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CONSTRUCT IN AND OPERAT ION OF AN INSTRU1ENT FLIGHT TRAINER 

INTRODUCT ION 

Instruction In the principles of instrument flying 
is becoming a more and more Important part of the complete 

training of a pilot. At the present time there are two 

general methods of Instrument flight tra.ning in coimnon 

use. The older and basic method from the standpoint of 

practical application involves the use of an airplane 
equipped with all necessary instruments in acockpit sur 
rounded by opaque or transluscent material which prohibits 
the student from seeing out in any direction. This re- 
quires him to maintain the altitude and direction of flight 
entirely by instruments. The instructor sits in another 
cockpit and directs the student by interphone. To obtain 
an instrument rating for a pilot's license it is necessary 
to have a minimum of 20 hours of flight "under the hood." 
This is quite expensive and is limited by weather condi- 
t ions. 

Another apparatus, the Link Trainer, is becoming 

very popular as a substitute for part of this time. This 
trainer consists of an enclosed cockpit with a complete 
set of instruments and controls including radio facili- 
ties. The cab is arranged so that it may roll, pitch, and 

yaw simulating these saine motions of an airplane. The 

trainer cab actuates an external course plotter which shows 

the actual course which wou'd be traversed by an airplane 



2 

if the controls were manipulated in the sanie way. This 

makes it possible for the instructor and onlooking stu-. 

dents to see actually the mistakes of the student in the 

trainer. It also provides the student with a record of bis 

'f1ight." The Civil Aeronautics Administration allows a 

person applying for an instrument rating to have had as 

much as 10 hours in a Link Trainer and to substitute this 

time for an equal number of hours under the hood. 

The main disadvantage of a Link Trainer for use in 

an institution such as Oregon State College is its cost 

(in the neighborhood of ten to fifteen thousand dollars). 

This cost does not warrant the purchase qfa Ja nk 
Trainer to satisfy the present needs of the college. 

Therefore the idea of building an instrument flight train- 

er embodying most of the features of a Link Trainer was 

conceived. The design, construction, and operation of this 

trainer will be the subject of this thesis. 

It is felt by the author that there is a definite 

need at Oregon State College for a trainer of this type. 

The trainer is useful in training both flying and engi- 

neering students. It acquaints the engineer with the 

problems of the pilot and helps the pilot to learn naviga- 

tion. It also gives the pilot an introduction to the prob- 

leni of instrument flying. In addition to the gain to the 

college a great deal was gained on the part of the author 



through the application of many engineering subjects such 

as kinematics, machine design and aeronautical engineering 

in general. 

The trainer consists of a cab (Figure 1 and 2) which 

includes the fundamental blind flight instruments namely: 

altimeter, air speed indicator, bank and turn indicator, 

directional gyro, clock and compass. It is also equipped 

with a tachometer, oil pressure gauge, oil temperature 

gauge, and fuel level gauge. The last three of these are 

not yet connected but serve to simulate an actual flight 

panel. Each of these instruments with the exception of the 

last three is attached to the appropriate controls to give 

readings simulating flight conditions. The controls con- 

sist of a wheel, foot pedals and necessary engine controls. 

Their appearance and operation resemble as closely as pos- 

sible the controls of an airplane. The cab is also 

equipped with a small fan for the purpose of ventilation 

and a panel light. The entire cab assembly is mounted on 

ball bearing wheels which roll on a round metal table hay- 

Ing a guide rail on the outer edge. This permits it to be 

rotated to any desired azimuth. The direction Is con- 

trolled by means of the foot pedals which actuate a fric- 

tion clutch giving variable speeds of turn In either direc- 

tion. The cab does not roll or pitch. The instruments in- 

dicating these movements are actuated so that they produce 



Fig. 1 Instrument flight trainer as set up in the 
Aeronautical Laboratory at Oregon State College. The cab 
assembly is shown at the left, the instructor's table at 
the right. 

uí 

i 

Fig. 2 Interior of cab showing instrument panel and controls. 
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the same indications as would be produced by actually mov- 

ing the cab. 

Adjacent to the cab is the instructorts table (Fig- 

ures 1 and 5) including duplicates of the air speed indi- 

cator and altimeter, a microphone, controls for various 

parts of the apparatus, an oscillator used in the radio 

beam, a chart board, and the tracing arm. These are con- 

veniently arranged so that instruction can be given by a 

single person. 

The tracing arm (Figure 4) consists of a mechanism 

which traces the course of the trainer over an imaginary 

route. This is accomplished by means of a driving me- 

chanism moving the tracing head at a uniform rate, and a 

steering mechanism controlled through a linkage by the 

direction of the trainer. The effect of wind on the di- 

rection of flight is accomplished by an adjustment on the 

tracing head. The speed may be controlled by an ad just- 

mont on the instructor's instrument panel. 

The radio beam is simulated by means of an oscilla- 

tor which produces a one thousand cycle note, this being 

the frequency of the radio beams of the Civil Aeronautics 

Administration. The note is mechanically keyed to dupli- 

cato Civil Aeronautics Administration radio installations. 

The signal received by the student in the trainer is de- 

termined by the setting of the control on the instructor's 



table. This control is set by the instructor according to 

the position oÍ' the tracing head on the chart. 

Compressed air which is used on some of the ins-tru- 

ments is supplied by a small air compressor (Figure 1) 

which may be controlled by the instructor at his instrwnont 

panel. 



FIg. 3 DetaIl of Instructor's table showing 
oscillator, instrument panel and tracing arm. 

Fig. 4 Close-up view of tracing head with chart 
In orground. 
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CONTROLS 

As was previously mentioned the còekpit contains all 

of the ordinary controls Included in an airplane. It was 

attempted to make the action of the controls as near as 

possible to that of the controls of' an airplane. Where lt 

was necessary to have the controls differ from those of' an 

airplane they were made more sensitivo to small control 
movement if at all possible. 

The mechanism for turning the cab to simulate yaw 
presented one of the most difficult problems to solve. 
Several designs were considered. The problem resolves 

itself Into one of deciding upon a mechanism which will 

give reversible direction with variable speed in each di- 
rection. The two most feasible plans considered were (l) 

that involving a constant speed motor with a clutch to pro- 
duce a variation of' speed and reverse of direction, and (2) 

that involving a variable speed reversible direction motor 

with a suitable transmission. It was finally decided that 

the first of these was best suited to the conditions under 

which the trainer would be used. Reference to Figure 6 

will show the actual design which was finally used. Es- 

sentially it consists of a horsepower motor fittod with a 

worm gear which engages a worm wheel with a ratio of 
50-l. The shaft to which the worm wheel is keyed is free 



to move from side to side. Rigidly attached to the shaft 

is a metal plate faced with wood and fitted with a spring 

which maintains a pressure against a rubber horizontal 

wheel. The horizontal wheel is fastened to a vertical 

shaft which may be raised or lowered by moving the foot 

pedals. Keyed to the shaft and supported by a bearing 

fastened to the frame of the clutch is a small pinion 

which is driven by the shaft at a speed and in a direction 

determined by the position of the horizontal wheel of the 

clutch with respect to the center of the vertical plato. 

This pinion engages a larger gear which remains stationary 

with respect to the table upon which the cab is mounted. 

The direction and speed of turn are thereby controlled by 

means of the pedals. If the horizontal whéel is at the 

exact center of the plate the trainer will not turn. This 

is the position corresponding to the neutral pedal posi- 

tion. 

The rudder pedals are also coriiected to the bank 

indicator to produce the effect of centrifugal force due 

to turning. Since there is no centrifugal force present, 

a ball bank indicator of standard type would give no indi- 

cation. It was therefore necessary to actuate this instru- 

ment to obtain the desired indication. 

The connection to the rudder pedals is through a 

small bellows (Figure 7) which is compressed by pressure on 
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Fig. 5. Front section of cab showing control con- 
nections and back of Instrument panel. 

the right pedal. The bellows is connected by a tube to a 

small cylinder containing a piston In the flight indicator 

(See Figure 12). CompressIon of this bellows causes the 

right end of the glass tube holding the metal ball to be 

raised against a slight spring force. The ball therefore 

rolls toward the left end. This duplicates the indication 

of a bank indicator corresponding to the same control move- 

ment in an airplane. 

The cylinder is also provided with a small leak so 

that if the pedal is held. in Its deflected position, the 

ball will gradually return to the center due to the action 
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of the spring. This also duplicates the indication in 

actual flight accompanying the establishment of a banked 

turn without the use of any other controls. 

The glass tube of' the bank indicator is also con- 

nected to the wheel to produce the effect of roll due to 

aileron movement. This connection is by means of an auto- 

mobile choke cable connected to an eccentric on the shaft 

of the control wheel. Rotating the wheel clockwise raises 

the left end of the glass tube causing the ball to roll 

toward the right (see Figure 12). This duplicates the in- 

dication of an airplane bank Indicator under the action of 

right aileron. Rotating the wheel counter-clockwise pro- 

duces an opposite effect. 

The proper operation of both wheel and rudder pedals 

simultaneously is called, "proper This is 

one of the fundamentals of instrument flying and may be 

practiced in this trainer. 

Deflection of the right rudder pedal (right rudder), 

for instance, causes the right end of the glass tube to be 

raised. This entire assembly may then be moved an equal 

amount in the opposite direction by the proper clockwise 

rotation of the wheel (right aileron) thereby keeping the 

tube level. This is the condition for establishing a 

properly banked turn. After the turn has been established, 

the leak In the cylinder will require the wheel to be 
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gradually brought back to neutral in order to hold the 

ball centered. This is also necessary in an airplane. In 

returning to level flight the above operations would take 

place in reverse order. 

It is interesting to note that it would be possible 

to make a properly banked turn by means oÍ' rudder only. 

That is, the bank indicator could be kept on center while 

making a turn entirely by use of the rudder provided that 

it was carefully done. This is also the case in an air- 

plane. However, it is not possible to niake a properly 

banked turn in the trainer by moans of aileron only. This 

is possible in an airplane. Therefore, the trainer fails 

to simulate flight conditions in this case. However, this 

is of very little importance in most problems. 

ArLother of the more difficult problems to solve was 
the relation between throttle opening, elevator (wheel) 

position, altitude and air speed. There is a definite re- 

lation between these in an airplane and this should be 

duplicated in a trainer. The following is a brief des- 

cription of how this was accomplished. 

The throttle is a copy of the plunger typo common to 

many modern airplanes. It is connected to the tachometer, 
air speed indicator and altimeter. 

The connection to the tachometer is through an auto- 

mobile choke cable directly connecting the throttle with 
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the pointer of the instrument. 

The connection to the air speed indicator is through 

a bellows which is compressed by opening the throttle. 

ll open is the maximum forward position of the throttle. 

As the bellows is compressed, the pressure in the air 

speed plumbing system (see Figure 8) is increased. Since 

the air speed indicator is a pressure reading instrument, 

this causes an increase in air speed to be indicated on 

the dial. 

The altitude valve (Figure 10) consists of two 

cylinders properly drilled and notched, one fits snugly 

into the other. The outer cylinder contains connections 

to the atmosphere, the altimeter and the pressure system 

from the compressor. The inner cylinder is fitted in such a 

way that rotation of it with respect to the outer cylinder 

allows a choice of closing the line or opening it to 

either atmospheric pressure or pressure from the compres- 

sor. 

The altimeter used is not of a standard typo. It 

is actually a pressure gauge with the dial calibrated in 

feet of altitude. If it is opened to the compressor, the 

altitude will increase; if closed, the altitude will remain 

constant; 1f oponed to atmospheric pressure the altitude 

will decrease, eventually returning to zero. 

The effect of throttle position on altitude is 
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obtained by rotating the outer cylinder of the altitude 

valve with a movement of the throttle. This changes the 

relation between the cylinder tending to open the alti- 

meter to pressure from the compressor thereby tending to 

increase the altitude. Closing the throttle causes the 

altitude to decrease. 

The air speed indicator and altimeter are also 

actuated by the fore and aft movement of the wheel simula- 

ting the effect of elevator movement. 

Forward movement of the wheel causes a bellows, 

similar to the one connected to the throttle to be corn- 

pressed. This bellows is also connected to the air speed 

indicator. Moving the wheel forward therefore causes the 

air speed to increase in the same way as it would in an 

airplane. 

The wheel is also connected by an automobile choke 

cable to the inner cylinder of the altitude valve. Moving 

the wheel forward tends to open the altimeter to atmosphic 

pressure. This causes a decrease in indicated altitude. 

The relationship existing between throttle position 

and wheel position and their effect upon air speed and al- 

titude can best be shown by means of a few illustrations. 

Suppose, for example, that the pilot is maintaining a con- 

stant altitude and decides to increase speed. He would 

therefore open the throttle. In the trainer this would 
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rotate the outer cylinder of the altitude valve and coni- 

press the bellows connected to the throttle. If he held 

the wheel in the original position, the altimeter would be 

subjected to pressure from the compressor and the altitude 

would begin to increase. He would therefore have to move 

the wheel slightly forward to hold the same altitude. This 

would rotate the inner cylinder of the altitude valve in 
the same direction and the same amount as the throttle 

movement rotated the outer cylinder. It would also corn- 

press the connected air speed bellows. The net effect on 

the altitude valve would be zero; hence, the altitude would 

remain unchanged. The air speed, on the other hand, would 

be increased as desired. 

Consider another condition often encountered in 
flight, that of changing from level flight to a power-off 

glide. If, with the wheel and throttle in the previous 

positions, the throttle is completely closed, the outer 

cylinder of the altitude valve would be rotated and the air 

speed bellows would be allowed to expand. In order to keep 

the air speed above the stall speed (the stall mechanism is 

discussed later in the paper), it will be necessary to move 

the wheel forward an amount sufficient to establish the 

proper gliding speed. This will compress the air speed 

bellows and thereby maintain a slight pressüre on the air 

speed indicator. Both the throttle and wheel movements 
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will cause a decrease in altitude. This manipulation of 

the controls, then, would result in descending flight with 

power off. 

As a final example, take the condition of establish- 

ing a steady climb from level flight. This may be accom- 

pushed by elevators only, by throttle only or by a corn- 

bination of both. With the throttle and wheel in the same 

positions as at the start of the first example, the wheel 

would be pulled back to start an increase in altitude. 

This would rotate the inner cylinder of the altitude valve 

opening the altimeter to pressure from the compressor. At 

the same time, the bellows connected to the air speed in- 

dicator would be allowed to expand somewhat causing the 

air speed to drop. The air speed could be raised a little 

by the throttle; however, the usual procedure is to allow 

the speed to remain at the lower value. The mechanism for 

gaining altitude by throttle only is described in the 

first example. 

The sequence of events in each of the above ma- 

neuvers described in connection with the trainer is as near 

as possible to the conditions of actual flight. It is very 

important that this be the case if the student is not to 

obtain false impressions and establish consequent bad 

habits. 

A feature of the trainer that is of particular 
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Importance in this respect is the stall mechanism. 

Figure 11 shows the design of the stall valve. It 

consists of a small eloctro-inagnet adjacent to a hinged 

metal blade. The metal blade 18 fitted with a rubber disc 

which is held by a spring against the end of the tube con- 

nocting the two altimeters (one in the cab and the other 

on the instructor's panel) (see Figure 8). A switch is 
included in the circuit connecting the battery with the 

coil of the magnet (see Figure 9). ThIs switch Is con- 

tamed In the instructor's air speed indicator and is 

automatically controlled by the air speed. When the speed 

reached the stalling speed, contact is made in the air 

speed indicator. The magnet is energized pulling itle 

blade away from the end of the tube. This allows the air 

to escape giving a loss in altitude. To recover from a 

stall it is merely necessary to push the wheel forward 

and allow the speed to increase. As soon as the speed is 

above stall speed, the stall valve will close and It will 

again be possible to maintain altitude. 
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Figure 11. Autoriatie stall valve, 
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DI ST RUMENT S 

The Instruments included in the cab are in iany in- 

stances not of standard type. It is impossible to use 

standard aircraft instruments because the movement of' the 

cab is not the same as the corresponding movements or an 

airplane. The compass and turn indicator are of standard 

type and are actuated by the movement of the cab the saine 

as they would be in an airplane. The air speed indicator 

is of standard type, however it is actuated by means of 

bellows to simulate flight conditions. The altimeter is 

in reality a venturi-pitot type air speed indicator. This 

type of indicator is somewhat sturdier than the pitot- 

static type and is used for that reason. It is actuated 

by the pressure system of the trainer through the altitude 

valve described in connection with the controls. The lo- 

cation of this valve with respect to the entire pressure 

system can be seen by reference to the plumbing diagram, 

Figure 8. 

The instruments which are not of standard type are 

in all instances standard instruments modified to give the 

desired indications with as little change in appearance as 

possible. The tachometer, for example, is a vertical 

scale, chronometric type. To the arm which moves the 

pointer is attached a short extension arm which extends 

outside the case. This arm is connected to the throttle 
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by means of a choke cable as described In the section on 

that control. The instrument modifications necessary con- 

8lsted of the making of the short extension and cutting of 

a small hole In the case of the instrument. This happened 

to be one of the simplest instruments to modify. 

The flight indicator, including bank and turn indi- 

cators and directional tyro, proved to be the most diffi- 

cult instrument to modify. As was mentioned previously the 

turn indicator is of the standard gyroscopic type and re- 

quired no modifications. Air for driving the gyro is pro- 

vided by the air compressor. 

A diagram of the mechanism which operates the bank 

indicator is shown in Figure 12. Here the problem con- 

sisted of arranging a means of tipping the glass tube hold- 

Ing the metal ball. It must be actuated by both the wheel 

and the rudder pedals. The two systems, however, must be 

entirely Independent of each other. The design finally 

used consisted of a cylinder containing a piston which is 

connected to the glass tubo. Pressure in the cylinder, 

supplied by deflection of the right rudder pedal, causee 

the tubo to be rotated counter-clockwise. The cylinder Is 

mounted on a frame which may be moved, through an automo- 

bile choke cable, by the rotation of the wheel. Thus the 

effect of any combination of wheel and rudder pedal manipu- 

latIon may be simulated. 



Figure 12, Cut-away d: 
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The flight Indicator also conta1n a directional 

gyro. This was Installed in the place ordinarily occupied 

by a pitch Indicator. The pitch indicator is of very 

little use in this type of trainer. The directional gyro 

consists merely of a two-inch diameter cylinder one-half 

inch high supported on a small shaft (see Figure 12).. This 

shaft is driven through a train of gears which in turn is 

driven through a flexible cable by the large gear of the 

cab driving transmission (see Figure 6). The mechanism is 

designed such that the cylinder, which is calibrated in 

degrees, remains stationary in space while the cab rotates 

around it. Therefore the reading of the directional gyro 

gives the exact direction in which the trainer is heading. 

A provision for "caging" (adjusting to a given heading) 

mu.st also be provided. This was accomplished by means of 

the gear on the spindle of the calibrated cylinder. This 

gear is made in such a way that the shaft may be rotated 

with respect to the gear against a slight frictional re- 

sistance. The spindle is provided with a drive by which 

it may be rotated with respect to the gear by turning the 

"caging knob." Therefore, the gyro may be set to any de- 

sired reading. 

As was previously mentioned, the oil pressure, oil 

temperature, and fuel pressure gauges are not as yet con- 

footed. However, they serve to complete the panel. 
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TRACING ARM 

In a trainer of this type a means of charting the 

imaginary course is an absolute necessity, since the mere 

turning of the trainer gives no indication of what course 

is being followed without introducing the element of time 

for which a given direction is held. 

The design of a tracing head could be somewhat 

simplified by the use of certain electrical devices. How- 

ever, since the cost of these is considerable and cost is 

an important item in this case it was decided to use a de- 

sign which could be built at small cost from miscellaneous 

parts obtainable in the vicinity of the College. Figures 

13 and 14 show the details of design of the tracing head 

and drive transmission, respectively. Figures 5 and 4 show 

the position of the tracing head with respect to the trac- 

ing arm and the Instructor's table. The entire tracing 

arm, it can be seen, consists of the head and two attached 

arms, which are hinged at their mid-points. The ends of 

the arms are held in position on the table by means of 

vertical shafts. This provides a means of keeping the head 

in the same orientation regardless of its position on the 

chart. 

One of the aforementioned arms is used to support 

the driving mechanism and the other is used to support the 

turning mechanism. The drive is accomplished by means of 
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Figure 13. Detail oí tracing head, 
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Figure 14. Transìiiission u$ed to drive the tracing 
head and keyt ra abaarn. 
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two belts, one for each link in the arm. The power is ob- 

tamed from a small eddy current motor which is equipped 

with a governor for speed control. This permits the speed 

of the tracing head to be varied from one inch per minute 

to approximately six inches per minute. 

The turning is accomplished by means of a chain and 

sprocket drive. To avoid as much play in the mechanism as 

possible it was found desirable to make the chain in a corn- 

plete loop. In order to do this it was necessary to fasten 

lengths of flexible cable to the ends of the chain seg- 

monts. The cable is then passed over a pulley at the elbow 

of the arm. This pulley is free to rotate in either di- 

rection and therefore serves as a moans of holding the 

cable to the elbow. The sprocket on the table end of the 

arm is rotated tbrough a shaft by a mechanism similar to 

the one used for the head itself. This mechanism can be 

seen in Figure 1 where it is shown on the floor between the 

cab and the table. 

The tracing head itself consists of a chassis of 

solid brass -- inch thick cut in a triangular shape. It is 

provided with two wheels which are geared together in such 

a way that they remain parallel at all times. Only one of 

them is connected directly to the turning mechanism through 

the wind mechanism. The other contains the driving trans- 

mission, therefore, the entire motivating force is imparted 

by this wheel. 



32 

The tracing head contains a very soft pencil which 

traces the course on a sheet of frosted celluloid. A 

chart of a typical beam station is placed under the cellu- 

bid. This method makes it possible to use the same chart 

for any number of problems and merely to erase the plotted 

course after it has served its purpose. 

As was previously stated, a wind mechanism is in- 
eluded between the shaft of the wheel and the sprocket 

which is driven by the turning of the cab. This consists 

merely of two arms. One arm is fitted with a pin, the 

other with a slot into which the pin fits. The eccentri- 

city of the shafts on which the arms are fastened deter- 

mines the direction and magnitude of the wind. This can 

be better understood by reference to the diagrams of 
Figure 15. 

4' 

I 
(A) (b) 

ENTRICITY 

Fig. 15. Principle of operation of the wind mechan- 
ism on the tracing head. 
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Figure 15a shows the conventional way of determining 

the true course, or path of an airplane across the ground, 

from a given true heading arid wind. If the direction o± 

the trainer be considered the true heading and the ecoen- 

tricity of the two shafts the wind, it can be seen (Figure 

15b) that the line connecting the extremities of those two 

lines will represent the true course. This line is in re- 

ality the link connecting the shaft of' the wheel to the 

link attached to the sprocket. Therefore, the direction 

and magnitude of the wind may be set to any desired values 

by loosening the thumb screw and moving the pointer to the 

proper reading on the small disk directly above the 

sprocket. This will have no effect on the speed of the 

tracing head or imaginary "ground speed.0 ] problems 

where the speed is of importance, it will be necessary for 

the instructor to make the necessary adjustment on his 

panel. He may determino the proper speed by reference to 

the slotted arm of the wind mechanism. Since this arm 

represents, veotorially, the true course of the trainer, 

the length of the link represents the ground speed to 

scalo. The position of the pin of the other link on the 

slotted link gives the ground speed in percent of air speed 

to the instructor. This is easily determined and set since 

the speed is of importance only on extended straight couxes. 

This allows sufficient time for the adjustment to be made. 
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MISCELLANEOUS ACCESSORIES 

The radio beam consists of an osoil]ator producing 

a 1,000 cycle note which is keyed mechanically and con- 

trolled by the instructor. The wiring diagram of the 

oscillator is shown in Figure 16. This oscillator was 

also constructed at the college as part of the project. 

The A and N signals are keyed by means of a cam driven by 

the motor which is used to drive the tracing mechanism 

(figure 14). The contacts are actuated by the cam in such 

a way that the A and N signals are both produced by a 

single cam. This eliminates the necessity of synchroniz- 

ing two separate cams to produce the proper overlapping of 

the two signals required in producing the on-course. The 

beam control consists of two variable resistances which are 

coupled together. These resistances are coimected between 

ground and the A. and N circuits, respectively. Therefore 

turning the control knob full position one way causes 

either the A or the N to be grounded and the one which is 
not grounded to come through full strength. By means of 

the control it is possible to obtain a clear Â, clear N, 

on-course (overlapping of A and N in equal volume), or any 

combination of on-course with A. or N. The volume is con- 

trolled by means of the knobs on the face of the oscilla- 

tor. One knob controls the volume from the loud speaker 
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Figure 16. irìng diagraniof the radio beam oscillator. 
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and the other one the volume in the head phone circuit. 
The mo$t desirable combination for most problems is to con- 

neat the trainer bead phones to the loua speaker circuit 

of the oscillator and uso the loud speaker to duplicate 

the signal heard by the student in the trainer for the ben- 

of it of onlooking students. 

Whenever con]municat ion between a student and the 

instructor is necessary it is accomplished by means of the 
interphone system. The phone system is intended to s1mu 

late two way radio. The instructor may call in at any 

time by depressing the lever at the side of the micro- 

phone. This will ground the beam and close the phone cir- 

cuit. The student may call out by throwing the swithon 
his "transmitter." This lights a light on the Instructor's 
panel. The instructor must thon depress the lever on his 

microphone to complete the circuit. 
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OPERAT ION 

The majority of the ordinary instrument flight prob- 

lems are solvable in the trainer. It is not the purpose 

of this paper to teach the instruction of the solution of 
these problems. Therefore this section will deal only with 

the operation of the trainer on sorno typical problems to 

show the possibility of its use on other problems of simi- 
lar type. For the actual procedure to be followed in in- 

structing In the trainer the reader Is referred to any 

good text on instrument flight training. 

Then working the fundamental problems such as main- 

taming straight and level flight, gradual climbs, gentle 

turns, etc., the instructor may communicate with the stu- 

dent by means of the Inter-phone system. He can thus di- 

rect the student In any manner that he desires. The beam 

would not be used in such cases. 

For the solution of problems involving the radio 

beam it will be necessary for the instructor to control the 

beam in accordance with the position of the Gracing head on 

the table. It will be noted that for tnls purpose the 

chart has been marked to indicate the position of the con- 

trol imobs which will give the proper signal in the head 

phone. 

in problems involving a change in the keyed signal 

the small external control Is used. It is merely necessary 



TJ 

then for the instructor to turn the control knob at a rate 

which will give the proper change in signal with time. 

With a little practice this will be comparatively simple. 

Some problems involve the use of a "fade out" of the beam 

signal. This is accomplished with the volume control on 

the oscillator panel. Again it will be necessary for the 

instructor to produce the proper change of volume with time 

which will require some practice. This dial is calibrated 

to correspond with the lines of' constant volume on the 

chart. 

The operation of the trainer may best be illustrated 

by a typical problem. One of the fundamental problems in 

radio navigation and instrument flying is known as an 

orientation problem0 This consists of locating oneself 

solely by moans of the radio beam station from which a sig- 

nal is received and following in one of the legs of the 

beam to the station. 

One method of fundamental importance is the 900 turn 

method. In a problem of this type, the student is placed 

somewhere near a station and provided with a chart of the 

territory surrounding the station. The complete explanation 

of the solution is beyond the scope of this paper. The fol- 

lowing is a brief review of the stops involved. Basically 

it consists of taking a course paralleling the "average bi- 

sector" of the quadrants opposite to the one in which he is 



placed as determined from the signal from his headphone 

("start" Figuro 17). If he holds this course long enough 

he will eventually cross a leg of the beam, position (1) 

Figure 17. After crossing the beam he makes a 900 turn in 

either direction (left in this case), the signal he re- 

ceives after making this turn identifies the quadrant of 

the beam and the particular leg crossed. He may then make 

the appropriate turn (2) to again cross the beam and this 

time follow it in to the station (3). 
During a "f light?t of this kind the instructor would 

operate the beam controls in a manner dictated by the 

position of the tracing pencil on the chart. Lt the start 

\\ / 
\\ 

(START 

\ (3/ -- 

/ /\ 

/ 
Fig. 17. Solution of an orientation problem by the 

90° turn method. 



he would turn the control knob to "N". ThiB would produce 

a strong clear N signal. As the pencil approached the beam 

he would gradually rotate the dial to the central or on- 

course position starting this rotation as the pencil croases 

the radial line narkod 15. This represents the approximate 

boundary of the "twilight zon&' (area with a faint on- 

cours e background ) . At the same t ime , the volume should be 

gradually decreased. After the turn was made he would 

gradually turn the dial again toward the N and continue the 

decrease in volume at a slightly f.ster rate. As the stu- 

dent performs the ttbracketingt operation infinding the 

beam, the instructor imist watch the pencil carefully and 

give the proper signal. Timing, of course, is of' prime 

importance. As the pencil crosses over the station, posi- 

tion (3), Figure 17, the student should be given a sharp 

increase In volume and then the "cone of silenoe.nr This j5 

accomplished by depressing the white button on the beam 

control thereby grounding both A and N signals. The oper- 

ation of the trainer on other problems is similar. 

In conclusion it should be stated that although the 
trainer does not simulate all flight conditions, it does 

demonstrate to the student the need for proper training in 

Instrument flying. Ignorance of the Importance of this 

training has been the cause of many air accidents involving 

pilots without the proper rating attempting to fly by 
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instruments. The purpose of this trainer is not to give 

completo instruction in instrument flying but to introduce 

the fundamentals to the student ana prove the need for 

completo training in this subject. 


