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ABSTRACT

THE DEVELOPIENT'OF A

REMOTE-CONTROLLED AIRCRAFT

FLIGHT SIMULATION

By

David Arnold lcClaughry

This thesis presents a structured approach for calculating.

displaying and sinulating the notion of a remote-controlled aircraft. A

PRTIE 750 is used to compute and sun the forces generated by the engine.

fuselage and aerodynamic bodies, yielding the equations of notion.

These are then integrated over tine to yield the aircraft's velocities.

The velocities are downloaded to an Evans and Sutherland P8300 which

perforns an integration over tine to find the aircraft's position. The

solutions obtained provide a description of the flight path of the

aircraft which is used to generate the P8300's visual display. Various

strategies to partition the computational load between the PRIME and the

P8300 were investigated. with the goal of providing snooth visualization

while preserving rapid control response. The pilot is able to

interactively inplenent aircraft controls via the P8300 control dials.
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NOMENCLATURE

A - acceleration, projected frontal area

b - airfoil span

c - airfoil chord

CD - airfoil drag coefficient

ch - fuselage drag coefficient

CL - airfoil lift coefficient

C. - airfoil moment coefficient

CT - propeller thrust coefficient

D - airfoil drag force. propeller diameter

at - fuselage drag force

31 - airfoil induced drag force

F - resultant external force vector

Fel - force at an individual force-generating element

6 - resultant moment vector about the center of mass

6.1 - moment about an individual force-generating element

I - moment of inertia matrix

Ixx - maaent of inertia about x axis

Iyy - moment of inertia about y axis

In - moment of inertia about 2 axis

Ixs - product of inertia xs dm

vi



J - advance ratio of propeller

‘i - Runge-Kutta intermediate velocity evaluation

L - airfoil lift force

m - mass of the aircraft

I - airfoil moment

n - angular velocity of prOpeller

P.Q.R - angular velocity about the center of mass

P'.Q'.R' - transformed angular velocity about the center of mass

r - line of action of an individual force-generating element

q - dynamic pressure

a - airfoil area

T - thrust generated by the propeller

U.V.I - linear velocity of the center of mass

D'.V'.I' - transformed linear velocity of the center of mass

V - velocity vector of the center of mass

V. - previous velocity vector of the center of mess

I - position vector of the aircraft

At - time interval for integration

c - angle of attack of the airfoil. angular acceleration vector

about the center of mass

11 - ith eigenvalue of a system of equations

A: - real root of an eigenvalue

0.0.1 - angles for coordinate transformations

9 - air density

n - angular velocity vector about the center of mass

NOTE: Throughout this paper the author refers to the Evans and

Sutherland P8300 system as the E-S.
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CHAPTER 1

Introduction

Iith the recent advances in the computer industry. real-time flight

simulators can be developed on mini- and micro-computers with a high

degree of accuracy and realism. These advances allow computer flight

simulators to be used in a variety of applications.

Commercial airlines. the military and NASA use computer-driven

flight simulators for safely training pilots in a wide range of flight

situations in order to improve their piloting abilities. These

simulators are very complex machines. often having one or more computers

dedicated solely to the simulation task. Realising the force feedback

in the controls. providing the sensation of flight forces and motion and



displaying intricate instrumentation and advanced graphics are some of

the features of these very complex simulation systems.

In a second application. research simulators are of great aid to

aircraft designers. Preliminary testing of aircraft designs can be

confidently performed without actually building a plane. It is possible

to evaluate the stresses which aircraft parts will be subjected to in

order to aid in design optimization. The effects of parameter changes

on aircraft stability and maneuverability can be determined before

implementation.

A third type of flight simulator is the recreational or hobby

simulator. Only recently have home computers gained the capabilities of

modeling a complex dynmmic problem such as flight simulation in near

real-time. However. the realima of these simulators is limited. It is

difficult to gain a feel for controls implemented with keystrokes on a

keyboard. Also. the graphics are often "Jumpy" and do not provide a

realistic display. All of the above simulation systems rely heavily

upon extensive flight testing data and/or several very complex

aerodynamic theories.

The goal of this thesis is to outline a method for generating

simple but realistic equations of motion. and implementing these in a

flight simulation. According to this goal. the simulator can be

categorised as a hobby-type simulator. Note that exact engineering data

are not expected from this research -- only an approximation of the



flight path of a vehicle of the type modeled. However. some of the

negative factors of the prevailing hobby-type simulator are addressed

and solved.

Before embarking on the dynamic modeling of an aircraft. it is

valuable to examine the constraints on the simulation. and thus define a

foundation for the flight simulator. The computing systems available

were a multiple-user PR1IE 750 which can handle the computationally

intensive equations of motion for the flight simulation. and an Evans

and Sutherland P8300 that lends itself well to the graphical display

tasks. The rate of communication between the two systems and the

effects of a multiple-user system on the simulation provide additional

constraints on the simulation performance. These effects - in addition

to each computer's architecture -- determined the simulation task

assignment.

The flight situation selected for simulation was the remote

piloting of an aircraft using visual feedback from the point of view of

a fixed ground observer. This situation was well-suited to the

available resources. and presented a graphical challenge. Tb model the

flight. visual feedback of the simulator should correspond to an

abstraction of the actual flight scene. Similarly. the controls should

resemble those of the real aircraft. Immediately. it was recognized

that the force feedback present in aircraft controls would be difficult

to model. Therefore. simulation of a flight scheme which does not rely

on control feedback was selected. Finally. the idea of a simple dynamic



model became important. The computing time period and power for

real-time computation on the time-sharing mini-computer is limited. It

is assumed that the aircraft modeled flies at relatively low airspeed

and altitude. implying that the fluid properties of air are constant.

This simplifies the calculation of the aerodynamic forces. Therefore.

simpler calculations yielding a quicker response time resulted in a more

realistic real-time simulation.

Clearly. a simulator of this type can serve a useful purpose in

training and practicing the techniques necessary to fly a

remote-controlled aircraft. An aircraft of this type requires only

visual feedback between the pilot and the plane. No instrumentation and

certainly no force feedback controls are present to aid in the flying of

the plane. The crash or loss of a remote-controlled aircraft from

inadequate practice and simulation would be costly in terms of time and

money spent in designing and building the model.



CHAPTER 2

Dynamic Model

The first step in the development of a flight simulator is the

lconstruction of a dynamic mathematical model of the aircraft which can

be implemented on the computer.

The key to the dynamic modeling is simplification. A fast and

computationally simple model of the aircraft is needed for

implementation as a real-time simulation. This will maximize the

simulator's control response. Conversely. a certain amount of detail

must be present in the model to attain the flying qualities of an

aircraft. The guideline: Any factors which do not influence the

general flying characteristic of the plane will be neglected.



The aircraft is best modeled under these conditions as a body with

various forces and moments acting upon it. As a further extension of

the simplification idea. the aircraft structure is assumed to be rigid

during flight. Initially. the forces and moments acting on the plane

are very general and can be located anywhere on the aircraft. These

forces and moments are then summed vectorially at the center of mass of

the aircraft (C.I.). Newton's Second Law. 3 - .4, can be applied and

the equations of motion defined.

 l}

  

WEIGHT

Figure 1: Primary and secondary forces and moments of an aircraft

There are four primary forces acting on the plane: Lift. thrust.

drag. and weight [7]. These forces are shown in Figure 1. Figure 1

also identifies a set of secondary moments [7]. These are the control

moments; i.e.. the rolling moment. the pitching moment and the yen

moment. These moments provide handling and directional control of the



aircraft. The primary force and moment generating elements are

identified in Figure 2 -- the main wing. the horizontal tail. the

vertical tail. the fuselage and the engine/propeller combination. The

control elements also identified in Figure 2 - the aileron. the

elevator. the rudder and the throttle - produce the directional control

and performance forces and moments. There are many more components that

Vertical

 

   

 

Horizontal ax; .

Tail 3' ‘ Fuselage Engine/Propeller

Combination

Rudder
“‘

Main

Wing

Aileron 

Figure 2: Force-generating elements and control surfaces of an aircraft

contribute to the flight forces and moments of a real plane. However.

these main elements may be used to define a mathematically simple model

that describes the aircraft flying characteristics adequately for the

purposes at hand.

Based on the mode of generation of these forces and moments. the

elements are divided into three unique categories: 1) the

airfoil-shaped sections. which include the main wing. the horizontal



tail and the vertical tail. 2) the fuselage. and 3) the engine/prOpeller

combination. The evaluation of the forces and moments of these elements

will be addressed individually. The control forces and moments are a

subset of the primary forces and moments and will be discussed later.

 
Figure 3: Forces and moments generated by an airfoil-shaped body

Airfailfiastim

Ihen an airfoil moves through a fluid. two forces and a moment are

generated. These forces. shown in Figure 3. are lift. which is

perpendicular to the relative wind vector. and drag. which is parallel

to the relative wind vectorll]. The moment produced is about the y axis



of the airfoil. The above forces and moments are evaluated using wind

tunnel testing. The National Advisory committee on Aeronautics (NACA)

and later the National Aeronautics and Space Administration (NASA) have

published wing section data that gives the lift. drag. and moment

coefficients for a given wing type [1]. The airfoil selected was one

which is suitable for a light commercial aircraft; the classification

number is NACA 63-412.

Thus. the force and moment calculations are based upon the wind

tunnel test data for the selected airfoil. These data are presented in

the form of a force or moment coefficient versus the angle of attack of

the airfoil (c). The angle of attack is defined as the angle included

between the relative wind vector and the chord line of the airfoil. as

shown in Figure 3. The relative wind of the airfoil must be calculated

to determine this angle. Three main factors define the relative wind of

an airfoil: l) the linear velocity of the C.l. and the angular

velocity about the C.H.. 2) the location of the airfoil relative to the

C.I. of the plane. and 3) the orientation of the airfoil axis to the

plane axis. The first two factors determine the fluid velocity at the

airfoil. The third factor transforms the fluid velocity into the

coordinate system defined by the dihedral. washout and sweep angles of

the airfoil. These angles are fixed for a given surface of the

aircraft. (The development of the transformation of coordinates appears

in Appendix A.) At this point the airfoil is assumed to be of infinite

length and therefore two-dimensional. This assumption neglects the

downwash of the wings. The correction for this assumption will be
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addressed later. The angle of attack is then defined by the relative

horizontal and vertical velocities. The forces and moments generated

are calculated using the wind tunnel test data (shown in Appendix H) and

the characteristic dimensions of the airfoil:

L ' q s (1)

D ' CD q a (2)

I - Cu g g c (3)

where b - airfoil span

c - airfoil chord

CD - drag coefficient

CL - lift coefficient

CI - moment coefficient

D - airfoil drag force

airfoil lift force

airfoil moment

- dynamic pressure. ipv

- wing section area. b.c

3

m
u
fl
‘
l
l
F

I

At this point it is important to discuss the implication of using a

finite aspect ratio wing. The primary result when downrash is included

is an increase in the airfoil drag [9]. The additional drag effect is

known as induced drag. and current aerodynamic theory predicts the

induced drag to be:

of ' L3 I 9b,“ (4)

where Di - airfoil induced drag force

Therefore. once the lift is known the induced drag effects can be

incorporated into the force and moment summation. In view of the need

for simplification of this model. other secondary effects of downwash

have been omitted.
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The procedure described above is used repeatedly for all of the

airfoil bodies on the aircraft. The same wind tunnel test data is used

in each case with the exception of the rudder. The rudder is assumed to

be a symmetric airfoil. This results in no moment or perpendicular

force being produced when the airfoil angle of attack is zero.

Therefore in the lift and moment calculation an offset has been

subtracted to satisfy the symmetric airfoil condition.

The main purpose of the fuselage is to house the passengers and

freight that the aircraft is to carry. It is designed to have minimum

effect on the flying forces and moments of the aircraft. It is assumed

that the fuselage never experiences large angles of attack. Therefore.

moments produced by the drag on the fuselage are negligible. However.

there is a substantial contribution in the drag or performance forces.

For this reason the fuselage is modeled as a pure drag-producing

element. Three major parts of the fuselage are examined - the fuselage

body. the engine/nacelle and the landing gears/wheels. Aerodynamic

theory shows that this parasitic drag is proportional to the square of

the velocity [4]. Therefore. a relationship between the aircraft's

velocity and projected frontal area and the fuselage drag can be

defined:
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where A - projected frontal area of the aircraft

CDf - fuselage drag coefficient

D! - fuselage drag force

V - velocity

Once again the evaluation of the drag coefficients come from testing

performed by the NACA. Because of the email angle of attack assumption

the drag coefficient is assumed to be constant. The data for the three

identified fuselage parts are summed and the result identified as the

force and moment contributions of the fuselage.

WW

The main purpose of the engine/prepeller combination is to furnish

the thrust to overcome the drag forces of the plane. as well as provide

a means for longitudinal acceleration of the plane. The engine model is

assumed to be an ideal engine in the sense of maintaining a constant

engine speed for a given throttle setting. The propeller is analyzed as

a rotating airfoil which creates a lift along the x axis of the plane.

namely thrust.

A simple analytical expression is difficult to define for the

thrust of a prepeller. However. the basic characteristics can be

examined by considering a typical blade and applying blade element

theory [6]. Iith this analysis a relationship between the advance rate

of the prepeller and the thrust coefficient of the propeller can be

developed. Having defined the propeller characteristics and evaluated
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the advance ratio

1 I V/nD (6)

where J - advance ratio

n rotational speed of the prepeller

D - propeller diameter

the thrust can be determined:

1 . CTn’nD‘ (7)

where - thrust coefficient

- thrust

(The thrust coefficient graph is shown in Appendix B.)

The secondary effects of the aircraft power plant have been

disregarded for the sake of simplistic modeling. even though these

effects may require some pilot control responses. The effects of the

rotating flow interacting with the flying surfaces behind the propeller

were neglected. The effects of precession during attitude changes. and

asymmetric loading of the prepeller during constant angle of attack

conditions -- such as climb and dive -- were also neglected.

By using the ideas described up to this point. the primary forces

and moments of the aircraft were defined and evaluated. It is important

to be able to implement the necessary controls of the plane. Analyzing

the effects of the aircraft controls will give an insight to the

simplest method of modeling them.
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Minimum”;

Throttle: Since the engine is assumed to be ideal. a throttle

variation is simply an increase or decrease in the engine speed. This

will be implemented in a 0-100 percent range.

Aileron. Elevator. and Rudder: Each control deflection produces a

moment about an aircraft axis which acts to place the main

force-generating elements in a different flight configuration. The key

is to produce a moment about a given axis. The three control surfaces

are implemented in the same manner but yield vastly different effects.

The desired effect can be achieved by changing the angle of attack of

the chord line of a given primary force-generating element. By changing

the angle of attack of the horizontal tail. a moment about the lateral

axis is generated. and the plane pitches up or down. This simulates the

effects of an elevator. To induce a moment about the longitudinal axis

of the plane. the angle of attack of the outer portion of the main wings

is varied. unlike the elevator. the right and left wing sections are

displaced in apposite directions. This results in an unequal lift

distribution and therefore a roll moment. simulating the effects of the

aileron. The rudder acts in a manner similar to the elevator. The

angle of attack of the vertical tail is changed. thus inducing a

sideways force in one direction which transforms to a yaw moaent at the

plane's C.l. These changes in angle of attack are very slight. with a

maximum effect being 0.6 percent of the mean angle of attack calculated

from the relative wind. The moments induced by these small changes in
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angle of attack of the force-generating elements are approximately equal

to the moments generated by the control surfaces of a real aircraft.

They are present to provide a means of generating the necessary control

moments. This method of modeling the controls does allow for many of

the considerations of a real aircraft. such as trimming the aircraft at

cruise speed and adverse yaw in a roll.

'ith the evaluation of the forces and moments of the plane

complete. the summation process can be performed. The axis system used

is attached to the plane. with the origin coincident to the plane's C.I.

The characteristic moment arms are defined using the layout of a typical

light aircraft and estimating the line of action of the forces of each

element. (These dimensions are shown in Appendix C.) All of the forces

and moments can now be transformed to the aircraft's C.I. using the

following relationship:

5 . 25.1 (8)

)9“ + g“ x 5) (9)

where F is the force at the C.l.

G is the moment at the C.I.

Fel is the force at the element

G‘l-is the moment at the element

r is the distance to the line of action

This results in a new set of forces and moments acting through the C.R.

To derive the equations of motion it is necessary to apply Newton's

Second Law to the rigid body aircraft. This task is most easily

performed in the frame of reference in which the forces were summed.
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fixed to the plane. This eliminates the occurrence of cross-products

and derivatives of the moments of inertia. However. it will require

additional terms. The equations of motion for a rotating reference

frame are:

F . mA'+ m: x V (10)

E'EE‘PIUX: (11)

- total forces summed at C.I.

- total moments summed at C.I.

- linear acceleration of C.l.

where F

G

A

n - angular acceleration of C.I.

V

m

I

m

- linear velocity of C.l.

- angular velocity of C.I.

- moments of inertia of aircraft

- mass of the aircraft

Ry rearranging the terms and placing the accelerations on the left. the

result is:

A.- Elm - 2 x V (12)

g - (g — 3: x 3m (13)

These are the accelerations of the C.I. of the plane and are

integrated twice over time to describe the flight path of the aircraft.

These equations were analyzed using DIFFEQ. a simulation package for

solving non-linear differential equations. in order to verify the

behavior of the equations [13]. (The results of this verification can

be seen in Appendix D.)



CHAPTER 3

Simulation Implementation

Iith a usable mathematical model of the

next step in the development of a flight

model together with an integration scheme

flight path. Once the plane's position is

can be visualised on the computer. Iith the

many methods for implementing the simulation

aircraft constructed. the

simulator is to utilize the

to define the aircraft's

calculated. the flight path

resources of two computers.

are available. A desirable

solution is one which updates aircraft position and control inputs as

quickly as possible. Therefore. the simulation tasks must be matched to

the abilities of each system.

17
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There are four basic steps in the simulation: Evaluation of the

equations of motion. velocity integration. position integration and

flight path display. It is beneficial to identify the computer system

and necessary communication associated with each task and then to

discuss the specifics of each task individually. The evaluation of the

equations of motion is performed on the PRIME: it requires the velocity

and position of the plane. as well as the control settings. The PRIME

integrates these results over time to yield the velocity of the plane.

The new velocities are sent down to the E-S once this integration is

completed. Vith this velocity information the 8-8 can perform an

integration over time to obtain the flight path data. The position is

frequently recalculated on E-S at a rate determined by the system's

display refresh rate. Finally. the flight path data is updated

graphically on the 8-8. Figure 4 gives a schematic representation of

the task division in addition to the points of communication between the

two systems. Equations 14-15. in a general sense. identify the time

steps used for the integration process. Figure 5 outlines the order and

timing of the various tasks in the simulation.

The evaluation of the equations of motion is performed using the

model described in the previous section. The key point in implementing

the model is the update of the control information and plane position.

This information is provided by a triggering mechanism on the EPS that

collects the current aircraft status and uploads it when the PRllE is

ready to evaluate the equations of motion again.



P
R
l
X
E

7
5
0

l
_
_
_
_
_
_
_
l

C
O
M
M
U
N
I
C
A
T
I
O
N

L
I
N
K

  

 

§
e
t

g
n
i
t
i
a
;

v
e
l
o
c
i
t
y
.

p
o
s
i
t
i
o
n

a
n
d

c
o
n
t
r
o
l

i
n
f
o
r
:

t
i
o
n

c
o
n
t
r
o
l
s

.

E
V
A
N
S

A
N
D

S
U
T
H
E
R
L
A
N
D

P
S

3
0
0

 

 

 

 
 

          

v
e
l
o
c
i
t
y

.
p
o
s
i
t
i
o
n

  

a
n
d

c
o
n
t
r
o
l
s

  

C
o
n
t
r
o
l

 

T
r
i
g
g
e
r

f
o
r

I

P
l
a
n
e
'
s

P
o
s
i
t
i
o
n

a
n
d

I
n
f
o
r
m
a
t
i
o
n

'

 
 

 

 

C
a
l
c
u
l
a
t
e

t
n
e

fl
o
t
a
t
i
o
n
:

 

 

a
;

n
o
t
i
o
n

 

  
 

A
P
L

 

 

 

s
h
r
u
g
s

I
n
r

a
i
l
e
r
o
n

r
u
d
d
e
r

e
l
e
v
a
t
o
r

t
h
r
o
t
t
l
e

 
  

 

I

v
e
l
o
c
i
t
y
l

 

C
a
l
c
u
l
a
t
e

£
5
3

E
l
e
n
a
'
s

E
o
g
i
t
i
o
n

u
s
i
n
g

a
n

E
u
l
e
r

i
n
t
e
g
r
a
t
i
o
n

 

 
 

 

a

 

 
C
a
l
c
u
l
a
t
e

t
h
e

E
l
a
n
e
'
s

I
s
l
:

1
:
7 

 

 

 

 

u
s
i
n
g

h
t
h

o
r
d
e
r

S
u
n
g
.

V
e
l
o
c
i
t
y

K
u
t
t
a

i
n
t
e
g
r
a
t
i
o
n

V
P
L

  

F
i
g
u
r
e

4
:

S
c
h
e
m
a
t
i
c

r
e
p
r
e
s
e
n
t
a
t
i
o
n

o
f

p
o
s
i
t
i
o
n

1
:
.
E
L

fl—_ —

 
  

y
p
d
a
t
e

E
l
a
n
e
'
g
[
o
s
i
t
i
o
n

i
n
E
n
v
i
g
o
g
g
g
n
t

 
 

.
_
_
.
_
_
_
_
_
J

O.

>

(I)

V.

t
h
e

v
.
1

.
.

.
A
P
,
A
p

(
1
4
)

fl

X
r
.
‘

.
X
-
r

'
X
V

'
A
t
E

“
5
)

1
4

p
"
‘

a
c
c
e
l
e
r
a
t
i
o
n

c
a
l
c
u
l
a
t
e
d

o
n

t
h
e

P
d
l
l
E

t
h
e

v
e
l
o
c
i
t
y

c
a
l
c
u
l
a
t
e
d

o
n

t
h
e

P
3
1
4
8
.

a
n
d

d
o
w
n

l
o
a
d
e
d

t
o

t
h
e

$
3
5

t
h
e

p
o
s
i
t
i
o
n

c
a
l
c
u
l
a
t
e
d

o
n

t
h
e

a
s
s
.

a
n
d

u
p

l
o
a
d
e
d

t
o

t
h
e

P
a
i
l
s

t
h
e

t
h
e

t
h
e

t
h
e

t
h
e

p
e
r

t
i
n
e

s
t
e
p

f
o
r

t
h
e

P
i
l
l
s

t
o

c
o
m
p
l
e
t
e

v
e
l
o
c
i
t
y

i
n
t
e
g
r
a
t
i
o
n

t
i
m
e

s
t
e
p

f
o
r

t
h
e

5
&
8

t
o

c
o
m
p
l
e
t
e

p
o
s
i
t
i
o
n

i
n
t
e
g
r
a
t
i
o
n

n
u
m
b
e
r

o
f

p
o
s
i
t
i
o
n

i
n
t
e
g
r
a
t
i
o
n
s

o
n
e

v
e
l
o
c
i
t
y

i
n
t
e
g
r
a
t
i
o
n
.
[
N
T
(
d
t
P
A
o
t
a
)

t
h
e

s
i
m
u
l
a
t
i
o
n

t
a
s
k

d
i
v
i
s
i
o
n

a
n
d

c
o
m
u
n
i
c
a
t
i
o
n

p
o
i
n
t
s

19



 

 

V
e
l
o
c
i
t
y

I
n
t
e
g
r
a
t
i
o
n

P
R
I
M
E

w
I

j

t
q
u
a
t
i
o
n
s

o
f

M
o
t
i
o
n

E
v
a
l
u
a
t
i
o
n

P
R
I
M
E

'\ 5%

l

 

 

I
n
f
o
r
m
a
t
i
o
n

‘
-

R
e
t
r
i
e
v
a
l

E
&

5

F11

 

 

R
e
a
d

P
o
s
i
t
i
o
n

a
n
d

4
4

C
o
n
t
r
o
l

I
n
f
o
r
m
a
t
i
o
n

P
R
I
M
E

L

V
e
l
o
c
i
t
y

T
r
a
n
s
f
o
r
m
a
t
i
o
n

P
R
I
M
E

‘
N C

1
s

V
e
l
o
c
i
t
y

T
r
a
n
s
f
e
r

E
8

5

P
'
t
i

I
t
i

e

22
5.
22
.2
33
.5
2“
?

{
—
v

v
V

v
n

v
w

 
 

P
o
s
i
t
i
o
n

I
n
t
e
g
r
a
t
i
o
n

P
R
I
M
E

F
i
g
u
r
e

5
:

T
i
m
i
n
g

a
n
d

t
r
i
g
g
e
r
i
n
g

m
e
c
h
a
n
i
s
m
s

o
f

s
i
m
u
l
a
t
i
o
n

t
a
s
k
s



21

The purpose of the velocity integration is to calculate the plane's

velocity from the equations of motion. The most suitable integration

routine is determined by the constraints on the problem. The simulation

is working in a real-time environment and there is a relatively large

time step involved; instabilities due to numerical integration technique

are quite possible. Also. the time step over which the equntions of

motion are evaluated is not fixed. due to the multiple user

configuration of the PIIIB. Therefore a high-order. variable time step

routine is necessary. The integration method which is most easily

implemented in this situntion is a fourth order Runge-Kutta:

V - V. hm. + 2x. + 2x. + r.) (16)

I. - At-NV.) (17)

I. - A:-:(v.+§r.) (18)

I. - At-t(v.+§x,) / (19)

I. - At-1(V.+ K.) (10)

where V - plane's velocity

‘i - intermediate velocity evaluation

At - time interval

A problem arises with the use of a variable time step routine. The

time step. At. is not known until the integration is complete. yet it is

needed to complete the integration. Tb resolve this problem. the time

step from the previous velocity evaluation is used. This will induce

some variation between real time and the velocity calculation. However.

it is assumed that the time steps are fairly consistent. and this effect

is negligible. The PRIIB's internal clock. with a rate of 3
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centiseconds. is used as a real-time clock for the velocity integration.

Once the velocities are calculated. this information is made

available for the evaluation of the equations of motion at the next time

step and for the position integretion. as shown in Figure 4. Before the

velocity information is sent down to the 8-8. it must be transformed

into a fixed inertial reference frame. (This trsnsformation is

discussed in Appendix A.) At this point the transformed velocities are

downloaded to the 3-8 for position integration. Recall that a

communication between the two computers during the velocity evaluation

invokes the uploading of the current control information and plane

position from the 8-8. By using this point for the triggering mechanism

the simulation is kept in synchronization; the most current information

is always used and the looping time reduced.

The objective of the position integration is to generate the flight

path of the plane from the velocity information at a rate quick enough

to make the display appear to move continuously. Tb achieve this goal

the position integration is performed entirely on the 3-8. independent A

of the user load on the PRIME. Iith this independent configuration the

time step for position integration is relatively nmall. It is

sufficient to use an Buler method of integration to calculate the

plane's position:

11 . x1-1 + Vj 'At (21)

where X - plsne's position
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By examining equation 21. it is seen that there is still a

dependence on the PRIME for velocity information in the position

calculation. To allow for the small time step necessary for display

continuity. the position integration must not wait for a new velocity.

It will. instead. use the velocity information of the previous time

step. As soon as the new velocities are calculated they are utilised in

the position integration -- a procedure which can also be seen in Figure

4 and equation 15. By isolating the position integration on the 5-8.

the display is updated in a graphically smooth manner while the velocity

update keeps the dynnmic model. velocity integration and position

integration in synchronization. A clock function on the EPS. with a

rate of 5 centiseconds. is used as the real time clock for the position

L

integration.

The final task in the simulation is the display of the flight path.

Before the position integration information can be utilized it is

necessary to describe the environment that the plane will fly in and

identify the viewpoint of the pilot. The "simulation world" consists of

a horizon. some points of reference for the pilot. and the aircraft

itself. All of these objects are defined as vector lists on the E-S.

Each of them is fixed in position with the exception of the plane. which

is able to translate and rotate in all directions. Figure 6 shows this

environment as it is depicted on the 8-8. By the definition of a

remote-controlled simulation. the pilot's viewpoint is placed slightly

above the origin of the environment. The line of sight is defined by

the vector between the pilot's eyes and the aircraft's C.I. as shown in
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Figure 7. As the plane flies through the environment. the pilot rotates

to track the aircraft's C.l.. always keeping the aircraft in the center

of the pilot's field of view. i.e.. the center of the screen.

 

Figure 6: Depiction of the simulation environment

This will present a display in which the environment appears to

translate while the plane remains fixed. The plane also changes size

with its distance from the pilot and rotates about its own axes as it

rolls. pitches and yaws.

One of the great advantages of using the Evans and Sutherland P8300

system is the firmware functions that are provided. These functions

enable a graphic transformation to be performed extremely rapidly. Use

of these functions by the flight simulator allows position information

from the integration to be used directly to update the graphic display.

(A schematic representation of these functions and how they are
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incorporated into the simulator are provided in Appendix E.)

 

   

 

 horizon -—a_'

 

\
y

X

pilot's

vieWpoint

X.Y.Z - plane position in earth coordinates

Zo - pilot's height

Figure 7: Definition of the remote-controlled pilot's line of sight



CHAPTER 4

Real-time Considerations

A stable set of differential equations. when solved numerically.

can suffer from numerical instabilities and result in incorrect

behavior. Therefore. it is necessary to discuss the magnitude of the

time step required for the simulation's numerical technique. Assuming

that the local truncation error and the error due to computer round-off

are negligible. the important factor in numerical stability is the use

of an appropiate time step.

It is necessary to evaluate the characteristic response of the

aircraft when addressing this time step problem. An insight into the

aircraft's response is gained by solving the eigenvalue problem for the

26
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equations of motion. These equations which define the dynamic model of

the aircraft are. in general. non-linear. Therefore. it is necessary to

use linearising techniques about an operating point on these equations

to find the eigenvalues [11]. The eigenvalue results are as follows:

- -o.14

l , - -1.06 t 5.31

1.', - -6.25 t.8.57

l

J

, j

. - -26.46

The eigenvalue problem was evaluated at the steady-state flight

operating point with small and large pertubation. as well as at an

Operating point other than steady-state flight. In each of the three

cases. the eigenvalues remained approximately constant.

The characteristic response of the system described by the

eigenvalues is related to the time step required for numerical stability

in the integration of these equations. For a Bunge-Kutta method the

stability requirement on the time step is [5]:

At < 2.7/max'lrl (22)

where At - time step

it - real part of the eigenvalue

This requires the time step for the simulation to be:

At < .10 see

A time evaluation of the simulation is needed to determine whether

the time step requirement can be met. The simulation process is timed



by dividing the task. into three unique functions. Each of these

functions is timed individually using dummy functions in place of the

two processes not being analyzed. A breakdown of the time analysis is:

PRIME OPERATIONS -- simulation calculation ~ 0.23 sec

-- 1/0 with 8-8 ~ 0.42 sec

E-S OPERATIONS - graphic display and

1/0 with PRIME ~ 9‘11 135

TOThL 1.12 sec

The simulation calculation includes the evaluation of the equations of

motion. integration to velocity and coordinate transformation to

earth-fixed axis. The PRIME input/output consists of the time used to

send information to the 3-8 and the time spent reading the information

sent to the screen from the 8-8. The time used by the 8-8 includes the

update of the graphics. as well as the collecting and sending of

position and control information to the PRIME.

From this time evaluation of the simulator. it is seen that the

time step required for the velocity integration cannot be met with the

current simulation system. The problem lies in the architecture of the

computer systems. The PRIME with its multiple-user configuration and

large overhead operating system does not perform efficiently in

real-time execution. A solution to the numerical instability problem

follows one of two ideas: To reduce the overall time step. or to

utilize an integration technique that will be stable at larger time

steps.
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The time step can be reduced by increasing the simulation's

priority on the operating system. This will decrease the calculation

time necessary for the PRIME. However. this time reduction will only

result in a small decrease in the total time step (the PRIME calculation

makes up 20 percent of the total time step).

By slightly modifying the simulator's architecture. more velocity

integrations can be performed in the simulation loop. As shown in

Figure 5. the PRIME waits for approximately 0.5 seconds for the

information retrieval on the 8-8. By allowing the PRIME to perform two

more velocity integrations during this information retrieval. the

critical time step is reduced by a factor of three. This idea is

demonstrated in Figure 8.

The simulation can be slowed down so that the plane no longer flies

at real time. This will give the effect of a plane with a

heavily-damped response. The simulation pilot will still retain the

control capacities of the aircraft. The major drawback is a limited

sense of realism with the slowed time step.

The loop time was reduced to a satisfactory range by incorporating

the above changes into the flight simulation. Perhaps a different

integration technique could be employed to yield a stable integration

process without the slow-motion factor. An in-depth real-time anelysis/

numerical stability study would be required to optimize the order and

time step of the integration.
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CHAPTER 5

Conclusions

The dynamics of an aircraft were modeled mathematically using the

fundamentals of aerodynamics and mechanics. This model incorporated

four main aircraft controls -- throttle. aileron. elevator and rudder --

to provide directional control.

A simulation algorithm which utilizes the dynamic model was

developed to visualize the flight path from the point of view of a fixed

ground observer. The current looping time of approximately 1.2 seconds.

resulting in an unstable numerical evaluation of the equations of

motion. prevented the simulation from operating at real time. This long

looping time was attributed to the multiple-user configuration of the

31
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PRIME and the communication link between the EPS and the PRIME.

An evaluation of the characteristic response of the equations of

motion suggests that a looping time of 0.1 seconds is required for a

stable integration using the present technique. The simulator was

modified to utilise increased priority on the Operating system. multiple

integrations per simulation loop and a slower-thanrreal-time operation

to correct for the large looping time difficulities.

Future work on refining the integration technique and/or the speed

of communication between the two systems could increase the speed of

response of the simulation. This would result in the real-time

operation of the remote-controlled flight simulator.
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APPENDICES



APPENDIX A

Coordinate Transformations

Coordinate transformations play an important role in the

development of a flight simulator. There are three instances when a

coordinate transformation occurs. They are I) to align the relative

wind with the force element axes. 2) to transform the linear velocities

from body coordinates to earth coordinates. and 3) to transform the

angular velocities from body coordinates to earth coordinates. The

first two situations are actually the same transformation using

different angles of rotation. For the relative wind transformation. the

rotation angles are defined by the dihedral. washout and sweep of the

airfoil. Once the plane is defined. this transformation remains the

same. For the second case the rotation angles are defined by the roll.
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pitch and yaw angles of the plane relative to the earth. These angles

are always changing during the plane's flight. This type of a

coordinate transformation requires an ordered rotation about 3 axes [2].

The initial orientation 18 ngyga; and it is desired to end in nyz. To

perform this transformation the following rotations are applied.

 
Figure A1: Axis systems used for coordinate transformations

1) a rotation 1 about Oz1 carrying the axes to Cx.y,z,

2) a rotation 9 about 0y, carrying the axes to Cx,y.z,

3) a rotation 0 about Dr, cgrrying yhe axes to Cryz
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In matrix form this transformation is as follows:

U' T(1.1) T(I.2) T(l.3) U

V' = T(2.1) T(2.2) T(2.3) V (A1)

M' T(3.I) T(3.2) T(3.3) I

where T(I.l) I OOS(O)-COS(1)

T(2.1) I CDS(0)-SIN(1)

T(3.l) I -SIN(7)

T(I.2) ' SIN(¢)-SIN(O)°CDS(7) ' COS(¢)'SIN(1)

T(2.2) I SIN(¢)-SIN(0)'SIN(7) + COS(¢)°(I)S(7)

T(3.2) I SIN(O)-COS(O)

T(1.3) " mS(¢)-SIN(O)-m8(1) 4’ SINICI-SIIHY)

T(2.3) I mS(O)-SIN(O)-SIN(1) - SIN(O)-(I)S(7)

T(3.3) I COS(¢)-COS(O)

For the relative wind calculation:

0 I dihedral angle

6 I washout angle

7 I sweep angle

For the linear velocity transformation the Euler angle would be used:

0 I roll angle

0 I pitch angle

7 I yaw angle

For the rotational velocity transformation the angular velocity

components (P.Q.R) of the plane must be represented in terms of the

Euler angles (0.0.1) and their derivatives (0.0.;) [2]. Let (i.j.k) be

unit vectors with subscripts 1.2.3 denoting direction. The angular

velocity can be defined as

U - 16 + jgé + kaé (A2)
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By projecting this onto ny2 and ruembering that

m I iP'+ jQ + kR (A3)

The angular velocities are defined:

P - 97 - i-snue) (A4)

a - e-oosm + i-oosmz-smm (A5)

a - i-cosm-cosm - e-smm) (A6)

Solving the above equations for the derivatives of the Euler

yields:

é - 19 + Q-SIN(O)-TAN(O) + n-oos(c)-rm(e) (A7)

o-mmmm-ncmw) (m)

i - (msmm + a-oost/cosm) (A9)

In matrix form this transformation is as follows:

1 3mm) -m(o) cosm owe) p ,

0 008(0) -SIN (O) 0 (A10)

0 SIN(¢)/COS(O) COS(¢)/COS(O) R

d
o
0
0
.
.

'

angles



APPENDIX B

Force Generation Tables
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APPENDIX C

Aircraft Layout

A complete data set of the necessary information of a specific

light aircraft could not be found. Therefore. the parameters which

define the simulation aircraft come from a variety of sources

[6II7II9JII2]. All of the data collected were typical of a light

commerical plane. The following table presents the important parameters

of the plane. Figure CI gives the dimensions to the line of action for

the various force generating elements. The line of action for the

powerplant lies along the longitudinal axis (x axis) of the plane.
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Inertial Earaeeaera

Weight 2645 lbs.

Ixx 948 slugs-ft3

Iyy 1346 slugs-ft,

Ill 1967 slugs-fta

In 0 slugs-ftz

Aigfoil Sgctiog Pgrgmgtegg

Main 'ing (inner) Elevator

span 12.0 ft span 6.0 ft

chord 5.30 ft chord 3.50 ft

dihedral 3.00' dihedral 0.00'

washout 1.25' washout 0.00.

sweep 0.00' sweep 0.00'

Main Ming (outer) Rudder

span 5.90 ft span 4.00 ft

chord 4.20 ft chord 3.00 ft

dihedral 3.00“ dihedral o.oo°

washout 0.00. washout 0.00°

sweep 0.00' sveep 0.00'



46

 

 

 

 

 

  
 

   
  

 

 

 

 
   

   

 

 
 
 

 

DATUM -
_ A - , T A X“:

6.72 7.lS
Y

8.0

l I l

4L~+- l J.eL__ I -+- l I.
I ‘ ____JL I

l I” :
I

I I T

2I.O

V + \ +

DATUM

ne— ISO 3.

r—GD—a

F

225   
 

 

  

Figure CI. Dimensions to the line of actions for a light aircraft



APPENDIX D

DIFFEQ Verification

The purpose of using DIFFEQ is to show that the equations of motion

derived do. in fact. characterise the dynamics of an aircraft. Using a

simulation package will remove the possibility of numerical

instabilities that can occur in a real-time simulation. To check the

equations of motion. four different flight conditions were used -

steady-state flight. elevator-controlled flight. aileron-controlled

flight. and rudder-controlled flight. These four conditions give an

insight into the dynamic stability of the aircraft as well as the

performance of the controls.. Because the controls are implemented

numerically without any feedback. it is difficult to perform complex

controlled maneuvers with the DIFFEO simulation. The graphic results
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and a brief description of each flight condition follows.

WM

In this flight condition the plane was started with a longitudinal

velocity slightly higher than steady-state. and the controls were

trimmed for steady-state flight. The plane pitched upwards and gained

altitude to lose speed. It passed through equilibrium. showed a slight

stall. and pitched downward to gain back speed. The plane repeated this

motion until the pertubations were damped out. The plane continued at

its new equilibrium position in steady flight. As expected. there is no

coupling of the longitudinal or vertical motion into the lateral motion.

Warwlih

In this flight situation the aircraft was trimmed for steady-state

flight. then an asymptotic upward elevator deflection was input. The

plane started pitching upward and climbing. A transient oscillation was

observed due to the control input. This died out and the plane

continued its climb at a new angle of attack. The plane was observed to

perform a gravity stall when the elevator input was maintained and the

angle of attack of the plane increased past a critical point. No

coupling of longitudinal and lateral motion was observed during this

symmetric maneuver.
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The plane was initialized to steady-state flight. The ailerons

were applied in an asymptotic manner. The plane began to roll. and lose

altitude due to resultant vertical lift losses. A resultant lateral

lift gain accompanied the bank. and the plane began to yaw. After a

period of time. the aircraft had turned through 180 degrees. In this

flight condition a coupling between the lateral and longitudinal motions

was seen. The roll initiated a yaw motion as well as a pitch motion and

a loss of altitude.

WElia—ht

The plane was started at steady-state flight. The rudder was

applied in an asymptotic manner. This resulted in a yaw velocity. and

the plane began to turn. The plane experienced a roll and pitch due the

cross coupling of the lateral motion into the longitudinal motion. The

plane continued to turn through 180 degrees. From this examination. it

is seen that the motion produced by the rudder is very similar to that

produced by the aileron.
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APPENDIX E

Evans and Sutherland Display Function Network

Figure El outlines the functions performed by the 8-8 for the

position integration and simulation display. Each of the blocks

represents a firmware function or set of functions. The name(s) above

each identify the variable used in the E—S programs. A brief

description of the network follows.

The velocities are downloaded from the PRIME were they are stored

in a variable. IJNVEL or ROTVEL. on the E-S. A clock system triggers

these velocities to be sent to the position integrators. The clock

triggers a velocity transfer at a rate of ten transfers per second.

Because an Euler integration method is used for position integration. an
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accumulation function is used as the integrator. This accumulator

scales the velocities by the appropriate time step and sums it with the

last position information. The equation for the integration is as

follows:

xi = viAt + xi_1 (E1)

The linear information is sent down three branches. The first

branch updates the variables used for position feedback to the PRIME.

The second branch is connected to the E-S display structure. The third

branch is connected to a function that calculates the new viewpoint

matrix. looking at the position where the plane has been translated to

in branch two. This viewing matrix updates the E-S display structure.

The angular information is split into components -- roll. pitch and

yaw. This information is sent down two branches. The first branch

updates the variables used for position feedback to the PRIME. The

second branch calculates the rotation matrices from the given angles.

These rotation matrices are used to update the plane's angular position

in the 8-8 display structure.
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APPENDIX F

S imul a ti on Ccmputor Code
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Insert Fil e Name

ACELCM

ANGPCM

CTRLCI

FRCCM

INTECM

PARMSCM

PLANECM

EVECM

TABLCM

VECM

Common Block

ACCEL

POSITION

CON'IRG.

FORCE

INTKIR

PARA!

RMA'RIX

'IRACKX

INDTIA

OUT'ING (W)

INN'ING (V)

ELEVATO (E)

RUDDER (R)

WGROP

RENE.

TABLE

VEOCITT

69

Common Variabl e Identi f ica ti on

Variables

ugugngAl-Ieuim

PX.PY.PZ.PL.PM.IN.ESPX.

ESPY.ESPZ. ESPL.BPM.ESPN

PSPED.WCSA.ECSA.RCSA

X.!.Z.L.M.N

VPL(1:6).POS(1:6).DT.TI.

D.IRATE.NUMmT. IRESET

PI. REOFZ . T. REOPDIA4 .

C'DI . CEDI

nov.n.ov.'mlv.n.n.

'IRH..'II.H..TRU

LXRW.LXLW.LXRI'.LXLI'.

- LXRH...LXLH..LXRU.LXTE

IXX. m. IZZ.MASS.'GT

B. C.X. Y.Z.DEA.'EA. S'A

B. C.X. Y.Z.DEA.'EA. S'A

B.C.X.Y.Z.DEA.'EA.SIA

B. C. X. Y.Z.DEA.'EA. “A

PDIA.EIGDIA.XAREA

UR.VR.'R

XAAVL. TAAVL. XLVD . YLVD .

XAAVII. YAAVM. XJVT. YJVT

U.V.'.P.Q.R
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PRNRAII MSUSIM

gDCCCCCCCC PROGRAM DESGIPI'ION CCch

C This is the driver program for the remote-controlled

c flight simulation

C ~ C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

CVCCCCCCCC VARIABLE IDHVTIFICATION CCCCCCCS

IDBG - creates D-UG output files

0- no D-UGGING output

1- force DEBUGGING out at

2- acceleration and vs ocity DEBUGGING output

IRATE - the slow motion factor

NUMINT - the number of velocity integrations on the PRIME

per one simulation loop

GTMODE - current mode of operation for simulation

NEMDDE - new mode of operation for simulation

T1 - beginning time value of time step

T2 - en ing t me value of time step

---- COMIDN BLOCKS ----

INTECM C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

CSCCCCCCC mm AND STORAGE BLOC! BLOCK 000g

cINSERT ID58 >SUI4 )S IMULATE. DIR )INSHT. DIR >INTECM

CHARACTER NEINDE‘I.QTI)DE‘1

INTEGER IDBG.I

EXTERNAL PSFILE. PSGRAF. PSTERM. TOPRIM. INPSET. INTSET. POSSET

EHERNAL PARISET.RESET.TIME.REPEAT.INTE

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gICCCCCCCC INITIALIZATION BLOCK BLOCK 0103

IDBG I 0

IRATE I 12

NUMINT I 3

C (ITIDDE I 'E'

S<<<<< INITIALIZE THE PARAMETERS >)))>

C CALL PARIBET

S<<<<< 'RITE HEADER >>>>>

D0 10 I I 1.14

PRINT ‘. '

IO C(MVTINUE

o
n
n
n
n
o
n
o
o
o
o
o
o
o
o
n
n

.0.0.0COOOCOOOOOOOOCOCOOOOOOOCOOOO0. '

“INT 0: ' 00.000.000.000...COCOOOCOCOCOCOOCCOO'

. ' O. ..r

PRET 9: ' 0‘ MSU eev

PRINT e.' ” amm—ooumoum u:

fig}. :.: :: FLIGHT SIMULATION :3

”INT 0: ' 0.00000...0.COCOOCOOOOOCOOOOOOOOOOOO '

“INT 0. ' .‘OOOCOOOOOOOQOOOOOOCOCOOOCOOOOOOOOO '

C

C<<<<< PROMPT FOR SIWLATION HIDE ))>))

C

1000 PRINT ‘.' '

RI'N‘T :.:lhich flight simulation options would you like?’
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PRINT I .‘(D)emonstration mode or (F)light mode or (E)xit'

READ". '(A)' )NE'IDDE

C

C((<<( PAGE ms SGEEV >))>>

DO 20 I I 1.23

PRINT ‘.'

:0 CONTINUE

C((((< (EEC! FOR VALID RBPONSE ))>))

IF((NE'IDDE. NE.'D' ). AND. (NEIUDE. NE. 'F')) mm

IF(NE!:£3E.EQH'E') GOTO 3000

I

BIDIF

C

C<<<<( CHECK TO SEE IF CURREVT HIDE AND NEI HIDE MATCH )>>))

IF(NBIM)DE. E0.'D') TEE!

IF(CRTIM)DE. EQ.'D' ) TBBV

ELSERINT'I .'Tou are already in DE” mode'

PRINT I .'The EBS is initializing its function networks'

PRINT Please waitl'

CALL PSFILE(' ID58 )SUI4)SIMULATE. DIR>FLIGET_SIM')

CRTIDDE I NEMIDDE

ENDIF

0010 1000

EVDIF

C

C<(<<( RBET BBS RWTINE FOR NE! HIDE >))>>

IF(NE'IIM)DE. NE. (RMDE) mm

PRINT 'The EBS is initializing its function networks'

RINT‘ Please wait!’

CALL PSGRAF

IF(CRTUDE.m.'D') TERI

PRINT ‘. 'SBID FALSE TO <6>ROTCLE;'

EVDIF

PRINT I .:'INIT '

PRINT ‘1';ng FALSE TO <1>IARNINO;'

ET

CALL PSFILE(' ID58 >SUI4)SIWLATE. DIR)BIVIR(N DEF')

CALL PSFILE(' ID58 )SUI4)SIMULATE. DIR)SIM_REW'IE')

CAL PSTERM

(STUDE I NHUDE

EVDIF

C

g<<<<< RESET THE PLANE'S POSITION >>>>>

CALL RBET

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

CPCCCCCCCC PROCESS BLOCK - BLOCK 0200:

S<<<<< START FORCE GEVBATIW ROUTINE D») C

C CALL TIME (T1 )

C<(<<< PERFORM 4th QDER RUME-XUTTA ))>))

2000 CALL REPEAT(IDBG)

§<((<< READ TEE CURRBIT TIME VALUE )))>)
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CALL TIME (T2)

<< INTERATE TO VEOCITY AND START POSITION INTEGRATOR )>

<< T1 is set to T2 at the end of this subroutine ))

CALL INTE

(<<<< CHECK FOR RBET FLAG >>>>>

-- false is reset -- true is continue ---

IF(.NOT.IRESET) GOTO 1000

<<<<< REPEAT FORCE GENERATION ROUTINE >>>>>

GOTO 2000

<(<<( END OF SIIIJLATION DRIVER PROGRAI

000 CALL PSGRAF

IF((1TIDDE.EQ.'D') T384

ESE PRINT ‘. 'smn FALSE TD (6>ROTCLK:'

PRINT I.'SBID FALSE TD <6)POSCLK;'

EDIE

PRINT I. 'INIT; '

CALL PSTERM

BID

A
A

A
A

A
A >))

)))

“
0
0
0

0
0
0

0
0
0
0
0

0
0
0
0
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SDCCCCCCCC SUEROOTINE DESQIPTION CSCCC

c This subroutine is called at the startup of the ogran

c and calculates all of the necessary paraneters at

c are fired once the plane leanetry is defined in

C the plane connon block (P ANECM) C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCE

c nuae definition where used

c

c PI - 3.14159

c RRO - .00238

c REOF2 - rho/2. HFORCE.VFORCE

c CIDI - piI2.I(0IB+lB) DRAG

c CEDI - piI2.IflB DRAG

c TRO'(3.3)- rotation REL'ND

c TRII(3.3)- natrices RELIND

c TLI'(3.3)- REL'ND

c TREL(3.3)- for RELIND

c TRD(3.3) - relative wind RELIND

c

C these values are read from the plane data block (PLANEDAT)
 

outer wing dihedral an le

outer wing washout ang e

outer wing sweefi angle

inner wing dihe ral an le

inner wing washout ang e

inner wins sweep angle

elevator ihedral an le

elevator washout ang e

elevator sweep angle

rudder dihedral an le

rudder washout ang e

rudder sweep angle

--- COMMON BLOCKS --'--

23
e

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

‘ p

PLANECI.PARMSCM

cCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

ESCCCCCCC ENTRY AND STORAGE BLOCK BLOCK 0003

SUEROUTINE PARMSET

INSET ID58 >8014 )SIMIILATE. DIR )INSERT. DIR )PLANECM

INSERT'ID58>SDI4)SIMDLATE.DIR)INSERT.DIR)PARMSCM

C INTRINSIC ATAN2.SIN.COS C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gICCCCCCCC INITIALIZATION BLOCK BLOCK 010g

REO - .00238

PI - AIAN2(1..0.) I 2.

REOF2 - EEO/2.

REOPDIAA - REO I (PDIAII4.)

CIDI 8 PI I (2. I (OWE + 'B))II2.

CEDI - PI I (2. I EE)II2.

right outer wing rotation matrix ----

'IRW 1.1) I mS(O'IEA)ICOS(OISIA)

TROI 2.1) I COS(OI'EA)ISIN(OISIA)

 

c

c-
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TROI(3.1) I -SIN(0IIEA)

TRO'(1.2) I SIN(-0IDEA)ISIN(Ol'EAPCOSW'S'A)

5 COS(-WDEA)ISIN(OWSWA)

TROI(2.2) I SIN(-OIDEA)ISIN(OWWEAPSINWISWA)

i COS(-(NDEA)ICOS(OWSWA)

TRW(3.2) I SIN(-OIDEA)ICOS(OVWEA)

TRO'(1.3) I COS(-O'DEA)ISIN(OWNEAPCOSWISIA)

i SIN (-OVIDEA)ISIN (OWSWA)

TROl(2.3) I COS(-OIDEA)ISIN(OWWEA)ISIN(OWSIA)

SIN (-OIDEA) ICOS (OISWA)

TRO'(3.3) I COS(-0WDEA)ICOS(0WWEA)

c

c---- left outer wing rotation natrix -----

TLW(1.1) I cosmwwnmscosvowsu)

TLW(2.1) I COS(OIWEA)ISIN(-OISIA)

TLO'(3.1) I -SIN(0"EA)

TLOI(1.2) I SIN(0'DEA)ISIN(OIIEA)ICOS(-WSIA)

$ COS(0WDRA)ISIN(-OWSWA)

TLWUJ) I SIN(OWDEA)ISIN(OIWEA)ISIN(-WS'A)

i COS(0WDEA)ICOS(-OVSWA)

TLOl(3.2) I SIN (OWDEA)ICOS(0WWEA)

TLWUJ) I oosmwnnmssm OWWEA)ICOS(-OIS'A)

S]N(O'DEA)ISIN -OISWA

nova.” I cos OWDEA)ISIN(OWWEA)ISIN(-OISIA)

SIN OIDRA)IOOS(-OWSWA)

TLO'(3.3) I COS(OWDEA)ICOS(OIWEA)

: right inner wing rotation natrix ---

c 'me(1.1) I ooswvnncosusu)

TRI‘(2.1) I oosuwnussmusu)

TRII(3.1) I -SIN("EA)

nnum I SIN(-'DEA)ISIN("EA)ICOS(ISIA) '-

com-mumssm (WSWA)

TRII(2.2) I SIN(-VDEA)ISIN("EA)ISIN(ISIA) 4'

cos (-'DEA) ICOS (IS!A)

TRI'(3.2) I SIN(-WDEA)ICOS("EA)

EII(1.3) I COS -WDEA)ISINEWEA;ICOS(ISIA) +

SIN -'DEA)ISIN WSIA

TRII(2.3) I mS(-WDEA)ISIN("EA)ISIN(WSIA) -

SIN (-IDEA) ICOS (IS'A)

TRII(3.3) I com-mauscomnu)

g--- left inner wing rotation natrir ----

11.1'(1.1) I oomnnmscosvwsu)

11.11”.“ I COS("EA)ISIN(-ISIA)

TLII(3.1) I -SIN(IIEA)

TLI'(1.2) I SIN(WDEA)ISIN("EA)ICOS(-ISIA) '-

COS(WDEA)ISIN (-ISIA)

TLI'(2.2) I SIN(WDEA)ISIN("EA)ISIN(-WSIA) +

COS(WDEA)ICOS(-WSIA)

‘lLI'(3.2) I SIN(WDEA)ICOS("HA)

TLII(1.3) I COS('DEA)ISIN("EA)ICOS(-WSIA) +

% SIN(WDEA)ISIN(-WSWA)

nmzm I COS(WDEA)ISIN(WEA)ISIN(-ISWA) ..

i SIN (WDEA)ICOS(-ISW)

nl'(3.3) I COS(VDEA)ICOS("EA)

: right elevator rotation matrix ----

o

'IRH.(1.1) I COS(EIEA)ICOS(ES'A)
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'IRH.(2.1) I oosmwamssmmsu)

TRfl.(3.1) I ISIN(E'EA)

REAL” I SIN(IIEA)ISIN(E'EA)ICOS(ES'A)

$ COS(IIEA) ISIN (ESWA)

IRE.(2.2) I SIN(IIEA)ISIN(EIEA)ISIN(ES'A)

I COS(IIEA)ICOS(ESIA)

TREL(3.2) I SIN(IIEA)ICOS(E'EA)

13341.3) I mS(IIEA)ISIN(EIEA)ICOS(ES'A)

i SIN (IIEA) ISDI (ES'A)

'IRE.(2.3) I COS(IIEA)ISIN(E'EA)ISIN(ESIA) I

S SIN (IEDEA) ICOS (ESIA)

13343.3) I (DS(IIEA)ICOS(EIEA)

c

cIII-I left elevator rotation natrix .._.-

 
 

TIE. 1.1) I COS(EVEA)ICOS(IES'A

11.81. 2.1) I COS(E'EA)ISIN(IES'A

REL 3.1) I ISIN(EIEA)

11.3141.» I SIN(EDEA)Ism(EIEA)ICOS(-ESIA) I

COS (EDEA) ISIN (IES'A)

na.(2.2) I SIN(EDEA)ISIN(EIEA)ISIN(IESIA) +

COS (EDEA) ICOS ( IESIA)

‘n.EL(3.2) I SIN(EDRA)ICOS(EIEA)

TLEL(1.3) I oosmnnn-smmwmwcou-asu) +

i SIN (EDEA)ISIN (IES A)

nun.” I cos EDEA)ISIN(EIEA)ISIN(IES!A) I

SIN EDEA)ICOS(IESIA)

TLEL(3.3) I COS(EDEA)ICOS(EIEA)

: rudder rotation matrix

° mum - cosmmooos nsu)
nu 2.1 I oosmwunsm RSIA)

130 3.1) I ISIN(RIEA)

‘lRD(l.2) I SIN(RDEA)ISIN(RIEA)ICOS(RSIA) I

9. 008 (RDEA) ISIN (RSVA)

mm.» I SIN(RDEA)ISIN(RIEA)ISIN(RSIA) +

'5 COS(RDEA)ICOS(RSIA)

‘lRE(3.2) I SIN (RDEA)IOOS(RIEA)

TRU(1.3) I mS(RDEA)ISIN(RIEA)ICOS(RSIA) +

$ SIN (RDHAPSIMRSI)

TRU(2.3) I 008 RDEA)ISIN(RWEA)ISIN(RSIA) I

i SIN RDEA)ICOS(RSWA)

C 'IRU(3.3) I mS(RDEA)IOOS(RlEA)

C(<<<< SET TEE DISTANCE FROM FORCE EENENT TO C.G. )>>)>

EI—I- OUTER IING .....-

aux I 1.28

(I! I 15.0

C 012- -.2 25

g...— INNER VINO _......-

vx I .85

I! I 6.0

C ‘2 I -2.25

83...... EEVA‘IOR .......-

EX I -13.0

E! I 3.0

a I 0.0

C

CI—II RDDDER IIIII
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C

EU! I I13.0

RE! I 0.0

C RUZ I I0.00 C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

RETURN

END

c

cccccccccc Subroutine Description cccccc

c c

c This subroutine use EFORCE and TRNFRC to find the

c sum of the forces on the airplane.

c c

ccccccccccccceccccccccccccccccccccccccccccccccccccccccccccccccc

c c

eVeccccccc Variable Identification cccc

c c

c E I win s n (ft)

c C I chogd ’.ft)

c EX.E!.E I elevator moment arms (ft)

c L. N I noments about the planes c.g. (ftIlbf)

c RX.RY.RZ I rudder moment arns ft)

c U. ,I I velocity ccnponents (ft/sec)

c '1.‘ .l2 I nain wing moment arms t

c 1.1.2 I forces at the planes c.g. (lbf)

c I IFT I lift due to wing (lbf)

c Eur-'1‘ Inn due to elevator (lbt)

c IFLG I debug flag

c OICSA I outer wing control surface angle

o ECSA.I elevator control surface angle

c RCSA I rudder control surface an le

c 01.01.02 I linear forces used for D 06 routine

8 .0M. I rotational forces used for DEBUG routine

gIIIII COMMON BLOCKS III--

C FRCCI.VELCI.RVELCI.CTRLCI.PLANECM.ANGPCM.PARMSCM

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

cccccccccc Entry and Storage Block BLOCK 0000

c

SUEROUTINE NECESUFLG)

INSERT'ID58)SU14)SIMULATE.DIR)INSERT.DIR)FRCCM

INSIT ID58 >SU14 )S IMULATE. DIR >IN SERT. DIR )VECM

INSIT ID58 )SU14 )SIMULATE. DIR )INSERT. DIR >RVELCM

INSIT ID58 )SU14>S IMULATE. DIR >INSIT. DIR )CTRLCM

INSERT ID58 )SU14)SIMULATE. DIR >INSIT. DIR )PLANECM

INSIT ID58 )SU14 )SIMULATE. DIR )INSERT. DIR )ANGPCM

CINSERT ID58)SU14>SIMULATE.DIR)INSERT.DIR>PARMSCM

REAL L'X.LIZ.LWM.LOIX.LOIZ

REAL LOIM.LEX.LEZ.LEM

REAL RIX.RIZ.RIM.ROIX.ROIZ.ROIM

REAL REX,REZ.REM.RX.RY.RN

RENL WLIFT.ELIFT

REAL OX.OY.OZ.0L.OI.0N.ZERO

INTEGER IFLG
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INTRINSIC SIN.COS.AIAN2

EXTERNAL RELIND.EFORCE.TRNFRC.TRACX.VFORCE.IEIGET

EXTERNAL TERUST.DRAG

C

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

cIeccccccc Initialization Block BLOC! 0100

C

g<<<<< RESET RELATIVE AND TOTAL FORCES )))>)

Z
I
I
‘
N
H
N

I
I

I
I

I
I

0
0
0
0

O

8
3
3
8
3
3

I
I

I
I

I

O

I
O
O
O
O
O
O
-

e
o

e
e

e

ZERO 0.

c

cPccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

cPcccccccc Process Block BLOCK 0200

c

c<<<<< inner main wing force calculation )>))>

CIII right III

CALL RELIND TRII.IX.IY.IZ)

CALL EFORCE ZERO.RIZ.RIX.RII.IC.IE.'IRI'.LXRII)

CALL TRNFRC(IX.IY.IZ.RIX.ZERO.RIZ.ZERO.RIM.ZERO)

cIII left III

CALL RELIND TLII. IX. IIY. IZ)

CALL EFORCE ZERO. LIZ. LIX. LIM. IC. IE. 'ILI' .LXLII)

CALL TRNFRC(IX. III. IZ. LIX.ZERO. LIZ. ZERO. LII. ZERO)

c<<<<< outer main wing force calculation >>>>>

cI-I right III

e

CALL RELIND(TROI. OIX.OIY. OIZ)

CALL EFORCE(OICSA. ROIZ. ROIX. ROIM. OIC. OIB. 'ORI' .LXROI)

CALL TRNFRC(OIX.OIY. OIL ROIX.ZERO. RUIZ. ZERO. ROIM. ZERO)

C

c--- left III

c

CALL RELIND(TLOI. OIX. IOIY. OIZ)

CALL EFORCE(IOICSA. LOIL LOIX. LOIM. OIC. OIB. '0LI'.LXLOI)

CALL TRNFRC(OIX.IOIL OIZ. LOIX. ZERO. LOIZ..ZEROSLOIM.ZER0)

C CALL TRACHOX. 0!. OZ. (1.. Oil. (NH IING 'G.IFL

C ILIFT I Z

c<<<<< elevator force calculation )>>>>

CIII right III

0

CALL R3.IND(TR3.. ELEY.fl)

CALL EEORCE ECSA. REZ. REX. REM

CALL.TRNFRC EX.EL EZ.REL ZER

C

c--- left III

c

CALL RELIND(TL

. C.EB. 'REL' .LXREL)

O. REZ.ZERO. REM. ZERO)

[
5

CALL EFORCE(ECSA:LEZ.LEX.LEI.EC.I.'LH.’.LXLPL)

CALL mnmcmx. -a!.iz.m.zmo. EZ.ZFR .m.zmo>

CALL nAcuox. y.oz.a..ou.ou.'n.EVAmn'.mLc)
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C ELIFT I Z I ILIFT

c<<<<< rudder force calculation )>>)>

c

CALL RELINNTRLRULRULRUZ)

CALL VFORCE<RCSA.RY.RX.RN.RC.RB. 'nun' .LnU)

CALL numemuxmumnuzmxmr.zmo.zmo.zmo RN)

CALL nAcr(ox.ox.oz.oL.ou.m.'nunnen 2mm)

c

c<<<<< add in weight and thrust effects >)>)>

c

CALL unem-

CALL TRACK(OX.OY.OZ.G..OM.QI.'IEIGET '.IFLG)

CALL mausr ('TER'.LXTE)

CALL 'IRACR(0X.0Y.OZ.OL ou.ou.'mnus'r anew)

CALL DRAG (“151.51.11.15

CALL nAcr (ox.or.oz.aL.ou.oN.'nnAc umc)

“3.33““

ccccccccc Subroutine Description cccccc

c

This subroutine uill take the appropriate velocities

from the summation of forces to compute the local

forces at each horizontal flyin surface. It uses

a table lookup scheme to find t e necessary wing

characteristics (CL.CD.CM). It also assumes a

constant density of air.

c

cccccccccccccccccccccccccccccccccccccccceccccccccccccccccccccc

c

Vcccccccc Variable Identification cccc

c

wing span (ft)

chord of wing (ft)

drag coeffic ent

lift coefficient

moment coefficient

-control surface angle (radians)

drag force (lbf)

lift force (lbf)

moment produced by forces above (ftIlbf)

dynamic pressure (lbf/ftII2

density of air (slugs/ftII3

REOF2 I RED/2.

UR I relative velocity in x direction ft/sec;

IR I relative velocity in z direction ft/sec

LAST! I values of ALFA or (I. used in previous 11.00!

8
O

>

l
l
l
l
l
l
l
l
l
l
l

n
o
o
o
n
o
o
o
o
o
o
o
o
o
o
o
o

I

8 § 5 i I

RVELCM.PARMSCI

c c

ccccccccccccccccccccccceccccccccccccccccccccccccccccccccccccccc

c c

cccccccccc Entry and Storage Block BLOCK 0000

SUEROUTTNE EFORCE(CSA.LIFT.DRAG.MDM.C.B.IDENT.LASTX)

c c

C000606060CCCOCOOCOCOCOCCOCCCOOOOCCCCOOCCCCCCOOCCCCCCCCCCCCOCCC
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c c

cIcccccccc Initialization Block BLOCK 0100

c

INSET ID58 >8014>SIIILATE. DIR )IN S-T. DIR >RVECH

CIN SHIT ID58 )8014)8DIILATE. DIE )INBERT. DIR >PARISCII

REAL ALFA.ALFAO n.c.cu.CL.an.csA.nnAc.Ln-'r.mu.nmp.s

INTEGER LAsnuS

annAcrEn mam-3

mnmsxc Amaz.sm.cos

EXTERNAL noon

0 0

cPccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

cPcccccccc Process Block BLOC! 0200

c A c

c calculate the dynuaic pressure and effective wing area

c

c<<<<< SET IAXIIOI VELOCITY >>>>>

c

IF(UR. GT. 100000. ) THEN

URI 00000.

ENDIF

IF(IB.GT.1000OO.) THEN

I! I 10 00.

ENDIF

calculate the dynamic pressure and effective wing area

DYNP I “0172.03.03 + IBOFZ‘IR'II

8 I B‘C

calculate the true angle of incidence

IF((II........NO)AND(OIBQO))'mm

ALFAIOI.0

E88 ALFA I (ALFAO + C8A)‘$7.296

ALFAO I ATANZ('I. DI)

ALFA I (ALFAO + C8A)‘57.296

NDIF

use the lockup routine to find CD. (1.. C)!

(II 'ILOOK 'LIFI" HALFA IDEIT. LASTX(1))

CII ‘ILOOK 'UIE' .ALFA.IDmT. LASTXUH

CD I 'ILOOK 'NAG'JIL. IDENT. LASTXBH

calculate the lift. drag. and moments in body ccords

force I coefficient dynamic pressure I effective area

DRAG I I(ICL‘SIN(ALFAO) + CDICOS(ALFAO))‘DYNPIS

LIFT I I(CL‘COS(ALFAO) + CD‘SINMLFAOH‘DYNPIS

”I I ICH‘DYNP‘S‘C

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c

RETURN

BID
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cccccccccc Subroutine Description cccccc

c c

c This subroutine will take the apprcpriate velocities

c from the summation of forces to compute the local

c forces at each vertical flying surface. It uses

c a table lockup scheme to find the necessary wing

c characteristics (CL.CD.CN). It also assumes a

c constant density of air.

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

chccccccc Variable Identification cccc

c c

c E I wing span (ft)

c C I chord of win (ft)

c CD I drag coeffic ent

c CL I lift coefficient

c CI I moment coefficient

c CSA I control surface angle (radians)

c D I drag force (lbf

c L I lift force (lbf

c I I moment produced by forces above (ft‘lbf)

c DYNP I dynamic pressure (lbf/ftIIZ)

c RBO I density of air (slugs/ft‘I3)

C REOFZ I EEO/2.

c OR I relative velocity in x direction (ft/sec)

c VR I relative velocity in y direction (ft/sec)

3 LAST! I values of ALFA or CL used in previucs TLOOK

CIIIII COIHON BLOCKS IIIII

C

C RVELCI.ENRISCI

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

cccccccccc Entry and Storage Block BLOC! 0000

SURROUTINE VFORCE (CSA. LIFT. NAG. III. C. B. IDENT. LAST!)

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

cIcccccccc Initialization Block BLOCK 0100

c

INSERT 1058)8014)SINULATE.DIR)INSERTLDIR>RVELCI

cIN SER’I' IDSS )SUI4)SIULATE. DIR >INSB'I'. DIR >PARNSCN

REAL ALFA.ALFAO.B,C.CD.CL.CI.CSA.D!NP.S.SIGN

REAL LIFT.DRAG.IDN

INTEGER LAST1(3)

CHARACTER IDENT‘3

INTRINSIC ATAN2.ABS.SIN.COS

EXTERNAL TLOOK

c c

cPccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

cPcccccccc Process Block BLOCK 0200

c c

c<<<<< SET IAXIIDI VELOCITY >>>>>

IF(UR.GT.100000. THEN

OR I 100000.

ENDIF

IF(VR.GT.100000.) TEEN

V! I 100000.

ENDIF

c

c calculate the dynamic pressure and effective wing area

DINP I RHOFZ'UR‘UR + RHOFZ‘VR‘VR

S I B‘C
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c

c calculate the true angle of incidence

IF((VRemQOe) emu. (“Rem-0e)’ mm

ALFAO I O 0

use ALFA - (ALFAO + CSA)‘57.296

ALFAO - ATIN2(VR.UR;

ALFA - (ALFAO + CSA ‘57.296

mm:

C

g<<<<< CORRECT ANGLE 0F ATTACK TO ALL POSITIVE >>>>>

IF(ALFA. NE. 0 .0) “mm

SIGN I ALFA/ABS(ALFA)

ALFA I SIGN‘ALFA

E

SIGN I 1.0

ENDIF

c

c use the lookup routine to find CD.CL.CN

c and adjust for symmetric airfoil

c

CL I TLOOK('LIFT'.ALFA.IDENT}LASTX(1); I .31

CI I 'ILOOH'IMIE' .ALFA.IDENT.LASTX(2) +.0833

CD I TLOOK('DRAO'.CL.IDENT.LASTX(3))

c

c calculate the lift. dra . and moments in body coords

c force I coefficient I ynamic pressure I effective area

c

DRAG I I(ICLISIN(ALFA0) + CD‘COS(ALFA0))‘DYNPIS

LIFT I ISIGN‘(CL‘COS(ALFA0) + CD‘SIN(ALFA0))‘DYNPIS

ION I ISIGNICNIDYNPIS'C

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c

RETURN

END

c

cccccccccc Subroutine Description cccccc

c c

c This subroutine takes the forces found in

c subroutine EFORCE and transforms them to the c.g.

c of the airplane.

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

chccccccc Variable Identification cccc

c

c X.Y.Z I force components at the plane c.g. (lbf)

c L.N.N I amment components at the plane c.g. (ft‘lbf)

c .YA.ZA I line of action to c.g. of plane ( t)1A

c XLOC.!LOC.ZLOC I localized forces in wing coordinates (lbf)

c LLOC.I.OC.NLOC localized moments in wing coordinates (ft‘lbf)

C
8—»- com BLOch ----

c mccu

O 0

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

0 c
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cccccccccc Entry and Storage Block BLOCK 0000

SDBROOTINE 'IRNI'RCQAJA.ZAJLOC.YLOC.ZLOC.LLOC.I.OC.NLOC)3

:ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc:

:Icccccccc Initialization Block BLOCK 0108

glNSERT ID58>8014>SINDLATE.DIR>INSERT:DIR>FRCCN c

REAL LLOC. EOC. NLOC. IA. KLOC. YA. YLOC.ZA. ZLOC

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

cPcccccccc Process Block BLOCK 0200

c

c <<<<< add the components from other 'wings' ))>)>

c

K I K + KLOC

I I I + TLOC

Z I Z + ZLOC

L I L‘+ LLOC I ZAIYLOC + YA‘ZLOC

N I l'+ ILOC + ZAIKLOC I KAIZLOC

N I N + NLOC I YA‘KLOC + KA‘YLOC

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c

RETURN

END

c

cccccccccc Subroutine Description cccccc

c

c This subroutine transforms the absolute wind into

c relative wind coordinates for the plane surface to use.

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

chccccccc Variable Identification cccc

c c

c DEA I dihedral an le (radians)

c IDA I washout ang e (radians)

c SIA I sweep angle (radians)

c KA.YA.ZA I moment arms from plane c.g to surface c.g. (ft)

0 T I rotation matrices to find rel wind

c P.0LR I absolute rotational wind velocities (rad/sec)

c D.V.l I absolute linear wind components (ft/sec)

c DR.VR. I relative wind cmm nents (ft/sec)

cDRfl. VRE. I wind components w th P. 0.1! effects (ft/sec)

g 'REL

gIIIII COIIDN BLOCKS IIIII

C VELCN.RVELCI

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

cccccccccc Entry and Storage Block BLOCK 0000

c c

SDBRODTTNE REL'ND(T.XA.TA.ZA)

SINSBT ID58 )SDI4)SIWLATE. DIR >INSET. DIR )VECN



83V

:INSERT'ID58)SU14)SINULATE.DIR)INSERT;DIR)RVELCM

REAL T(3.3).XA.YA.ZA.UREL.VREL.IREL

c c

cPccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

cPcccccccc Process Block BLOCK 0200

cc

g<<<<< ADJUST FOR ROTATING COORDINATES >>>>>

URELIU+ Q‘ZAIR’YA

VREL I V + R‘KA I P'ZA

IREL I "+ P‘YA I QPXA

 

C

C<<<<< ALIGN TEE VELOCITIES 'ITB TEE SURFACE AXIS >>>>>

g<<<<< USING A 3K3 MATRIX >>>>>

CIIIII below is the eneral form of the matrix I

CIII-I refer to SUBR TINE PARNSET'where these III--

3..... matrices are calculated IIIII

C T(1.1) I COS(Y)‘COS(Z)

C T(2.1) I COS(Y)‘SIN(Z)

C T(I.2) I SIN(K)‘SIN(!)‘COS(Z) I COS(K)ISIN(Z)

C T(2.2) I SIN(K)‘SIN(I)‘SIN(Z) + COS(X)‘COS(Z)

g T(3.2) I SIN(K)‘COS(!)

C T(1.3) I COS(X)‘SIN Y)‘COS(Z) + SIN(K)‘SIN(Z)

C T(2.3) I COS(K ISIN Y)‘SIN(Z) I SIN(K)‘OOS(Z)

g T(3.3) I OOS(K ‘COS(I)

UR I UREL‘T(1.1) + VRELIT(1.2) + IRELIT(1.3)

VR I UREL‘T22.1) + VRELIT(2.2) + IREL‘T(2.3)

C IR I UREL'T 3.1) + VRELIT(3.2) + IREL‘T(3.3)

C

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

RETURN

END

C

gDCCCCCCCC SUBROUTTNE DESCRIPTION CCCCS

C This subroutine calculates the thrust generated

C by the airplane's engine.

C C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

C

SVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCS

c I I advance ratio

c T I thrust component (lbf)

c REO I air density (slu s/ft“3)

c PSPED I prcpeller s eed (rev/sec)

c CT I thrust coef icient

c K I total force in the z direction (lbf)

c U I absolute velocity in the z direction (ft/sec)

c PDIA I propeller diameter (ft)
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C REOPDIM I REO I PDIA “ 4.

c LASTK I value of I used in previuos TLOOK

g IDENT I character flag used by TLOOK

SIIIII CONIDN BLOCKS IIIII

(c2 FRCCN. VELCN. PLANECN. CIRLCR. PARBCN C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

SSCCCCCCC mu! AND STORAGE BLOCK BLOCK 000:):

SUBROUTINE TRRUST(IDENT.LASTK)

INSET ID58 >SU14>SIDIJLATE. DIR >INSERT. DIR )FRCCN

INSERT ID58 >SU14>SIRULATE.DIR )INSERT. DIR >VH.CII

INSET ID58 >SU14)SIMULATE. DIR )INSERT. DIR >PLANECN

INSERT ID58 )SUI4>SIIUJLATE. DIR )IN SIT. DIR >CTRLCN

INSIT ID58 >SUI4 >SIULATE. DIR >INSIT. DIR )PARDBCN

C

REAL J . T. CHECK. CT

INTHIER LASTX(3)

C CHARACTER IDMT‘3

C EXTERNAL TLOOK C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C c

SPCCCCCCCC procnss BLOCK BLOCK 020g

IF(PS§ED.g0.0.) TEEN

corn iooo

c ENDIF

(SEC! I U/PSPED

IF(CE¥CK.gT.15.4) TEEN

ENDIFGOTO iooo

C J I GECK/PDIA

g<<<<< USE LOOK UP FUNCTION TO FIND COEFFICIENTS )>>>>

: CT I ‘ILOOK('SPED' .J.IDENT.LASTK(1))

gééééé goggl'érgogggg‘ezppadvance speed I effective area )))>)

C TICI‘PSPED‘PSPED‘RROPDIAA

g<<<<< SUNNATION OF K DIRECTION FORCES )))>>

(T000 K I K + T

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

C RETURN

mo
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gDCCCCCCCC SUBRGJTINE DESCR IPTION CCCCE

C This subroutine calculates the drag effect of the non-lift

C generating surfaces. The coefficients of darg assume the

8 angle of attack of the fuselage to be small.

C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

CVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCS

RBO

0
0

air density (slu lft‘I3)

total wing span Ift)

total elevator span (ft)

dynamic pressure (lbf/ftII2)

drag due to fuselage effects (lbf)

drag due to engine and nacelle effects (lbf)

drug due to landing gear effects (lbf)

induced drag effects of main wing (lbf)

induced drag effects of elevator win (lbf)

total force in the z direction (lbf

total moment about the r axis (ft‘lbf)

forward velocity of the plane (ft/sec)

III-I COMMON BLOCKS IIIII

FRCCI.VELCI.PLANECI.PARNSCN C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

CCCCCCC ENTRY AND STORAGE BLOCK BLOCK 0008

SUBROUTINE DRAG ('LIFT.ELIFT)

INSERT ID58)SU14)SIIULATE.DIR)INSERTKDIR)FRCCI

INSERT ID58)SUI4)SIMULATE.DIR)INSERT.DIR)VELCM

INSERT ID58)SUI4)SINULATE.DIR)INSERT.DIR>PLANECI

INSERT ID58 )SUI4 >S IMULATE. DIR >IN SERT. DIR )PARNSCN

REAL DE.DF.DL.DYNP.'LIFT,ELIFT.'DI.EDI.UT C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

PCCCCCCCC PROCESS BLOCK BLOCK 0200

((((( SET IAKIMUN VELOCITY >>>>>

IF(U.GT.100000.) TEEN

UT I U

U I 100000.

ENDIF

dynamic pressure

DTNP I .S‘REO‘U‘U

fuselage drag contributions

DF I .000557‘KAREA‘U‘U

engine and nacelle drag contribution

DE I .000335'ENGDIA‘ENGDIA‘U‘U

landing gear drag contribution

UL I .001395‘UIU

induced drag produced by wings and elevator

IF(DYNP.EQ.0.) TEEN

'DI I 0.

EDI I 0.

D t
"

I
I
I
I
I
I
I
I
I
I
I
I

G
O
O
O
O
O
O
O
W

0
8
0
6
0
0
0
0
0
0

0
O
0
O
o
0
o
o
O
0
o

a

o
n

G
O
O

G
O
O

G
O
O

G
O
O
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ELSE

'DI I WLIFT‘ILIFT/(CIDI‘DYNP)

ENDIF‘nI I ELIFT‘ELIFT/(CEDI‘DYNP)

C

S summation of drag effects

K I K I DF I BE I DL I IDI I EDI

C MIN-IDI‘IKIEDI‘EK

g reset the maximum velocity

IF(U.EO.100000.) TEEN

U I UT

C ENDIF C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

RETURN

END

C

cccccccccc Subroutine Description cccccc

c c

c This subroutine will incorporate the weight of the

c aircraft into the summation of the forces at the c.g.

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

chccccccc Variable Identification cccc

c c

c IGT I aircraft weight (slugs)

c PM I pitch an 1e cf the aircraft (radians)

c FL I roll ang e of the aircraft (radians)

C 1.3.2 I force components acting on the aircraft c.g. (lbf)

gIIIII CONN BLOCKS IIIII

C FRCCI.PLANECI.ANGPCI

c c

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

cIcccccccc Initialization Block BLOCK 0100

c

SUBRWTINE 'EIGBT

INSERT'ID58)SU14)SIIULATE.DIR>INSERT§DIR)FRCCN

INSERT’1058>SUI4>SINULATE.DIR>INSERTZDIR)PLANECN

INSERT ID58)SU14)SIMULATE.DIR>INSERTLDIR>ANGPCN

INTRINSIC SIN . cos

c c

cPccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c c

SPcccccccc Process Block BLOCK 0200

S<<<<< CALCULATE WEIGHT COMPONENTS >>>>>

K I K I IGT'SIN(PR)

Y I Y + IGT'ECOS(PN)‘SIN(PL))

z I z + IGTI COS(PR)‘COS(PL))
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CCOCCCOCCGGOGGGCGGOGCGGCGCCGCOOGCOOOGGGCOGOGGGOGGCGGCOCCGCCCCCC

c

RETURN

END

gDCCCCCCCC FUNCTION DESQIPTION CCCEC

C This function will erfcrm a 1-D table look u . The

C function re uires t e following arguments: T LENAME.

C NUM 0F PTS TABLE. and KVAL. From this info

C the TLOOK command will find the corresponding YVAL

s using a linear interpolation between data po nts. C

C C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCS

C IFLAG I checks for illegal table care

C NK I number of data ints in data table

C TABLE I name of data ta le

C TLOOK I value returned from function

C KAAVL.TAAVL I data for alfa vs. Lift Coefficient

C XAAVM.YAAVL I data for alfa vs. Moment Coefficient

g KLVD.YLVD I data for Lift Coefficient vs. Drag Coefficient

3..... COMMON BLOCKS III-I

g TABLCM C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

gSCCCCCCC ENTRY AND STORAGE BLOCK BLOCK 0003

FUNCTION 100K (TABLE. KVAL . IDENT. LAST!)

§INSIT ID58 )SUI4 >8 IMULATE. DIR >IN SERT. DIR >TABLCM

REAL XVAL.TLO0K

INTEGER LASTX.IFLAG.NX

CHARACTER TABLE‘4.IDENT‘3

C EXTERNAL FIND C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

C

gICCCCCCCC INITIALIZATTON BLOCK BLOCK 0103

C

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

SPCCCCCCCC PROCESS BLOCK BLOCK 0208

IFLAG I 0

IF (TAinE. “12 ' LIFI‘ ' ) THE!

(IIAFLLLGFINIIJ (XAAVL. YAAVL. KVAL. TLOOK. NI. TABLE. IDENT. LASTK)

ENDIF

IF(TABLE. m. ' NAG ') TEEN



NX I 17

IAFLIAGFIN? (XLVD. YLVD. KVAL. TLOOK. NK. TABLE. IDENT. LASTK)

ENDIF

IF (TAqukE. Egi ' 10MB ' ) TEES

(IIAHLI‘GFINIIJ (KAAVM. YAAVM. XVAL . TLOOK. NK. TABLE. IDENT. LASTK)

ENDIF

IF (TAquéE. fig; ' SPED' ) mm

CALL FIND (KJVCT.TJVCT.XVAL.ELOOK.NX.TABLE.IDENT.LASTX)

IFLAG I 1

ENDIF

IF(IFLAG.NE.1) GOTO 2000

GOTO 1000

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gECCCCCCCC ERROR HANDLING BLOCK 0908

2000 ISRTOHII’T ‘. 'An invalid table name has been given'

C C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

1000 RETURN

ND

C

gDCCCCCCCC SUBRwTINE DESCRIPTION CCCCE

C This subroutine is used in conjunction with

c the TLOOK function to find the value off of a table.

C This subroutine uses linear interpolation between two

8 data points to find YVAL. C

ECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

gVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCS

C N! I number of data points

C K.T I array of data points

C KVAL I value input to lock u function

g YVAL I value output from 100 up function

g..... COMMON BLOCKS III-I

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

(CSSCCCCCCC Emu AND STORAGE BLOCK BLOCK 0008

C SUBROUTINE FIND(X.Y.KVAL.YVAL.NK.TABLE. IDWT.LAST'X) C

REAL X(NX) .Y(NX) .XVAL. YVAL

INTER LASTX. LNX

CHARACTER TABLE‘4.IDDIT"3

C
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SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

SPCCCCCCCC PROCESS BLOCK BLOCK 020g

g<<<<< SET LOWER END OF TABLE )>>>>

IF(KVAL.LE.K(I)) TEEN

YVAL I 1(1)

LAST! I I

C PRINT 200. TABLE. IDE‘IT

GOTO 1000

C ENDIF

g<<<<< SET UPPER END OF TABLE ))>)>

IF(KVAL.GE.K(NX)) TEEN

YVAL I T(N!)

LAST! I N!

C PRINT 300. TABLE. IDEIT

GOTO 1000

C ENDIF

g<<<<< INTERPOLATE USING DATA FROM TABLE )))))

I I LAST!

IF(KVAL.GE.K(I)) THEN

I I I + 1

IFEKVAL.GT.K(I)) GOTO 2000

YVAL ELSE! I)IT(III))/(!(I)IK(II1)))‘(XVALI!(II1)) + T(III)

4000 I I

2000

N

H

I

(1)) GOTO 4000

)/(!(I+1)IK(I)))‘(KVALIK(I)) + T(I)

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

SECCCCCCCC FORMAT STATEMENTS BLOCK 080g

C200 FORMAT('The lower limit of '.AA.' has been reached by '.A3)

C300 FORMAT('The upper lhmit of '.A4.' has been reached by '.A3é

C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C

1000 RETURN

END

c .

SDCCCCCCCC SUBROUTINE DESQIPTION ccccg

C This subroutine calculates the acceleration of the glane's

c center of mass using the forces calculated in FORCE . It

c takes into account that the accelerations are defined in

c a rotating coordinate system. Therefore the calculation

3 contains cross product terms. C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

CCCCCCCC VARIABLE IDENTIFICATION CCCCCCCE

AK.A!.AZ I linear accelerationsO
0
2
0
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c AL.AM.AN I rotational accelerations

c U.V.' I Linear velocities

c P.Q.R I Rotational velocities

c MASS I aircraft mass

c 1!! I Aircraft moment of inertia (x axis)

c IT! I Aircraft moment of inertia (y axis)

a IZZ I Aircraft moment of inertia (z axis)

3..... COMMON BLOCKS IIIII

g FRCCM.VELCM.PLANECM.ACELCM C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

SSCCCCCCC ENTRY AND STORAGE BLOCK BLOCK 0002

C SUBROUTINE CALACE C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC€

CICCCCCCCC INITIALIZATION BLOCK BLOCK 0108

IN SERT ID58 )SU14 )SIMULATE. DIR )IN SIT. DIR )FRCCM

INSET ID58 )SU14>S IMULATE. DIR )INSIT. DIR >VECM

INSIT ID58 )SUI4 )SIMULATE. DIR )INSERT. DIR >PLANECM

INSERT ID58>SU14>SIMULATE.DIR)INSERTKDIR>ACELCM

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

€PCCCCCCCC PROCESS BLOCK BLOCK 0203

X/MASS + R‘V I 0"

Y/MASS + P”! I R‘U

Z/MASS + Q‘U I P‘V

(L I QPR‘(IZZ I IYY))/IX!

M I P‘R‘(IK! I IZZ))/IYY

N I P‘Q‘UYY I IUD/122

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

RETURN

END

5
:
3
1
3
:
5
3

CDCCCCCCCC SUBRWTINE DES(R IPTION CCCCS

This subroutine provides the output for the DEBUG if cpticn

1 is set. The forces calculated for each of the force

eneration subroutines is output. A runnong total of the

crces is also output.

C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

CCCCCCCC VARIABLE IDENTIFICATION CCCCCCCE

R! I differential force in x direction

R! I differential force in y direction

RZ I differential force in z direction

RL differential moment about x axis

RM differential moment about y axis

differential moment about 2 axis

IFLG I fla for DEBUG option

ID I ident fies the component with an eight character string

(
5
0
0
0
O
o
n

0
0
0
0
0
0
0
0
6
2
“
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CIII-I COMADN BLOCKS IIIII

S mccu

ECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

ESCCCCCCC EV'IRY AND STORAGE BLOCK BLOCK 000g

SUBROUTINE TRACK(RX.RY.RZ.RL.RM.RN. ID. IFLG)

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

SICCCCCCCC INITIALIZATION BLOCK BLOCK 0108

§INSERT'ID58)SU14>SIMULATE.DIR)INSERTLDIR>FRCCM C

C REAL RX.RT.RZ.RL.RM.RN

gfigaénxfim

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gPCCCCCCCC PROCESS BLOCK BLOCK 0208

g<<<<< CHECK FOR DIUG OPTIONS )>))>

IF(IFLG.EQ.1) TEEN

§<(<<< CALCULATE TEE RELATIVE FORCES )))))

RXI
x-

RYITIRY

RZIZIRZ

RLILIRL

RMIMIRM

RNINIRN

C

g<<<<< OUTPUT INN TO FILE >))))

WRITE(54. 50) ID

50 FORMAT(I'The forces generated by the ' .AB. ' ARE: '/)

WRITE(54.100)

100 FORMAT(/8X. 'Relntive'.18X.'Totul' )

WRITE (54. 200) RX. X

200 FORMAT('X: '.F15.5.10X. F15. 5)

WRITE (54.300)R

300 FORMAT ('2: .F15.Y5. 10L F15. 5)

WRITE 54.400) .2

400 FORMAT('Z: '.F15.5.10X.F15.5)

WRITET (54.500 ) RL. L

500 RMAT:('L ' .F15. 5.1OK. F15. 5)

WRITE 54.600)RM.M

600 FORMAT 'M: '.F15. 5.10X. F15. 5)

WRITE (54.700 RN. N

300 FORMAT('N: '.F15.5.10X.F15.5//)

g<<<<< REET REATIVE FORCE VALUES >>>>>

RX I X

RT I T

RZ I Z

RL I L

RM I M

RN I N

ENDIF

3 S
SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

RETURN

RID
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SDCCCCCCCC SURROUTTNE DESCRIPTION CECCC

C This subroutine performs a fourth order Runge-Kutta

c integration to calculate the velocities at the

c next tine ste . This routine uses another

a subroutine D IV to calculate the derivatives. C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCC8

c DPSI - the derivative of the function (acceleration)

c DT - the tine step (delta time)

c VEL - the function integral (velocity)

c TEMP - the intermediate values of velocity

c TEMPVEL - the temporary evaluation of the velocity

C IRATE - slow notion factor

8 IFLG - DEBUG flag to write output to a file

g--- COMMON BLOCKS -----

C C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

ESCCCCCCC ENTRY AND STORAGE BLOCK BLOCK 0008

SUBROUTTNE RUNGE(VEL.DT.IRATE.IFLG)

C

RENL DPSI(6).TEMP1(6).TEMP2(6).TEMP3(6).TEMP4(6).TEMPVEL(6)

REAL VEL(6).DT

C INTEGER IRATE.IFLG.I

INTRINSIC FLOAT

EXTERNAL DEBUG.DERIV

C C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

SPCCCCCCCC PROCESS BLOCK BLOCK 0200

C

g<<<<< TIME STEP AT SLOW MOTION RATE ))))>

C DT I DT/FLOAT(IRATE)

g<<<<< WRITE TO FILE IF DEBUG IS ON )))>>

C CALL DEBUG(DPSI.VEL.IFLG.UT.0)

S<<<<< EVALUATE TEE FUNCTION FOR THE FIRST TIME )>))>

CALL DERIV(DPSI.VEL.IFLG)

DO 10 I I 1.6

TEMP1(I) I DPSI(I) ‘ DT

TEMPVEL(I) I VEL(I) + TEMP1(I)/2.

10 CONTTNUE

C CALL DEBUG(DPSI.TEMPVEL.IFLG.DT.1)

g<<<<< SECOND EVALUATTON OF VELOCITY ))>>)

CALL DERIV(DPSI.TEMPVEL.IFLG)

DO 20 I I 1.6

TEMP2(I) I DPSI(I) ‘ DT

TEMPVEL(I) I VEL(I) + TEMP2(I)/2.

20 CONTINUE

C CALL DEBUG(DPSI.TEMPVEL.IFLG.DT.2)

g<<<<< THIRD EVALUATION OF VELOCITY )>>>>

CALL DERIV(DPSI.TEMPVEL.IFLG)

DO 30 I I 1.6

TEMP3(I) I DPSI(I) ‘ DT
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TEMPVEL(I)I VEL(I) + TEMP3(I)

3O CONTINUE

C CALL DEBUG(DPSI.TEMPVEL.IFLG.DT.3)

S<<<<< FOURTH EVALUATION OF VELOCITY ))>>)

CALL DERIV(DPSI.TEMPVEL.IFLG)

DO 40 I I .6

TEMP4(I) I DPSI(I) ‘ DT

TEMPVEL(I) I VEL(I) + TEMF4(I)

4O CONTINUE

C CALL DEBUG(DPSI.TEMPVEL.IFLG.DT.4)

g<<<<< EVALUATE TEE VELOCITY USING 4th ORDER RUNGE-KUTTA )>)))

DO 50 I I 1.6

VEL(I) I ($EEP}§I)+2.‘TEMP2(I)+2.‘TEMP3(I)+TEMP4(I))/6.
+

50 $CONTINUE

g<<<<< WRITE TO FILE IF DEBUG IS ON )>)>)

C CALL DEBUG(DPSI.VEL.IFLG.DT.5)

ECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

C((<(( RESET TIME STEP BACK TO REEL TIME >>>>>

C DT I DT‘FLOAT(IRATE)

RETURN

END

(CIDCCCCCCCC SUBROUTIN E DESCR Il’l'ION CECCC

C This subroutine is used in conjuction with RUNGE and

c FORCES to calculate the derivative of the velocity.

C C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

 

C C

SVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCS

c DPSI - the derivative fnction used in RUNGE

c PSI - the function used in RUNGE

c U.V.W - the linear velocities used in FORCES

c P.Q.R - the rotational velocities used in FORCES

c AX.AY.AZ - the linear accelerations used in FORCES

c AL.AM.AN - the rotational ac celerations used in FORCES

C IFLG - debug flag to have force data written to an output file

g-I-I- COMMON BLOCKS -

g VELCM.ACELCM C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

CSCCCCCCC ENTRY AND STORAGE BLOCK BLOCK 0002

SUBROUTINE DERIV(DPSI.PSI.IFLG)

INSERT ID58)SU14)SIMULATE.DIR)INSERTLDIR)VELCM

INSERT ID58)SU14>SIMULATE.DIR)INSERTLDIR>ACELCMm
o
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REAL DPSI(6). PSI(6)

INTEGER IFLG

EXTERNAL FORCES.CALACE

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

SPCCCCCCCC PROCESS BLOCK BLOCK 0208

§<(<(( SET RUNGE VARIABLES TO FORCES VARIABLE )>))) C

U I PSI(l)

V I PSI(Z)

W I PSI(3)

P I PSI(4)

Q I PSI(S)

R I PSI(6)

C

g<<<<< CALL FORCES TO EVALUATE ACCELERATIONS ))))>

cnmlfimmmumc)

umLcunaz

C

S<<<<< SET FORCES VARIABLES TO RUNGE VARIABLES )>)))

E
E
F
E
E
E

C C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

RETURN

END '

CDCCCCCCCC SUBROUTENE DESCRIPTION CECCC

C

C This subroutine will out ut the calcuated accelerations

C and velocities used in e RUNGE subroutine.

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

gVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCE

C VEL I CURRENT'VELOCITY EVALUATION

C ACC I CURREIT ACCELERATION EVALUATION

C IFLG I DEBUG FLAG ( 2- ON )

C DTI CURRENT TIME STEP

5 I I RUNGE-KUTTA STEP COUNTER

Cm*II COMMON BLOCKS -...-

S c
gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

CSCCCCCCC ENTRY AND STORAGE BLOCK BLOCK 0008

SUBROUTINE DEBUG(ACC.VEL.IFLG.DT.I)
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REAL VEL(6).ACC(6).DT

INTEGER IFLG.I

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gPCCCCCCCC PROCESS BLOCK BLOCK 020%

C

g<<<<< WRITE DEBUG DATA TO FILE >>>>>

IF(IFLG.NE.2) GOTO 1000

IF(I.EQ.O) TEEN

WRITE(53.‘) ' '

WRITE(53.‘) ' '

END:gITE(53.‘)'Initiate new RungeIKutta calculation.DTI'.DT

IRITE(53.‘) ' '

WRITE(53.‘) 'Acceleration and Velocity data for step'.I

WRITE(53.‘) 'X:'.ACC(1).VEL(1)

VRITE(53.‘) 'Y:'.ACC(2).VEL(2)

WRITE(53.‘) 'Z:'.ACC(3).VEL(3)

WRITE(53.‘) 'L:'.ACC(4).VEL(4)

IRITE(53.‘) 'M:'.ACC(5).VEL(5)

IRITE(53.‘) 'N:'.ACC(6).VEL(6)

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

lOOO RETURN

END

gDCCCCCCCC SUBROUTINE DESCRIPTION CECCC

C This subroutine enable nultfigle Run e-Kutta evaluation

c for eve tine ste on the 1MB. t utilizes subroutines

C RUNGE. D IV. and ROUG. C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

EVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCS

c VEL I lane's velocit vector

c TEMPVEL I nternediate veIocity vector

DTN modified time step

DT I tine step from real-tine clock

NUMINT .. number 0 integration steps per tine loop

c....- COMMON BLOCKS III-

C INTECM C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

SSCCCCCCC ENTRY AND STORAGE BLOCK BLOCK 0003

SUBROUTINE REPEAT(IFLG)

§INSERT IO58>SUl4)SIMULATE.DIR)INSERT:DIR>INTECM

REAL TEMPVEL(6).DTN

INTEGER I.IFLG.J

INTRINSIC FLOAT

c

c

c

C

C

C
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C EXTERNAL RUNGE.PSGRAF.PSTERM C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gICCCCCCCC INITIALIZATION BLOCK BLOCK 0103

DO 10 I I 1.6

TEMPVEL(I) I VEL(I)

£0 CONTINUE

C DTN I DT/FLOAT(NUMINT) C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

CPCCCCCCCC PROCESS BLOCK BLOCK 0202

DO 20 J I 1.NUMINT

CALL RUNGE(TEMPVEL.DTN.IRATE.IFLG)

<<<<< PROMPT TEE EIS TO SEND CONTRCL AND POSITION INN )>

(((<( AFTER TEE FIRST EVALUATION OF VELOCITY >)

IF(J.EQ.1) TEEN

CALL PSGRAF

PRINT"i'SEND TRUE TO (1)S_PSPED;'

CALL PSTER

0
0
0
0

:0 CONTINUE

S<<<<< CALCULATE TEE AVERAGE VELOCITY OVER TIME STEP )))>>

DO 40 I I 1.6

VEL(I) I TEMPVEL(I)

4O CONTINUE

C C

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

RETURN

END

c

CDCCCCCCCC SUBROUTINE DESGIPTION CECCC

This subroutine sets up the EIS to receive the plane

velocities and integrate them into sition data.

The integration ate uses the EIS FRAMES with a

time step of 1/30 0 a second (the refresh rate). C

C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC€

CCCCCCCC VARIABLE IDENTIFICATION CCCCCCCE

POSCLK I timing function for thetgosition integration

varia 1e that contains e current linear velocity

variable that contains the current rotational velocity

position integrator for linear position

position integrator for rotational position

---- comm BLOCKS -----

2
0
0
6
6
0
0
0
0
0

0
0
0
0
0
o
n
a
n

I
"

E 8 (
A
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C INTECM

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

CSCCCCCCC DITRY AND STORAGE BLOCK BLOCK 0008

SUBROUTINE INTSET

gINSERT ID58)SU14)SIMULAT'E.DIR)INSERT.DIR>INT'ECM

REAL NSCAL

INTRINSIC FLOAT

EXTERNAL PSGRAF.PSTERM

C

g<<<<< SET TEE SLW NTION INDEX FOR EIS (1.0CK )))))

POSCAL I 0.1/FLOAT(IRATE)

C

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC€

gPCCCCCCCC HOCESS BLOCK BLOCK 020:)=

g<<<<< SET UP (1.0CK OUTPUT EVERY 1/10 SEC >)>)>

CALL PSGRAF

PRINT ‘. 'POSCLK3IF3CLCSECONDS; '

PRINT ‘.'SEJD FIX(ZO) TO (1)POSCLK:'

INT ‘ USEVD FIX(1) TO (2>POSCLK3'

INT ‘. 'SBID TRUE TO<3)POSCLK3'

INT ‘. 'smn FIX(1)T0 (4)POSCLK3 '

INT ‘. 'SE‘ID FIX(O) TO (5)POSCLK3 '

PRINT ‘.‘SEVD FALSE TO <6)POSCLK;'

C

S<<<<< VEOCITY VECTORS (linear and rotational) )>>>>

PRINT ‘. 'VARIABLE LINVHJ'

HINT ‘. 'VARIABLE ROTVE3'

HINT ‘.'SE1D VSD(O..O..O.) TO (1>LINVH.;'

PRINT ‘.'SEVD V3D(0..O..0.) TO (1)ROTVE.:'

C

g<<<<< 'HIGGER TO SDID VELOCITY TO POSITION INTE )))>

HINT ‘. 'S_LINVE: IF: FETCE; '

HINT *. 'SROTVE: IF: FETCE; '

HINT ‘. 'SmD "LINVH." T0 (2)3_LINVH.3'

PRINT ‘. 'SMD "ROTVELH TO (2)8ROTVE.3'

HINT ‘. '(DNN POSCLK<2): (1)S_LINVEL3'

HINT ‘. 'mNN FOSCLK<2): (1)S_ROWE; '

C

g<<<<< SET UP POSITION INTEGRATORS ))>>>

PRINT ., 'mes: as.ACCUMULATE '

mm'r .3st v<-700..0..100. 5 TO <2>mes;'

PRINT .'usmn 0.001 m <9me3, '

mum -''smn ' .POSCAL. r0 <4>Linos:

mmr .usmn 16000. TO <5>meos;

mm t. 'smn -10000. 10 <6>LINPOS. '

HINT '. 'ROTPOS: IF. ACCUMULATE3'

HINT ‘.'SEND V(O..0 ”0. ) TO (2>ROTPOS3 '

HINT ‘. 'SEVD 0.001 TO <3>ROTPOS3

HINT ‘.'SE§D '.POSCAL.' TO <4)ROTPOS3 '

HINT ‘usmn 10000. TO <5>ROTPOS3

HINT ‘. 'SEND I10000. TO <6)ROTPOS3 '

C

g(((<( CWNECT VELOCITIES INTO ACCUIIILATORS >>>>>

HINT ‘. 'mNN S_LINVEL<1):<1>LINP033'
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HINT ‘.'(I)NN S_ROTVE..<1>:(1>ROTPOS;'

C CALL PSTERM C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

RETURN

END

CDCCCCCCCC SUBROUTINE DESHIFTION CECCC

This subroutine performs the position integration using

the velocity calculation from REPEAT. It also calcula es

the velocity to be sent to the EIS for dis lay. A osition

feedback lo0p to keep the EIS 'on track' w th the s mulation.

C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

CCCCCCCC VARIABLE IDENTIFICATION CCCCCCCS

be inning value of current time step

en ing value of current time step

linear velocity in fixed (earth) coordinates

angular velocity in fixed (earth) coordinates

linear velocity sent to the EIS for integration

angular velocity sent to the EIS for integration

gt u used for linear position feedback

gain used for angular position feedback

(
5
0
0
0
0
0
0

(
3
0
0
0
0
0
0
0
0
6
2
0

1 8 5 E E i

g INTECM.ANGPCM.VELCM

ECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCg

ESCCCCCCC ENTRY AND STORAGE BLOCK BLOCK 0008

C SUBRWTINE INTE C

i033: 113::asgizzziwg:aisaiszsgzamgs:
INSERT ID58)SU14)SIMULATE.DIR>INSERTKDIR>VELCM

c

REAL LINGAIN.ROTGAIN.U1.V1.W1.P1.01.R1.UZ.V2.W2 .P2 .032

REAL TIME. mSPL. SINPL. (DSPM. SINPM. TANPM. mSPN. SINPN

INTRINSIC SIN.COS.T2N.FLOAT

EXTERNAL READES.PSGRAF.PSTERM

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC€

SPCCCCCCCC PROCESS BLOCK BLOCK 020%

S<<<<< CALCULATE TEE CURRENT'TIME STEP )))))

IF(T2.LT.T1) TEEN

TIMEID+S64OOIT1

C

HINT ‘.'The time step for the step'.TIME
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g((<(( READ BUFFER WITE CONTRG. AND POSITION INFO FROM EIS ))>))

 

C CALL REAOES

g<<<<< CALCULATE TEE PLANE VELOCITIES IN IORLO COORDINATES ))>>)

gIIII-define SIN and COS of euler angles III-

0033!. I oosuasu.)

SINPL I SIN(ESPL)

COSPM I COS(ESPM)

SINPM I SIN(ESPM)

TNQPM I TAN(ESPM)

COSPN I (1)8(ESPN)

C SINPN I SIN (ESPN)

CIII-I velocities in right handed world coordinates I

U1 I VH.(1)"COSPM‘COSH + VE.(2)‘(SINPL‘SINPM‘COSPNICOSPL‘SININ)

i + VE.(3)‘(COSPL‘SINPM‘COSHHSINPL‘SINH )

V1 I VH.(1)‘COSPM‘SINH + VE.(2)‘(SINPL‘SINPM‘SINH-O-COSPL‘COSH)

i + VE.(3)‘(COSPL‘SINPM‘SINPNISINPL‘COSH)

W1 I IVH.(1)‘SINPM + VH.(2)‘SINH.‘COSPM + VEL(3)‘COSPL‘COSPM

P1 I VB.gr“ VH.(5)‘SINPL‘TANPM + VEL(6)‘COSPL‘TANPM

01 I VH. 5)‘COSP1. I VH.(6)‘S INPL

R1 I (VH.H..(5)‘SINPL 4‘ VH.(6)‘COSPL)/COSPM

C

C(((<< CALCULATE TEE VELOCITY FOR TEE EIS D)»

C((((( CONVHTED TO LEFT HAND COORDINATES ))))>

S<<<<< AND POSITION FEEDBACK INCLUDED )>))>

LINGAINII.O0

ROTOAINI 1. 0

U2 01 + LINGAIN‘(PXIESPX)/'TIME

V2 V1 + LINGAINNPYIESPYHTIME

W2 I1.‘(W1 + LINGAINNPZ-ESPZHTIME)

P2 I57.296‘(P1 + ROTOAINNPLIESPLHTIME)

02 I57.296‘(Q1 + ROTOAINHPM-ESPMHTIME)

R2 57.296‘ (R1 + ROT'GAINNPNIBHHTIME)

C

g<((<(SElD VEOCITIES DOWN TO TEE EIS )>>>>

CALL PSGRAF

HINT ‘. 'SEVD V3D('. U2.'.'. V2.'.' .') T0 (1)LINVE..; '

RETPS.T‘EEFD V3D(' .P2 .' . . . . '.R2.' ) TO (1)ROTVH.3'

((<(< DISPLAY TEE CURRBIT VALUES OF REL PITCE AND YAW ))>))

3L-57.296

PM‘57.296

PN‘57.296

ESPL‘57.296

ESPMI57.296

ESPN‘57.296

v3113(1.999) n1. n4. nzins.3D3306

FORMAT(/'roll: .37.3 3.5K.'pitch:'.F7.3.lX.F7.3.

siox.'ycu: .37. 3. 11. 37.35F7

(((<( INTERATE m3 HIME VELOCITY T0 POSITION )>>>>

U1‘DT/FLOAT(IRATE)

V1‘DT/FLOAT(IRATE)

Wl‘DT/FLOATURATE)

P1‘DT/FLOAT( IRATE)

QI‘DT/FLOATURATE)

- Rl‘DT/FLOATURATE)

C

g<<<<< UPDATE 'TEE TIME INFORMATION FOR INTEGRATIONS ))>>>

DT I TIME

8
6
6
0
0
0
0
0
0
0
0

U
U

A
H

I
I

I
I

I
I

0
0
0
0

‘
9

W

2
2
3
3
3
3

I
I
I
I
I
I

+
+
+
+
+
+

2
3
3
3
3
3

T1 I T2

C C

(C3CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

RETURN

MD
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SDCCCCCCCC SUBROUTINE DESHIP'TION CSCCC

c This subroutine will input the fli t configuration (i.e.

c throttle and ctrl surface settings for the force generation

C routines to use. C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCS

c ELEVATOR I elevator accumulator

c ECSA I elevator angle (real)

c EOUT I elevator angle (string)

c AILERON I aileron accumulator

c OWCSA I aileron angle (real)

c AOUT I aileron angle (string)

c RUDDER I rudder accumulator

c RCSA I rudder angle (real)

c ROUT I rudder angle (string)

c THROTTLE I throttle accumulator

c PSPED I throttle setting (real)

8 TOUT - throttle setting (string)

gI-III COMMON BLOCKS III-I

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

SSCCCCCCC ENTRY AND STORAGE BLOCK BLOCK 0008

SUBROUTINErlNPSET C

EXTERNAL PSGRAF.PSTERM

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gICCCCCCCC INITIALIZATION BLOCK BLOCK 0108

C CALL PSGRAF C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

C

SPCCCCCCCC PROCESS BLOCK

6

c<<((( SETTING UP ELEV AND AILERON >>>>>

PRINT

c

C<(<< LABEL

c

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

I.'ELEVATOR:IF:ACCUMULATE3'

‘.'SEND 0.0 TO <2>ELEVATOR3'

‘.'SEND 1. TO <3)ELEVATOR3'

‘.'SEND I135. TO <4)ELEVATOR3'

‘.‘SEND 100.0 TO <5)ELEVATOR3'

‘.‘SEND I100.0 TO <6)ELEVATOR3'

‘.‘CONN DIALS<4>3<1>ELEVATOR3'

I.'AJLERON:IF:ACCUMULATE3'

‘.‘SEND 0.0 TD (2>AILERCN3'

‘.'SE(D 1. TO (3)AILERON3’

‘.‘SEND 100. TO <4>AILERON3'

‘.'SEND 100.0 TO (5>AILERON3'

‘.‘CONN DIALS<6>3<1>AILERON;'

AND VALUE TO AILERON OUTPUT )>))>

I.'EOUT:=F:PRINT3'

'.'VARIABLE ECSA3'

‘.'CONN EOUT(1>:<1)ECSA3'

'.'CONN ELEVATOR<1>=<1>EOUT3'

‘.‘CONN EOUT<1>:<1>DLABEL8;'

‘.‘SEND "ELEVATOR" TO <1>DLABEL43'

BLOCK 0203
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C

8((((( ELEVATOR mNNECTION TO HIME )))))

HINT I. 'S ECSA: IF:FETCH;

HINT I.'SEQD "ECSA" TO (2)8 ECSA: '

HINT I.'mNN S_ECSA(1)3 (1)EOST3'

C

g<<<<< LABEL AND VALUE TO AILERON OUTPUT )))))

HINT I .'AOUT:IF:HINT3'

HINT I.'VARIABLE OWCSA; '

HINT I. 'CDNN AOUT(1): (1)0WCSA3 '

HINT I. 'WNN AILERON<1>3 (1)AOUT3 '

HINT I.'CONN AOUT(1): (1)DLABfl.23 '

HINT I. 'SE‘ID " AILERON " TO (1)DLABH.63 '

C

3((((( AILHON mNNECIION TO HIME )))>)

HINT I .'S OWCSA: IF: FETCE: '

HINT I.'SDJD "0WCSA" TO (2)8 (NCSA; '

HINT I.'CONN S_0WCSA(1)3 (1)EOST3'

c

C((((( SETTING UP TEROT'EE CONTROL )))))

c

HINT I. 'TEROT'ILE3IF3ACCUMULATE3 '

HINT I.'SENID 0. TO (2)TEROT'II.E3'

HINT I .'SHVD 0. TO (3)TEROT'ILE;'

HINT I.'SE‘ID 133. 33333 TO (4)TEROT'II.E;'

HINT I. 'SBID IOOTOTO (5)TEROTTI.E3'

HINT I. 'SBID 0. TO3'(6)TEROTTI.E

HINT I.’U)NN DIALS(1)3 (1)TEROTTLE3'

C

g((((( LABH. AND VALUE TO mnoma DIAL )>))>

HINT I.'TOUT:IF:PRINT3'

HINT I.'VARIABLE PSPED3'

HINT I. 'CONN TOUT(1):(1)PSPED3'

HINT I. 'CONN TEROT'ILE(1)3 (1)TOUT3 '

HINT I.'mNN TOUT<1>3 (1)0LABE5B'

HINT I.'smn "THROTTLE" TO (1)DLABEL13 '

C

3((((( 1330111.]: mNNECT'ION TO HIE >))))

HINT I. 'S PSPED: IF: FETCE: '

HINT I. 'SmD " PSPED" T0 (2)8 PSPED3'

HINT I.'mNN S_PSPED<1>3 (1)EOST3'

c

g((((( SETTING UP RUDDER (DN'ROL DIAL )))))

HINT I. 'RUDDER3IF3ACCUMULATE3 '

HINT I.'SEJD 0. TO (2)RUDDER3'

HINT I.'SBID 1. TO (3)RUDDER3'

HINT I.'SBID 100. TO (4)RUDDER3'

HINT INSENID 100. TO (5)RUDDER;'

HINT INSEWD I100. TO (6)RUDDER3'

HINT I. 'mNN DIALS<7> 3 (1)RUDDER3 '

C

g<<((( LABH. AND VALUE TO RUDDER DIAL )>)))

HINT I. 'ROUT3IF3HINT3'

HINT I. 'VARIABLE RCSAB'

HINT I. 'mNN ROUT(1)3 (1)RCSA3 '

HINT I. 'mNN RUDDER(1)3 (1)ROUT3 '

HINT I.'CONN ROUT(1)3 (1)0LABE33 '

HINT I. 'SFND "RUDDER " TO (1)DLABEL73'

C

3((((( RUDDER (DNNECTION TO HIME )>)))

HINT I .'S RCSA: IF:FETCH

PRINT ., 'smw "RCSA" 30 <2>s RCSA. '

331m .'.'0033 s_RCSA<1>: (1)3031?
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C

3((((( TRANSMISSION LINK TO PRIME )))))

PRINT’I.'CONN S_PSPED(1)3(1)S_0WCSA3'

PRINT'I.'OONN S_OICSA(1)3(1)S ECSA3'

PRINT'I.'CONN S_ECSA(1)3(1)S_RCSA;'

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

CALL PSTERI

RETURN

END

DCCCCCCCC SUBRCIJTINE DESI!IPTION CECCC

This subroutine sets up the function network to send

character information ran the E-S to the terminal

screen. It will pack the information from ten

different sources (throttle. aileron. elevator. rudder.

and six plane positions) se arated by commas and ending

with a carria e return. It s tri gered by sendigg

a message to l)S_P8PED which is nitialized in SSET.

C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

CCCCCCCC VARIABLE IDENTIFICATION CCCCCCCE

EOST

n
o
t
:
0
o
o
o
0
(
3
0
0
0
0
6
0

adds a comma to a string variable

adds a (ct) to the end of a string variable

concatenates the variables into one string

sends the string variable to the PRIIE

variable containing information sent from 8-8 to PRlIE

function used to send INFO to PRIME

clears the string variable after it has been sent

---- comm BLocxs -----

I
.
"

B .
4

< F

0
0
6
0
0
6
0
0
0
6
2
0

2.
.

B

I
I

I
I

I
I

I

0
0
0

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

CCCCCCC ENTRY AND STORAGE.BLOCE BLOCK 0000

SUBROUTINE TOPRIN C

EXTERNAL PSGRAF.PSTERM C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

PCCCCCCCC PROCESS BLOCK BLOCK 0203

CALL PSGRAF C

(( ALLOI FOR CHARACTER PACKING SEPARATED BY CONMAS ))

(( AND RIDING WITH A (or) ))

a
n

0
0
0
0
0
0

0
0
0
0
0

O
0

A
A

A
A

A
A

--- add a comma to the string ----

HINT I. 'EOST3-IF3C0NCATEIATEC3 '
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PRINT’I.'8END "." TO (2)E08T3'

 

C

3 add a (cr) to the last string --—--

PRINT'I. 'LAST'VAL: IF: CONCATENATEC3'

C PRINT I .'SEIDCEAR(13) 'I‘O (2)LA8T_VAL3'

g---- pack the string variables ----

PRINT I.'PACE3=F3CCONCATENATE3'

PRINT INSEID " " TO (1)PACX3'

PRINT I.'CONN PACK(1)3(1)PACK3'

PRINT I3'CONN EOST(1)3(2)PACK3'

PRINT I.'CONN LA8T_VAL(1)3(2)PACK3'

C

g---- create trigger to send info ----

PRINT'I. 'TRIGGER: 8F:NOP;

C PRINT I .'CONN LAST_VAL<1>3 (1)TRIGGER3 '

C--- write the strifig into a variable ----

g---- and send the i 0 when requested ---

PRINT'I. 'VARIABLE INFO3 '

PRINT'I. 'CONN PACE<1>3 (1)1NFO3'

PRINT'I. 'S INFO: IF: FETOE3

PRINT'I. 'CONN TRIGGER(1)3 (1)8 INFO3 '

HINT I .'SEID "INPO' TO (2)8 INFO3'

PRINT I.'CONN S_INFO(1)3 (1)ROSTOUT3'

C--- clear the pecking order after variable is sent ----

PRINT I .'CLERR: IF: CONSTINT’3'

PRINT'I. 'CONN S INFO(1)3 (1)CLEAR3 '

PRINT’I. 'SEND '7 " TO (2)CLEAR3

PRINT'I. 'CONN CLEAR(1)3 <1)PACE3 '

C

C CALL PSTERR C

ECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

RETURN

END

SDCCCCCCCC SUBROUTINE DESCRIPTION CgCCC

C This subroutine sets up the routine to send the plane

c position to the PRIME. The current plane position is

8 updated everytime a position integration takes place. C

C C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

SVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCE

c ANGLES - splits the angular position vector into components

c LOCALE - splits the linear sosition vector into components

c ROLL - roll angle in worl coordinates (string variable)

c ROLL - roll angle in world coordinates (string variable)

c PITCH - pitch angle in world coordinates (string variable)

c YA! - yaw angle in world coordinates (string variable)

c XOUT - 3 position in world coordinates (string variable)
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c TOUT - y position in world coordinates (string variable)

c ZOUT - 2 position in world coordinates (string variable)

c ROLOUT - real to string conversion of roll angle

c PITOUT - real to string conversion of pitch angle

c YAIOUT - real to string conversion of yaw angle

c XOUT - real to string conversioncf r position

c TOUT - real to string conversion ofy position

c 200T - real to string conversion of 2 position

c 8 ROLL - sends the current roll angle variable

c 8;PITCR - sends the current pitch angle variable

c 8 YA! - sends the current yaw an le variable

c S_TOOT - send the current r posit on variable

c 8_YOUT - send the current y position variable

8 S_ZOUT - send the current 2 position variable

g--- COMMON BLOCKS ----

g ANGPCR C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

SSCCCCCCC ENTRY AND STORAGE BLOCK BLOCK 000g

SUBROUTINE POSSET

SINSERT ID 58 )8U14 )8 IIIULAT'E. DIR )IN SHT‘. DIR )ANGPCII

C EXTERNAL PSGRAF. PSTERI

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

§PCCCCCCCC HOC'ESS BLOCK BLOCK 0203

CALL PSGRAF

g<<((( SET UP OUTPUT 0F PLANE POSITION )))))

HINT I .'3ANGLES IF: PARTS;

HINT I. 'CONN ROTP08(1)3 (1)ANGLES3 '

C

g((((( INITIALIZE WTPUT PORTS )))))

HINT I ,'3R(R.0UT IF: HINT3 '

HINT I.'(ONN ANGLES(1)3 (1)R(LOUT3 '

HINT I.3'PITOUT IF: HINT3'

HINT I. 'mNN ANGLES(2)3 (1)PITOUT3 '

HINT I.'YAIOUT: IF: HINT3

HINT I.'CONN ANGLES(3)3 (1)YAWOUT3 '

C

g((((( DEFINE AND WRITE TO VARIABLE )))))

HINT I. 'VARIABLE RQ.L.PITCE.YAI3'

HINT I. ' UJNN ROLOUT(1)3(1)R(I.L3'

HINT I. 'CONN PITOUT(1)3(1)PIT‘CE3 '

HINT I. ' CONN YA'OUT(1)3 (1)YA'3 '

C

3((((( SET UP TRIGGER TO SEND DATA )))))

PRINT I .'8 RILL: IF: FETCE3

HINT I.'SEID "RILL" TO (2)8_RILL3 '

HINT I.'8 PITCE: IF:FETCE:

HINT I.'SEID "PITCEéé.TO (2)S_PITCE3 '

HINT I.'SE3ID "YA!" TO (2)8 YA'3 '

HINT I.’(X)NN S_RCSA(1)3 (1)8_RCLL; '

. S_R(1.L(1)3(1)S_PITCE3 '

HINT I .'(DNN 8_PITCE(1)3 (1)8 TAU:

HINT I. 'mNN S_ROLL(1)3 (1)R08T3'

HINT I.'(DNN S:PITCE(1)3 (1)ROST3 '

HINT I.'(I)NN S__TAR (1)3(1)E08T3'

C

C((((( SET UP OUTPUT 0F PLANE POSITION )))))
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HINT I. 'LOCALE3IF3PARTS; '

HINT I. '(DNN LINPOS(1)3(1)LOCALE3'

C

3((((( INITIALIZE OUTPUT PORTS )))))

HINT I .3'KOUT IF: HINT3'

HINT I. 'CONN LOCALE(l): (1)10UT; '

HINT I. 'YOUT: IF: HINT3'

HINT I. 'CONN LOCALE<2>3 (1)IOUT; '

HINT I. 'ZOUT: IF: HINT3'

HINT I. 'CONN LOCALE(3)3 (1)ZOUT; '

C

g<(((( DEFINE AND WRITE TO VARIABLE )))))

HINT I. 'VARIABLE XPOS.YP08.ZPOS3'

HINT I. 'CONN XOUT(1)3(1)XP083'

HINT I.'(X)NN YOUT(1)3(1)YP083'

HINT I.'CONN ZOUT(1)3(1)ZPOS3'

C

8((((( SET UP TRIGGH TO SEND DATA )))))

HINT I .'S IP08: IF: FETCE; '

HINT I.'SBID "XPOS" TO (2)8_XPOS; '

HINT I. '8 YPOS: IF: FETCE 3

HINT I. 'SEID "YPOS" TO (2)8_YPOS; '

HINT I. '8 ZPOS: IF: FETCE;

HINT I.HSHD 'ZPOS" TO (2)8 ZPOS; '

HINT I.'CONN S YA'(1)3 (1)8 XPUS;'

HINT I. 'CONN 8XPOS(1)3(1)S_YPOS; '

PRINT I. 'mNN SZYPOS(1)3<1)SZPOS3'

PRINT I 'CONN S_ S<l>3<l>RUST3'

PRINT I.'CONN S_YPOS<1)3(1>BOST3 '

C PRINT I. 'CONN S_ZPOS(1>3(1>LAST_VAL3'

C CALL PSTERII C

ECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

RETURN

END

SOCCCCCCCC SUBRWTINE DESCRIPTION CSCCC

C This routine uses the PRIIIOS subroutine TIRDAT to find the

c current real time since midni ht usin the system clock. It

c converts the minutes to secon s and t e ticks to fractions of

c a second.

8 8
gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

gVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCtCZ

c SEC - time in seconds since midnight returned

8 INFO - srrary that holds the info returned from TIRDAT

333-3-333- COINN BLOCKS 3333-3333--

C C

(CECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS
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SSCCCCCCC EITRY AND STORAGE BLOCK BLOCK 000%

C SUBROUTINE TIME(SEC)

REAL SEC

INTEGHIZ INFO (28)

INTR INSIC INTS

EXTERNAL TINDAT

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

SPCCCCCCCC HOCESS BLOCK BLOCK 0200:

(C((((( GET TEE TIME FROII TEE STSTEI ))))) C

C CALL TIIIDAT(INFO.INTS(28))

C

C

g(((<( CONVBT TO SEmNDS >>)))

C SEC .. INFO(4)I6O. 3'3 INFO(S) + INFO(6)/330. C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

RETURN

BID

gDCCCCCCCC SUBROUTINE DESCRIPTION C(CZCCC

c This subroutine will read the information that has

c been sent to the terminal via a function network. The

c routine will then convert the data to be ccnsistant

g with the data needed by the PRIME. C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCE

c PSPED - Throttle setting in ithrottle

c OICSA - Aileron setting

c ECSA - Elevator setting

c RCSA - Rudder setting

c ESPL - Plane position (roll) [in radians]

c ESPN - Plane position (pitch) [in radians]

c ESPN - Plane position (ynw) in radians]

c ESP! - Plane position (forward)

c ESPY - Plane position (horizontal)

c ESPZ - Plane siticn (vertical)

C IRESET - reset lag to return to start of simulation

8 ERIN - elevator offset added to stabilize for steady flight

C--3- COIIIDN BLOCKS -33--33

g CIRLCII. ANGPCII. INTECM

SCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

gSCCCCCCC mm! AND STORAGE BLOCK BLOCK 0000:

C SUBROUTINE READES C

SINSERT ID58 )SU14)SIIIILATE. DIR )INSERT. DIR )C'ELCII
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INSERT ID58 )8U14 )SIIIULATE. DIR )IN SHT. DIR )ANGPCII

cINSIT ID 58 )8U14 )SIIIJLAT'E. DIR )IN SERT. DIR )INT'ECII

REAL “RIM

C EXTERNAL PSGRAF.PSTERN C

(ciCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

SPCCCCCCCC HOCESS BLOCK BLOCK 0203

S<<((( READ HE INFO FROII THE BUFFER )))))

c-- if an error is detected the old control and position info

c-- is used and the reset flag is turned on

READ (I. I. ERR-1000) PSPED. WCSA. ECSA. RCSA. ESPL. ESPN. .PN

i . ESPK. ESPY. BPZ

C

8((((( CONVERT DATA TO BE (DNPATIABLE wrm HIRE )))))

ESPL -ESPL/ 57 .296

ESPII -ESPII/ $7 .296

ESPN ESPN/ 57 .296

ESPK ESPK

ESPYESPY

ESPZ -3ESPZ

((((( oouvm'r INPUT DISPLAY VALUES TO RUE (OanL VALUES )))))

HI)! I .01255661

PSPED I PSPEDI.4166667

0WCSA I 2.I(OWCSA I .00034907)

ECSA I 15.I(ECSA I .000029088) 3' TRIII

C RCSA I -15.I(RCSA I .00014544)

C((((( CHECK IF PLANE HAS (BASHED )))))

IF(ESPZ.GE.1.1) TERI

CALL PSGRAF

HINT I. 'SEID FALSE TO (6)POSCLK3'

HINT I.'DISPLAY DEATE3'

HINT I. 'REIKIVE VIEW; '

CALL PSTERII

GOTO 1000

ENDIF

C GOTO 2000

g<<<(( SET THE REET FLAG AND STOP CLOCK )))))

1000 IRESET I .FALSE.

CALL PSGRAF

HINT INSEID FALSE TO (6)POSCLK3'

C CALL PSTERII C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C

2000 RETURN

HID

C

0
0
0
6

o
n
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gDCCCCCCCC SUBROUTINE DESCRIPTION CECCC

C This subroutine is used to set or reset the E-S initial

c conditions to start a simuation over. The initial

8 values are enterinteractively by the user.

C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

CVCCCCCCCC VARIABLE IDENTIFICATION CCCCCCCS

refer to E-S subroutines POSSET. INPSET'.INTSET'AND SIM.WORLD

for definitions of the E-S variable names.

VEL - velocity used in PRIME (plane coordinates)

Ul.Vl.Wl- intermediate velocity in left hand coordinate system

Pl.QI.R1 ( lane coordinates)

O

UZ.V2.R2 - veloc ty sent to the E-S for integration

P2.02.R2 - (world coordinates)

PSPED - throttle setting

OICSA - aileron setting

ECSA - elevator setting

RCSA - rudder setting

-.... COMMON BLOCKS ----

VELCM.INTECM.CTRLCI.ANGPCM C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

SCCCCCCC ENTRY AND STORAGE BLOCK BLOCK 0008

SUBROUTINE RESET

INSERT'ID58)SU14)SIMULATE.DIR)INSERTZDIR)VELCM

INSERT’ID58)SUI4)SIMULATE.DIR)INSERTZDIR)INTECM

INSERT ID58)8U14)SIMULATE.DIR)IN8ERTLDIR)CTRLCM

INSERT'ID58)8Ul4)SIMULATE.DIR)INSERTLDIR)ANGPCM

' REAL TL(3. 3) .TR(3.3).U1.V1.WI.P1.01.RI

REAL U2. V2 .W2.P2.CE.R2.POSCAL

CHARACTER HOLDI 1

INTRINSIC SIN. COS. FLOAT. TIN

EXTERNAL PSGRAF. PSTERM

C C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS

o
m

n
o
n
n
n
n
n
n
n
o
n
o
o
o
o
o
o
o
o
o
n

C

gICCCCCCCC INITIALIZATION BLOCK BLOCK 010%

C

g<(((( INITIALIZE BE STARTING LOCATION OF THE PLANE

C PRINT'I. ' '

C PRINT I .'The velocities and controls have been set to steady'.

C i' state values

5 ggI‘OII. 'USE DECIMALS FOR INPUTTING POSITIONSI'

C1000 PRINT'I. 'What is the linear osition in world cocrdinates?‘

C PRINT I. ' A good locat on is -1000..-150..100'

C READ(I.I.ERRIIOOO) PX. PT. 22

C2000 PRINT I. 'What is the angular position in world coordinates?’

C PRINT I. A good orientation is 0..O..90.'

C READ(I.I. ERR-2000) PL. PM.PN

P! I -1000.

P! I 0.

P2 I 100.

FL I 0.

PM I 0.

PN I O.

C

3((((( INITIALIZE THE STEADY-STATE VELOCITY AND CONTROLS )))))
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RCSA I 0 .

C POSCAL I0.1/FLOAT(IRATE) C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

C

SPCCCCCCCC HOCESS BLOCK BLOCK 0203

C

g((((( SEID THE RESET VALUES TO THE APHOHIATE E-S VARIABLES )))))

CALL PSGRAF

 

 

c - reset E-S screen ----

c

PRINT'I. 'REMOVE VIEW; '

PRINT’I. 'REMOVE DEATH3'

PRINT I .'DISPLAY VIEW3'

c

c reset slow motion factor on E-S ---

c

HINT I.'SEID '.POSCAL.’ TO (4)LINPOS3'

HINT I.'SHD '.POSCAL.’ TO (4)ROTPOS3'

c

c--- reset plane position

c

HINT I.'SEID "'.PX.'" TO (1)KPOS;'

HINT I.'SEID "'.PY."' TO (1)YPOS;'

HINT I.'SHID "'.PZ."' TO (I)ZPOS;'

HINT I.'SPND "'.PL."' TO 3

HINT I.'SBID "'.PM."' TO

HINT I.'SE3ID "'.H.'" TO (1)YAW3

HINT .0st V3D('.PK.:.:.PY.'.'.PZ TO (2)LINPOS;'.')

HINT I.'SEID V3D('.PL. . . .'.'. .') TO (2)ROTPOS; '

HINT I.'SEID V3D('.PL.'.'.PM.'.'.H.') TO (2)DELTA ROT; '

HINT I.'SEID V3D('.PK.'.'.PY.'.':PZ.') TO (1)T'RANSCAL3'

HINT I.'SEID '.PL.' TO )LSCAL;

HINT I.'SEID '.PM.’ TO (1)MSCAL;'

HINT I.'SEID '.PN.' TO (1 SCAL;

HINT I.'SHD '.H.’ TO (1)PLANE_RESET; '

c

c-- reset plane controls

c

HINT INSEID "0.0" TO (1)RCSA3'

HINT I.'SEID " " TO (1)ECSA3'

HINT INSEID "O 0" TO (1)0WCSA.’

HINT I.'SEID "56.3262" TO <1)PSPED.'

HINT I.'SE3ID " 0" TO (1)RWT.’

HINT I.'SEID "O 0" TO (1)EWT;'

HINT I.'SEID " .0" TO (1)AOUT. '

HINT I.'SEID "56.3262" TO (1)TOUT3 '

HINT I.'SEID ' .RCSA.’ TO (2)RUDDER3 '

HINT I.'SI3ND '.ECSA.’ TO (2)ELEVATOR3'

HINT I.'8END '.WCSA.’ TO (2)AILERON3'

HINT I. 'SEID '.PSPED.’ TO <2)T‘HROTTLE;'

CALL PSTERM

C

3((((( CONVHT DEGREES TO RADIANS )))))

FL I PL/57.296

PM I PM/57.296

PN I PN/57.296
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IRESET I .TRUE.

((((( WAITING FOR HOMPT -- DEID STALL )))))

HINT I. 'Grab the control box and let"s storm the barn!’

INT Hit (or) to GO'

READ(I. '(A)' ) mu)

C--reset plane velocity and start position update on the EIS ---—-

CALL PSGRAF

HINT I '.SEID V3D .'U2. .'. V2. . '.WZ..'g TO (1)LINVH..3'

HINT I. 'SEID V3D 32.3.5312: .'.R2. T0 (1)ROTVE3'

HINT I.'SENID TRUE TO (6)POSCLK3'

.CALL PSTERM

C

gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

RETURN

BID
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