicators
at said desk and at the crew stations in said
trainer operable in response to the operation of
said motor to indicate the rate of climb of the
simulated flight.

14. In a trainer for simulating the flight of an
airplane, a source of current, means for simulat-
ing the indicated airspeed of an airplane, means
for simulating the effect of the positions of the
wing flaps of said airplane, means for simulat-
ing the angle of attack of said airplane, means
for simulating the effect of the weight of said
airplane, means for simulating the effect of the
banking of said airplane, means responsive to

said preceding means for deriving potentials from ¢

said source of current, means responsive to the
summation of said potentials, a potentiometer
operable by sald latter means for deriving a po-
tential from said source commensurate with the
true rate of climb of the simulated fiight, a motor
responsive to said latter potential, an instruc-
tor’s desk, and indicators at the instructor’s desk
and at crew stations in said trainer operable
in response to the operation of said motor to
indicate the rate of climb of the simulated flight.

15. In a trainer for simulating the flight of an
airplane, a source of current, means for simulat-
ing the indicated airspeed of an airplane, means
for simulating the positions of the wing flaps of
said airplane, means for simulating the angle
of attack of said airplane, means for simulating
the effect of the weight of said airplane, means
for simulating the effect of the banking of said
airplane, means responsive to said preceding
means for deriving potentials from said source
of current, means responsive to the summation
of said potentials, a control conductor, a po-
tentiometer operable by said means for deriving
a potential from said source and for applying it
to said conductor commensurate with the true
rate o§ climb of the simulated flight, a balancing
potentiometer for deriving a potential from said
source and for applying it to said conductor, a
motor responsive to the summation of said po-
tentials for adjusting said potentiometers until
the sum of the potentials applied to said con-
fiuctor becomes zero, an instructor’s desk, and
indicators at the instructor’s desk and at crew
stations in said trainer operable in response to
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the operation of said motor to indicate the rate
of climb of the simulated flight.

16. In a trainer for simulating the flight of an
airplane, a source of current, a control con-
ductor, a potentiometer for deriving a potential
from said source commensurate with the altitude
of the simulated flight and for applying said po-
tential to said conduector, an instructor’s desk, a
rheostat at said desk operable by the instructor
to derive a potential from said source commensu-
rate with a departure from the basic air temper-
ature and for applying said potential to said
conductor, a balancing potentiometer for deriv-
ing a potential from said source and for apply-
ing it to said conductor, a motor responsive to
the summation of the potentials applied to said
conductor for adjusting said balancing potenti- -
ometer until the sum of the potentials applied
to said conductor becomes zero, an insfructor’s
desk, and indicators at said instructor’s desk and
at crew stations in said trainer operable in re-
sponse to the operation of said motor for simulat-
ing the indication of the outside air temperature,
which temperature will decrease as the altitude
of the simulated flight increases.

17. In a trainer for simulating the flight of an
airplane, a source of current, a control conductor,
means for deriving a potential from said source
which varies in accordance with the square of
the indicated airspeed of the simulated flight, a
potentiometer for deriving a further potential
from said source which varies with the simulated
thrust of the airplane propellers, a potentiometer
for modifying the summation of said derived po-
tentials in accordance with the effect of the
assumed positions of the wing flaps of the simu-~
lated airplane and for applying said modified
potential to said conductor, a potentiometer for
deriving a potential from said source commensu-
rate with the effect of the assumed weight of
the airplane and for applying said potential to
said conductor, a potentiometer for deriving &
potential from said source which varies with the
rate of pitch of the simulated flight and for
applying it to said conductor, a balancing po-
tentiometer for modifying said summation po=
tential and for applying it to said conductor, a
motor responsive to the summation of the po~
tentials applied to said conductor for adjusting
said balancing potentiometer until the sum of
the potentials applied to said conductor hecomes
Zero; and means controlled by said motor for in-
troducing integration factors into other motor
controlled circuit networks in the trainer repre-
sentative of the angle of attack.

18. In 2 trainer for simulating the flicht of an
airplane, a source of current, a control conduc-
tor, means for deriving a potential from said
source which varies in accordance with the square
of the indicated airspeed of the simulated flight,
a potentiometer for deriving a further potential
from said source which varies with the simulated
thrust of the airplane propellers, a potentiometer
for modifying the summation of said derived po~
tentials in accordance with the effect of the as-
sumed positions ¢f the wing flaps of the simu-
lated airplane and for applying said modified po-
tential to said conductor, a potentiometer for ce-
riving a potential from said source commensurate
with the effect of the assumed weight of the air-
plane and for applying said potential to said con-
ductor, a balancing potentiometer for modifying
said summation potential and for applying it to
said conductor, potentiometers for modifying said
potentials applied to said conductor in accord-



69
ance with. the effect.of the angle .of. bank of.the
simulated flight, a. potentiometer. for deriving a
potential from said. source: which. varies. with
the rate of pitch of the simulated flight.and for
applying. it to said conductor, .a. motor. respon-
sive to the summation of the potentials appliad
to said conductor for adjusting said balancing
potentiometer until the sum of the. potentials
applied to. said. conductor becomes. zero, .and
means. controlled by said motor for intreducing
integration factors into other motor. control cir-
cuit networks.in the trainer representative of. the
angle. of attack.

19. In a trainer for simulating the flicht of.an
airplane, a source of current, a contrel conduc-
tor, means for deriving pofentials. from said
source and applying them.to. said conductor. rep-
resentative. of the flight factors.which determine
the angle of attack of an airplane, a.mofor re-
sponsive to the summation of said potentials, a
relay operative to discontinue the. application of
said potentials to said.conductor when a landing
condition of flight is simulated, means eontrolled
by said motor after a landihg has been simulated
and-an angle of attack has been attained repre-
sentative of thie engageiment of the nose wheel of
an airplane with. the ground for arresting the
operation . of said motor.

20. In.a trainer for simulating the flight of an
airplane, a simulated aileron contrel, a scurce
of. current, a control conductoer, means for de-
riving a potential from. said source which varies
in accordance with. the. indi¢ated airspesd, a po-
tentiometfer operabie by said aileron. control. for.

modifying said derived potential and for apply- :

ing it to-said control conductor, a-potentiometer
for modifying said first derived potential in ac-
cordance with the yaw or side slip of s simulated
fiight, and for applying it to said cenductor, a.
balancing potentiometer. for deriving. a potential
from said source and for applying it to said con-
ductor, a motor responsive to the summation of.
the potentials applied to said eonductor for ad-
justing. said balancing potentiometer upntil the
sum of the potentials applied to said conductor
becomes zero, a motor unit operable to represent
the effect of banking in a simulated Aight, and
means controlled by said motor for intreducing
an integration factor inioc said bank motor unit

of said trainer representative of the rate of. roll’

of the simulated fight.

21. In a trainer for simulating the flight of an
airpiane, a simulated aileron control, a source.
of current, a conirol conducior, means fo6r de-
riving a potential from said source which. varies
In accordance with the indicated airspesd of
the simulated fiight, a potentiometer onerable.
by said aileren control for modifying said derived
potential and for apprlying it to said eonductor; a
potentiometer for modifying said first derived
potential in accordance with the yaw or side slip

of the simulated flight and for applying it to

said conductor, a balancing potentiometer for-de-
riving a potential from said source and for ap~
plying it to said conductor, a first motor respon-
sive to the summation of the potentials apnlied
to said conductor for adjusting said. balancing
potentiometer until the sum of ihe potentials

applied to said conductor becomes zero and said

balancing potentiometer has thus. integrated. the
rate of change of the rate of roll with respect to
time, a second control conductor to which. po-
tential derived at said balancing potentiometer.

is. applied, a motor responsive to potential. ap-

plied. to. said. latter conductor, an instructor’s
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desk, and.indicators.at said desk. ana at crew.sta-
tiens in said traiher operative in response to the
operation of. said latter motor to indicate the
angle of bank of the simulated flight.

22. In a trainer for simulating the flight of
an airplane, a simulated elevator control, a
source of current, a control conductor, means for
dériving potentials of opposite phase from said
source which vary in accordance with the in-
imulated fAight, a poten-
tiometer controlled by said elevator control fer
modifying one or the other of said petentials in
accordance with. the angle of attack of the
elevator and for applying said modified potential
to said conductor, s potentiometer for modifying
one cr. the other of. said derived potentials in
accordance with the angle of attack of the
simuiated flight and for applying said latter po-
tential to. said conductor, a pobentiometer for
modifying one. of said first derived potentials in
accordance. with the assumed position of the wing
flaps of the simulated airpiane and for applying
said potential to said conductor, potentiometers
for modifying said derived potential of the op-
posite phase in accordance with the effect of the
assumed longitudinal center of gravity and in
accordance with the effect of the assumed posi-
tion of the wing flaps of the simulated airplane
asnd for applying said mwodified potential to said
conductor, & balancing potentiometer for deriv-
ing & balancing potential from said source and
for applying it to-said conduector, a motor respon-
sive to the summation of the potentials applied
to said conductor for adjusting said balancing
potentiometer until the sum of the potentials
applied 1o said conductor becomes zero, and
means controlled by said motor for introducing
integration factors into the other motor control
circuit networks in the trainer representative of
the rate of piteh.

23. In a trainer for simulating the flight of an
airplane, a simulated elevator control, a source of
current, a contrcl conductor, means for deriv-
ing potentials of opposite phase from said source
whichvary in accordance with the indicated air-
speed of the simulated flight, a potentiometer
controlled by said elevator control for modifying
one or the other of said potentials in accordance
with the assumed position of the elevator and for
applying said modified potential to said con-
ductor, a potentiometer for modifying one or the
other of said derived potentials in accordance
with the angle of attack. of the simulated flight
and for applying said modified potential to said
conductor, a potentiometer for modifying one of
said derived potentials in accordance with the
effect of the assumed position of the wing flaps
of the simulated airplane and for applying said
modified potential to. said conductor, potentiom-~
eters operable prior to simulated take-off of a
flight to derive a potential of the opposite phase
irom said source which varies as the indicated
airspeed, in accordance with the effect of the
assumed. longitudinal center of gravity and in

- accordance with the effect of the assumed weight

of the simulated airplane and for applying said
rotential to said. conductor,. a balancing . poten--
tiometer for deriving a balancing potential from.
said source and for applying it to said conductor,
& motor respoensive to the summation of the po-~
tentials.applied to said conductor for adjusting
said. balancing potentiometer until the sum. of
the potentials applied to said conductor becomes
Zero, and means.controlled by said motor for in-

- troducing integration factors into. other motor
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control circuit networks in the trainer representa~
tive of the rate of pitch. .

24. In a trainer for simulating the flight of an
airplane, a source of current, a control conductor,
potentiometers for deriving potentials from said
source in accordance with the simulated brake
horsepower output of each of four simulated en-
gines of an airplane, the potentials derived for
simulating the output of the Nos. 1 and 2 engines
being of one phase, the potentials derived for
simulating the output of the Nos. 3 and 4 en-
gines being of the opposite phase, and the poten-
tials simulating the output of the Nos. 1 and 4
outboard engines heing greater for the same
brake horsepower output than the potentials
simulating the output of the Nos. 2 and 3 in-
board engines, means for applying the derived
potentials to said conductor, a balancing poten-
tiometer for deriving a potential of either phase
from said source and for applying it to said
conductor and a motor responsive to the summa-
tion of the potentials applied to said conductor
for adjusting said balancing potentiometer until
the sum of the potentials applied to said con-
ductor becomes zero, whereby said motor operates
in a direction representative of & turn in a sim-
ulated flight to the left or to the right if any
potential is derived which simulates the condi-
tion whereunder any simulated engine develops
less horsepower than the other engines, and said
rate of turn being greater in the event of the
derivation of a potential which simulates the
failure of an outboard engine.

25. In g trainer for simulating the flight of an
airplane, a source of current, a control eonductor,
means for deriving potentials from said source
of current of opposite phase which vary in ac-
cordance with the true airspeed of the simulated
flight, a potentiometer for modifying one or the
other of said derived potentials in accordance
with the rate of turn of the simulated flicht and
for applying it to said conductor, means for de-
riving potentials from said source of current of
opposite phase which vary in accordance with
the indicated airspeed of the associated flight,
a potentiometer for modifying one or the other
of said latter potentials in accordance with the
yaw or side slip of the simulated flight and for
applying said modified potential to said con-
ductor, a balancing potentiometer for deriving
a potential of either phase from said source and
for applying it to said conductor, a motor re-
sponsive to the summation of the potentials ap-
plied to said conductor for adjusting said bal-
anecing potentiometer until the sum of the po-
tentials applied to said conductor becomes zero,
indicators simulating ball indicators operative
in response to the operation of said motor to in-
dicate any failure to simulate a properly banked
turn in a simulated flight, and means operated
by said motor for introducing integration factors
into other motor control circuit networks in the
trainer.

26. In a trainer for simulating the flight of an
airplane, a simulated rudder control, a source
of current, a control conductor, means for deriv-
ing potentials from said source of opposite phase
which vary in accordance with the frue air-
speed of the simulated flight, a potentiometer
for modifying one or the other of said derived
potentials in accordance with the amount of the
simulated rate of turn, means effective on a
simulated ground condition of flight for apply-
ing said modified potential to said conductor, a
balancing potentiometer for deriving a potential
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of either phase from said source and for apply-
ing it to said conductor, a motor responsive to
the summation of the potentials applied to said
conductor for adjusting said balancing potenti-
ometer until the sum of the potentials applied to
said conductor becomes zero, and indicators
simulating ball indicators operative in response
to the operation of said motor and operable into
positions in which the balls are centered when
the rudder control is returned to its normal
neutral position.

97. In a device for simulating the flight of an
airplane, a control conductor, means for applying
3 potential to said conductor representative of
the simulated altitude of flight, a motor, a space
discharge device responsive to said potential for
transmitting power impulses to said motor
whereby said motor operates inn a manney repre-
sentative of the simulated altitude, relays oper-
able to represent a ground condition of flight,
and a relay operable over the cathode-anode
path of said space discharge device to cause the
release of said relays to simulate an airborne
condition of flight.

28. In a device for simulating the flight of an
airplane, a control conductor, means for apply-
ing a potential to said conductor representative
of the simulated altitude of flight, a motor, re-
iays operable to represent a ground condition of
flight, means controlled by said motor for caus-
ing the operation of said relays when a zero
altitude condition is simulated, a space discharge
device responsive to said potential for fransmit-
ting power impulses to said motor whereby said
motor operates in a manner representative of an
increasing altitude and a relay operable over
the cathode-anode path of said space discharge
device to cause the release of said relays to simu-
late an airborne condition of flight.

29. In a device for simulating the flight of an
airplane, a source of current, a control conductor,
a potentiometer for deriving a potential from
said source commensurate with the indicated air-
speed of the simulated flight and fer applying
said potential to said conductor, & potentiometer
for deriving a potential opposite in phase to said
first potential from said source which varies with
the altitude of the simulated flight, an instruc-
tor’s desk, means at said desk controllable to
modify said latter derived potential in accord-
ance with the assumed outside air temperature
whereby said modified potential is caused to vary
in a manner representative of the air density, a
balancing potentiometer for applying said modi-
fied potential to said conductor, a motor respon-
sive to the summation of the potentials applied
to said conductor for adjusting said balancing
potentiometer until the sum of potentials ap-
plied to said conductor becomes zero, and means
controlled by said motor for introducing integra~
tion faetors into other motor control circuit net-
works in the trainer representative of the true
airspeed.

30. In a trainer for simulating the flight of an
airplane, two transmitters each having a multi-
winding stator and a rotor, means for applying
a potential of one phase to one of said rotors
which varies as the true airspeed of a simulated
flight, means for producing a potential of op-
posite phase which varies as the true airspeed,
means for modifying one or the other of said
potentials in accordance with the simulated yaw
of the flight and for applying said modified po-
tential to the other of said rotors, means for
rotationally displacing said rotors proportionally-
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to the compass heading of the simulated flight,
a third transmitter having a multiwinding stator
and a rotor, means for applying a potential to
said latter rotor proportional to an assumed
wind velocity, means for rotationally displac~
ing said latter rotor proportionally to the as-
sumed wind direction, two receivers each hav-
ing a multiwinding stator connected to the
stators of all of said transmitters and each hav-
ing a rotor, a motor geared to the rotors of
said receivers and a thermionic amplifier cir-
cuit interposed between the rotor of one of said
receivers and said motor for controlling said
motor to bring the rotor of said one receiver into
a rotational position corresponding to the vec-
torial sum of the positions of the rotors of all of
said transmitters and to bring the rotor of said
other receiver into a rotational position in which
the potential induced therein is proportional to
the vectorial sum of the potentials applied to
the rotors of said transmitters.
ROBERT O. RIPPERE.
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