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The first step in the development of a hybrid com-
puter simulation of the data-based, 5 DOF, 3K-SES program
that will operate in real-time has been completed. A
3 DOF (Flat) turn model for an approximate and simplified
XR-3 craft was used to provide the equations of motion in
order to become familiar with 1) the turning character-
istics of the CABSES, 2) the requirements of the (NPS) NAV
PG School hybrid computer with regard to signal conversion,
timing, accuracy and loop delay due to both signal con-
version and (right-hand-side) computation and 3) the
approximate size of program that can be computed on the
existing hardware of the NPS facility.

In parallel with this investigation, the 5 DOF data-
based digital program for the 3K-SES has been converted
from CDC to IBM FORTRAN and is now operational and will
serve as the standard for evaluation of the final hybrid
simulation for the 3K-SES.

Results of the hybrid computer simulation of the 3 DOF
turn model of the XR-3 indicate that the installation of the
5 DOF program of the 3K-SES should proceed (in the next
phase) as a straight forward application of the right-hand-
side computations within the digital computer and addi-
tional degrees of freedom on the analog computer. The

successful operation of the hybrid computer simulation will
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depend upon ability of the 10 year-old hardware--in
particular the digital computer--to compute the many
computational operations required for the right-hand-

side of the equations of motion in the time frame necessary

to approximate real-time manual control.
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Reference 1 presents the Rohr Marine, Inc. analysis
of the stability and maneuverability of the 3K-SES under
direct manual control. The recommendations contained in
Reference 1 included a suggestion to continue the investi-
gation of manual control using a more realistic model of
the response of the human operator to emergency conditions.

If a real time simulation can be developed it can
provide a means of inserting an actual human operator in
the loop, as well as any selected model of the operator.

A hybrid realization of such a real time simulator appears
to be feasible and would provide a convenient hands-on
facility for a variety of human operator studies, plus
many other studies in control and guidance.

This report presents the results of the first phase
of a feasibility study, in which it is planned to develop
a real time simulation using the NPS Hybrid Computer
which consists of a CI-5000 analog unit and an XDS-9300
digital unit. The initial studies reported here are
concerned with development of 3 DOF models for the XR-3
and the 3K, as a preliminary to the development of a 5 DOF

Hybrid model.
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IIA. THE 3 DEGREE OF FREEDOM MODEL

1. INTRODUCTION
The development of any computer model requires famili-
arity with both the system equations and the computer to be
used. In addition, one needs quantitative data to insert
the model into the computer, and one also needs typical
performance data such as experimental test results in order
to validate and verify the model. To develop a hybrid model
of the 3K-SES, we chose to start by modelling the XR-3,
because we have the required quantitative data, we have a
gocd 6 DOF digital program, and we have good experimental
data, plus availablility of the XR-3 craft for test as needed.
We also decided to start with a 3 DOF model, for several
reasons:
a) It is the simplest model which will permit turning
tests that are verifiable.
b) The complexity of the initial model will thus be
minimal, but we can readily add two more degrees
of freedom with confidence in the resulting 5 DOF
model, because the similarity of the differential
equations will permit ready application of the
techniques we develop in perfecting the 3 DOF model.
In addition to this decision to start with a 3 DOF model,
we chose to simplify the model by simplifying the right-hand-

side of the equations. Since the terms on the right-hand-




side are arithmetic calculations to be done in the digital
unit, and because the many terms are additive, truncation

of the right-hand-side, with simplification of the terms
retained, should have little effect on results except some
decrease in quantitative accuracy. This permits us to work
with a less complex model in the initial stages, and addition
of terms at a later point should be a simple matter. It

will also have the advantage of permitting us to assess the
effects of adding terms on the computational delays and on

the limits of capability of our hybrid installation.

2. EQUATIONS OF MOTION OF THE 3 DOF MODEL

The three degrees of freedom to be used in this devel-
opment are: SURGE, SWAY, YAW. As a result the following
assumptions and approximations are needed:

l. Roll is zero

2. Pitch and draft remain constant

3. The origin of the ship's coordinate system is
located at the center of gravity.

4. At t = 0 the ship coordinate system and the fixed
(geographical) coordinate system have the same
origin and the same coordinate axes.

5. At t = 0 the ship is heading in the positive

xnav direction.

11







The equations of motion can then be approximated by:

SURGE m(u - vr) = X
SWAY m(Vv + ur) = y
YAW 5 r = N

Navigation

io = ucos ¥ - v sin v

= uyusin ¥ + v cos ¥

2 2

yO
v, =yu + v

s

8 -tmfl(%%)
In the above equations:

m = mass of the rigid ship

I,= moment of inertia about the z-axis
u = v, cos 8 = velocity in the x-direction (SURGE)
v = Vs sin 8 = velocity in the y-direction (SWAY)
r = ¥ = angular velocity about the z-axis

v = heading (yaw) angle (see Fig. 1)

3 = drift angle (see Fig. 1)

§ = rudder angle, + sproduces a left turn (see Fig. 1)

= . = ¥ X idt
y = 1.7 v = v. Yy = i dt

(1)
(2)

(3)

(4)
(5)
(6)
(7)




The right-hand-sides (RHS) of the equations of motion
have been designated X, Y, N. These symbols represent
summations of forces (X,Y) and moments (N), and each summation
may consist of many terms. For the initial simplified model
we have discarded all terms in the summations except the
few that are obviously major contributions. The terms re-
tained are considered sufficient to produce a working
simulation which should provide qualitative agreement with
reference data. At a later point the model may be refined
by adding terms and adjusting terms and adjusting coefficients.

After reduction of the right-hand-sides, these force
summations become:

2

X = GT cos § - CDxu (8)

Y = GT sin § - chv[vl (9)

N = -(GT sin §)1  + C v[v{lm

Dy (10)
where: (see Fig. 2 also)

GT is the gross thrust in pounds

§ = ss = Gp = angle of all thrust vectors

CDx = coefficient of drag in the direction of surge

C = coefficient of drag in the direction sway

Dy
lo (see Fig. 2)= thrust lever arm
1
W

(see Fig. 2)= sway-drag lever arm

In further explanation of equations 8, 9, 10, note
that we have chosen to model the drag forces as lumped

parameters acting at two points P and P~ (see Fig. 2).
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The length lo is the distance from the stern to the center
of gravity, and lw is the component distance (in the x-
direction) from the center of gravity to the points P-P~.

lo is a fixed parameter for our initial studies (it could be
changed by ship loading) but lm is an adjustable distance
which we will use as a parameter to make the model fit test b
data.

The coefficient C is a lumped parameter equivalent

DX
for the skin friction effect (slender body theory). The term
% CDxu2 models the hull drag, aerodynamic effects and hydro-
dynamic effects. The bubble drag is not included in the
initial model (will be addded later) because our initial

efforts are aimed at evaluation of our hybrid structure,

and a simple model above critical speed will suffice for

this. In like manner, in eqn. 9, the coefficient C. models W

Dy
the cross flow drag effects. Note that the added mass effect
has been temporarily omitted since its effect is also of
second order.

Substituting equations 8, 9, 10 into equations 1, 2, 3

provides the basic equations of motion for the 3 degree of

freedom model:

. 1 2

e (GT cos § - CDxu ) + vr (11)
o 1 p

v ® S (OF sin & - CDyv[vl) - ur (12)
r = -Iiz- (-(GT sin )1  + (chvlvl)lw) (13)

Equations 11, 12, 13 are applicable to any SES craft.

Selection of parameter values to be used in the eguations

16




would depend on the particular craft, but the procedures

used to identify the lumped parameter values are independent

of the craft type.

3.

IDENTIFICATION OF CRAFT PARAMETERS

In order to evaluate the parameters needed for the equa-

tions, the craft must be available for measurementand test

(or

s

can

suitable data must be available). The parameters m, Iz’
are constants which must be known, and GT, 6§, u, v, r
be measured in steady state (if needed). Then CDX, lw,
can be calculated as is shown below:

A. Surge Drag Coefficient, CDx

The craft is run on a straight course with GT =

constant and given rudder conditon §. When steady state is

reached u is measured. Then

T e - 2

u=0= - (GT cos § CDxuss) (14)
from which

CDx = GT cos 6/u§s (15)
where

the

GT = gross thrust in pounds
Gy * steady state speed in féet/sec
§ = rudder angle

B. Sway Drag Moment Arm, 1u

Let GT = constant and § = 61, a fixed angle. When

craft reaches steady state in the turn the sway equation

becomes

v =0 = =-(GT sin 6 - C,_v|v|)- ur (16)

Dy




from which

2 :
CE v® = GT sin § - u 17)
s mur (
The steady state yaw moment equation becomes
. 1 s
r=0= 'f;' [ (GT sin §)1 + (Cuyv[vl)lm] (18)
from which
v . 1
CDyV = (GT sin §) ( O/lw) (19)

Combining equations 17 and 19:

GT sin 6(1 - lo/l )
(]

T = — (20)

or if we wish

GT sin §
lu 59 lo GT sin d§ ~ mur

(21)
From Fig. 2 and egqn. 20 it is clear that the turning

rate, r, is a function of the distance lw' with all other
parameter values fixed. Since it is customary to command
a turning rate, if we choose r we can then evaluate lw. For
the XR-3, using steady state data obtained with our 6 DOF
simulation,

r = -0.0266(1 - 1%/, ) radians/sec (22)

w

A plot of this relationsip is shown on Fig. 3.

C. Sway Drag Coefficient, CDY

Again assuming steady state conditions with fixed

thrust and fixed rudder, the sway equation, egqn. 17, provides:

s mur+ Gr sin §
CDy v2 (23)
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For a given turning rate, r, we know all values except v, :
which can be calculated using the surge eguation, egn. 11,

to provide:

C u2 - GT cos §

DX

b s — g (24) A

4. DIGITAL SIMULATION OF THE SIMPLIFIED XR-3 EQUATIONS IN

3 DEGREES OF FREEDOM

The equations of motions as previously derived were
programmed into the IBM 360/67 computer. A fixed step size
was used to verify the program and validate the model.
Using a turn rate, r = .33 rad/sec, and an integration step

i of 0.1 seconds the simulation was run for 120 seconds of >

problem time, then repeated for an integration step of 0.01 ;
seconds. Comparison of results showed that an integration
step of 0.1 seconds was suitable, all variables in the two ?f
runs agreeing to within 1%. '

Figure 4A and 4B show plots of u vs time and x vs y 1>
for a flat turn with r = .33 rad/sec (lm =.1 fto). Figures |
5A and 5B show similar plots for r = 0.1 rad/sec (lm = 2.5 f£t.).
A number of additional runs were made but results are not E
given here. Based on these runs we feel that the program j;
has been satisfactorily verified, i.e., it is solving the i3
equations correctly. |3

The following observations seem appropriate: I

1. Egn. 22 and Fig. 3 are at least qualitatively

correct. .

2. The effect of added mass is neglegible.
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3. We have gained confidence that, given the meas-
ured perfomance of any SES in an approximate flat turn, and
given values for the parameters GT, §, u, r, m and lo' we
can determine a value of lw which provides a simulation
matching the measured performance reasonably closely.

4. If the simulation is performed with an initial
step in the thrust angle, &, approximate values for the system
time constants can be evaluated from the resulting data.

For the XR-3 operating in a flat turn the time constants are:

Variable Time Constant
u 11.0 sec
v 0.8 sec
r 1.2 sec
8 0.9 sec

To validate the 3 DOF model, additional runs were made
using the digital 6 DOF Oceanics program as modified by our
NPS group for the XR-3. Alsoc the 3 DOF model was run with
3K-SES data, and the 5 DOF model of the 3K-SES was run. For
the XR~3 tests a step of rudder of 0.5 radians was suddenly
applied with craft speed at 20 knots. For the 3K-SES tests
and 11° rudder was applied by ramping up for 1.0 second and
holding at the 11° value. Craft speed was 60 knots. Com-
arison of the 3 DOF, 6 DOF and 3 DOF Hybrid runs for the
XR~3 is shown on Fig. 6. Correlation is not as bad as
appears by inspection. Turning diameter and time for a 360°

turn are almost indentical. We presently attribute the

differences to the fact that the 3 DOF model does not include
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a term for bubble drag.

Figure 7 compares the 3 DOF run with the 5 DOF run ;

for the 3K-SES. The results are almost identical, despite

simplifications in the 3 DOF. This gives confidence that }

our modelling technique will work well when we hybridize. J

W

3

5. HYBRID SIMULATION OF THE 3 DEGREE OF FREEDOM MODEL OF ;
THE XR-3

In developingAQ hybrid model various arrangements and {4
structures (programming) are possible. The philosophy
chosen for our initial hybrid model is shown in the block-
flow diagram of Fig. 8. Details of the programming are

given in Appendix A for the simplified XR-3 model.

The simplified XR-3 model was installed in the hybrid
system and tested. Comparison of results with those ob-
tained by digital simulation showed almost identical per-
formance, differences being less than 2%.

In developing the hybrid simulation a major concern ;E
has been the amount of time delay introduced into the loop Ef
by the A/D and D/A conversions and by the time required to
perform the digital computations. We have monitored these
delays in the 3 DOF model with results as follows:

1. The fundamental loop delay using D/A for u, v, r,

x, vy and A/D for u, v, r was 33 ms.
2. A lower language subroutine exists, called ADDA,

which can be used to replace the Fortran subroutines

for A/D and D/A. This can reduce the delay by 25%.
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3. Additional delays are introduced by using A/D
for thrust (GT) and thrust angle (§) [76% increase]
and by use of the Graphics Signal (Gated) conversion
of the variables [67% increase]. Total loop trans-
port delay using D/A, both A/D units and the Graphics
signal conversion was approximately 78 ms.
We know how to reduce the loop delay substantially, but
in view of the system response time this may not be necessary.
One possible source of difficulty in the hybrid simulation
is the cross coupling between the equations. When operating
near steady state conditions during small yaw angle maneuvers
the linearized equations indicate that the roots of the
characteristic equation may be very lightly damped.
Consider straight-ahead motion (thrust) at constant
speed. The linear model sway and yaw equations are:

fg W Sag¥s = WaE4

e e
where
5' = [éu, Av, Ar]T, and Au = 0
g = Frxy)
833 © £30%;)
Combining these equations, the characteristic equation
of the simplified 3 DOF model is
2

s” + azzs + u0332 = 0

The locations of the roots of this equation depend on the

values of a,, and ajys both of which are functions of the
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sway velocity. For small values of sway velocity the
roots are complex conjugates and approach the origin of
the s-plane as the sway velocity approaches zero. For
larger values of sway velocity such as those encountered
in a turn maneuver the roots are real and negative, pro-~
viding a well damped response for yaw and sway motions.
This appears to be similar to the Dutch Roll effect in
aircraft.

For straight ahead runs using the digital program for
the 3 DOF model and setting the initial value of v to zero,
no sway-yaw motions are observed. However, if we set a
small initial condition on v a transient oscillation is
observed in both sway and yaw as shown on Fig. 9. This
verifies the existence of the phenomenon, and we expect
to encounter it in the hybrid since the equations are the
same. However, in the hybrid there is a possibility that
the roots may move into the right half s~plane due to either:

l. DC unbalance in the analog computer integrators, or,

2. Excessive loop delay from A/D, D/A and digital

computations.

The first of these possible causes can be avoided by
careful balancing of the operational amplifiers before
running. The effect of the loop delays can be controlled
somewhat by minimizing the number of terms requiring digital
computation.

6. STATUS OF THE 3 DOF MODEL STUDIES

These appear to be both complete and successful. Both

il

#
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qualitative and quantitative agreement have been achieved

with the 5 DOF digital simulation as a reference. Future

“

el v e ok Rt it

studies will be aimed primarily at the 5 DOF model of the

3K-SES except when we wish to correlate computer data with

e

specially designed experiments.
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IIB. THE 5 DEGREE OF FREEDOM MODEL

1. INTRODUCTION
Having developed a simplified 3 DOF model of the XR-3,
we now proceed to use the knowledge thus obtained and apply
it to the 3K-SES. We do not plan to develop a 5 DOF
hybrid model of the XR-3. Our procedure is to install
é the NSRDC 5 DOF program for the 3K-SES in our IBM 360/67
: computer, generate reference curves with it, obtain any
numbers we need for our 5 DOF hybrid simulation, then

verify and validate the hybrid model of the 3K~-SES.

2. THE DIGITAL SIMULATION QF THE 3K-SES IN S DEGREES OF
FREEDOM
This program was obtained from NSRDC. It has been

written for a CDC machine and had to be converted to the

IBM version of Fortran for our computer. This has been
completed, the program is operatiocnal and as far as we ,
know has no obvious "bugs". We are familiarizing ourselves
with the program, and exercising it to obtain data we will
need in developing the 5 DOF hybrid model, and for validating
it.
Details of the conversion-problems encountered, their

solutions, etc. are discussed in Appendix B.

3. HYBRID SIMULATION OF THE 3K-SES
This is under development at the present time. Hope-

fully we need only insert a new set of constants in the
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equations of the hybrid XR-3 model, but undoubtedly other

adjustments and modifications will be needed, particularily

in the trade-off of digital vs analog computation in order

to perform a real-time simulation.

4. STATUS

Progress has been satisfactory. It is too early to

predict future developments.




III. SUMMARY AND CONCLUSIONS
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The NPS Hybrid Computer consisting of the XDS-9300
digital and the CI 5000 analog computers has been pro-
grammed to simulate the 3 DOF Flat Turn maneuvering
dynamics of the CAB type Surface Effect Ship.

The XR-3 has been programmed with simplified modelling
of the drag forces and thrust-input force on the hybrid
computer for simple flat turn maneuvers. An evaluation
of the hybrid simulation was carried out by comparison of
the time histories of the velocities and the navigation
variables against those values obtained from the 3 DOF
digital simulation for the same maneuvers. In addition,
the XR-3 hybrid 3 DOF results were compared to the 6 DOF
loads and motion output.

The result of this comparison was that the hybrid
computer simulation produced a time response to a step
rudder input that produced a navigational turning plot that
was in-between the all digital 3 DOF and all digital 6 DOF
trajectories.

Additionally the 3 DOF simplified RHS (right-hand-side)
digital program was operated for the same turning conditions
that was used for the 5 DOF, DBRSIMSD . Program and the
comparison indicates close agreement in the navigational
trajectories for an 11 degree vectored thrust angle full-

turn maneuver.
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This feasibility study has shown that the hybrid
computer implementation for the 5 DOF 3K-SES in real-
time is possible with the available equipment at the NPS
Computer Laboratory. Real-time computation is of course
only approximated when using the hybrid computer. The
loop transport delay inherent in this simulation is due
to the signal conversion (A to D and D to A) and the
necessary digital computation for the acceleration forces
and moments. The magnitude of this delay time has a fixed
minimum value as a result of signal conversion and a maximum
value due to righ-hand-side calculation required for the
acceleration added to the fixed time due to the signal con-
version. Real-time computation accuracy is determined
principally by the magnitude of this maximum value for the
loop delay.

The 3K-SES was approximated with the simplified 3 DOF
Flat Turn equations and the results were compared. It
was shown that the full maneuvering trajectories for an
11 degree thrust angle compared very closely with the 5 DOF,
DBSIMS5D Program results. These results indicate that only
a few terms on the RHS may be all that are required to simu-
late the 3K-SES for the type of maneuvering control studies
to be conducted in the future on the hybrid computer.

The conclusion of this feasibility study is that suc-
cessful implementationof a hybrid computer, real-time
simulation of the DBSIMSD Program has a very high prob-

ability. The degree of complexity necessary for the RHS
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computation will be the limiting factor on the loop delay

that controls the real-time accuracy.
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APPENDIX A. HYBRID COMPUTER PROGRAM FOR THE

3 DOF (FLAT) TURN EQUATIONS

A general schematic diagram of the hybrid structure
used is shown in Fig. A-1l. The listing of the digital
program for the XDS-9300 computer is also included in this
appendix, and the analog computer connections are shown
on Fig. A-2.

As may be seen from the listing of the digital pro-
gram, the right-hand-sides (RHS) of the acceleration
equations for the 3 DOF are computed on the XDS-9300,
which also does the magnitude scaling for the analog
computer (CI-500) voltages. In addition the XDS-9300
provides the required control logic, timing and temporary
storage of computed variables.

The graphics terminal (AGT-10) provides real time
display of the desired output and control variables, as well
as their maximum and minimum values. Piloting of the craft
is carried out at the graphics terminal. Additional
permanent record outputs of navigation x and y are obtained
with an XY-pen recorder, and plots of other system variables
are obtained on an 8 channel Brush recorder.

A sample of the x=-y output for the 3 DOF simplified
XR-3 craft is shown on Fig. A-3. The plot starts with a
right turn (§ = -0.5 radians) at t = 0, using a terminated
ramp input. The rudder was held at § = -0.5 for two turns,

then reversed to § = +0.5 for a half turn, followed by




HYBRID COMPUTER

v 0DOT 7> u |
. R y

v OOT 7> v

ROOT m R
g L

NEJ' 3000
SIMULTANEQUS
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CQNVERSION CONVERSION A/D 5
v i
|
)
SOS 9300 '
DIGITAL §
COMPUTER
AGT - 10 MAN »-
GRAPHIC GENERATED >—
OISPLAY INPUTS

Figure A-1. BLOCK DIAGRAM OF THE HYBRID STRUCTURE.
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§ = 0.0, then again § = +0.5 for a quarter turn, and finally
a right turn using § = =-.29 radian for two complete turns.
The total time for these maneuvers with the XR-3 was approxi-
mately 3% minutes.

Note that the CI-5000 is used only for analog inte-
gration of the accelerations to obtain the desired velocities
for the digital computation. Displacement is computed in
the digital computer using the trapezoidal rule for integration
as done on the Oceanic's 6 DOF Loads and Motions Program.

Note also that the present structure and programming
use only existing hardware and we consider them a feasi-
bility study. If results show that we have been successful,
then we must prepare for manual control studies, and this
may require development of a more realistic "cockpit" to

simulate conditions in the control room of the 3K-SES.
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Figure A-3. SAMPLE OF THE HYBRID
OUTPUT x-y PLOT FOR

THE 3 D.O.F. XR-3




APPENDIX B. INSTALLATION OF THE 3K-SES, 5 DOF

PROGRAM IN THE IBM 360/67 COMPUTER

In the fall of 1978 the 3K-SES, 5 DOF data based
program called DBSIMS5D was delivered to the Naval Post-
graduate School, at which time a commitment was made by
the NPS group to attempt a hybrid computer simulation based
on this program.

In the spring of 1979, DTNSRDC shipped the card deck
and the output data for a typical 3K-SES run, obtained by
DTNSRDC on a CDC computer. The deck was to be used in
installing the program in the IBM 360/67, and the output
data provided information for verification and validation.
The major problem in the process of installation was the
conversion from CDC Fortran to IBM Fortran. With the help
of Mr. Roger Hilleary of the NPS Computer Facility, the
interactive graphics terminal was used to edit the program.
After some 50 man hours of effort the first successful
batch run was made in April 1979.

Complete success in the conversion did not occur until
a correction was added to the newly programmed TIMER, to
allow for a stop at the desired stop time rather than a
premature stop time due to the timer program.

To validate the IBM version of the program we dupli-
cated the sample run for the 3K-SES. This run, as provided
by DTNSRDC, was for a left turn, using an 1l degree effector
angle and a speed of 60 knots. The sample run terminated

after 14.5 seconds of real (problem) time. The 1l degree
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effector angle was programmed as a ramp which terminated

after 1 second, and remained constant at 1l degrees for

an additional 50 seconds.

A comparison of the output of the IBM 360/67 version

with the sample run data from the CDC computer showed that

the recorded variables were in complete agreement within

the accuracy differences of the two computer word length.

The problems of conversion were simple but time

consuming and may be listed as follows:

l.

6 character variable name limit on the IBM com-
puter as compared with a 7 character limit on the
CDC.

Single statement limit on the IBM computer versus
multiple statement on a single card for the CDC.
Identification of temporary files used for the
output data.

Identification of the timing control and pro-
gramming the IBM computer timer to provide the
functions required for operation of the program.
Addition of the proper job control language (JCL)

cards to compile, link and compute.
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CIMENSION ITEXT(29),ILAP(24),POT3(24),05TK(24),IMA3E(30C0)
Coll(2%)»TITLE(24),AC(10)2AA(12)sILAL(24)2]ILAZ(24)2]I_A3(24),

CILAG(28), ILAS(24) )1 AS(248) ) ILAT(24),ILAS(24),IPL3T(12),1IVIEAA(CD),

CIVIERE (2C)

EIUIVALENCE (AD(1)2411) 0 (AD(2),A21),(ATI(3),A31),(2A11)0311),
CCAA(Z2)2B821)2(AA(3),331)s(AALS),341)0(AALD)4B51)0(AA(6),353),
CLAALT7),R61)0(AA(8))371)0(AA(9),381),(AA(L10),»331),(AA(11),31228),
ClAA(12),B1LL1) 0 (AD(A8),281),(AD(S),AS1)a(AD(6),A6L),
ClAD(7)5073)2(ARI8B))A81)2L AD(9),A31),(AD(10)0ALC!L

CALL CAL(eQseChre0sels¢03¢25605¢C5¢05002:0,0)

CALL SETORT (420019 els8-P2035 0442505, :0,4=P0072+024-P211, 2
C4RFT15,.0)

CALL RSESET(1000Q)

CALL C3amMeyTE

CALL DaINIT(Z,IVIENA,2C,]12R)

CALL DGINIT(2,1VIEWwE,20.12R)

CALL CGINIT(2,1°L2T,1041ER)

CALL CTINIT(1,ITEXT,29,1ER)

ENC3ICE(96,L,TITLED)

FORMAT( REAL TIVE LB

CALL TEXTS(1,TITLEC,C4,421,53,3,12R)

ENCOCE(96,2,TITLEL)

FORUAT( ! WITISN ANALYSIS PREGRAM ")

CALL TEXTOU(L1,TITLEL,260251,3,3,12R)

1s13000CC

CALL CELAY

IVIEAB(1)a]l=EAD(L,10)

IVIEANS(2)=IPACK(Qe8s1CaQ)

IVIELS(3)=2]PACK(Qe0s2e3,1)

IVIEAR(4)slPACK(=leC,CeT,0)

IVIZAS(5)=2[PACK(=0e5,;30e2,1)

IVIEA2(6)8]PACK(0e¢5,CeCr0)

IVIZAZ(7)=s]PACK(1e¢0,0:021)

IVIZAZ(8)2IPACK(D0e72,12,32)

[VIENR(D)=2IPACK{Ce75,200301)

[VIEAS(10)819AC¢(0¢5,2¢75,:0)

IVIEAS(11)8I2ACK(1eC,0e75,1)

IvIiEal(12)=Q

CALL GRAPRE(2,IVIENS,12,1,1E5R)

1PR=C

[C8asC

1C&=0

\NCA=12

NADsSI O O.ﬂ,

N0 gRAOSY

Xz={CCe

TIMEsC O i

AAAASC,

P=sCeC

Ga0.C

RHB2240

"

RT
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Ca32.2
M lRC
COX=e3
COY=155%5.0
LW.‘ N
L3¥s1Ce
UEDS
[Z33323.
AZ2=140
A3ebtZ
AUC3T=2,45
AV® (022
AV2T3,.220
AR®T.T120
ARCST22.2100
AX222%,
AVC’?EO
ATz3,
Al s
2CsC
b £ Toil e
Tyas-£22Ce

,qav-

eSC CaLL OTINIT(1,ITEXT22921ER)
SC1 FORMAT('PRESENT',2F1Ce2s!
g ')FEe3)
825 FQEVA'('VAxIv MY y2F 1020
oty ' ,F5e3)
5 :QGVA,('V[‘IV “! 2:1:.2,'
€’ 'yF&e3)
507 FERYA ('DQESf‘*',-B 2,F512.3,!
CFSs3, '3F343)
527 :Q:VF""Ax'vlM":S.E‘rlc.s'
CFSe¢3,! '4FSe3)

23 FIRVATLIMINIV M1 ,T82,F 1043

FESe3,! ')E€343)
311 r‘*“AA('°QE3E\*'J-7 3,FL2e3
c 1€4e¢3)

=293 F°J~&’(’VAx'“ M35 7e3,F10¢30!

‘t8 ' 4yFhe3)
&1A FQQ“AT('“I\I“‘“‘" Te 3' .v'3'
e 'sFAe3)

516.F85“A7(F5o21' VyF4e2)!

& '957¢25'/7'3C3610' 'aFETe2s' '4FSe70!

ENCETE(96,5CC,1.AL)
FORvaT(!

o
(]
)

' VyFLest 1,FRe3,0

! tastCe2! 1)55¢3,!

Fige2s'? 'yCRe 3!

' ' aT 102! 'y FBe3,!
YaFbLe3y! 'yF6eca!

'9FSe2)

PISITIAN')

CALL TEXTS(L,ILA1,26,3,101,3,[ER)

IE(IERNESQIBUTOUT(101) 2R,
ENCACE(S8,8C2s 1LA2)
502 FORvAT(! X
£o-1 T<ETAY)
CALL TEXTE(L1,1LA2,24,58s101,3
EMNCODE (96,505, [LA3)
505 FORMAT( !

' P8SITII!
Y 22 CER

) 1ER)

JATEZ

P TSNS SO R A - o

s
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105 CALL TEXT2(1,TLA3,24,11,1,103,12R)

106: IF(IER«NECQIBUTOUT(121) [ER, ! VELBCITYY
197 ’“'“”‘(°6: 17,1.A8)
1048 S17 FSRYAT(' u Vv N R
109: cP 8')
116: CALL TEXTR(1,1LA4,26,12,151,3,123)
1§ 5K IF(IERNED)OUTOUT(101) [ER, ! LIST VAR VELSCITY!
112: ENCSCE(296,5CS,1LA3)
-5 1 O 309 FRRMAT(! ACCEZLZRATION')
114: CALL TEXTO(1,I0LA5524,1%9410103,12)
115 IF(IE~oVE-O)9JT°UY(131) IZR, ! ACCEL TITLE!
116 ENCSDE (94,512, [LAL)
117 sSie 79*“'(' JOarT VOeT NCOT RDaT PC
118 coar Q06T )
1137 CALL TEXT2(1,TLAGLI24,2C015103,12)
12C: [F(IERNEDIRUTOIYT(12L) [ER, ! ACCEL VAR
, 124 EMNC2CE(94,3146, A7)
I 122; S14 FRRMAT(' CONTRSOL INPUTS TIvE NAV
‘ 123: IGATION DATAY')
1242 'ALL TEXT2(1,ILA7226,275151,3515R)
125 IF(IEQ-\E QIBUTPUT(10L) [ERs " C3NTRBL HEADING!
126 ENCADE(96,515,1LAR)
127: 513 FORMAT('THRUST RYDDER DELT ELARPSED SITCH ~EADING/R
128: CATE DRIFT Q“L' SPEED!Y)
129 CALL TEXTa(! ;ILAxnakp98:1p1 3:1 Q)
130: IF(IER«NE«Q)IBLTPUTILS [ZR, 3UB LABEL CZONTRSL!
131: CALL 4ITECL8:A(")
132: CALL STARTCLACK
133 101 CBNTINUE
134 CALL ADDAC(AZ,NADAALNDAY
135 CALL READCLSCK(N)
136 CALL WRITECLSCK(C)
137 X12PSl/6e2831835
138 IX=EX1
139 AlX3xielX
1432 IF(AIXeLTeCe2)3% T2 10C
- 1e1: ~EAD=AIX#360,
162 G& TS 11
142 12 AlIXliszle+AlX
las: REAT2AIX1%36C
145 11 CONTIMUE
1456 ARATE=(36Ce»*R)/he2R313S
147 ARBLL=(36Ce»PH]) /64283185
148 APITCH=(36Ce»THETA) /64233185
149 SPEEC= »e557213
150: [F(=1GTeXC)G2 T2 7C0
151°¢ =1sx2
152 720 IF(H2+3TeYC)G° T2 701
153¢ -4 Al
1S4 7C1 1F(=3e3TeZ22)G2 T8 7C2
155: =3s77
156: 7C2 IF(“4.GT«PSI)GY T3 703
157 H4sPST

bbbt S Iﬁﬁﬂﬁl”‘




153: 703 IF(=3.GT.PHI)33 T8 704
159 ~“Safo?
1 1602 706 IF(=6eGT+THETA)3S T8 725
; <161 HeET=ETA
| 162: 7085 IT(N75T.U)5% TS 706
i 163 =73
L1642 708 IF(=3.3TW.V)G8 TS 707
163 =23y
; 166: 707 IF(=9+GTew)G0 TS 708
| 167 ~93
. 168: 708 IF(=17.GT.R)G° TS 709
162: ~10=R
179: 709 IF(=11.3T.P)G> T9 710
17483 1122
172: 713 IF(HL1248T400G0 TB 711
173 =127
1742 711 IF(=1343T4UY28T)39 T3 712
17%: =13=y08T
i 176: 712 IF(~143T.VD8T)38 T8 713
177: ~143y0aT
1733 713 JF(=15.GTe4DST)IZH T3 714
175; ~153.,087T i
147: 714 [€(=1%.3T.RDAT)58 TS 7153
181 ~163RCET
122: 715 IF(H17.GT.P28T)39 Te 714
183" mi{7s008T
184: 718 IF(H18.GT«C08T1G8 To 713
185 ~18a37aT
186: 718 IF(HM30.LTeX0158 T8 719
187: ~3Csxd
122: 719 [C(=31.LTe¥D)22 T 722
139; m312vo
190:  72¢ IF(=32.L.T«22)59 T? 721
151 “3Za27
152: 721 [F(~33._T.PSI)3° T9 722
1823 R332RS!
154 722 [F (=364 _TePHT)3S T9 723
135 m34sPwT
19¢: 723 [F(=35.LT.THETAIGY TO 724
1975 =35sT-ETA
198; 724 !F(~344LTey)GE TS 725
199 ~N3kszy
200: 725 [F(~37.LTeV)32 TS 724
ida b =373y
202: 726 IF(~3%LTew)38 TS 727 39}
207 382, g
: * 204 727 IF (=324 TeR)59 T8 728 Q},/
B 20%: =39s3 oy
| 205: 728 [F(=s2.|TeP)GA TS 729 o
i .207: Qe 3
1 ; 203: 729 [T(=41eLTeG)GS TS 73¢C B 4
E | 209: Hle3 S
215: 730 IF(-42._T.sD9T)38 TS 73¢ (»}iﬁf?
/ R 2
© &
¥
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~J4
0
'b

423037
1 (=63, T.VDST)GS
H43z ;097

1T (=444 Ted22T)533 TS
H443 02T

IT (=4S TeRD23T)3E
=43=RC3T

IF (=454 _TePDST)538 TS
46=200aT

IF (87 .LTe3D9T)38 T3 736
m47=3087

CONTINUE
CELTa(DELT+(N/6Ce) ) /20
TIME=TIMESDELT
22" a5 +49

IF(ZeGTeeS)32® T2 79¢C
[F(ZelLTemeS)G3 T8 791
IF(Z2¢GTee005)52 T3 792
IP(Z-LT.--OOS)G? T8 792
23l

G& T2 792
2= 3
G® T2
123
G FELT
CONTIMUE

T2AT»2311CC.

IF(Te3Te375)C3 T3 793

IF(TeLTeCeQ)G8 TS 794

c8 Ty 795

Ta2375

Gg T8 795

T=Qel

g8 5 795

CINT INUE

CONMTINUE

PAARP2CT«2C#SIN(2ST)

Pulsf

THETAsUDST

ANETPAAFR

PaBAAR

Ga3PAAP

wJ8TsPAAP

PNATsPAAP

GDETsPAAR

USALLesx»AYy

VsAZlaxeay

SxpaZlexeAR

UOBT2((=1e)®(COX/183¢)%usJ)+((T/180+)24C3S(2))+VeR
VOBT2((T/M)#SIN(IZ2))e((COY/M)eVeAIS (V) )= %R
QDS?'((CCY/IZ)-LNOVtABS(V))-((T/IZ).LeﬁSIV(Z))#(AEZ'J'V¢(Ld/IZ))
BETASATAN(V/Y)

VSs((Usy)e(VaV))nneZ

TR 732

733
Te 734
7238

0

2

THI [0 S
PPk IS BEST QUARTTY PRAGTI AT
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284 PSIaPII+DZ_ TR
245 X0 A Ta «CSS (2T ) aVaSIN(2S])
266 YICR T2 «QIN(PST) +V#CAS(7ST)
‘267: XCZ3YCHNELTXCNIT
2632 YOavY eDFE TeyYONaT
269 3112097/ (ALRAT#100
270 321=/0AT/(AVARTeL0 o
271 531 :-«"‘”’/(A?"'-‘SO.)
272: A71=2x2/(AX0#1C0.)
2772 BE1zv /(AY*12D)
274 [F(SENSE SwlTCH 11122,105
275: 102  CALL LD
275 CALL STEPCL3CK
277: ZRITE(6,100)1L2,J0,TT0, T2, TBEAR,,4ZAD,ATVECD,CCC, TVES
2731 102 FRRVAT(2F244)
272; CALL STARTCLSCK
23~ CALL CaupTE
281: 105 CONTINUE
287 17(a121+G3Te=04351359 T8 171
227 (28312341
234 [IF(ICRsER11G8 T2 653
225 IT(1C%«S3+3)532 79 433
224 [€(1C2e2315)23 T9 633
287: [F(TC34E322139 T3 433
228 IT(I1C9eE2e23)39 TS &53
237 IT(1C%T%536)33 T3 &52
253 G8 T 167
291: 433 ENCRE(26,501,1LAP)YC,X2,22,5S 0] THETA
292 670 CALL TEXTR(1,TLAPs24,62151,3,1ER)
CER IT(IESNESQIIUTOUT(101) [ER, 22zgzL T
: 07 IF(ICT.EGeS1G2 T2 103
: 533 T3 179
: T2 ENCOCE(CE,352%, 1A )=2,-11043,42-3, 46
% CALL TEXT2(1,ILaP,24,R,102,3,12)
: 129 IF(1C2E3,10139 T9 117
: G® 7% 113 ‘
: 10 ENCSCE(96,526,[,AP)1~31,432,432,+33,+34, 435 |
: CALL TEXTE(1sILAP,26,951s1,3s 1ER) {
11 [F(IC3eES2)32 TS 601 |
IT(1C2.£E5.9)3% T8 601
[F(122.55.14)39 T9 821
[€(129.5222)58 TS &C1 ‘
IF(IC2eE332)3° T9 &01 ¢fﬁ' i
IF(IC%eEQe37332 T9 43! é'/ B
3% T2 112 & §
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