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The following discussion describes the basiec operation of the MICROCOMPUTER
FLIGHT SIMULATOR which appeared in the book SIMULATION, Programming Techniques
Volume 2, published by BYTE Publications, copyright 1979. In the secticn entitled
"Simulation of Flight", the program is treated in great detail, including flow
charts, derivation of the simulation equations, as well as considerable
explanation of the characteristics by way of example. This document is meant to
supply only the information required to actually exercise the simulation using
console commands.

The first user response reqired is whether or not instructions are desired. As
in most cases, the prompts are self-explanatory. Thus we will concentrate only on
those inputs which may be a little confusing. The first set of inputs which
require some explanation are the "flight characteristics" section. Here the user
defines the basic operational properties of the aircraft via a set of parameters.
The first is the plane mass in tons (English units). The second is the fuel load,
also in tons. The third is the thrust fraction, which means the thrust (push/pull)
as a fraction of the plane's mass. Thus a one ton plane having a thrust of .3
would have 600 pounds push/pull (eg., the propeller would exert a force of 600
pounds on the plane). The fourtnh parameter is the maximum plane speed in knots.
This refers to the level (neither ascending or descending) flight speed under full
throttle. The fifth parameter is the glide angle. This is the minimum angle of
glide if the engine is off (thrust=0) and the flight speed is near stall. The
angle is in degrees. The sixth input is the time increment in seconds. The
relevance of the number is simple. If the take-off option is chosen, then this is
the time step between commands. However, once in the air, as will be discussed
shortly, the time increment can be changed whenever you are in the command mode.

A suggested set of flight characteristics parameters is:

Plane mass~ one ton

Fuel mass- 0.3 tons
Thrust fraction- .3
Maximum speed- 180 knots
Glide angle- 11 degrees
Time increment- 3 seconds

One of two flight modes may be initially chosen; take-off and in-the-air
flight. In the take-off mode, there are three requested inputs every ccmmand time
increment.. They are thrust, flaps and elevator angle. The thrust input must be
between -1 and +1. This is the fraction of maximum power which is to be applied. A
1 means full power; a 0, no power. Note that the thrust can be reversed for
braking. The flaps input refers to the desired flap angle, which must be between 0
and 45 degrees. Full flaps is 45 degrees. A high flap angle increases lift,
reduces the stall speed and increases the drag. The third input, elevator angle,
effectively changes the angle of attack and affects the 1ift and attitude. For
example, if during level flight the elevator angle is increased, the nose of the
plane will rise relative to the horizon, and the plane will begin to climb. The
normal range of elevator control is -20 to +20 degrees. Remember, the plus
direction tends to pull the nose of the plane up.




The other command mode which requires explanation is the one which occurs once
the plane is in the air. the initial prompt is "COCKPIT CONTROL?". A letter
response 1s expected. The command letters are:

The program will continue with the previous set of command values.
: A new time increment (in seconds) will be set by the next input.
: A new throttle (or thrust) level will be set by the next input.
A new bank angle (in degrees) will be set according to the next input.
Similar to-"B", but for the elevator angle.
Flaps; similar to E.
Trim angle. This can be set to a value between -10 and +10 degrees. It
has the same effect as flaps and is controlled in the same manner. Ideally one
would like to set the trim to a value such that level flight can be maintzinsd
with 0 flaps and 0 elevators (neutral controls). The plane would then be
considered "in trim".

G: The next command input will set the landing gear to either an up or
down position. 1 corresponds to down; 0 corresponds to up.

The in-flight command structure looks as follows:

COCKPIT CONTROL LETTER:?<your command letter response)(carrlage r=t“"n>

CONTROL VALUE:?<control value><carr1age return>
For example, to set the flaps to zero, and raise the landing gear, the cormand
inputs would appear as follows: :

COCKPIT CONTROL LETTER:?F

CONTROL  VALUE:?0

COCKPIT CONTROL LETTER:?2G

CONTROL VALUE:?0

COCKPIT CONTROL LETTER:?C
Note that the "C" response ends the command session and the flight continues. This
is a very important command.

'-B’TJFJBJ*-!UJO

There are many intricacies and complications involved flying. For further
information on this simulation see the book cited above. Although the scftwzre
supplied is an updated version, the line number references have been preservsd
This update is mainly a compaction of the original listing shown in the boock. A
program, called "COMPRESS", which performs such compaction, is available frcn
DYNACOMP. The two advantages associated with compacting programs written in SASIC

are that the technique saves program memory space and the program executes faster.
& Another simulation, "VALDEZ", is also available from DYNACOMP. It deals with
supertanker navigation in the Prince William Sound area of Alaska. A unique
feature of this simulation is that the navigation is relative to a detailed
256%X256 element map of that region. For further information, contact DYNACOP,
P.0. Box 162, Webster, New York, 14580.
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MICROCOMPUTER FLIGHT SIMULATOR

Notes on running the MICROCOMPUTER FLIGHT
SIMULATOR, The user is also referred to the
VERSION NSF2.0 book cited elsewhere for a take off sample
COPYRIGHT 1979 BY DYNACOMP listing.
P.0. BOX 162, WEBSTER, N.Y. 14580

THIS PROGRAM SIMULATES FLYING,
LANDING AND TAKE OFF.

DO YOU WISH INSTRUCTIONS? (Y/N): Y ©  -This option may not be available in highly
compressed versions,

THERE ARE TWO POSSIELE INITIAL
FLIGHT CONDITIONS; ONE WITH
PLANE 50 MILES FROM THE

AIRPORT AT AN ALTITUDE OF -In the following, the ''flight' option will be
EVEN MILE HE ER } chosen. The alternative, ''take off'', is
%ggn:[‘:gé‘g(légg gﬁlqwg?{".};!{gu‘ﬂ demonstrated in the book, SIMULATIO'. VOLUME 2.
USER SUPPLIES THE FOLLOWING
CONSTANTS: .
L i A
'TgsgngAghi EE:EEION -These are the parameters which determine the
OF THE PLANE WELGHT f!igt.n: response of the plane. They are used
#MAX. LEVEL FLIGHT SPEED within the program to calculate other constar:s,
*GLIDE ANGLE~AT STALL - such as the drag coefficient,
*CLEVATOR COEF. (NO3E) - Note, the elevator response time coefficient
*TIME INCREMENT has been removed from the latest versions,
CONTINUE?Y - These prompts are designed for 16 line video
! displays in order to not miss output. Any
THERE ARE TWO MESSAGE SETS. i key input (eg., carriage return) is sufficient.

ONE IS A COCKPIT DISPLAY WHICH
IS SELF-EXPLANATORY. THE OTHER
IS A CONTROL TOWER MESSAGE

GIVING RANGE, DESCENT RATE AND
POSITION RELATIVE TO THE RUNWAY.
THE FLIGHT CONTROL FUNCTIONS ARE:

C=CONTINUE WITH SAME - Continue with the same values as given earlier.

T=FRACTION OF MAX THRUST - Maximum thrust fraction is 1 (or =1).

B=BANK ANGLE IN DEGREES - Used to make turns.

E=ELEVATOR (DEGREES) ~ -Used to go up and down.

F=FLAPS (0 TO 45 DEG.) - Used to increase lift for take off and landino.

R=TRIM (DEGREES) -When adjusted properly, neutral controls will

G=LANDING GEAR (0O UP/1 DN) result in level flight,

Sz=NEW TIME INCREMENT ) -This sets the time step to the next control
CONTINUE?Y input. The plane flies for this lengtn

of time without pilot interaction,
IT IS SUGGESTED THAT THE TAKE-
OFF OPTION BE FIRST CHOSEN FOR
EXPERIENCE. A GOOD STARTING .
TIME INCREMENT IS THREE
SECONDS. A PRACTICAL SET OF
PARAMETERS FOR A SMALL PLANE

MIGHT BE: WEIGHT, ONE TON; - These parameter values will result in a plane
FUEL, 0.3 TONS; THRUST, 0.3; with good 1ift properties. However, it will
MAXIMUM SPEED, 180 KNOTS; GLIDE be overly responsive. Note that it is very
ANGLE, 11 DEGREES. easy to specify a jet fighter or 747. Note,

do not stray far from 11 degrees for the glide
GOOD LUCK gng'e,

CONTINUE?ZY



DO YOU WISH INSTRUCTIONS? (Y/N): ?2H ~ This is another example in which the instruct- .

(Y/N): 2N ions option was not chosen. Observe the input
DO YOU WISH TO FLY (TYPE F) error check and re-try.
OR TAKE-OFF (TYPE T):?F — The '"flight'* option is chosen,

INPUT THE FOLLOWING PARAMETERS:

MASS (TONS): 21 - This is the parameter input which is referred

FUZL (TONS): 7.3 to elsewhere in the documentation,

)
aiigigMFgéggéo?KNOT%) 2180 — The thrust fraction terminolgy may.cause some
GLIDE ANGLE '(D"'GRE‘?S):"h confusion, As used here, it represents the
TEME 'INCREMENTU(SEEON[.)é)—:'?B‘ the maximum engine ''pull'', During the f!ight

it refers to the portion of this power wnich
is to be applied.

READY FOR FLIGHT

I 2222222222 2222222 22222222y

ALT.: 15832 FEET

SPEED: 135 KNOTS . .
STALL SPEED: 56 KNOTS — Below the stall speed, lift rapidly decreases.

ENGINE TEMP: 280 DEG If the engine overheats, it will shut down.
FUEL 598 LBS.
FLAPS: O DEGREES

TRIM: =10 DEGREES — This parameter can be set by the pilot. Some
THRUST: .3 experimentation will be requires to
BANK: O DEGREES arrive at a value which allows -eutral
ATTACK ANGLE: O DEGREES o flight,

LORIZON: O DEGREES — Perhaps the most important variable.

HIADING OFF EAST: 45 DEG. ~ Direction of the plane's flight path.

LANDING GEAR: UP
FLIGHT TIME: .05 MIN.
CONTINUE?Y

CONTROL TOWER MESSAGE
ERRUREREERAEA XN KRR ERRRRRR RN

RANGE: 50 MILES - Range is relative to the west end of tre runway.

CLIMB RATE: 0O FEET/SEC A .

POSITION OFF RUNWAY: 135 DEG. - Again relative to that end of the runwav.
WIND DIRECTION: U5 DEG. — Relative to east.

WIND SPEED: O KNOTS — Speed is rounded to nearest knot.
CONTINUE?Y

COCKPIT CONTROLS
EEEEERRE R RN RRRE RN R R R RN RN AREN

COCKPIT CONTROL LETTER:?T — The general sequence is a control letter
CONTROL VALUE:?0 o followed by a control value, except for the
- “c" (continue) control,
COCKPIT CONTROL LETTER:%E — An i]|egal control letter will be accepted,
CONTROL VALUE:?-4 but no action will be taken. However, & con-
: - trol value will also be required for bookeep~
ing.

COCKPIT CONTROL LETTER:2C
ERERERRRRRERRRERRRRRRNATRRE R LR RN

ALT.: 15834 FEET — Note the changes in the flight conditions
SPEED: 124 KNOTS due to the 3 second time interval.

STALL SPEED: 62 KNOTS

ENGINE TEMP: 170 DEG

FUEL 598 LBS.

FLAPS: O DEGREES

TRIM: =10 DEGREES

THRUST: O .

BANK: O DEGREES — The changes. shown are extreme as the engine
ATTACK ANGLE: = -3 DEGREES was shut down while traveling relatively
HORIZON: =3.3 DEGREES fast. Rapid deceleration is apparent.

HEADING OFF EAST: 45 DEG.
LANDING GEAR: UP

FLIGHT TIME: .1 MIN.
CONTINUE?ZY



THERE ARE TWO POSSIBLE INITIAL
FLIGHT CONDITIONS; ONE WITH
PLANE 50 MILES FROM THE
AIRPORT AT AN ALTITUDE OF
SEVEN MILES, AND THE OTHER WITH
THE PLANE ON THE RUNWAY. THE
USER SUPPLIES THE FOLLOWING
CONSTANTS:

¥MASS OF THE PLANE

*THRUST AS A FRACTION

OF THE PLANE- WEIGHT

£MAX. LEVEL FLIGHT SPEED

¥GLIDE ANGLE AT STALL

¥*ELEVATOR COEF. (NOSE)

*TIME INCREMENT

THERE ARE TWO MESSAGE SETS.
ONE IS A COCKPIT DISPLAY WHICH
IS SELF-EXPLANATORY. THE OTHER
IS A CONTROL TOWER MESSAGE
GIVING RANGE, DESCENT RATE AND
POSITION RELATIVE TO THE RUNWAY.
THE FLIGHT CONTROL FUNCTIONS ARE:
C=CONTINUE WITH SAME
T=FRACTION OF MAX THRUST
B=BANK ANGLE IN DEGREES
E=ELEVATOR (DEGREES)
F=FLAPS (0 TO 45 DEG.)
R=TRIM (DEGREES)
G=LANDING GEAR (O UP/1 DN)
S=NEW TIME INCREMENT

IT IS SUGGESTED THAT THE TAKE-
OFF OPTION BE FIRST CHOSEN FOR
EXPERIENCE. A GOOD STARTING
TIME INCREMENT IS THREE
SECONDS. A PRACTICAL SET OF
PARAMETERS FOR A SMALL PLANE
MIGHT BE: WEIGHT, ONE TON;
FUEL, 0.3 TONS; THRUST, 0.3;
MAXIMUM SPEED, 180 KNOTS; GLIDE
ANGLE, 11 DEGREES.

GOOD LUCK

Notes which are included in the unabridged versions
of the MICROCOMPUTER FLIGHT SIMULATOR,
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Simulation of Flight

Several years ago, at a trade show in the
New York City Coliseum, { saw a demon-
stration’ that simulated the flight of an
airplane between two pylons. The simula-

tion employed a cartoon-like representation |

of the pilot's cockpit view on a large video
screen. The pilot interaction was via a joy-
stick. When given a chance to test my own
skill, 1 crashed.

The demonstration was impressive, par-
ticularly because it was in real time and
attempted to mimic the flight of an actual
flving machine, The major time cruncher
in that animation was probably the display
update. Today's microcomputer is capable
of analogous system simulations.

The simulation presented here treats
the flight characteristics of the model
airplane using acrodynamic equations. For
display purposes the model assumes zero
visibility flight conditions in which the
cockpit window view is replaced with an
instrument panel readout and control tower
communications. This type of interaction
is much more technical than the simple
graphics display, and perhaps more realistic,

To further enhance the realism, many
standard cockpit controls have been sim-
ulated, including clevators, rudder, ailerons,
flaps. and throttle. These controls were
individually defined and then combined
into an overall flight model. The flight
characteristics simulated involve several in-
erlia_l and aerodynamic effects, including

F.R. Ruckdescﬁel

momentum, centrifugal force, air pressure,
lift, drag and stall. The user chooses the
basic flight characteristics which are used
to represent an airplane design, ranging
anywhere from a glider or Piper Cub to a
jumbo jet or Phantom.

One objective of the flight simulation
is to bring the plane down from a cruise
altitude, 50 miles from an airport, to land
on a two mile long runway {which can be
shortened; if desired). The simulation por-
trays the landing itself, including decclera-
tion once on the runway. Another objective
is to take off from the same runway,

The extensive list of model features
may best be understood by actually running

- the simulation or by reading through the

mathematical and  acrodynamical  descripe
tions. Most users will initially have trouble

“flying the plane, and it may take some time

to learn how to land it (probably after
many crashes). The difficulty was created
intentionally; flying a real airplane is not
simple.

The simulation is considered in the con-

text of a system model that contains various ~

subsystems and environments, and whose
output is the flight trajectory. The subsys-
tems arc the flight controls and displays.
The three environments econsidered are
takeoff, landing and flying. These thres
environments are linked through the execus
tive. Transition from one to another is
controlled automaticaily.

A1l rights reserved.-

INTRODUCTORY
MESSAGE

YES

ouTPUT
. INSTAUCTIONS

INPUT FLIGKY
CHARATTERISTICS

FLIGHT
INITIALIZATION

CALCULATE
STALL SPEED

CALCULATE LIFT AND
DAAG PARAMETERS

m "".

QUTPUT COLKAIT
INFORMATION
QUTAUT CONTROL
TOWER MESSAGE

veES l TOUCHDOWN '

AKEQFF
INITIALIZATION
INPUT FLIGHT

* CHARACTERISTICS

CALCULATE
STALL SPLED

CALCULATE LIET AND
DRAG PARAMETEAS

CALCULATE

LiFT anD orlds
CALCULATE POSITION
AND VELOCITY

LANDING ¢
EVALUATION

QUTPUT POSITION
AND VELOCITY

CALCULATE ENGINE
VE 4PLRATURE

CORRECT
ATTACK ANGLE

CALCULATE
LIFT AND DRAG

CALCULATE

NOSE ANGLE

CALCULATE

CLIMB ANGLE
CALCULATE POSITON
AND VELOCITY

- Figure 1: Simplified flowchart of the main-
line logic for the simulation program. The
three submodules (DISPLAY, TOUCH-
DOWN, and RUNWAY) are shown In figures
2 through 4.
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INCREMENT
FLIGHT TiME

oUTPUT
TANDING N\, YES LANDING
2 WARNING
(|

(e
RETURN

Figure 2: The DISPLAY routine outputs the
cockpit controls for the pilot’s reference.

A basic {and simplified) program. flow-
chart of the executive structure is shown
in figure 1. It consicts of a group of checks,

- decisions and subroutine cails. Although

the seven dimensicnal simulation appears
complicated, it is broken down into
manageible pieces. Also buried in the
computations is a simple finite differences
integration of some complicated nonlinear
differential equations. The form of the
calculations was laid out such that there is
fittle chance of instability in the mathe-
matical solution, .

The reader is referred to the discussion
in subsequent sections for explanations of
the basic .subroutines. Before procceding,
however, note that the cockpit display
routine (see figure 2) is entcred aiter the
following conditions are obtained:

@ flight has just started

@ aheoff routine has resulted in tiftoff

® runway mancuvers (after touchdown,
figures 3 and -4) resulted in liftoff

® {lightstill in progress.

TOUCHEGH

CRASH

AIRPLANE
IN
Bounces CALCULATE
NEW POSITION

RUNWAY

RUNWAY
MANEUVERS

It should be apparent that the system
oriented formatting of this mode! has many
of the same elements in it as a general
industrial machine simulation. The way this
particular simulation was created was from
the subsystems wp, The flight equations
were collected, as weil as the various control
models, into subroutines as it was alrcady
known that these were necded. It was then
a simple matter to write a short executive
which called them in the right order. Many
simulation problems can be handled in this
divide-and-conquer manner, given some idea
of the final goal.

The actual physical models and equations
used are very approximate. This brings us
to a2 very interesting probiem, since it
might be said that the final simulation can
be no better than its parts. However, the
applicability of any particular system level
model must be measured relative 1o the
planned use. If the goal were to build an
airplane based on Wie crude analyses used
here, good luck! However, if the goal is 1o
roughly simulate actual flight for a person
having littie flying experience, the level
of accuracy applied is probably sufficient.
This simulation is structurcd so that it is
relatively casy lo improve upon the sub-

COMPUTE

Flgure 3: TOUCHDOWN
checks to see if the air-
plane Is correctly oriented
with the runway when it
touches down. If every-
thing Is not correct, the
airplane will bounce or,
more probably, crash.

Flgure §: RUNWAY rou-
tine allows the pilot to
marneuver the girplane on
the ground. One of threé
conditions will cause an
exit: run off end of run-
way, stop the girplane, lift
off and start free flight.

GIVE DAMAGE
REPORT

END
PROGRAM

CALCULATE POSITION
AND VELOCITY

"

models through simple replacement. It
would be interesting to hear from readers
with flight or aerodynamic experience
about possible improvements and how they
might affect the airplane response as per-
ceived by the pilot,

Basic Governing Equations

Straight Line, Steady State Flight

There are several forces acting on a plane
in flight. For this simulation ‘'we consider
the forces of lift, drag, gravity and inertia.
To make the flight behavior of the simulated
airplane realistic, an approximation to the
lift characteristics of an actual airfoil is used
(NACA  Airfoil #4412 a5 described in
Aerodynomics by T von Karman, McGraw
Hilt (1963)):

L=CL04+50V2 {8, <028=0,,,) (1)

Cp is the lift cocificicnt, 8, the angle
of attack In radians,.and v the airfuil speed,
A constraint is put an the maximum angle
of attack, 8,,,, after which the lift cocf-
ficient abrupdy falls (and presumably so
docs the plane). For airfoil # 4412 this
attack angle limit is approximately 16°
(0.28 radians).

. The total drag is composed of a kinetic
term induced by the air disturbance related
to lift, Cp, and a frictional term, Cp p:

D = Cpyy(L2/2v?) 4 Cppglov) 2

The normalized air density {p) is defined
to be one at ground level.

The maximum thrust available will be
described as a fraction ({} of the airplane
weight, Mg, which is the mass of the plane
(M) multiplied by the gravitational constant
{g). At the maximum ground level flight speed
of the airplane, v, ,,, the frictional drag
is assumed to dominate, giving:

Trnex = Mo = Corvmax-

The maximum thrust and maximum
level flight (0 = 1) velocity will be con-
sidered as chosen flight characteristics, so:

Cor = (Mo, .. )

Another chosen characteristic is the
glide angle 6, (no power) under maximum
lift conditions. (flags fully down). This -
corresponds to the maximum angle of
attack. ‘Under these constraints L = (Mg) »
cos(6;) and the stall speed (v,) and coeffi-
cient of lift, C;, may be related using
equation (1):

Mg cos {8.)
C {4}

-
v,204+50 )

amagx

Under these particular low altitude,
no power glide conditions, assume the
frictional and induced drags 10 be equal
when the landing gear is up (i.e.: from
equation (2) Cp(L%/ov2) = Cyp(pv)). The
relation between the gravitational force
and drag force along the glide path is:

{Mg) xin(ao) =2Cnev,
or:

(Mg} sin(a)
Cop = = ts)
]
This assumption regarding the equality
of the two drags is equivalent 102



Co * Corplv) Mg cosio )? i6)

The variable which is key to evaluating
Cy and Cp, is the swall speed v, Using
equation (3) and the drag cquality assump-
tion (cquation {5)) we get:

MMl L, = (M) sin(ogﬂv.
or:

rnu""(’ )

W »

Equation (7} has a reasonable behavior.
,Assuming a plane with 3 thrust equal to one
half of its weight (a fighter?) and a glide
angle of(oughly]l (0.192radians), then the
stall speed is approximately two ienths
of the maximum velocity, For a maximum
velocity of 600 knots, the stall speed {flaps
fully down) is calculated 10 be 120 knots,

To sum up, gi\en the input parameters
of plane mass, maximum thrust, and glide
angl! the key flight parameters required
in equations (1) and {2) are obtained, a}
well as the stall speed.

To add to the realism of take off and
final approach, the ability to manipulate
flaps and landing gear is added. It is assumed
that the effect of full flaps is to simply
increase the airfoil 1ift coctlicient by S0%.

The effect of landing gear drag will be

assumed to show up as a 60% increase in
the frictional drag coclficient. Note that
it is possible to create an underpowcred
plane that can't take off due to landing
gear drag, but can fly with the gear raised,
In approximation {equation {4), by inspec-
tion} we have for the relation of the stall
speed with flaps to the non-flap stall speed:

v, (1) = 372 v (e % (8)

where 0 < f < 1 represents the range from
no flaps to full flaps. Of course, this is really
only a guess since all of the flight parameters
are not known.

In the simulation, penalties are placed
on stalling the plane. Also, landing without
the gear down will be considered a crash
situation.

Changes in Flight

Changing horizon, heading, or speed can
not be done instantancously because of
inertial  effects.  Also, pitch oscillations
are possible in an overly responsive control
system. The time lags associated with such
controls are a vital part of the simulation,

A change in horizon or attack angle is
accomplished with the clevators. The cleva

HORIZON

tor angle (level of control) is represented
by E. The rate of attack angle change {der/dt)
is dependent on the control level and pos-
sibly plane specd. However, for this simula-
tion assume

a=E {9)

The response to a change in throttle
is specified in terms of an acccleration or
deceleration. If the plane is in dynamic
equilibrium, a change in throttie of AT
leads to an instantancous acceleration
equal to the change in thrust divided by the
mass of the airplane (AT/M), Changes in
lift cause a similar effect. This leads to the
equation of motion along the flight path
(see figure 5): :

T cot(ai “Mgainlo) ¢+ O
{constant thrust)

Mgl: = Ttosla) = Mgsin{d) =D
. . {changing thrust)

or:

dv Teosla) ‘
S = —gsnle) =DM (10)

in a time interval At

ave I-‘—:—("'—)- at={gsinle) + D/M)A

MORIZON

Figure 5: Relerences used
for calculating the motion
along the flight path. The
angle of flight is reprb
sented by 3

Figure 6: Relercnces used
for calgulating  changes

perpendicular to the flight

trajectory, The angle of
altack is represented by a «

The change in angle of climb dcpends on
the force components perpendicular to the
flight path (refer to figure 6). This includes
thrust and lift,

The acceleration perpendicular to the

flight path is related to the centrifugal |

force Mv2/r, where r is the instantancous
loop radius. In terms of climb angle 8, the
centrifugal force is My + dé/dt. Ba|ancing

.+ forces results In

do
L+ T sinla) —~ Mg cos(o) = Mv;.

or:

d0. T sinla) _o_c__os(e) +L 1

ot Mv v Mv

Observe that a massive plane with a low
power to mass ratio cannot change its climb
angle rapidly. Also, the rate of angle change
Is shown to dccrease with greater speed.
These  dependencies  are  intuilively
reasonable.

Heading change is accomplished through
a rudder and aileron control. In real iife,
the planc is put into a bank using the
ailerons, which aid in supplying a tangential
force to the trajectory. it is assumed that
the pilot knows how 1o bank so that there
is zero slip, as shown in figure 7. The addi-
tion of slip would be an interesting upgrade
to the simulation, particulaily in landing.

The ceatrifugal force is assumed to be
balanced by the horizontal lift component,
L sin(B), such that:

Lsin(8) = Mv2/r
or:

g _ Lsin(B)

= e (2

where p is the heading.

It is assumed the rudder and aileron

~* controls instantancously result in a correct

value for the bank angle B. Note how the
heading change is again shown to be slower
for larger and faster planes (unless the lift
is increased).

Equations (9), (10), (11)*and (12) com-
pletely describe the kinematic changes .in
attack angle, speed, climb angle, and heading,
The original cquation (11) was written
for nonbanked flight. When banking, the
L term should be replaced by the term
Leos{B) since turns have a detrimental
effect on lift, We can now proceed to use
this information and that of the last scction
to establish the finite diffcrence cquations
that determine the airplanc’s trajectory,

Finite Difference Equations

At any point in time, the.position of
the auplane may,_ be described by the vector:

X=xi+yj+ zk. The z variable is the alti-
‘tude of the airplane. Thc airport runway

is specified to start at X = 0 and run to

X = +cl. Airport radar headings and positions

are stated relative to the beginning of the
runway,

. The finite difference equation gwmg
the position at time t + At is:

- - -
x{t + At} = x(t) +vat, (13)
Similarly:
; - - o
. vies 80 =Vin +£2 o, (8

The task is largely one of finding dv/dt and
thus V. The rate- of velocity change
(acceleration) is composed of three basic

components:

® Acceleration alor;g the flight path
e Changes in the climb angle
® Turning.

The velocity changes are composed of two
parts:

® Change along the trajectory
o Change in climb angle.

M2
. . 3

Flgure 7: This simulation assumes that the
alrplane  banks without slipping. (When
banking without slip, the force vecter 3 Is
zero.) The resultant force Is perpendicular to
the wings resulting in a change of direction,



The change atong trajectory is given by:

— ¥y fTeosta) .
() {5 s~ o
{15)

The change in the climb angle is a vector
which is instantancously perpendicular to
the velocity vector. For simplicity we will
assume the related velocity change to have
only a vertical component scaled by the
cosint of the climb angle:

& v 10)69:.&? (5’)! inal
- —_— - — -
'2 ¥ 03! " L v O3 Mv SING,

geostd) L -
S e 11e)

The third velocity change contribution
is from the change in heading which is
assumed to be only in the horizontal plane.
Thus:
A -
-’_{_k_z_v E’E _inn(B)! - .,.} .
F I PTYTTR A h voous) LY Ty (AL
{17)
The notation kK X V stands for the vec-
tor cross product. This is used as an
approximation,
Combining the above equations we have:

4t .
b, = m [{Tco:(cl - Mgsin (8) - D} Ve

L sin(8)
costar v {18a)

at
av, = [{T'cosia) - Mgsinle) ~ D} v+

L 5in(8)
cozlo) "x (180}
at .
av, = v [{Tlcos(a)‘-— Mg sin{a} — D} v, +

v cos(6) {T sinla) — Mg cos(6) + L}]
(18¢c)

Equation {18¢) can be replaced by the more
obvious equation:

. v, = win(a}.

Equations (18} are used in conjunction with
equations (13} and (14) to give the updated
velocity and position of the airplanc. The
constitutive equations are:

L:=lift (cquation 1)
D:=drg (cquation 2)
a: = attack angle  (equation 9)
8: =climb angle  {cquation 11)

Now that most of the theory of operation
of the simulation has been covered, consider
fisting 1 which is the actual program being
used.

The Program

Initial Condiiions

The user designs an aircraft through the
choice of 2 few simple initial flight values,
The number of input parameters has been
kept to a minimum by using approximate
agrodynamic interrelations within the pro.
gram. The parameter values suggested in
the program text correspond to a smali
propetler driven plane carrying about four
hours of fuel when at 80% throtile (thrust).
Varying the following parameters will
result in many interesting designs:

e Weight of Planc: Setf-explanatory.

® Fuel: At the outset of the simulation
the pitot inputs the fuel load in the same
units as the mass of the airplance. The fuel
usage during flight versus the throttle setting
is assumed to be parabolic; full throttle
eats up fuel rapidly. The constants were
chosen such that under normal conditions,
full throttle can be maintained for one
to two hours before the fuel runs out.
However, the engine will overheat long
before that occurs,

One aerodynamic effect of fuel con-
sumption is that the airplane weight changes
with time, This is reflected in the airplane
going out of trim,

e Thrust Fraction: This is the maximum
force which can be exerted by the cngine
relative to the unladen airplane weight,
Generally, a higher thrust fraction resulis
in faster response to controls and the ability
to climb rapidly. The engine power s
derated exponentially with altitude, as is
the lift. Thus, there is a built in ceiling
{maximum level flight altitude) for all
designs. If a space shuttle is to be simulated,
the restriction on engine power P1 must be
removed in line 1480 of listing 1.

& Maximum Speed and Glide Angle:
These are Key input design parameters which
strongly determine the flight characteristics
of the aircraft, The stall speed increases
with  increasing maximum  speed.  Stall
speed is also an increasing function of
glide -angle, Pluncs with high maximum
thrust ratios {maximum thrust versus plane
weight} slso tend to have relatively low stall
speeds, These design parameters also affect
the 1ift and drag cocfficients in norobvicus
ways, Experimentation Is required to create

an aircraft design which bchaves well in the
air. For example, choosing too low a glide
angle can lead to a plane which tends to be
overly responsive.  An interesting - classic
design which might be tried is that corre-
sponding to a Bell X1: high power; high
maximum speed; poor speed and glide angle
relation (must land at high speed to main-
tain lift). A two mile fong runway might

. seem short in such a simulation.

e Time !ncrement: In the take off mode,
the time increment value initially chosen

‘sets the time steps for the entire take off

sequence. The time increment can not
be changed during a runway roll. Once
in the air, the time increment can be
changed as desired. Take off is not really
very exciting or tricky (unless the craft
is underpowered like the Spirit of St Louis),
so a relatively long increment {about S
seconds) may be used.

Internal Initializations

There are parameter initializations which
occur within the program after the flight
or take off option is chosen. When the flight
option is chosen, the airplane’s position
is set o fifty miles from the airport with an
associated altitude of seven miles. This can
be changed by altering the values of X1,
X2, and X3 on line 980 of listing 1. The
initial speed is chosen to be three quarters
maximum and the velocity vector is directed
southeast. The velocity vector is described
by the component values S1, S2, and S3;
the speed (V) equals /51245244534, In
this initialization case S3 (the wvertical
velocity component) is set equal to zero
and S1is equal 10 52.

There are scveral other parameters which
are automatically specified:

@ - Flaps are positioned up (F1=0)

@ Angle of attack is zero (T1=0)

® Throttle is at 30% of maximum
(T=.30 X maximum thrust)

© Bank angle set to zero (B=0)

® Engine temperature sct to 280°F
(19 = 280)

® Trim angle is 0° (R9=0)

® landing gearis up.

The net result of these initial conditions
for the flight option is that the pilot takes
over control of an airplane which is momen-
tarily in lcvel flight, The “craft will most
fikely tend to climb or descend unless the
control settings are changed. Thus, it is
advisable to choose a small time increment
when initially taking over the controls,
Once the flight is stabilized, longer time
increments may be used, The controls
themsclves are discussed later.

.

The take off option also leads to an
initialization routine within the program.
In this case all controls except trim are
gencrally set to their zero positions. The
trim is sct to —10°, The airplane is parked
at the beginning of the runway with the
engine temperature set to 300°F.

Take Off Controls

There are only three controls exercised
during take off: thrust, flaps, and elevators.

@ Thiust: In the user initialization of
the program, a value for the maximum
thrust (jet push; propeller pull}) in terms of
a fraction of the airplane's weight is speci-
fied, This cannot be subsequently changed
during a run. The engine control which
does exist is that which determines how
much of this potential thrust is applied
over the next time period. This fraction is
represented by T. Its maximum absolute
value is unity, but it may be positive or
negative. If positive, the plane accelerates;
if negative, it decelerates and possibly rolls
backwards. A reversible pitch propeller
would permit this latter type of behavior,

For an average airplane, a reasonable
take off, value for the thrust is generally
08 to 1.0. Note, however, that maintain-
ing a thrust value of 1.0 will eventually
lead to overheating of the engine. A thrust
of 0.8 can be sustzined indefinitely.

@ Flaps: The effect of flaps is to increase
the lift of the plane at a given speed. In
doing so, the drag is also increased. The flaps
may be sct to between 0° and 45°, with
the maximum lift occurring at 45°, If an
attempt is made to lower the flaps further,
they will simply peg at the full flaps {45°)
limit. Under normal take off conditions,
half flaps {22.5°) is usually used from the
beginning of the roll. For some aircraft
design choices, the use of full flaps during
the take off roll may result in so much
drag that the required flight speed may not
be reached by the end of the runway. The
quickest take off sequence is achieved by
employing zero flaps at the beginning of
the roll and full flaps when the required
air speed is attained. However, control
of the plane as it leaves the ground then
becomes tricky; the plane may sharply
climb, decelerate, stall (drastically lose lift},

- and crash.

e Elcvator Angle: The net effect of the
elevator controf is to raise or lower the
nose of the airplane relative to its trajectory.
Wihen rolling on the ground, the elevator
control causes the nose to point up or down
relative to the horizon. The- airplane’s
response to the controls is speed-dependent.
If the airplane is stationary, the elevator
contro} has no effect.



The maximum absolute value possible
for the elevator control is 45°, This corre-
sponds to the physical angle at which the
elevators may be positioned, but is not
the resultant nose angle; the control re-
sponse is always less than the control setting
unless the plane is in a high speed dive,

I the elevator angle is positive, the
plane will tend to nose up. During the take
off period the plane should be held down
by setting the elevators slightly negative
until 2 runway speed is attained which is
roughly 20 knots greater than the stall
speed. The elevator control may then
be pulled forward (made a few degrees
positive) to lift off, .

Take Off Displays

The take off controls are exercised
once each time period. The corresponding
data displayed are the plane's horizon,
runway speed, stall spced and lift, as well
as the remaining runway length and flight
time. A more detailed description of these
displays follows.

® Horizan: When the plane is on the
runway, the horizon angle is identical to
the angle of attack as the trajectory is
horizontal, In attempting to hold the plane
down using the elevator control, the horizon
will be negative. Upon lift off it will very
likely be positive. The desirable range of
horizon angles while on the runway is be-
tween perhaps —3° (during roll} and +5°
{at 1ift off).

@ Runway Speed: Sclf-explanatory.

© Stall Speed: The displayed stall speed
will not change during the take off sequence,
through it may during flight. Below the stall
speed it is not possible to obtain sufficient
fift 10 leave the ground. Do not atiempt
lift off just above the stall speed, since that
leaves littic room for error. For example,
2 small deccleration as the plane climbs
off the runway can guickly lead to a stall,
A 15% or greater margin in speed is
advisable,

e Lift: This is a cockpit display which
Is not commonly found in smalt craft. ft
serves as a replacement for pilot fee/, The
fift reagout is also available upon landing
and is useful in determining whether or not
another take off may be attempted. The
value shown is simply the percent of the
plane’s weight which is acrodynamically
supported. Take off occurs when this
quantity excceds 100%,

e Runway Left: Self-explanatory, Run.
ning off the end of the runway is not good
procedure,

@ Flight Time: Time which has passed
in the simulation time frame, This is roughly
S to 10 per cent of real time and depends

on the time increment chosen and the
operator response time,

Airborne Displays and Controls

Once the airplane is off the runway,
the control messages change into two
groups: cockpit display and control tower
messages. These two sets of information
allow the pilot to attempt level flight, turn
the airplane around, and land it back on the
runway,

Cochpit Display

There are fourteen flight parameters
shown in the cockpit display. Some are
simple reminders of control settings, while
others record the aerodynamic response
10 these controls, .

© Altitude: The airplane’s altitude is
given in feet. This is gencrally more than
sufficient resolution for take off and flying.
However, during the last stage of the
approach for anding this increment is often
not fine enough. [n such a situation, the
rate of descent and, more importantly,
angle of attack and horizon angle are used.

® Speed: This display indicates air speed.
The ground speed is not displayed and is
affected by the wind, It will be observed
that nosing up will usually lead to a decrease
in air speed and nosing down will cause
the reverse to occur, Thrust significantly
affects speed. .

Very high speeds can be attained in a
dive. At 20%-above the airplane design
maximum a warning message is issued.
At 40% above the maximum a wing failure
abruptly occurs.

@ Stall Speced: The stall speed is based
on program computations using the design
parameters chosen by the user at the begin-

‘ning of the simulation. However, acceler

ated stall can occur in tight banks (turns).
This is simulated in the program by making
the stall speed an increasing function of the
bank angle,

® Engine TYemperature: This display
gives the engine temperature in degrees
Fahrenheit. Temperatures below 430°F are
considered safe. Between 430°F and 450°F
a warning is issucd. Above 450°F the engine
shuts down until it cools off. Turn on is
not automatic; a thrust value (T) must
be given to restart the engine. The engine
temperature is calculated from the thrust
used over scveral previous lime periods,
Thus it may take 2 while before the engine
can be restarted. Needless to say, glide
conditions exist in the interim,

® Fucl: The remaining weight of fucl
is displayed in 1 pound increments, The
rate of consumption depends on the square
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Figure 8: Polar coordinate representation of an actual comptter simulation in which the course was not plotted and carelully
navigated during the flight. Subsequeatly, thic printout was used to reconstruct the flight. Toward the west end of ths runwoy
the angular position off the runway changes rupldly, leading to confusion unless ihe course Is continuously followed on polur
coordinaie paper. The coordinates and headings associated with two particular positions are shown as examples. The location
convention is nat difficult, but may inlilally be somewhat confusing to those not familiar with polar coordinate geometry.



of the throtle (thrust) sctting. Fuel con-
sumption thus tends to be greatest during
take off and climbs, The eftect of fuel
consumption on the overall plane weight
is included.

8 Flaps, Trim, Thrust, Bank: Readouts
“of control settings given by the pilot,

& Attack Angle: This generally corre-
sponds in sign to the elevator angle, The
magnitude of the response is speed de.
pendent, A special condition exists when a
critical angle of about, 16° is excceded.
The attack angie pegs at that value. Unless
in a dangerous landing approach situa-
tion, the attack angle {when flying upright)
should be beiween roughly —3° and +5°,
When fiying inverted (yes, the simulation
can handle that case also), the angle of
attack should be strongly negative, say
—~8% or more. Observe that when flying
upside down, the bank, flap, trim, and
elevator controls are reversed in their flight
path effects {unless you are thinking in-
vertedly also).

® Horizon: This display gives the angle
of the horizon as it would be scen from
the cockpit window. It is affected by both
the climb angle and the angle of attack (a
finear addition). 1t is an important display
during final approach and landing. If the
horizon is lower than ~6° upon touchdown,
the nose gear collapses and the plane crashes.
Between —6° and 0° a nose rebound occurs,
bounding the plane back into the air with
the nose pointed up at an angle negatively
proportional to its prior horizon. Unless
care is exercised -in applying the controls
at this point, the plane will repeatedly
bounce, nose dive, or stall: A negative
horizon on fouchdown causes a lot.of
trouble,

¢ Heading Off East: This display indi-
cates the instantancous direction of travel
of the craft relaiive to due east. This par-
ticular convention was chosen as the runway
runs from west (start) to east {end), When
making a final approach for landing, the
heading should be ncar 0° (between roughly
356°,~4°, and 4° in order to hit the runway
properly).

® landing Gear, Flight Time: These
are simply staius displays,

Control Tower Message

1t is assumed that a radar tracking control
tower exists which can aid in instrument
flying by giving range, speed, and meteoro-
logical information. The following informa-
tion is transmitted to the pilot:

6 Range: This is the radial distance
in miles from the west end of the runway
as illustrated in figure 8. This is a key posi-
tional display.

® Climb and Descent Rate: This is the

vertical speed of the plane in increments -

of one fool per second. ftis an important
flight indicator which s particularly useful
in evaluating the net response to the elevaior
and throttle controls. Close to touchdown,
however, the resotution of this display falls
short of ideal. In this case the air speed,
angle of attack, and horiZon indicators
become the main readouts.

® Position Cff Runway:- This readout
complements the range display, It gives
the angle of the plane relative to the begin-
ning of the runway as shown in figure 8.
For example, when the airplane is on or
cver the runway headed due East, the angle
off runway is 180°, The coardinate orientas
tion has been chosen such that the angular
position upon final approach should be
near 0° or 180° depending on the approach,
Also, the heading off cast should be near
180° or 0°, respectively (with no wind).
Quantitatively, if the heading is 180° off
cast at a range of 400 meters (about one
quarter mile), the angular position should
be between 359.4° (-0.6°) and +0.6°.
This is not easy to do while also maintaining
2 good glide angle, Fortunately the runway
is long.

© Wind, Direction, and Speed: The
existence of a changeable wind sometimes
makes fanding a difficult chore. it largely
affects the heading one must take in order
to maintain an appropriate glide - path.
If the cross runway component of the wind
exceeds six knots, the airplane may run off
the side of the narrow runway if the heading
just compensates for the wind at touch-
down, Two alternatives exist: circling until
the wind changes direction or diminishes,
or changing heading just before touchdown
to straighten out the airplane relative to the
runway. Since the bank angle control works
under the assumption of no slip, side slip
is not simulated. If it were it could be used
to handle the crosswind, :

Cockpit Controls

There are quite a few controls which

" are exercised by the pilot during flight,

Two, the time increment (S) and the con-
tinue character {C), have to do with the
mechanics of the simulation. Once a control
paramcter is cntered, it is latched until
changed by the pilot. This is convenient
once a quasistable flight pattern has been
cstablished, However, establishing a stable
flight path is not casy, Constant control
conditions may cause the airplanc to rise,
los¢ air speed and lift, nose over, dive,
pick up air speed and lift and rise again,
This cyclic pattern may be very extreme
under soms conditions.

The flight controls available in the cock-
pit are as follows:

o Throttle (Thrust) (T): This Is the
fraction of maximum thrust available,
the maximum having been cstablished in
the program initiatization, The entered
value should be between zero and one for
positive thrust, or a negative one and 2¢ro
for negative thrust.

© Bank Angle (B}: This puts the airplane

“into 2 no slip bank {centrifugal force per-

pendicular to wings). A value of 180° will
invert the craft; 360° will complcte the
roll. Absolute values greater than 360°
are not allowed. Vertical lift is lost during
a bank according 1o the cosine of the bank
angle, Stall speed also increasces as the turn
becomes tighter, During a tight turn, the
airplane will generally lose- altitude even
though the nose may be on the horizon,;
In such a sitwation, increased throttle
and raising the nose abeve the horizon helps.

o Elevators (Attack Angle) (E): As
mentioned  carlier, this affects the angle
of the airplane's wings relative to its tra.
jectory (ie: the attack angle). The response
Is speed dependent. If an attempt is made
to exceed an absolute attack angle of 16°
a significant loss in lift resllts due to tur-
bulence in the air flow over the wings.
tn effect, a stall occurs. Attack angles over
10° should be avoided. .

As noted earlier, the attack angle re-
sponse to the elevator control is air speed
dependent. In a dive, as the air speed in-
crease, so docs the attack angle response,
thus increasing lift and reducing the dive.
In a climb, as the air specd decreases, the
reverse happens. Thus there is some self-
compensation built into the control.

@ Flaps {F): Explaincd carlier. Once in
flight, the flaps should be set to 0° to reduce
drag.

® Trim (R): As far as the program is
concerned, trim has an effect proportional
to flaps: positive trim increases hift and
negative trim decrcases lift, In flight, the
trim is adjusted to somewhere between
—10° to +10° to give neutral clevator
controls (ie: E sct to zcro gives level flight)
at the chosen cruise speed and altitude.
As fuel is consumed the craft will tend to-
risc; “trimming” will counter this. Maay
pilots enjoy continuously trimming their
craft; it replaces naif biting. .

The trim value set by the initialization
Is —10°, During take off this can not be
altered, Once in the air. the trim angle
may be set to zcro, However, the change
should be made slowly to maintain con.
trol over the plane, Rapid changes lead to
over control and crratic flight,

® Landing Gear (G): An input value

for G of onc lowers the landing gear. Setting
G o zcro raises the gear. The simulated
airplane has an automatic warping system
which acts when the airplane is descending
and is below an altitude of approaimatcely
one hundred feet. After a fong fiight it is
not unusual to forget to tower the landing
gear. This should be checked perhaps a
quarler mile from touchdown so that there
is time for compensation for landing gear

" (aesodynamic) drag.

Touchdown Conditions

Landing on the runway isa very exacting
exercise  since  several criteria must be
satistied. :

First, the landing gear must be down.
Next, the airplane must be within four
meters of the runway centerline. Though the
runway is fong, it is also narrow, The -2ir-
plane must obviously also be on the runway
(not short or long). The horizon should be
greater than —6°;0° is very good. )

The quality of the touchdown is finally
determined by the rate of descent at con-
tact. If less than 1.6 ft/s, the landing is con-
sidered soft. If between 1.6 and 5 fi/s,
the landing is rated moderate. Between §
and 33" fi/s touchdown is declared hard
and a bounce occurs. Beyond that a crash
condition exists,

One of the dangers to be wary of after
a bounce is subsequently nosing over into

the runway. To avoid this keep the nose

up and apply alittle more throttie.

Once the craft has settied on the runway
and deceleration has begun, a test is made
to determine if the end of the runway
has been reached. 1f so, a crash has occurred;

- there are no survivors if the speed on leaving

the runway was greater than 20 knots.

Deceleration is simple: reverse thrust
is applied by inputting a negative throttle
valve, If forward thrust is used instcad,
the program will switch to the take off
rousine.

Additional Surprises

In addition to these initializations and
conimands there arc several more variables
which _ affect the = airplane’s  simulated
performance:

o Wind Effects: The effect of wind on
the airplane velecity relative to ground
is modciled using a random number genera-
tor, On the average, once every ten scconds
the wind direction and magnitude randomly
shifts {actually, there is some correlation
with the previous wind vector). The nct
effect is that the wind vector slowly shifts
wiih time. This cffect is most important




when trying to fand. In fact, under some
conditions, landing may be impossible.

© fce Storms: There is one chance in a
hundred that in any particular time period
an ice storm will develop. The conscquence
of such an occurrence is an increase in the
airplanc’s weight by 50% duc to icc on the
wings. This obviously creates a problem
if 2ititude can not be maintained at a safe
throttle level and if the runway is too
far away. : .

o Altitude: The effcct of altitude on
fift, draz, and engine thrust is accounted
for by assuming that the air density de-
creases exponentialiy with  altitude {de-
creases by 1/e approxzimately every 23000
fect), This sutomatically places a fiight
ceiling restriction on the particular simulas
tion; it is not possibie to escape the Earth,
This feature is not an actual subroutine,
but is part of other subroutinies.

Command Structure

The pilot input command structure is
simple. In the flight environment the com-
puter supplies ccmmand prompts {?) and

expects replies 2s follows:

? <command tetter> <carriage return>
? <control value>  <carriage return>>

When on the runway, inputs for the throttle,

flaps, and elevaiors are specifically asked for.

Program Execution

ft is common to sce someone spend
mose than an hour attempting to learn
how 1w fly {just fly; not landj the simu-
fated airpiane. The simulation is not casy
to master, like many Lunar Lander type
programs. Practice is required to get the
feei of the flight response of the particular
airplane design chosen. In addition, the
response changes with altitude due to the
change in air density. | have scen some
sessions last more than six hours (computer
time, not flight time), eventually ending
in a crash. The longest flights tend to be
those in which the flying option is chosen.

This has initial conditions in which the

airplane is flying at seven miles altitude
50 miles from the runway, heading in the
wrong direction. The pilot must learn to
navigate somewhat to make a proper landing.

Beginners usually discover quickly thatit
Is not very difficult to accidently stall or,
if the thrust is great enough, to foop the
airplane. A tendency to loop is particularly
apparent for high lift or high thrust airplane
designs, Recall the balsa wood {or siyroe
foam) gliders of your youth; when the nvais
wing was moved forward, the airplane had a
teadency to loop and stall in a cyclic
fashion. A simifar situation is possibie under
certain corditions in this simulation,

The simulation is sufficiently complete
to aliow not only flying loops, but also
rolling and flying upside down (if the angle
of attack is sufficiently negative), and

crform the aerobatics normally associated
with flying.

A very simple simulation run is shown
in tisting 2. The take off option was chosen,
with the intent being to immediately land
after- take off using the remaining runway,
and then take off again. The flight path
takes one through many flight regimes,
including lift off, free flight, touchdown,
2nd runway maneuvers.

Naotes

The computer simulation presented has
not bcen completely debugged even though
it has been extensively exercised. A prob-
lem with large simulations is that a bug
may go undctected for some time, To aid
in fixing such problems and upgrading the
simulation submedels, a variables list is
given in table 1.

Although the physical description of the
acrodynamics of flight is not rigorous in
all its subelements, the model approxima-
tions are sufficient to simulate the general
interactive characteristics of fiying, This
philosophy of subsystem approximation
for the sake of system simulation is key
to the successful modeling of many sysiems.
Quite often it is too casy to get bogged
down in the details of modeling the elements
only to find that the important system
features may be demonstrated using less
than precise inputs, This flight simulator
is one such example,

Program Notes

The simulation was cncoded using a subset of North Star BASIC,
Version 6 Release 2. | tricd to avoid using special functions which
may not be available in less advanced BASIC interpreters so that the
program could be casily translated into most BASICS, The statement
line widths were gencrally kept below 40 characters because of the
printout limitations of my SWTPC PR43 matrix printer.

There are a few peculiarities of North Star BASIC which must be
observed in making a transiation to another BASIC.

Line Delimiter: In MITS BASIC, two or more statements can be
placed on one iine if they arc separated by a colen. North Star BASIC
uses a backslash, When listing the program using Processor Technology's
VDM-1 system tiis results in 4 NEW SPEED request. The VDM-1
driver can easily be changed (see manual) $o that Some less troublesome
character prompts a display speed change.

Strings: All strings in North Star BASIC are one dimensional and, if
greater than ten characters in length, raust be subscripted. This is not
necessary in MITS BASIC; lines 20 through SO may be deleted and
replaced with: . :

20 DIM-K(12).

Format: In North Star BASIC, the carriage return after a print
statement can be avoided by, using a comma. In MITS BASIC, a semi-
cclonisused. - ’

The basic operators used are fairly standard: +,—-,/,*,<,=,>and 1.
The functions cailed are SIN, COS, SQRT, EXP, ABS and INT. The
commands employed are IF-THEN, GOTO, GOSUB, RETURN, IN-
PUT, PRINT, STOP, and REM. These capabilities are common to most
BASIC interpreters. Observe that two functions are conspicuously
missing: LOG and ATAN. The logarithm function is not used and the
inverse tangent funciion is calculated in a subroutine since several
BASICs, including North Star’s, do not have this function.

Running the program in the form shown in listing 1 requires about
14 K bytes of program memory. Removal of all REM statements, the
instruction subroutine, and the instruction string list reduces the mem-
ory requirement to about 8 K bytes. A further memory savings can be
incurred if an ATAN function is used along with the commands IF-
THEN-ELSE, and ON-GOTO.

Program execution is relatively fast. The majority of the time is
spent printing out conditions and awaiting pilot input. The longest
pause associated with actual computing (based on an IMSAI 8080 with
fast memory) is less than 7 seconds. Although the program looks long
and incfficient in BASIC, littic would be gaincd by going to machine
language or a compiler un/ess graphics were to be included. Graphical
displays require very rapid updating routines and necessitate the use
of machine language routines. A small part of the incificiency apparent
in the program is duc to its user-oriented structure. All internal
calculations are performed in metric units, while all 1O routines use the
traditional units such as knots and feet.n




10
207
30 R
80 »
50 ¥
60 D
70 v
83 ¢
90 ©

£x RICHOCOSPUTER FLICHT SIMULATOR
EM WELTIEN BY LR, RUCADESCHLL
ER 773 JONW CLENN BLVD.
B4 WEBSTHH, NLN YORK V4540
LR VERSIUR 8 RS OF 39 o CURS, 3713478
I o x(12) 8020} ,5801%) (9)
IMCE(I),LE0IR) JES019),75(21),08(18)
Tar3C16) L 1301%),03020) 5 $(20) . L3{20)
INg(15),N8(2),03(323 ,F3(24),03012)
P23 3. ININIAPIN 2 2R PRLST .28
Py 1409\ PLe 5150\ G5 8
PRINT "S€0 FLIGHT SIMULATOR oo
PHINT "THIS PRGSRA® SIMULATES FLYING,®
PRIKT “LANGING AND TAKE-OFF®
COSyB 5165
FRIKT "UD YOU WISH 7O FLY (TyPE 1)*
PRIKT “OR TARZI-OFF {IYPE 0):i7,
e
Te=C\¥a0\51e0 .
NPT 2
1F 231 TREN GOTO 2%0
17 7s6 THEW GOTO $20
1F 23>} Thid 5070 10
3632 750
REx r!laur CHARACTERISTICS INPUT
GOSUB 930
REH X\l'liL FLICHT COKDITIONS
SOSUB 450
AEM 3T iLL CPEED CALC.
CO5IB 118
REM CALL. 9F CONSTANTS
IF X3¢0 THER X130
3O5UE 131

RES {DCR?IT DISPLAY

RE% PI LCY IspUT

50848 23989

RE® ENCINE TEMP POUTINE

IF Tir«18/P% THEN COSUB 2580
GO3uD 1429

FEN NI¥W VELOTITY CALCULATIOR
S SRR ED]

RiM FO900E0805309402¢54008
REM TR*E~OFF EXECUTIVE

SO5UB MEHCNLTEYB 150

Aey f‘IJKT CHARKCTERISTICS INPUY
GO5UB 63

REN STALL SPEED CALC.

SGsuB 118

BEM CALC. Cr CONSTANTS
NINPRINTAPRINT

¥ omALALY FOR TAXE-OFF™

2 A5C3

BER THEE G‘F RJJ IKE

IF Le¢v3Q TFEN GCTO 5930

Pk’hT “¥0uU ARE IN THE AIR®

Iy

REM STALL SPEZED CALC,

REM FzFLAPS

REW V1sWAX, SPEED

REN T2:CLICE ANGLE

REK NYLTHRUST RATIQ

REN 42:STALL SPEFD

V2:Y¥IESIR(T2)/(2¥N1)

vz:vz‘(a.o 3RBS(SIN(2)))
S¥2PSINT(R,5/( ., o.r;z))\ﬁETURu

KFu saeeseesineeaicueiia

FEX FLICHT ChiﬁltT‘“lSYtCS

PRINTZIKPUT THE FOLLOWING®

PRInT "MASSITONS): % \IRPUT u

PRINTTFUEL (TGNS): ® ,NINPGT

FAINT*THAUST FRACTION: * \INPUT N

Kiz1.258N1

PRINT "maX SPEEQ(KHO'S).

IKPUT VI

PHINT*CLIDE ANGLE(DEGCREES):*,

INPUT T2\T2:48S(Y12)

PRINT*TIME IRCR.(SEC):*® \IWPUT T3

AMPICTAVIzVIRPONT2aT2/ P4

F3:£9%907

H3:M\M:PFeFQ

PRINT\PHINT

PRINT"READY FOR FLIGHT™

PRINTAPRINTAPRINTVRETUGY

REM 90UB085400805803880830D

REN INITIAL FLICHT COHUITIONS

RER X1,X2 AND X3 ARE POSITIONS

REX S1, S2 AND S3 ARE VELOCIVIES

KEW INITIAL VELOCITY IS 3/% Max,

Q70 REM THITIAL ALTITODE 18 7 HILES
SRG Xteh0. 0 30NN s X TN R S0 7
95C S1e.TS°VI/GORTLD)
AR I SED SLIZAN SES FAILAG S PE S 18 41
1010 52:-51\430.759¥ 115330
1020 BRANY ANGLE
1630 03:CLING ANCLE
1040 Rt G1:=LANDING GEAR
1050 REM H3IsTHAUST
1060 F=O\T1a0MN 32 INBe0\T4260\F 120
1070 R9z-1C
1080 REM T12AMGLE OF ATTACK
1070 H2:01D3:0\G1:O\PETURN
1130 REM SEradseercosadadasnessd
1110 REM STALL PENALTY
1120 HEM PLANE LOSES LIFT
110 FO“ Jxt 70 6
Levsye

RETURR
MSUAVISGLFUAVICGIOORID

cac.

NTS
ACCELERATION

TiER{CTIONAL DRAT COEF.

1210 f]awv'n

1220 REM C2:INDUCED ORAG COSF.

1230 £2:C19(¥2°3)/({4*CCOS(T2))"2)

1240 REV CY:LIFT COEF.

1250 C3:M¥G3CO5(T2)

12460 €3:C3/{(V25v2(1.0+5%16/P2))}

€321.5°%C3
Ui

552v268338sbARIL0000SE

LIFY tED LRAS CALCULATIONS

3

“exe(- X3/70J3;
IF ¥10 THEN ¥:0.0000001
L2037 (1.45/2)5{1.0+55T1) Ey9Y
1/ (1 (V-V23P(9-Y2)))
EX COSUB 1110

DING GEAR (G1) ADDED TO DRAG
2000/ (P1949V) 4 C1¥(14.69G1) 6P 1

¥
Ss:an:ac:auennnltbrgic
HEW YELLCITY CALCULATIOR
INTEGRATION

£ 1302\60513 1nlo\cosu3 1730
16EG ZiHIVKIPNIGICOS(TI)OP

1490 Z:2~KECPSIN(DY)-D

1500 Yal®SIN(R)/COS(D3)

1510 WaT3/4H"Y)

1520 S1=51+%%{2951.7952)

1530 S2:52+48(79524Y%51)

YeSIN(D3)
GRT(S51851452952453%53)
A1aS1TINX23%2+526T3
X%:X3+33713

1530 IF X3CC THEN Fsk

1556 IF 1<k THEN GOTO 1460

1600 T1eT3o4

1610 REM WIND EFFECTS

1620 COSUB 5070

§630 X1:X14540T3

1620 %2:¥2¢559T3

1650 REY
;660 REM Di!IlChl!l!l'l!lBlb'll

1670 REM KOSE ANSLE CALCULATION

1550 KEM T1:=KO AGLE REL. TO FLIGHT
1699 KEM TizANGLE OF ATTACK ALSO

1700 IF ABS(T1)336/7% THEW COSUB 2580
1710 RETURN

31720 REM SEPeMRHDEIIITOUNDIRVAR

1730 REM CLINS ANGLE CALCULATION

17590 TT=HISHIPCOSINCTII/Y

1750 T7=17~ C'COJ‘p}//V'L'COu(B)’(H"’
1760 D3=03eTITT

1770 IF 03>P2 THEW D3:DI-P2

1780 IF DIC-PZ THEN D3=D3eP2

1790 RETURN

1800 REM oeavRssascodOICLIONDAD

5810 REK COCKPIT DISPLAY

$62C PRIXT O3VPRINT\PRIXY

1839 PRUAT*ALT.: ", INT(X19p3},™ PEET®
185G PRIKT*SPEED: "pIRT(V/Pb),® RHOTS*
1350 GGSUB 630

1860 KEM STALL SPEED CALC.

1870 1F ¥>«¥2 THEW COT0 1910

1830 PRINT\PRINT 03

1890 PRINTAPRINT *6e8STALLOC0

1900 PRINT\PRIKT 0%

1910 PRIKT*SYALL SPELD: *,

1920 PRINT INT(V2/P4),

Listing 1: North  Stor
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1930 PRINT ™ KNOTS™

1940 PRIAT*FHGINE TFNP; @ xmrm ® 02G*

1950 COSUD 2120

1360 PRIKT"FUTL®,IXT(2.20F9) ¥ LBS,¥

1970 PATNT "FLAPS: =, IKT{100%F1)/100,

1380 PRINT * DEGREES®

1990 PRIAY "TRi®: *, IKT(R9®100}/100,

2000 PRINT " DEGREES™

2018 PRINT "YHRUST: ® INT{1002¥3)/100

2020 PRINT “BAKK: " INI(B®572.8)/10,

2030 PRINT * DEGRERS®

2340 PRIHI "ATTACK ANGLE: ¥,

2050 PRINT INT(TI"PX®10)/10,

2050 PRINT ™ DEGREES®

2370 PRINI™KORIZON: ®

2080 FRINT ]NT(ID'(O}oTV)'Pl)/YU

2390 FRINT * LEGHEE

2100 TRINT 'nerqu “OFF EASTS “,
2452

30 GOSUB 2232
40 PHINT "LANDING GEAR: &,
20 IF CVx0 THEN PRINT * UP'

0 IF Glst THEN PRINT ® DOWN®™

50 FRIKT "FLIGHT TINE: ¥

2190 PRINT INT(10°7 u/é)/roo " HIN.®
2200 GOSus 4970

2210 GUSUR 2630\KZTURN

2220 Beirseceencecdsorsdeen
2230 REH DIVE SPEED TEST

220 IF V1,28V THER RETURN

2250 PRINT\PRINT C3

2260 PRIKT SS\PRIXT O$\PRINT

2270 IF V<1491 THEN RETURN

2250 PRINT\PRINT TI\PRINT F$

2290 PRIAT CS\FRINT D%

2300 GOTO 5830

2310 Rty 23visesusaavonasyse
2320 KEHM FUEL "CONSUMPTION OUTINE
2330 F3:¥9- 13'(H}'z)'cus'z)'nqlzcooco
2360 IF FI40 THEN F9=0
2350 IF F9:0 THEK Tx0
21360 HaHg+F9

2370 RETURR

2360 REM Jaecdesssccecascesnso

2350 REN ENGINE TEMPERATURE

2400 FOR =1 TO BAK(I)=K(I+1)\NEXY I
2510 X(9):NIVT9=O0\FOR 1:2 TO §

2320 T9=T9+K(1)8(1-1)¥3.2\KEXT I

2430 T9:794+ 340

2k40 T19= T9'(\~Pl)/2\l? T9<TS THEN 19275
2450 IF T3<L3D THEN GOTO 2500

2460 IF T9>:450 THEN GOSUB 2520

237G I¥ T9CU50 THEN PARINT

2380 IF T9<k50 THEN PRINT “9EXRGINEe®
2550 IF T3<L50 THEN PRINT*®33KQTovam
2500 RETURN
2510 Rim seve
2520 REM ENGI
2537 PRINT
2540 PSINT "ESEENGINE QVERHEATO#9%
2950 PRINT"POWER OFF*\PRINT
2560 N3sO\EETURN

2570 REW ¥60% FOIGTRRNNIERSD
2580 REM ATTACK ANJLE PASS CRITICAL
2590 FOR J:1 TO

2609 L= L‘lé/‘Pk‘*‘)

2610 NEXT INRETURH
2620 REM ®#cuvvesascasounssanee
2630 HEM LANDING GEAR WARNING
2640 IF G1=1 THEN RETURN
2650 IF X3>30 THER RETURN
2660 PRINTAPRINT

cucuascannzaNGD
¥ARNING

T2670 IF B3>0 THEN RETURN

2680 PRINT "RerypRyiIngessw

2890 PRINT "LANDING WITH GEAR UP®
2700 RETUPN

2710 REH ¥vatscnacoscanseseryne
2720 REH INVERSE TANGENT

2730 REM APPROXIMATIONS FOR DICITAL
2740 REH COMPUTERS

2750 REM BY CECIL KASTINGS,JR.

2760 REM PRINCETON UNIVERSITY PRESS
2770 L4:(0.0000001)°3

2780 If ABS(M2)<LY THEN M2s2%LK
2790 IF ABS{MI)CLY THEN H1=29LA
2800 X=m2/M1

2810 IF AUS(Xe1)<LY THER Xalley
2820 YF X<O THEN Xs-X

2830 Xa(X-1)7(Xe1)\LYe. 0953;“

2840 L21-.288679\L3x,0793131

2850 0213, !ul59/M‘L$'XoL2’(X 3)eL30(x°S)
2860 IF K130 THEN GOTO 2900

2870 IF M2>0 THEN U2:P2-U2

2880 IF H2<0 THEN U2aP2e02

2390 CoT0 2920

2900 IF M2>0 THEW U24U2

2910 IF K2CO THEN U2:29p2-42

2920 PRINT INT(U29S72.8¢.5)/1Q,% DEG.®
2330 RETURN

29%0 REN teorvIROTRdIOIRICORUDT

2950 REM CONTROL TOWER

2960 PRINT\PRINT

2970 PRINT "CONTROL TOWER RESSACZ®
295G PRINT 0§

2990 ReSORT(X19X14X2°X2)

3000 PRINT "RANCE: ", INT(8/16.1)/300,
3010 PRINT " MILES®

020 P$:*"DESCENT PATE: *

030 Q$="CLIMB RATE: ®

040 17 S3CO THEN FRINT P},

05C IF S3»=0 THEN PRINT Q%,

3050 PRINT INT(&85(53)9p3),

3070 FRINT ® FELT/SEC\MZs-X2\M1saX1$
308G PRIRT *PCSITICK CFF RUNWAY: ¢,
3990 GOsUB 2720

3100 PRINT "WIND DIRECTION: *,

3110 N1=SK\M23-55

120 GOSUB 2720

130 PRIWT "wIND SPEED; »

120 PRINT Ia:(dcax(sk'5I~q5'ss)116).
150 PRIKT * KHOTS*
160 RETURN

3‘10 REM ¥e20scidnoen
3180 REM COCKPIT CONTROL

3190 PRINT\PRINT

3200 PRINT "COCKPIT CONTROL™,
3210 INPUT E$

3220 REM C:CONTINUE

3230 IF BSCO"C* THEK INPUT ¥1
3240 IF B3s"C* THEN RETURN
3250 REM T=THROTTLE OR THHJST
3250 IF BY="T™ THEN
3270 IF K3>1 THEN PﬁI)r rx

3280 IF N3>1 THEX Nied

3230 REM BsBANK ANGLE

33C0 IF 8%278" TREN 8311

3310 IF ABS(B)>2350 THEX PRINT RS
3320 If ABS(B)>:350 THEN GOTO 3300
33230 IF B3="B* THEN B:B/PA

3240 REX EzSLEVATCRS .
3350 IF & £ THEN T1z{Y1/PR)*{V¥/¥1)
350 REH b
370 IF p8=°S* THEN T3sYy
390 REX LAPS
390 IF B3:"F* THEN FisY)

400 IF F1<O THEW GOTO 3210

Y10 IF FI>45 THEN Fla¥59ABS{F1}/F1

3520 REM R=TRIM

3530 IF B3$:"R” THEN R9xY?Y .

nho IF ASS(R9)>10 THEN RYx10®ABS{1$}/29
50 F:(F1+3%R3)/75

eso REM G=LANDING GEAR

570 IF B3="G" THEN GlaYY

3380 IF G150 THEN Giszi

3490 IF C1¢s0 THEN G1:0

3500 PRINT\PRINT\COTO 3210

3510 KEX tedessicassseciossenen

3520 REW TOUYCHDOWN

3530 IF X3>0 THEN GOTO 390

540 X3:0

550 IF Gix1 THER GOTO 3630

560 PRINT\PRINT\PRINT

570 PRIAT C$

SBO PRINT “SLANDED WITH GEAR UP¥

35GC PKINT D$

3600 COTO 5830

3610 IF ABS{X2)<% THEN COYO 3650

3620 PRINT\PRINT\PRINT C$-

3630 PRINT ES\PRINT DI\COTO 5830

36%0 PAINT D3\COTO 5830

3650 IF X1¢0 THEN COTO 3620 y -

3660 IF X1>295280/3.28 THEN GOTO 3,20

3670 IF (D3+T1)}9P430 THEN GOTQ. 3870

3680 IF (DJeT1)*Pad-b THEN GOTO 3740

3690 PRINT\PRINT 0%

3700 PRINT C3

3710 PRINT F$

3720 PRIRT D$

3730 GOTC 5130

37%0 PRINTA\PFINYT O$\PRINT

3750 PPINT "KOSE WHEEL KIT FIASI®

3760 PRINT

3770 D3«-03/2

73780 S3:D3%v/2

3790 (=0.9%y

3800 X3:53%T13

3818 PRINT “#39BQuNCEsace

3820 PRINT\PRINT “ALTATUD!‘ .

3830 PRIAT INT(X3%P3),™ FEET®

38#0 FRINT "CLINB AlGLt1 '.!lf(!o'n}‘?')l’ﬂ-



3850 PRINT ® DEGREESY

3650 COTO 10

3870 1F 4B5(S2)>3 THEN GOTO 3620
3880 PRINT\PRINT
3850 PRINT "c¢
3900 PRINT "29STOUCHDOWN?E®®
3930 PRINT

3920 17 S1>-.5 THER PRINT €8
3930 If $3>-.5 THEN COTO X310
3940 IF £3>-3.5 THEN PRINT H3
3950 IF $3>-1.5 THEN COTO k010
3960 IF S3>-10 THEX PAINT I$
3970 IF $3>-10 THEN GOTO %010
3980 PRINTNPRINT\PRINT

3990 PRINT C$\PRINT IJ\PRINT F$
%300 PRINT D3

%010 PRINT\PRIKT

%020 KEW RUN=AY BOUNCE TEST
8030 IF S3>-1.5 THEN COTO 8130
20U0 PRINT "€SepOuNCEIoen

8050 53:0.59485(S3)

2050 D3:z53/V

2979 X2:33973

BOE PAINYNZRIST YALTITULE: »;
8090 PRINT THT(R3P3)," FRET®

8100 PAINT "CLIMB ANGLE; *,INT(10°D3%PA)/10

%110 PAINT " DESREEZS®
4120 CCYO 810
¥130 ¢oTO 350
VissendsRaRIiNGRINERIN
150 FL! PLNJAY HANIUYVERS

5160 R221056C-P39XY

%170 IF RZ>0 THEN COTO 4220

MIBO PRIXTVPRINIVPRIAT CS\PRINT N§
2§50 IF S1<10 THEN PRINT L$

2200 I¥ S1>10 THEN PRINT D3

42t0 IF SY»10 THEN GOTO S830

82¢G PRINT “RUKNJAY SPEED: »,

%230 FRINT INT(S1/FPE 1} ,* KNOTS'
4260 PRIRT INT(R2),X§

2250 PRINT®THIJUST:® \INPUT H3

4260 TF AS5(N3)>1 THEN PRINT M3
4270 IF Ahﬂ(hi)>! THEN SOTO ¥25C
X288 iF NI>0O THEN GUTO 590

2290 KEM SWITCH TO TAXE-GFF KOUTIHZ
300 KlaN3/2

%310 R¥M FUEL CALC.

2320 Gouubs 2Y20

8330 CU3UB 1300

A340 5\:51‘(x3-n1-c -1BS{D/K) )¢ T3
350 VeARS(S1)

8360 X1ax1.516T3

X370 PRINT "LIFT (2): *,

350 €N7UB 1330

8390 PRINT INT(1Q09L/{H?G))

§300 IF LOKYGC THEN GOTC £20

a110 IF ASS(S1)>1/3.28 THEN COTO %160
k420 PRINT “LANDING (TMPLETE®

2830 PRIKT IKT{R2),KI\COTO 5830
YYD REM defecativensnisavaders
4350 REM TAKE-CFF INITIALIZATION
4860 X1s0\%2:0\X3:0\5320152:0\5320
AXT0 F30NG1a1\5320\D3=GA\NSx0\RY2 =10
4380 T9s 300N\TI:OVRETURN

ANGQ REM 9e3030eddvosidssadidace
X500 REM TREE-OFF ROUTIN

4510 PRINT “THRYS ",\INPUT N3

NE20 IF ABS(NI)>1 THER PAINT KB

3530 IF ABS(K3)>Y THEN COTO 2510

2350 REM FUEL CALC.

2540 GOSUB 2320

3560 REM EXCINE TEMP CALC.

570 GOSUB 2350

A530 PRINT “FLAPS: *,\INPUT FY

€590 IF F1<O THEN COTO 4580

R600 1F ABS(F1)OL5 TAEN FiedSOR8S{F1)/F1
1610 F3(F1e3"83)/75

3620 PRINT "ELEVATCR DEGREES: ® \IKPUT T%
8630 1F 4BS(T1)>45 IRER COTO X630

L0 T1et1/PANTIa{¥/¥1)5TY

26550 PRIKT\PRINT OFf

K650 PRINY "HORIZON: ", INT(T19P4%10)710
X670 REM FOUR POIHT xnr;cuur;px

4689 T3a73/%

4690 FOR 1s1 TO &

4700 GOSUB 1300

710 sxxs'¢(u2'x1"-oln)'1ﬁ

A720 ¥aSIVI1aX1451073
4730 NEXT INT)eT30n
X730 PRINT *RUNMAY SPEZED? ¥,
- AT50 PRINY INT(SV/P6)," lxcrs'
4160 COsUB 650

5770 PRINT *STALL SPEZD: *,
lrao FPRIGT INT(V2/PE),* lﬁOIS'

90 REW LIFY AXD DiAG CALC.

*&00 Sosub $59

PRINY “LIFT {1): *®

PRINT INT(100°L/(HC))

R2110960-P3%X}

1F R2>0 THEN COTO 4876
PRINTVPRINTAPRINT C3\PRIHT N}
PRINT DINGOSUB $330

PRINT INT(RZ),K3\TE2T¥sT3

PRINT *FLICHT TINE: ®,INT(T8),
PRINT * SECONDS®.

PRINT O\PRINT

IF LCH*C THEN RETURN

PRIKT\PAIAT\PRIKT
PRINT "99SLIFT OFF

D330.19V/VINX32D3%Y

S3:TI*(L-H*C)/N

RETURN

RLM 968CEssPacsrovantatong

KEM ICE STORM

IF RND(ABS(V/¥1)/2)>.01 THEN ItTU!I
H322.0%KY

PAY uf\?ﬁ'n’

PRINTrREIRIDANCERSIRE

PRINT®SLEET STORR™

PRIAT*WIKSGS LCING u2iitw

RETUKK
REN e8s0s
REM WEND EZFFECTS
BYzAPS((V/VY)/1)
C9xaBS(Lv/V1)/4)
BY=RNG(BI)INCI: AND(CY)
IF 29>.1 THEN RETURN

SHx(4¢{BY~.05)0VeSH)/2
IF C9>.1 THEN RETURN

see0es

LS55 (H*(C9-.05)2Ve55) /2\RETURN

REM Sodtcesessarencasnning

REM MESSAZE LIST

CyzmesucyaSHeose

DI="%9¢KO SURVIVORSEese
E$:"09NISSED RUNWAYESEn

F3==4431055 OF CONTROLSSI®
CY2"TOUCHOORA iOFT*

K32 *TOUCHDOWR MEDIUR™

183 TOUCHDLWN HARD®

K3s® FEST OF RUNWAY LEFT®

N3s"RAN OFF END OF RUNWAY®
L3s"DAMASE TO PLANE ONLY®

M3atHMAX, THHUST » 1*
O,.-l'tl"l.lltlll!!'il!."'.l.ll.ll.
H3e"MAX. ROLL 13 360 DEGREES”
S$3"DANCERDUS DIVE®

T4s*LOST WING®

PRINT\PRINT O3\PRINT
FRINT®S9BASIC INSTRUCTIONS®
PEINT™DO YOU AISH INSTRUCTIQNS?®,
PRINI® (Y/8): " \INPUT B3

1F BY:"N~ THEN RETURN

PRINT\PRINT

PRINTTHERE ARZ TWO INITIAL FLICH®,
PAIKT"T CONDITIONS, ONKE STAARTS 1",
PRINT"HE PLANE 50 MILES FROM THE®,
PRINI™ ATRPORT AT AN ALTITUDE OF",
PRINT" SIVEN MILES, THE OTHER ST",
PRINT"AKTS ON THE PUNWAY. THE FL",
PRINT"ICHT CHARACTERISTICS OF TH®,
FHINT"E PLANE ANE DEFINED BY THE®,
PRINT® USER. THEY ARE:®

PRINT”  MASS OF THE PLANE®

PRINT”  THRUST AS A FRACTION®
PRINT®  OF THE PLANE WEIGHT"
PRINT®  MAX. LEVEL FLICHT SPEEQ"
PRINT®  GLIDE ANCLE AT STALL®
PRINT®  ELEVATOR COLF. (NOSE)®
PRINT"  TIME INCRIMENT®
PRINT\PRINT\PRINT"TUERE ARE TWO %,
PRIKT"MESSAGE SETS. ONE IS A COC*,
PRINT"XPIT DISPLAY WHICH 1S SELF ®,
PRINT"EXPLANATORY. THE OTHER 1S %,
PRINT"A CONTROL TOWER KESSAGE G1*,
PALKT"YIKG RANSE, LESCENT RATE &%,
CRINTYHD POSITION RELATIVE TO TH®,
PRIRTE RUNWAY, THZ FLIGHT CONTR™,
PRINT™OL FUNCTIONS ARE:®

PRINT®  C3CONTINUE WITH SAME®
PRINT®  TaFRACTION OF MAX THAUST®
PRINT®  B:DANK ANGLE IN DEGREES®
PRINT*  EsELEVATOR (DEGREES)®
PAINT® FiFLAPS (0 TO &5 DEG.)"
PRINT®  RaTRIM (DEGRLES)*

PRINT®  CiLANCING GEAR(C UP/Y DH)'
PRINT®  SiNEW TIME INCRUMENT®
PHINT\PRINT"IT IS5 SUCGESTED THAT®,
PRINT® THE TAKE OFF OPTIOX BE ¥I®,
PAINT*RST CHOSFN FON EXPERIENCE.™,
PRINT™ & GOOD STARTING TINE INCA™,
PRINT"EMENT IS THREE SECS. A REA%,
PRINT®SONABLE STARTING PLANT wOU®,

PRINT*LD BE 7 TON, FUEL .3 TONS,",
PRINT™ THRUST OF ‘3. A MAX SPFED'
PHINT® OF 189 KNOTS, CLIDE ANGLE®™
PRINT® OF 11 DEGREES. GOOD LUCK.®'
RETURN

REM #bonesecs
REM FINAL STATUS
FRINTAPRINT\PAINT

PRINT"FINAL FLIGHT STATUS"\PRINT
PRINT®TIME OF FLICHT: *,

PRINT INT{10%T4/6)/100,% MIN."

caveservee

5860 PRINT"FUEL LEFT: »,INT(F992.2),
5890 PRINT ™ LBS.®

5900 PRINT"FIKAL SPEED: *,INT(V/P6),
5310 PRINT * XNOTS®

5920 PHINT"FINAL HORIZON: *;

5933 PRINT INT((D3+T1)*P4)," CEGREES”
S94D PRINT®THY ACAIN? (Y/N): *®,

5950 INPUT BS\I¥ B3<>"N® THEH GOTO 160
5960 PRINT"GOODBYE. COME ACAIN SQCM.*
5870 £KD

READY

Table 1: This table of variables and parameter definitions will aid In up-

dating the simulation in listing 1.

randony number in wind sffecis routine

random number in wind effects routing
tota! flaps, including trim (normelized; 45° = 1)

gravitationa! constant (meters/second?)

souting o

dummy variable passed to ATAN

dummy varialite passod to ATAN

Initial plana (minus fuet) mass {kitograms)
maximum thrust ratio {normalized)

fraction of available power used (normalized)

degrees to radian conversion factor
- meters/second) to knots conversion factor
range of plane from runway {meters)
eastward speed componant (meters/second)

northward speed component {meters/second)
vertical speed component (meters/second}

.

{maters/:

aorthward wind component (meters/second)

line of flight speed (melers/ucondl '
maximum sea level speed {meters/second)

dummy variable in ATAN routine

8 = bankangle lradians)
83 =
C1 = frictional draq coaflicient
€2 = induced drag coeflicient
C3 = liftcoefficient
o =
O = drag (Newtons)
D3 = climb angle (radians)
F =
F1 = fiaps
F9 = {uel supply lkilograms)
G =
G1 = landing gear index (O or 1)
K{1) = thrust sequence
L = lift {newtons)
L1 = constantin ATAN routine
L2 = constantin ATAN routine
L3 = constantin ATAN
L4 + mali constant very near 2er0
- M = total airplane mass (kilograms}
My =
M2 -
M3 =
Ni =
N3 =
£1 = sirdensity (normalized}
P2 = »
P3 = feet to meter conversion factor
P4 =
PS5 = meters to mile conversion factor
PG =
, Q1 = elevator control (radians)
R -
R2 = length of runway left {feet)
RY = trim {rodians}
§1 =
§2 =
§3 =
S4 = d wind
$6 =
Tt = oatiack angloe (radians)
T2 = glide angle {radians)
T3 = timeincrement (seconds)
T4 = sccumulated time (seconds)
T7 = dummy variable
T9 = engine temperature {°F)
U2 = angle {radians)
Vv -
Vi =
V2 = stall speed
W = dummy varisble
X =
X1, = east coordinata {meters)
X2 = north coordinate {meters)
X3 = aitituda {meters)
+ Y ‘= dummy variable
Y1 = dummy input variable
-

dummy variable
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909 pLITHT SIKULATIR P89
THIS PFIGAAM SIMULATES FLYIRG
LANDING AND TAKE-OFF

PPASNSIBBOGRONCTEIRIOLLEBRTRETRE

$9IHLSTC THSYRUCTIONSEED
VO, YNU wiow LHTTRUCTIONST (Y/n}; M
DO YOU WIsH TO LY {TYPE 3}
OR TARE-OFF (TIPE 03370
INPUT THE FOLLOWING
BASS{TONS)L Tt

FUEL (TONS):. 2.3

TAXUST FRACTION: 7.3

KAX SPEED{XNCTS): 2180
GLIDE SNGLE(DEGREES):?It
TIAE INCR.(SEC):73

AEADY POR FLIONT

RELDY ?Qk T&KE OFF
THRGS
YLK?S

gL VAT”Z DECREES: 20

G9PISLLEUICINABIICEISQOIONATIOIND
HORIZOM: &

RUMJAY SPEED: 20 ENOTS

STALL SPEED: 61 XNOIS

LIFY (30
10398 FEEY OF RUNVWAY LEFT
FLICHT TIm SECONDS

904360040608 803RUIR0IRsEVI0B0RY

EL'\JA‘OR DEGRIES: 20

QaCSCOSUTICB0PITIDINUICIELOEDEDS
HORIZON: O

RUNAATY SPEED: 37 RNSTS
StaLL se $3 KROTS
LIFT {5):

10316 FEET OF RYNSRY LEF‘L’

FLIGHY TI¥E: 6 SECON
lluelll'l§Q9¢0Elliliiaﬁ€‘l'l'l!§

THRUSY: 7%
FLAPS: 2%
ELEVATCR DICREES: 20

BOUAISUTSONVUSEGUERECCOTEORREIGR
HORI2ON: ¢

RUNWAY SPEED: 51 KNGTS
STaLl SPEED: S3 KNOTIS

LIFT. (3): 23

10099 FEEY OF RU'@x.\Y LEFT
FLISHT Tivre: CoX

uuunnnnawnn.nna:ub:

UaesFERa09EsER0IRINIEROBETOINAED
HORIZON: O

AUNWAY SPEED: &1 XNOTS

STALL SPEED: 53 XNOTS

LIFY i3): 76

9808 FEET OF R&NHY LEFT

FLIGHY TIXE: 12 SECOHTS
§0004es235008UNITANRTESDEOEOEIEY

THEUST: 7%

PENCIKE®

seagoreee

FLaPS: 725

ELEVATOA DEGREES: 18

24TAEEILLIIHHOIINEECHRVEEDRBIIOS
KOR1Z0%: 2.7

RUNVAY SPEED: 66 KNOTS

STALL SPEED: 33 KNOTS

LIFT {(3): 116

9875 FEEY OF RUMVAY LEFY

FLIGHY TIre: 1S SECONDS
unununauunuuuuunso

" CONTOL TOWER NESSASE

set Y5y QFFRYS

U &ME IH THE RIR
;g:nat:nun'nnnnnunuoun

ALY 1 ¥ FEEY

spEYpr 66 XW0TS
STALL SPEED: 53 ANOTS
ENGINE TEWP: 435 DEG
FUEL 591 LA5. .
2% CIGREES

-5 DEGREES

TR

THRUST: 1

BANK: O DESPEES

ATTACK ANCLE: 2. 7 DESREES
b 4.8 DECHLES

LANDIRG GEAR: DOHH
FLIGKT TIME: .3 8IN.

gnuyast 7o
Ii&teacéel&shﬁlldiliéi.liﬁ‘ﬂﬁ‘l?
RANGE: .2 MILES

CLIMB RATE: V3 FEET/SEC
$OSITION OFF RUN&AY: 180 DEG
WikD DIRECTION: 45 DEG

WIRD SPRED: O KNOTS

COCKPIT COWTROLTT

€
70
¢
GENGINEY
das 298

G3s %2009 02908000540RT00REUNE

ALY + 9§ FEET

SPeED: 66 XNOTS
STALL SPEED: 53 KNOTS
ENSIRE TEHP: #37 DEG
59¢ LBS.

25 DEGREES

-5 DEGR ES

o DEGRL"S

AT'RCK ANCULE: O DEGREES
¢ -.1 DECRELS
OFF E£AST
u,\‘uu‘u GEAR:  DOW
FLICRT TIXE: .35 MIN

DEG .

aescgsisidsagcsecseseoasivRasoed

RANGE. .26 RILES

CENT RATE: O FEET/SEC
POS" 10X OFF RJH:JAY‘ 180 DEG
HIND DIRECTIO 0 DEC
WIND SPEED: 0 .(MOTS

CO!;K?XT CONTROLTE

PENGINE®
vespgyees
BURCHSIIERLAUSINIITIOBIDIDBRIUND

ALY 7 FEEY

SPEED: 6% XKOTS
STALL SPEED: 53 XNOTS
ENCIWE TERP: &34 DEG
FUEL 59Q LBS

FLAPS: 25 DEGREES
TRIK: ~5 DESREES
THRUST: .6

BANX: " O DEGREE

ATT2CK ANGLE: 6 I‘ECKE‘S
HOR1ZCH: = & DEGRERS

Listing 2: Purt of a typlcal
sessicn at @ terminal with
the simulator. Notice that
the engines will begin to
gverheot if Tl throtile s
applied  for  extenved
periods of time. It took
several attepts to land
the  airplane s
bounclig It The nose
must be pointed up or
exactly parcllel with ihe
runway for the airpline
to land safely. This out-
put  shows ihat  even
someone who hes been
using the simulator for
some time (an expericnced
pilot) can have some dif-
ficulty controiling the ulr-
plane’s motions.

HEADIRGC OFF EAST: 0 DEG.
LANDING GEAR: DOWH
FLIGHT TIwME: 4 MIN.

CONTROL TOWER KESSAGE

00054 VIRIINBCONEIBONRDIEEUGDS
RAHCE: .33 HILES

DESCENT RATE: ' FEET/SEC
PCSITION OFF RUMNAY: 180 DEC
WIND DIRECTION: - O DEG

WIKD 5PEED: O KNOTS

COCKPIT CONTROLZE
7.8

k{4

SENSINC®
GeuygTene
CEORSNRUNPINEPIITIOEINCIRIEIIRNN

ALT.: O FEET

SPEED: 6% KNOTS
STALL SPEED: 53 KNOTS
ENGINE TEWMP: 430 DES

LAPS: 25 DEGREES
TRIM: =5 DEuFEES

BANK: O DLGRE s

ATTACK ANGLE: .7 DEGREES
HORIZ0N: =~1.7 DEGREES
HEADING OFF EAST: O DEG
LAx0inG GEAR: DOWN
FPLIGHT TIHE: .45 MIN.

CONTROL TOWER KESSACE
OERISECINNBINAGLIAEGN
Ri‘iGE: .37 HILES

DESCERT RATE: 4 FEET/SEC
POSITION OFF RUNWAY: 180 DEG
WIND DIRECTION: O DEC

WIND SPEED: O KNOTS

WE$82400P00EETR00NCRANN

s34

KOSE WHEEL HIT FIRST
FeNEOUNCES S

ALTITUDE: 3 FEET
CLIMB ANGLE: .2 DEGREES

COCKPIT CONTROLZE.
12

w5
SO HTAIFIICINGINGRITIEIUREIENNIE

ALT.: 3 FEET

SPEED: 61 KROTS

SYALL SPEED; 53 KNOTS
ENGIHE TEMP: 423 DEG
FUEL SB9 LE&S

FLAPS: 25 DEGREES

TRIM: «5 DEZGREES
THRUST: .6

BANK: O DEGREES

ATTACK ANCLE: 2 DEGREES
HORIZON: 2.5 DEGREES
HEADING OFF EAST: 0 DEG.
LAHDING GEAR: DOuWN
FLIGHT TIWE: .5 HIN.

CORTROL TOWER MESSACE
BereauadcevnrrvtcbacinncadRdaaR
RANGE: _. 4% MILES

CLIHB RATE: Y FEET/SEC
POSITIOR OFF RUNWAY: 180 DEG
WIND DIRECTION: O DEG.

WIND SPEED: O KKOTS .

COCKFIT CONTROLTT
7.5

¥

B6HEELIDOSONECATNEESINIE "ese

ALT 1 O FEET

SPEEDI 59 KNOTS

STALL SPEED: 53 KNOTS
EHGINE TEXP: 415 DEC
PULL 987 Lb3

FLaPS: 25 DEIGREES
TRIM: =5 DEGREES
THRUST: .5

BANK: O DEGREES

ATTACK ANGLE: 2 DECREES
HORIZ0M: -.8 DEGRSES
HEADING OFF EAST: 0 DEO.
LAKDING CEAR: COWN
FLICHT TIKE: .55 MIK,

CONTROL TOWER MESSAGE
QEG0C2EACITUOPOBDIR0REIBOREIRNDED
RANCE: .49 HILES

DESCERT RATE: & FEET/SEC
POSLTION GFF RUNWAY: 30 DEG
WIND DIRECTION: O DEG.

HIND SPEED: O KNOTS

CRBIPLIEAIINAUEICINIORISENSRURSRE

NOSE WMEEL HIT FIRST
*e¢50UNCEL®

ALTITUDE: 3 FEET

CLI¥B ANGLE: 1.3 DEGREES

COCKPIT CONTROLZE
7

Cc
ReLARADCEOIISIINIILNIORN

ALT : O rezr

SPEED: 99 KNOTS
STALL SPEED: 53 KNOTS
ERGINE TE“P: 809 DES
FUEL 583 LBS.

FLAPS: 25 DEGREES
TRIN: -5 gt:nees

BAKK: 0 DEGREES

ATTACK ANGLE: 2.5 DEGREES
HORIZON: =7 DEGREES
HEADING CFF EA 0 DEG.
LANOIKG GEAR: DOWN

FLIGHT TIME: .6 HIN.

CONTROL TOWER MESSASE
QOSRAEELELINDINIITINIOLEINIINTS

RANGE: .52 KILES

DESCENT RATE: S FEET/SEC
POSITION OFF RUNwWAY: 180 DEG.
WIND DIRECTION: O DEG.

WIND SPEED: O KNOTS
BEBQRIWNONBHACDINEBIIINENEIRRANY
NOSE WHEEL HIT FIRST
QQCBQUNCEGQQ

ALTITUDE: % FEET

CLINB ANGLE: 1.5 DEGREES

gOCK?!T CONTROLIE
3

ZSIIDI.I'I.I‘.t'l'lll.e!'illllll

ALT t O FEET

“SPEED: S8 KNOTS

STALL SPEED: $3 KNOTS
ENGINE TEWP: . 408 DEQ
FUEL 588 LBS

FLAPS: 25 DECHEES
IRIH: <5 DEGRLFS
THRUST: .S

BANK: O DEGREES



TTACK ANGLE: ) DEGREES
HOKI20N: .7 DECREES
HLADING OFF EAST: O OE3
FLICHT TIHE: .65 MIH

COSTROL TOWER MES3ASE

R T I T T T )
RANCE: .55 KILES
DESCENY RATE: 3 FEET/SEC

POSITION OFF RUN#AY: 180 DEG
RIND DIRECTION: O DEC.
WIND SPEED: O KNOTS

BEEUBRCIBETOINEIIEES
SO TOUCHDOANS ¢

TOUCHDOWN MEDIVUA

RUNZAY SPEED: 58 KROTS
7624 FEEY OF RUNWAY LEFT

THRUST: 70

LIFT ($): 15

RUNWAY SPEED: 43 KNOTS
1402 FEET OF RUNWAY LEFT

THRUST: 70 .

LIFT (3):

RUNWAY SPEED: 36 KKOTS
7216 FEET OF RUNWAY LEFT

THRUST: -1

LIFT ($): O

RUNZAY SPEED: 20 KNOTS
7114 FEET OF RUNWAY LEFT

THAYST: 2+1

LIFY (3):

RUN/AY SPEED: 6 KNOTS
1032 FEET OF RYNWAY LEFT

THRUST: 2}

THRUST: 11

FLAPS: 725

. ELEVATOR DEGREES: 70

.
HORIZO 0

RUNSAY SPEED; 25 KNOTS
STALL & i 93 KNOTS
LIFT (3): O

6987 FEET OF RUNWAY LEFT
FLIGHT TIME: 42 SECONOS

BORSEAINErEINNtadiintsietasnanecte

e

sesrupasuce

"

THRUST: 71
SFLARS: 725
ELEVATOR DEGREES: 20

SescapNoINIIAEIIRTCINRES
HORI20K: O

RUSWAY SPEED: K2 KNCTS
STALL SPEED: 53 KNOTS
LIFT (3): &

6803 FEET CF RUNWAY LEFT

FLIGHT TIME: &S SECONDS
L T T R T P T TR T YTV I Y )

THRUST: 2

BERGINEY
ssagreee

FLAPS: 725

ELEVATOR DEGREES: 70

Sobapsiesesaes
HORIZON: O
RUNNAY SPEED: 5% XNOTS
STALL SPEED: 53 KKOTS
LIFT (3): 5%

6548 FEET OF RUNWAY LEFT

FLICHT TiME: 49 LECONDS
R T T O R T T LTI I

THRUST: 7}

CENGINEY

sespgTaen

FLAPS: 225

ELEVATOR OEGREES: 20

G90LODO0NECRUDININOUODRONEGRINND
HOR{ZOK: O
RUNNAY SPEED:T 63 KunTS
ITALL SPERD: 33 KNOTS
LIET ($): 83
€260 FEET OF AUNWAY LEFT
£ TIHE: 6% SECONDS
fscbue Ilill'llcll'!lt_l'll."ll.

THAUST: N

SENGIKE®

Ry PRY YT

FLAPS: 725

ELEVATOR DEGREES: 2?8

hhbnh.tlll‘-l.llilll'llll....l..l.‘
HORIZCN: 2.8
RUNWAY SPEED: 68 KNOTS
STALL SPEED: 93 XNOTS
LIFT (3): 12

5902 FEET OF RUNWAY LEFT

FLIGHT TIME: S4& SFCONDS
BEACEIPIIIRUIIENINEECEIIIDINANY

S8v(TET OFFees
YOU AKE IN THE AIR
sebsorasescacasananse

ALT.: & FEET

SFFED: 6B KNOTS
STALL SPEED: 53 KNOTS
ENGINE TEMP: W4S DES
FUEL B8O LBS.

FLAPS: 25 DSGREES
TRIM: -5 DESREES
THEUST: 1

BAKK: O DESRESS
ATTACK S4GLE: 2.8 DEGRFES
HORIZCGN: 5 DRSRETS
HEADING CFF EAST:
LANDIXG GEAR: DOWN
FLICHT TIVE: .99 Mlu.

0 DES

COXTROL TOWER MPSSASE
FCAdNrROBIUAUTIEININIRIRNGANARED
RANGE: .84 MILES

CLIHB RATE: 22 FEET/SEC
POSITION OFF RUNJAY: 130 DEG
WIKD DIRECTION: O DEG.

WIKD LPEED: O KNOTS



