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PREFACE
Flight instrumentation has progressed to the point
where the gyro-horlzon indicator 9 altimeter, turn and bank
indicator, rate of climb indicator, heading indicator and
airspeed Indicator are common to most aircraft.

In the

past the pilot must continually monitor and cross check
these instrument to fly the airplane.

The increasing speed

of modern aircraft and the consequent demands on the pilot
make this type of flying inadequate.
Two schools of thought have developed as to what the
ideal flight instrument should be like.
the "symbolics* and the "pictorials*.

They may be called
The "symbolics* be

lieve the flight Instrument should be simple and accurate.
No unnecessary or distracting information would be presented
and therefore the message could be easily and quickly
interpreted.

The "pictorials" on the other hand wanted to

reproduce the "contact picture* or what the pilot would see ,
on a clear day.

This is the most natural approach and pilots

had long demonstrated that they could fly in this manner.
Their strongest argument was that the pilot would feel con
fident using this type of instrument since it was the most
ill

iv
natural to him.

The obvious drawbacks are that the 88contact

picture 66 would be difficult if not impossible to reproduce
and does not supply information In a precise form.

It would

appear that a practical flight instrument should be a com
promise or combination of the symbolic and pictorial type
flight instruments.
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ABSTRACT
A visual display capable of describing an airplane
with five degrees of freedom was constructed®

The equa

tions of motion for a high speed9 transport type aircraft
were programmed on an analog computer®

The outputs from

the analog computer were used to provide realistic inputs
tfO the flight instrument®

A. cockpit was constructed to

seat the pilot, house the controls, and provide a platform
for the visual display®

The control movements were the

Inputs to the equations of motion of the airplane®
The display featured an infinite length runway and
an artificial horizon which were used to convey the idea of
visual or 89contact16 flight®

The display was found to be

quite adequate in describing an aircraft with five degrees
of freedom®

The integrated flight instrument was thought .

to have reduced the pilots response time to gust inputs and
thereby allowed the pilot to maintain a more precise flight
path.

Although the display was very satisfactory in the

description of the motion and attitude of the aircraft, more
work should be done to increase the realism of the visual
flight picture®

x

CHAPTER I

INTRODUCTION
Plight instrumentation once depended upon such
rudimentary practices as watching the action of a string
attached to a wing strut for sideslip, listening to the
sound of singing guy wires for air speed and observing
the whine of engines for pitch control.

Since then in

strumentation has developed to the point where modern
equipment for indicating altitude, rate of climb, air
speeds, attitude, stabilized heading and flight path
deviation are taken for granted <>
The ever Increasing speeds of modern aircraft im
pose corresponding demands on the human pilot for skilled
flight control performances«

Indeed, in some cases, the

requirement already exceeds unaided human capabilities.
In the past flight Instruments usually provided a number
of discrete bits of information so that the pilot could
make the proper decisions.

Now these decisions must be

made with less margin of error and made so rapidly and
frequently that such a method of flight is inadequate.
The pilot is always aware that an instrument may
fail in spite of the high degree of reliability of flight
1

2
Instrumentation,

Monitors should be installed to announce

any equipment malfunction.

The need for these monitors

indicate the instrumentation system which satisfies the
technological requirements fails if it does not satisfy the
pilot8s demands,
Historically two schools of thought (Ref. 2) have
developed as to what an ideal flight instrument should be
likeo

One group which might be called the "symbolics** be

lieved that flight instrumentation should display only the.
barest essentials.

Those display inputs which only veri

fied or gave clues to the airplane response would be
eliminated.

Thusg no extraneous information would be pre

sented and the message to the pilot would be clear and
precise.

The instrumentation would be capable of as much

accuracy as necessary and would satisfy the functional
requirements.

Since the display would require only the

minimal number of inputs it could be constructed simply
and cheaply.

The immediately apparent disadvantage of

this approach to flight instrumentation is that no provi
sion has been made to assure the pilot that the instruments
are functioning correctly.

The pilot would like to cross

check several related Inputs to bolster his confidence.
Further$ the display Inputs should be given a form which
are related to the pilot’s environment and would require

3
the least amount of interpretation.,
The other school of thought (the *pictorialists*)
wanted to reproduce nature 9 or the contact picture as the
pilot would see it on a clear day.

They reasoned - since

a pilot could obviously fly contact - that to reproduce
his view would solve the problem.

The contact picture was

viewed with favor because it is natural to the pilot.

He

has been using it and experimenting with it since birth.
The contact picture provides many strong signals of infor
mation which are complementary even to the extent of
redundacy.

The contact picture seems to synthesize the

discreet pieces of information and present it to the pilot
as one complete story, at a glance, demonstrating the tru
ism that a picture is worth a thousand words.

Due to the

many redundant inputs he is sure to know when the contact
picture fails.

However, a complete reproduction of the

contact picture, if it were possible, would be complex,
large and expensive.

The many redundant inputs might also

lead to ambiguity and does not lend itself to accurate de
scription of the airplane°s motion.
It appears that the first school of thought is
superior for the flight control function whereas the pic
torial presentation approaches the ideal in providing
confidence for the pilot.

To arrive at a practical solu

tion it is necessary to compromise the ideal with cost.

4
complexity and availabilityo

This thesis will integrate

the various discrete pieces of Information provided by
present day instruments into a single visual display fea
turing a

contact 66 picture of a horizon and runway in such

68

a manner as to allow accurate control and command type
outputs 0

CHAPTER 2

SYSTEM ANALYSIS
Visual or wcontact flight*4 consists of maintaining
a flight path by observing the terrain below the aircraft <>
In the present application we will be restricting the con
cept of contact flight by only considering two objects,
the horizon and an infinite length runway»

Now, let us

consider how the landscape on the ground would appear to
the pilot of a moving aircraft„
The position of the horizon on the windshield in
dicates the roll and pitch attitude of the airplanee
Heading is referenced to fixed objects on or near the hor
izon, while altitude Is indicated by the perspective of
roads, rivers, and section lines»

Velocity is apparent to

the pilot by the angular rate of change of line of sight to
near objects on the ground»

If we apply the same line of

reasoning to the infinite length runway and horizon, we
obtain the motion for the visual displays

Notice now that

the reference system is attached to the airplane and the
horizon and runway appear to be moving0

Since in the pre

sent scheme we will depict no information as to forward
motion, the display will be restricted to five degrees of
5

6
freedom| that is§ the forward displacement or velocity will
not be portrayed«,
To obtain the accuracy that Is desired we assume
that the flight path is knowne

The visual display will

then indicate only errors or deviations from the desired
flight patho

Thuss an error signal on the display will in

effect act as a command input to the pilot*

The pilot will

move a control surface to maneuver the airplane onto the
correct path»

The accuracy of the display is Increased by

causing large motions of the display for small deviations
from the flight path*

Of course this implies that the air

craft is stable enough that such flight can be accomplished
without overworking the pilot*
The aircraft instrumentation is one part of a
closed loop system (Pig* 2*1) consisting of the dynamics of
the aircrafts the aircraft controls, the pilot and the in
strumentation system*

The complete system will be

implemented to obtain realistic display inputs and properly
evaluate the display performance*

The dynamics of the air

craft are represented by certain equations of motion*
These equations of motion will be obtained for a specific
aircraft*

The inputs to the equations of motion will be

the movement of the control surfaces by the pilot*

The

control surfaces consist of the rudder, elevator, and ai
lerons «

The output of the equations of motion will be the

GUSTS

DISPLAY

Pig* 2.1

Closed Loop Diagram of an Aircraft
System with Applied Disturbance

8
coordinates used to describe the position of the airplane«
The instrumentation system then presents the coordinates
of the airplane to the pilot in such a manner- that he can
accurately and confidently accomplish his control function.
The analog computer has long been an indispensable
tool of the aerodynamlcist in solving design and simula
tion problems.

The analog computer as a simulation device

has the desired property of providing a continuous solu
tion to the equations of motion.

Extensive use will be

made of the analog computer and its associated multipliers
to simulate the aircraft and provide the fundamental
building blocks for the visual display.

CHAPTER 3

AIRCRAFT SIMULATION
The motion of an airplane can be described by using
two sets of axes®

One set of axes is placed at some con

venient point on the ground such as an airport and is
called the inertial reference frame„

The other axes are

fixed to the airplane with the origin at the center of mass®
These axes are called principal axes9 stability axes or
body axes depending upon the orientation of the axes to the
airplane®

The principal axes coincide with the axes of the

principal moments of Inertia®

The advantage of this system

Is that the products of inertia vanish from the equations
of motion®

The stability axes are orientated to the air

plane such that the x and z axis lie in the plane of
symmetry and the x axis is in the direction of the reference
or initial velocity®

Thus9 In the reference state9 the com

ponents of velocity along the y and z axis vanish®

Any

other axes are generally called body axes®
Once the initial orientation of the airplane has
been established9 three independent parameters known as the Euler angles are generally used to find the orientation of
the airplane at some later time ®
9

The Euler angles are

10
ordered rotations about the z 9 y and x axes respectively®
The motion of the airplane Is completely described by the
location of the center of gravity with respect to the In*
ertial reference frame and by the Euler angles with respect
to the stability axes®
The external forces acting on the airplane are di
vided into aerodynamic and gravitational forces*

Using

Mewton°s Second Law we obtain relationships between the
forces acting on the airplane and the motion of the air
plane®

These relationships are represented by nonlinear

differential equations®

These equations are generally put

in non-dimensional form for ease of handling®

The solution

of these equations in their present form would be an ex
ceedingly difficult task®

Therefore* a number of simplify

ing assumptions are commonly made®
The equations of motion can be linearized by making
the assumption that the changes in the dependent variables
such as the Euler angles or velocity is small®

This is an

extremely good assumption for a stable aircraft in flight®
The assumption breaks down for spinning or stalled flight*
but this condition would indicate at the same time an un
stable aircraft which we would not wish to fly anyway®

A

few additional assumptions allow the equations to become
uncoupled and separated into the longitudinal and lateral

11
equations of motion*

These assumptions require a plane of

symmetryg no gyroscopic effects due to spinning rotors and
the neglect of the derivatives of the symmetric forces and
moments with respect to the asymmetric variables *

These

assumptions are not necessary to the solution of the pro
blem but are based on past experience and convenience»
At any tlme 9 additional terms could be put back into the
equations *
The stability derivatives give the relationship
between the forces and moments acting on the airplane and
the dependent variables and their derivatives*

The sta

bility derivatives may be obtained by analytic methods but
are most generally determined by wind tunnel testing*

In

any case some of the stability derivatives are found to be
neglibly small and are dropped from the equations of motion*
The data for a high speed transport type aircraft flying at
30 9 000 feet and a velocity of 500 m*p*h* is given in Appen
dix Ao

The deviation in altitude and velocity are assumed

to be small; and 9 hences the stability derivatives are
constants»
If the steady state conditions are subtracted from
the equations of motion® the small perturbation equations
are obtained*

These equations along with the aircraft data

were extracted from Ref* 1 *

The small perturbation equa

tions are listed in Appendix B*

Mote now that the

12

variables now represent deviations from the steady state
condition of straight and level flight»

These are the

types of Inputs that are desired for the visual display<>
Furthermore9 perturbation theory allows for better scaling
of the problem on analog computers=
The analog computer is an extremely versatile de
vice for solving linear and nonlinear differential
equationso

The electronic analog computer®s basic component

is the high gain amplifier.

By inserting a resistor or

capacitor in the feedback loop the circuit acts as a summer
or Integrator as required.

Integrating circuits must also

be modified, by switches to allow the placing of a charge on
the feedback capacitor.

The charge on the capacitor corre

sponds to prescribed Initial conditions in the problem.

In

generals the operational amplifiers used in analog computers
employ negative feedback which reverses the polarity of the
output compared to the input.

To solve nonlinear differen

tial equations additional equipment is needed such as
multipliers and function generators.
The variables of the differential equation must be
scaled such that their equivalent maximum value in volts
does not exceed the overload voltage of the amplifier.
Alsog maximum accuracy Is obtained by scaling the problem so
that the variables use most of the operating range of the
operational amplifier.

13
The independent variable of the equations of motion
is time0

The simulation must be performed in real time in

order for the pilot to obtain realistic responses to con
trol inputs„

Since the equations extracted from Ref. 1 were

given in non-dimensional form, they were converted to real
time as shown in Appendix B.

The computer set up for the

longitudinal equations is shown in Fig 3.1.

The computer

set up for the lateral equations is given in Pig. 3»2.
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CHAPTER 4
FLIGHT SIMULATOR
A flight simulator was constructed which consisted
of a cockpit (Fig. 4.1) and the equations of motion for an
airplane programmed on the analog computer (Fig. 4.2).
The cockpit performed the function of providing a platform
for the visual display, a seat for the pilot, and a hous
ing for the mechanical controls.

The visual display was

presented on a Tektronix dual-beam oscilloscope.

The

oscilloscope screen was placed approximately three feet in
front of the pilot at eye level.

The usual flight instru

ments such as the altimeter, gyro-horizon, or heading
indicator were not available to the pilot.

The cockpit

was stationary so that the only inputs to the pilot for
position and control were those presented on the cathode
ray screen.
The pilot5s chair and controls were obtained from
salvaged aircraft located at Davis Monthan Air Force Base,
Tucson, Arizona.

The chair was adjustable both vertically

and horizontally so that the pilot could see the display
at eye level and comfortably move the controls.

The con

trols used by the pilot were the rudder pedals and the yoke
16

Fig, 4.1

Fig. 4.2

Cockpit and Controls

Overall Analog Computer Facility
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assembly which moved the elevator up and down and supported
the control wheel for the ailerons <, Movement of the rudder
pedals was transmitted to a gear train which in turn ro
tated the arm of a potentiometer.

Plus and minus 100 volts

was connected to the top and bottom terminals, respectively.
Potentiometers were also spliced to the control shafts of
the aileron control wheel and the elevator yoke assembly.
In this manner the mechanical movements of the controls
were converted to usable inputs for the analog computer.
A gust generator was constructed using a small
electric motor driving a cammed shaft.

The rotation of the

cammed shaft allowed a sharp step function to be produced
which was varied in amplitude by use of a potentiometer
strip.

The adjustable cams determined the duration of the

step function.

The gust were applied to the computer as

step changes in the angle of attack and movements of the
rudder and ailerons.
A four channel Sanborn recorder was used to monitor
desired Inputs and outputs of the analog computer.

The

visual display was evaluated by determining if the pilot
made the proper response to a gust input.

CHAPTER 5
VISUAL DISPLAY
The visual display was generated on a dual beam
oscilloscope with two vertical deflection amplifiers and
single horizontal deflection amplifier.

Additional equip

ment included a small analog computer, oscillator, and
multipliers.

The display presented an artificial horizon

and an inverted •’V* to represent the runway.
The horizon was generated by applying a sinusoidal
signal to the horizontal deflection plates.

The horizon

was made to roll by putting a signal of the same fre
quency and phase to a vertical deflection amplifier.
Thus,
Y = X tan <f>
where <f> is the bank angle.

( 5.1)
Y and X represent the inputs

to the vertical and horizontal amplifiers of the oscillo
scope.

The amplitude of the Y input was made to vary by

the use

of an electronic multiplier. The circuit is shown

in Pig. 5.1.
The runway of Infinite length representation was
generated by applying the absolute value of the sinusoidal
signal to the second vertical deflection amplifier.
19

Fig, 5*1

Horizon and Bank Circuit

Fig. 5*2

Absolute Value Circuit
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Che absolute value circuit used Is shown In ^Ig. 5*2.

The

perspective of the runway was used to Indicate altitude•
The angle of convergence of the Infinite length runway of
constant width (W) is inversely proportional to the altitude.
The semi-apparent convergence, j>, of the runway is given by

tan p =
where z is the altitude.
Is shown in ?lg. 5*9•

W
2z

(5.2)

The runway and altitude circuit

Che normal appearance of the visual

display is shown in fig. 5*3 while one of lesser altitude
is shown in ?lg.
During roll It is necessary that the runway and
horizon rotate about the runway vanishing point at the cen
ter of the cathode ray tube.

In other words the runway and

horizon must maintain the same geometric relationship as
shown in Fig. 5*5*

The same signal used to roll the horizon

was applied to the runway deflection plate to obtain a ro
tation of the comolete display.

Changes in pitch require

the displacement of the runway and horizon in a vertical
direction as shown in Fig. $.6.

Heading changes (Fig. 5*7)

result in a displacement of the runway vanishing point and
a rotation of the runway.

Lateral displacements are rep

resented by a rotation of the runway as shown in Fig. 5«8.

22

Fig. 5*3

Normal Display Picture

Fig. 5*^

Altitude Display Picture

Fig. 5.5

Fig.

5.6

Roll Display Picture

Pitch Display Picture

24

1

Fig. 5.7

Heading Display Picture

Fig. 5*8

Lateral Displacement Display Picture

25

An observer in an aircraft will see a lateral dis
placement as a rotation of the runway.

Points on the

horizon or the runway vanishing point will be stationary.
The amount of rotation is inversely proportional to the
altitude.

If S

is the angle measuring the apparent rota

tion of the runway centerline, then
tan tf =

Y .
Z

(5.3)

The rotation Is obtained by multiplying the signal from the
oscillator by tan

•

The circuit is shown in Pig. 5*10.

The upward pitch of an aircraft appears as a rota
tion downward of the horizon and runway.

The pitching

motion was obtained on the display by applying a D.C. volt
age to the runway and horizon vertical amplifiers as given
in Fig. 5*11.
Heading changes will appear as a displacement of
the runway vanishing point.

The observer will note no

change In the runway immediately below him.

The visual dis

play must show a shift of the runway vanishing point and a
rotation of the runway with respect to the airplane.
The appropriate display for heading Is obtained by
applying a D.C. shift voltage to the horizontal amplifier.
The same D.C. voltage proportional to the heading change
is multiplied by the sinusoidal signal to rotate the runway.
The circuit is given by ?lg. 5*12.

Pig. 5*9

Pig. 5*10

Runway and Altitude Circuit

Lateral Displacement Circuit

Fig. 5*11

Pitch Circuit

Fig. 5*12

Heading Circuit
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Consider the case of the airplane rolling when it
is laterally displaced from the runway.
maintain a fixed geometry.

The runway must

In this case the left hand edge

of the runway has an angular displacement of ( cT + P - 0 )•
The pitch and heading error are considered to be zero for
the present.
Hence, tan ( £ + (>-($)) = tan [£ + P ) - tan 0
i + tan [f + f>) tan 0
and, since tan ( <f +

W
) = ? + y
z

it follows that tan (

;

,

W
- <$ )= H +y - z tan

f

z •hW tan ft + y tanft

Consequently, the Inputs

to

the X and Y

runway plates must

be
X = w ♦ y + z tan ft
?

and

Y = z + W toxift + y tan^ •
?
Additional X and Y inputs are required to preserve
the horizon and runway geometry during rolls when the airplane
is in pitch or is off heading.

The runway and horizon should

rotate about the center of view or about an axis through the
pilot’s line of sight and parallel to the airplane’s x axis.
Por the case of a roll while off heading the additional

29

X and Y inputs to both runway and horizon summers would be:
Y = f sin (p
X = V'C 1 - cos <£> )
Similarly, for the case of a roll while in a pitched atti
tude the additional terms will be:
Y = 0 ( 1 - cos 0

)

X = Oslnfi
The display Inputs are the Euler angles ( ^ , <9 , 0 )
verticle coordinate (z), and lateral coordinate (y).

The

variables of the equations of motion are the rates of ro
tation about the stability axes (p, q, r ), the sideslip
angle ( ^ ), the angle of attack (
velocity along the x axis.

) and the perturbation

The following equations were

solved to obtain the Inputs for the visual display.
0

ROLL

0

HEADING

H'

o

7

+ X

= %
II

LATERAL DISPLACEMENT

(5 .4 )

= &o

if

PITCH

1° dt

( 5 .5 )

+ £rdt

( 5 .5 )

+

( 5 .7 )

30

ALTI rUDE

?

=

%

+£!Jt

(5 .8 )

The variables y and z are given by the following equations
from Ref, 1,
y

=u

cos 0 sin^

+ v(sin <fisin

© sinV"-fcos^cos/')

+ wfcos^slnesin/' - sin $ cos ^ )
z

= -u sin a

+ v sin ^cos e + w cos ^

v = S u 0 (5.11)

w

(5*9)
cos©

(5*10)

u 0 (5*12)

Due to a limited number of operational amplifiers and mul
tipliers the Euler angles were assumed to be small.
Second order terms and higher were neglected.

These as

sumptions result in the following considerably simplified
equations,
y = u V" + v - wqt
z = -ue
Now that

all the

the airplane

are

+ v <p

+w

position and

orientation

parametersfor

known thevisualdisplay can begenerated.

As mentioned previously the Euler angles have been
assumed small•

For the same reason the rotation angle for
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lateral displacement and the runway convergence angle are
assumed to be small=

Hence $ the correction terms can be

neglected and the visual display generated as shown in
Figo 5«13°

32

f

y

w

M

-----

n
----

RUNWAY AMPLIFIER

_s____

HORIZON AMPLIFIER

HORIZONTAL AMPLIFIER

Fig, 5.13

Inputs to Visual Display

CHAPTER

6

RESULTS AND DISCUSSIONS
The linearized equations of motion for a transport
type aircraft flying at an altitude of
velocity of
puter .

5 00

3 0 90 0 0

feet and a

m,p*h» were programmed on an analog com

A cockpit was constructed containing the pilot’s

seat and the aircraft controls,

A visual display which

substituted for the normal flight instruments presented an
artificial runway and an infinite length runway.

The dis

play accounted for five of the airplane’s six degrees of
freedom.

Forward translational motion was not depicted.
Qualified pilots of the U,S, Air Force whose fly

ing experience Included almost all types of aircraft were
generous enough to fly the simulator,

A short adjustment

period was required by all the pilots to become accustomed
to the visual display.

Initially the pilot would be look

ing “outside in* instead of “inside out*.

Recall that the

reference axes were fixed to the airplane and the horizon
and runway would move.

This is looking “inside out*.

An

observer not in the airplane would have his reference axes
attached to himself and would therefore expect the airplane
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to move,, (looking ’’outside in”)*

In a simulation problem

this is a common mistake and accounts for the usual shroud
to close off the cockpit from the surroundings„
After the pilot became properly orientated a gust
generator was used to perturb the aircraft and increase
the difficulty of the pilot’s task of maintaining a
straight and level flight path.

The gusts and pilots

response were recorded (Pig 6.1) by a four channel Sanborn
recorder.

The pilot would see the gust as a deviation of

the airplane from the correct flight path.

The type of

error was easily identified| for example 9 a heading error
was clearly distinguishable from a lateral displacement
error.

The gusts were of sufficient strength to require

the pilot to devote his full attention to controlling the
aircraft.

The capability of concentrating on one instru

ment most certainly decreased the pilot’s response time to
gust inputs? and 9 consequently, the proper flight path
could be maintained with more precision than would be
normal for multi-instrument flying.
Each pilot was given three test runs lasting three
minutes apiece.

The tests given were as follows:

(1 ) tracking with one degree of freedom (pitch)
(2 ) tracking with two degrees of freedom (pitch
and roll)

Gust

Fig, 6.1

Pilot and Airplane Response Record
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(3) tracking with three degrees of freedom (pitch.
roll and yaw)
An error function for pitch, roll and yaw was computed
using the following formula*

(6 .1)
The object of these tests were to determine how the pilot
response time and tracking error varied with task complex
ity,

The pilot and airplane response record was analyzed

to determine the response time and to check the computed
error against the plotted error.
Analysis of the data showed that the error functlon and the pilot's response time increased with the
complexity of the tracking mission.

It should be mention

ed that all the response times were computed for the pitch
angle since the gust inputs were most easily discernible
as a change in pitch and a pilot will watch pitch more
closely than the other tracking variables.

Data analysis

also showed that in practically every experiment there
were a few gusts for which the pilot corrected in the
wrong direction.

It has been previously mentioned that

this type of error is common to most simulation tests.
This type of error would not occur as readily under actual
flight conditions.

It was felt that a comparison of the
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data obtained from these tests and data obtained from tests
using conventional flight Instruments would be most inter
esting,

Future work should allow for the conducting of

tests using both types of flight Instrumentation,
An equipment difficulty was experienced with the
electronic multipliers,

A definite phase shifting of the

sinusoidal signal from the oscillator by the multipliers
caused a resulting double trace on the visual display.
The phase shift was frequency dependent and could be reduced
to a neglible amount by lowering the oscillator frequency
to about 17 c,p,s,.

The lowered frequency introduced a

slight flickering of the display.

The flickering was con

sidered tolerable for short periods of time but indicated a
need for accurate phase adjustment of the display inputs.
In this application a dual beam oscilloscope with
two horizontal deflection amplifiers should be used.

Since

the horizon must stretch across the entire dlsplay, the
amplitude of the horizontal input is fixed.

Thus the run

way must also extend out to the same width as the horizon
which fixes the lower limit of the runway convergence
angle.

Although this defect was not serious in the present

application of horizontal flight* it did place a limit on
the versatility of the flight Instrument,

CHAPTER ?
CONCLUSION
A comprehensive flight instrument capable of de
picting an airplane with five degrees of freedom has been
described.

Visual or ”contact flight” was simulated using

the concept of an artificial horizon and an infinite
length runway.

The presentation was considered quite ac

curate as only deviations from the correct flight path
were displayed.

The nature of the error was easily dis

cernible and thus acted as a command type signal to the
pilot to make the proper corrective action.

The combining

of the various discrete bits of information given by
present flight instruments into a single instrument was
thought to have improved the pilot’s reaction time to gust
inputs and thereby maintain a more precise flight path.
The visual nature of the display which very ade
quately described the motion of the aircraft is also
designed to increase the confidence of the pilot in the
flight Instrument,

It was felt that insufficient redun

dant inputs were available to inject realism and insure
the pilot that all the display inputs were correct*
Further development should be centered on improving the
38
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realism of the simulated visual flight 0

Possible improve

ment might be the inclusion of mountain peaks to depict
low level flight obstructionso

The runway trace could be

broken up to represent landing field lights*

If these

landing lights were to move toward the bottom of the screen
forward velocity could be simulated*

Of course, such modi

fications would require additional equipment and additional
expense.
Miller in an article in "Aviation Week" (Ref»

8

)

points out the current dilemma of an integrated instrumen
tation system now under development*

He says, "Navy’s

Integrated Light Attack Avionics System" is expected to in
crease substantially the combat effectiveness of the A-?B
attack aircraft, but at a cost that may rival or surpass
the production price tag on the aircraft itself.
Nevertheless the trend is now to comprehensive visual
flight displays in future aircraft*

APPENDIX A
DATA FOR SIMULATED AIRCRAFT
Weight - 100,000 lbs.
Wing Area - 1,66? sq. ft.
Mean aerodynamic chord - 15.4 ft.
Aspect ratio - 7
Wing Span - 108 ft.
Altitude - 30,000 ft.
Velocity - 500 m.p.h.
1A =

3.69

t*

=

0.0105 longitudinal mode

1B =

1 »900

t*

s:

0.0737 lateral mode

iq —

9*22

P

- -0.39

cto=

0.25

c0 o =

0.0188

cXt<= -0.0376
-22.9

Cz<= -0.14

O.OOO889 slugs/ft^

272 longitudinal mode
US

c^
ciy.

%
c»-

c. = -4.90

38.8 lateral mode
-0.168
0.192
-0.04?
0.0385
0.0702

e<

Cppf ~ —4.88

-0.017

-4.20

-0.43
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-0.01285
-0•24/rad•
-0.72/rad.
-0.065/rad.
0 .003/rad.
0 .005/rad.
0.093/rad.

APPENDIX 3
LONGITUDINAL EQUATIONS OF MOTION
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LATERAL EQUATIONS OF MOTION
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