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ABSTRACT

The flight test system combines state-of-the-art microprocessor
technology and high accuracy instrumentation with paramerer identifi-
cation technology which minimize data and flight time requirements.
The system was designed to avoid permanent modifications of the test
airplane and allow qui‘ck installation. It is capable of longitudinal
and lateral-directional stability and control derivative estimation.
This report presentz details of this system, calibration and flight
test procedures, and the results of the Cessua 172 flight test pro-
gram. The system has proven easy to install, simple to operate,
and capable of accurate estimation of stability and control param-

eters in the Cessna 172 flight tests.
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LIST OF SYMBOLS

All parameters in this report are referenced to a system of

body axes as shown in Figure C.l.

Symbol
A= =X

Ax.

A ’ »
y

Az’AZ

Ay = A
[a)
§:)

b
{c}
c
c,=2=-c
qS
C - iC—A.
Aa da
aC
C -
Au 9 (TJ-
CA6 -
E,c
CA
")
c, = 2
qS

Definition

Force in A direction
Longitudinal acceleration
Lateral acceleration
Vertical acceleration
Normal acceleration
Stability matrix

Control matrix

Wing span

Vector of unknowns for MMLE

Mean aerodynamic chord

Coefficient of force in A direction
(A = =X)

Variation of body A coefficient
with angle of attack

Variation of body A coefficient
with speed

Variation of body A coefficient

E,c with elevator or canard angle

Nondimensional longitudinal force
equation bias

Drag coefficient
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ft
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rad
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Definition

Variation of drag coefficient
with angle of attack

Variation of drag coefficient
with speed

Variation of drag coefficient
with elevator angle

Lift coefficient

Variation of lift coefficient
with angle of attack

Variation of lift coefficient

with rate of change of angle of

attack

Variation of 1lift coefficient
with pitch rate

Variation of lift coefficient
with speed

Variation of 1ift coefficient
with elevator angle

Rolling moment coefficient

Variation of rolling moment coef=-

ficient with sideslip angle
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Definition

Variation of rolling moment coef-
ficient with roli rate

Variation of rolling moment coef-
ficient with yav rate

Variation of rolling moment coef~
ficient with aileron or rudder angle

Pitching moment coefficient

Variation of pitching moment
coefficient with angle of attack

Variation of pitching moment coef-
ficient with rate of change of angle
of attack

Variation of pitching moment coef~
ficient with pitch rate

Variation of pitching moment coef-
ficient with speed

Pitching moment coefficient due to
thrust

Variation of thrust pitching moment
coefficient with angle of attack

Variation of thrust pitching moment
coefficient with speed

Variatiorn of pitching moment coef-
ficient with elevator or canard
angle
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Definition

Nondimensional pit:.ing moment
equation bias

Normal force coefficient.
(N = =2)

Variaction of normal force coefficient
with angle c. attack

Variation of normal force coefficient
with speed

Variation of normal force coefficient
with elevator or canard angle

Nondimensional normal {orce equation
Yias

Yawing noment coefficier

Variation of yawing moment coef-
ficient with sideslip angle

Yawing moment coefficient due to
thrust

Variatinn of thrust yawing moment
coefficient with sideslip angle

Variation of
ficient with

Variation of
ficient with

Variation of
ficient with
angle

yawing moment coef-
roll rate

yawing moment coef-
yaw rate

yawing moment coef~
aileron or rudder
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L1ST OF SYMBOLS, continued

Definition Dimension

Thrust force coefficient in X
direction

Variat .on of thrust force coefficient
with speed

Force coefficient in X direction

Variation of longitudinal force rad
coefficient with angle of attack

Variation of longitudinal force
coefficient with speed

Vuriation of longitudingl force rad
coefficient with elevator or
canard angle

Nondiaensional longitudinal force
equation bias

Force coefficient in Y direction

Variation of side force coefficient rad
with sideslip angle

Variation of side force coefficient rad
with roll rate

Variation of side force coefficient rad
with yaw rate

Variation of side force coefficient rad
with aileron or rudder angle
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Definition

Force coefficient in Z direction

Variation of vertical force coef~-
ficient with angle of attack

Variation of vertical force cuef-
ficient with speed

Variation of vertical force coef-
ficient with elevaior or canard
angle

Nondimensional vertical force
equation bias

Y axis force coefficient in
wind tunnel axes

Drag force

MMLE weighting matrix
Force of gravity

MMLE observstion matrix
MMLE observation matrix
Pressure altitude
Identity matrix

Moment of inertia about the X,
Y,ani Z axes respectively

Product of inertia
MMLE cost func:ir}
True airspeed

Rolling moment (perturbed,total)

Lift force
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rad

rad
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LIST OF SYMBOLS, continued

Definicion

Iteration number

Dimensional variation of rolling
moment with sideslip angle

Dimensional variation of rolling
moment with roll rate

Dimensional variation of rolling
mome.it with yaw rate

Nimensional variation of rolling
viomenc with aileron or rudder angle

Rolling moment equation bias

Pitching moment (perturbed,total)
Mass

Engine manifold pressure

Dimensional variation of pitching
moment with angle of attack

Dimensional variation of pitching
moment with rate of change of angle
of attack

Dimensional variation of pitching
moment with pitch rate

Dimensional variation of pitching
moment with speed

Dimensional vatiaiion of pitching
moment due to thrust with angle
of attack

Dimensional variation of pitching
moment due to thrust with speed
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LIST OF SYMBOLS, continued

Definition

Dimensional variation of pitching
moment due to elevator or canard
angle

Pitching moment equation bias

Dimensional variation of pitching
moment with pitch angle

Yawing moment (perturbed,total)

Normal force

Dimension variation yawing moment
with sideslip angle

Dimensional variation of yawing
moment due to thrust with sideslip

angle

Dimensional variation of yawing
moment with roll rate

Dimensicnal variation of yawing
moment with yaw rate

Dimensional variation of yawing
moment with aileron or rudder angle

Yawing moment equation bias

Roll rate

Dynamic pressure

Static pressure

Total pressure

Pitch rate

xiii

Dimension
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sec

rad sec-l.
deg sec:'-l
knots (speed)
1b £e~2
ft (altitude)
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LIST OF SYMBOLS, continued
Symbol Definition
a Dynamic fressure
: r,R Yaw rate
}‘ RPM Engine rotational speed
ﬁ [R] Acceleration transformation matrix
S Wing area
t,T Time point
T Temperature
| TX Thrust force in X direction
u,U Speed (perturbed, total)
| {u(t)} Control vector
; v Perturbed sideward velocity
F {v} MMLE varisble bias vector
Vx,vx Longitudinal velocity
VY.Vy Lateral velocity
' VZ.Vz Normal velocity
w Perturbed downward velocity
; {x(e)} State vector
. X Force in X direction
' X Distance in the X direction from
} the center of gravity
L xu Dimensional variation of X-force
- with angle of attack
E‘ xu Dimensional variation of X-force

Lt il

with speed

Dimensional variation of X-force
due to thrust with speed

xiv

Dimension

1b fe ™2

rad sec:1
dag sec

ft
sec
°F
1b
ft sec-l

mph

ft sec
ft sec
ft sec

ft sec

ft sec

1b

ft

ft sec
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LIST OF SYMBOLS, continued

Definition

Yimensional variation of X-force
with elevator or canard angle

Longitudinal force equation bias

Computed observation vector

Computed observation vector at
time 1

Force in Y direction

Distance in Y direction from
the center of gravity

Dimensional variation of Y-force
with sideslip angle

Dimensional variation of Y-force
with roll rate

Dimensional variation of Y-force
with yaw rate

Dimensional variation of Y~-force
with aileron or rudder angle

Lateral acceleration equation bias

Measured observation vector

Measured observation vector at
time 1

Force in the Z direction

Distance in Z direction from
the center of gravity

Dimensional variation of Z-force
with angle of attack

Dimension

ft sec-z ;

£t sec2

1b
ft

£t sec™? j
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Greek Symbol

A’ a

Angle

Euler

LIST OF SYMBOLS, continued

Definicion

Dimensional variation of Z~-force
with rate of change of angle of
attack

Dimensional variation of Z-force
with pitch rate

D..mnensional variation of Z-force
with speed

Dimensicral variation of Z-force

with elevator or canard angle

Vertical force equation bias

of attack

Angle of sideslip
Euler heading angle

Euler pitch angle

roll angle

Bias in Euler pitch rate equation
Elevator angle

Alleron angle

Rudder angle

Canard angle

Air density

Bias in Euler roll rate equation

Undamped natural frequency of the
short period mode

Dimension

ft occ-l

ft sec°1

-1
sec

ft sec

ft sec-1

rad

rad

rad

deg: rad

deg, rad

rad sec-l
deg, rad

deg, rad

deg, rad

deg, rad

slugs 273

rad ser:'.1

Hz
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Symbol

v2
c

Subscript

.B
W

Wt

Superscript

+

LIST OF SYMBOLS , continued

Definition
Undamped natural frequency of the
rhugoid mode

Undamped natural frequency of the
dutch roll mode

Noise vector
First gradient with respect to c

Second gradient with respect to ¢
Definition

Initial

At body axis at cenier of
gravity

As measured by tramnsducer

As installed wrt body axis
at center of gravity

Left hand

Right hand

Flight stability axes
Wind axes

Wind tunnel stability axes

Transpose

State vector derivatives
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Dimension

Hz

A dot over a quantity denotes the time derivative of that quantity.
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i 1. INTRODUCTION

! This report describes the results of work completed in the third
phase of a continuing program sponsored by the NASA Dryden Flight
) Research Facility (NASA-DFRF). Funding was provided under NASA

Grant NSG 4019 (CRINC/FRL 4070). This program began on January 21,

1979; and the current phase was completed on March 31, 1982. The
program encompassed the design, development, and use of a simple,
self-contained f£light test data acquisition system. The program
was divided into three phases:

Phase I

*» A literature survey of flight test techniques
(Reference 1).

* The development of a proof-of-concept system capable
of longitudinal stability and control parameter
estimation (Reference 2).

Phege 1L

*+ The development of a complete system capable of
longitudinal and lateral-directional stability and
control parameter estimation (Reference 3). This
phase included sufficient flight testing to prove

the flight test system.

ey

Phase IIl
re * The refinement of the completed system for a cleaner
installation, overall package size reduction, and

additional ease of use.

et i e ¢ T i N e Sl e
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* The complerion of flight tests on a Cessna 172
airplans at various cruise power settings.

This report describes in detail the system components, cali-
bration and analysis procedures, as well as the results of the flight
# test program.

r The purpose of the project is discussed in Chapter 2. Also

discussed in that chapter are the design criteria and formal require-
' ments for flight test instrumentation systems. The literature survey
(Reference 1) was the primary instrument for establishment of the
criteria.

Chapter 3 describes in detail the hardware that was selected
and assembled into the final data acquisition system. Copies of the
instrument specifications are included.

The data acquisition system is capable of longitudinal and

- T

lateral~directional stability and control parameter estimation.

The limitations of the system are only those of sensor accuracy and
y range and limited computer program capability. The instrument
ranges selected for this system were applicable to general aviation
class airplanes. The computer program used for data analysis is
applicable to linear, time invariant equstions of motionm.
) The system was designed with the goals of ease of ‘nstallation
) in an airplane and little or no need for permanent modifications

to be made to the airplane. The data acquisition system is composed

$

of four major modules:

M

e

T TR
- 4

(1) The power supply module, which consists of an independent

i
E

battery and voltage regulat.on system. In this manner the
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: data acquisition system is totally isolated from the

i
;

i : airplane electrics’ system.

I | (2) The transducer module, which consists of a package of

%< inertial instruments ccumbined with various external |
? transducers (total temperature probe, to . pressure '
L probe, statfc pressure proba, and three control position

transducers). These external transducers are taped to |

the airplane with double-sided foam tape.

P

l (3) The data management module, which consists of a micro-
! computer controller, a 1l6-channel multiplexing anslog-
:

to-digital converter, and a digital cassette recorder. ]

r This data system has proven to be a simple, accurate,
and reliable method for recording flight test data.

(4) The operator's control module, which consists of the
switches which control the data acquisition program
as well as an independent digital voltmeter. This
voltmeter is used for checking the output of the trans-
ducers (both inflight and during ground checkout).

. Chapter 4 contains a description of the ground-based computer

system and a discussion of the selection procedure that led to the

; purchase of this computer system.
The data analysis programs and linear airplane math model

are discussed in Chapter 5. The heart of the parameter estimation

technique used in this project is the Modified Maximum Likelihood

Estimation (MMLE) program (Reference 5).
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The actual results of the KU flight test program on a Cessna 172
are discussed in Chapter 6. These results are compared againest esti-
mated longitudinal and lateral-directional stability derivatives
from NASA-Langley fligh: tests (Reference 4). Also included in
this chapter are discussions of the flight test maneuver and test

procedures. Figure 1.1 shows the experimental configuration of the

tested Cessna 172.

Figure 1.1 Experimental Configurats... of the Airplane Tested

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH
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Chapter 7 presents the conclusions which were drawn from the
experiences using this data acquisition system. Chapter 8 discusses
recommendations for further work and for changes which can be made
to improve the data acquisition system.

References and a list of all reports and formal papers which have
been written about this research are presented in Chapters 9 and 10.

Appendix A has been included for a description and listing
of all computer programs used in the flight testing and data analysis
procedures.

A comparison of the KU-FRL MMLE output with the NASA-DFRF
MMLE output has been included as Appendix B. The test casc A
(of Reference 5) was run on the KU-FRL computer system and compared
with the output listed in Reference 5.

To allow for conversion of the estimnated parameters among
the various axes systems, Appendix C presents several sets of
transformation equations. This appendix is taken directly from

Reference 6.

L e e e gt
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2. PURPOSE OF PROJECT

Flight testing airplanes has previously required a high degree
P of complex instrumentation to get good results. This is particularly | j

true in stability and control parameter estimation. In general, the

{ normal approach has been to equip each individual flight test airplane

with available instruments coupled with those specifically needed

for the test program. This nonsystematic approach to the requiremants
of the flight test program can lead to high cost and needless com-

plexity ia the instrumentation system. This complexity typically

T E T et b i s ot o v
o

leads to many man-hours in instrumenting the airplane and in system

checkouts.
With recent advances in microcomputer technology, it was thought

that an accurate, multipurpose data acquisiticn system could he de-

-

S T e e T

veloped which wae applicable to flight testing airplanes. This system
would combine state-of-the-art microcomputer technology with high-
accuracy sensors in a systematic approach to the problem of flight
testing. The system described within this report has been developed
to meet thoce goals. The design criteria for the system are explained
below.

+ EASE OF INSTALLATION: This has been a major design consider-

ation; if possible, no permanent modification should be domne

to the airplane. The system should be easy to install, should

require few man-hours for installation, and should require

no complex installation procedures. This should include the

control surface position transducer (CPT) calibrations which

are done after the system is installed.




é.
|

iR

B Rt
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SELF-CONTAINED: The system should be totally independent

from the airplane. This includes independent power as well

as sensors. Likewise minimum ground support should be needed.
SIMPLE: The system should be simple in operation. Complex
instrumentation procedures, difficult calibration techniques,
and specialized operator knowledge should be kept to a

minimum wherever possible.

FLIGHT TEST MANEUVER: The system and data analysis procedures
should require no specialized piloting techniques to obtain
good resul:s.

CLASS OF AIRCRAFT: The system and analysis methods should

be applicable to all classes of aircraft. For this specific
a_plication, the transducer ranges and accuracies were chosen
for general-aviation-class airplanes.

FLEXIBILITY: The system and analvsis methods have been proven
for stability and control parameter estimation; but regardless
of this, the system should be adaptable to other test require-
ments.

COSTS: The system should meet all of the above objectives

at a lcwer cost than current flight test methods and systems.

:
4
?




g 3. INSTRUMENTATION SYSTEM
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| The system designed and developed in this research program meets
the criteria listed in Chapter 2. The flight system can be broken

into four major parts:

i (1) Data Management Computer,

D

} (2) Transducers,
| (3) Power Supply,
(4) Operator's Control Box.
A block diagram of the complete flight test package is shown

in Figure 3.1. This system is used in two modes:

(1) airborne mode for recordiung flight data }
(Figures 3.2 and 3.3), 5
! (2) ground-based mode for tranrferring flight test data

| to the data reduction computer (Figures 3.4

and 3.5).
In the following sections the requirements of the flight test

data acquisition system, detailed descriptions of the system com-

ponents, and design trade-offs are discussed.

3.1 Requirements

} The requirements of the instrumentation system were accumulated

through a literature survey (References 7 through 23) and through

& | discussions with personnel at NASA-DFRF and in the aerospace industry.
x v
K . Table 3.1 summarizes the sensors used in previous test programs.
3y
%l P It also shows the sensors chosen for this system. The number of
L -

9
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KEYBOARD

LED DISPLAY

PRINTER

GROUND POWER
SUPPLY

OPERATOR'S
CONTROL
BOX

COMPUTER MODULE

AIM - 65

COMPUTER

DIGITAL
CASSETTE
RECORDER

RS 232
INTERFACE

MULTIPLEXER

ANALOG TO
DIGITAL
CONVERTER

GROUND BASED
DATA REDUCTION
COMPUTER SYSTEM

TRANSDUCER MODULE

-3 accelerometers

-3 rate gyros
-attitude gyro

-static/dynamic pressure

transducer

-voltage regulation
-signal conditioning

Figure 3.1

ATRBORNE
BATTERY
PACKAGE

Overall System Block Diagram
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WEIGHTS

BATTERY MODULE

COMPUTER MODULE

TRANSDUCER MODULE

VOLTAGE REGULATOR MODULE

FILTER MODULE

PITOT PROBE*

TEMPERATURE PROBE*

OPERATOR'S CONTROL BOX

MISCELLANEOUS (cables, clamps, etc.)*
TOTAL:

*not shown

37.3
17.0
9.2
5.9
0.2
0.2
1.0

2.0

134.1

Figure 3.2 Major Components of the Airborne System
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1
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e
ACCELEROMETER | TEMPERATURE T | E———"
ROLL
RATE GYRO >
PITCH
RATE GYRO ™
YAW
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ROLL !
ATTITUDE GYRO | ] UNUSED
PITCH . BATTERY
ATTITUDE GYRO POWER
SUPPLY
ELEVATOR - TRANSDUCER <
POSTTION MODULE
,Q_ AILERON
-
POSITION - —POWER
m———S IGNALS
RUDDER
Q" POSITION . - —CONTROL

Figure

3.3 Airborne

System Block Diagram
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Figure 3.4 Major Components of the Data Transfer System

:ggzg::“ AIM 65 =< — — — =1 GROUND
COMPUTER POWER
T‘- SUPPLY
L]
¥ |
[
TEAC | || EXPANSION BOARD KEYBOARD
TAPE -
Shiie  § DISPLAY
RS 232 . PRINTER
INTERFACE
TELEPHONE
K fc——— OPTTONAL
+ —< — — POWER
GROUND BASED DATA REDUCTION COMPUTER —<— - — CONTROL

—<— SIGNAL

Figure 3.5 Data Transfer System Block Diagram
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Table 3.1

.ransducers Used in Various Flight Test Programs
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Ay ' * " »
A' ' ' ' N
v
x
vy can be derived
v
z
Alt,
Teap, . *
;] L] * . [
¢ 'y 'y . *
v . not normally
nasdad
P 'y ' .
q . " " * *
T ' . " "
P * "
& N.R. L can be derived
t * N
6: " 'S 'y
6A * *
GR . .
RPM * may be req'd or
desireable for
M.P, * performance data
Ps L] .
P.‘. can be derived
PD * & * » *
n ] » [ ] L ]
8 N.R. . caa be derived
0 L ]
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channels to be recorded wss set at fourteen with growth capability
to sixteen. The applicatior of the MMLE method (see Chapter 5 for
details) does not require that all states be measured to get good
parameter estimates of the equat. ns of motion. Because of this
fact, one of the important selection criteria for excluding
measurement of a state was the complexity of the sensor installation.

The accuracy required ¢f the sensors was determined by study of
these other systems. Table 3.2 summarizes this information. The
required ranges of these senz>Ts were determined by consideration
of the performance characteristics of the class of airplanes to be
tested. These ranges and the system accuracies for the selected
sensors are summarized in Table 3.3.

For Phase Il11 all transducer channels were measured at the
same sample rate. This is quite different from earlier work which
limited measurement of temperature, static pressure and dynamic
pressure to the beginning and end of each maneuver.

Thue choice of data sample rate was based on the following
considerations:

* The minimum sample rate must be higher than the highest

undamped natural frequency of the airplane.

* The minimum sample rate must be high enough to avoid

time skewing the data points.

* The minimum sample rate must be high enough to measure

the control input completely.

* The minimum sample rate must be as low as possible within

the above constraints to allow economy of the recording media.

15
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Table 3.2

R e et i . M

Transducer Accuracies Used in Various Flight Test Programs

o
n
ks 89 g @ A% g
ko ¢ | EE . |8
8 2 2 ¢ |88 53 & | B
.002 g .005 g ,002 g
.02 g or ,002 g
.02 g 2 % 002 g
1/2 ° ‘ 2% or .5°
/2 ° l 2 % .5
% .15°/sec .2°/sec .5% /sec
@ v
-y
= .15°/sec or h .5° /sec
Rt @
s = .
N .15°/sec 2% S 5% /gec
o ™
© )
© oh® $2° " 5°
”. .
‘ S
.lto z or .50
.10° 2 z .5°
2° F 2°F
10 ft 10 ft
5 knots 2 knots 2 knots
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4 ; Table 3.3 Transducer Accuracy and Range Used
|
o Resolution/
2 Symbol Sensor Accuracy?* Range
3
4 Ay longitudinal acceleration .0020 g 2 g
3 Ay lateral accelerafion .0020 g +.5¢g
} Az normal acceleration .0024 g 25 ¢
6 pitch angle .5° £30°
¢ roll angle .5° +30°
P pitch rate .5°/sec +50°/aec
q roll rate .5%/sec +50°/sec
r yaw rate .5°/sec +50°/sec
b GE elevator position .5°
! GA aileron position .5°
? S rudder position .5°
; T temperature 2°F -65° to 120°F
f PS static pressure .010 psia 0 to 25 K feet
» (25 ft)
PD dynamic pressure .005 pei 4u to 130 knots
(4 knots)
*whichever value is larger ’

For data analysis a sample rate of at least five times the
highest undamped natural frequency defines the minimum acceptable
sample rate (Reference 24, Volume 1, Chapter 6). In this class
of airplanes the following natural frequencies are typical

(Reference 25).

wy 0.05 - 1.00 Hz
SP
§ w 0.01 - 0.03 Hz
: w 0.25 - 0.60 Hz
17
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This sets an absolute minimum on the sample rate of five samples
per second (SPS). Reference 16 states that to measure the control
input time history, 20 SPS should be a lower limit. For this reason,
two sample rates were investigated in this phase, 10 and 20 SPS.

The use of a computer-controlled data acquisition system allows
rapid scanning of the sensors (20 isec/channel, 280 usec total®)
which eliminates the time skewing problems normally associated with

these slow sample rates.

3.2 Data Management System

The data management module consists of a microprocessor-controlled
data acquisition computer system. It uses a commercially availsble
Rockwell AIM-65 microcomputer tied to a l6-channel multiplexing analog-
to-digital converter and a digital cassette tape drive. The use of a
commercially available computer greatly reduced the design task as
well as the overall system complexity and cost. The versatility
of the system is high, since the functions of the system are stored
in firmware (erasable, programable read only memory--EPROM) which
can be easily changed, rather than in the hardware, which cannot.

There were many trade-offs in the choice of a system for on-board
digital recording of the flight data. The trade-offs considered

were those of analog vs. digital data recording and airborne vs.

telemetry systems. The following is a discussion of these trade-
offs as well as a detailed description of the system which was

developed.

*
Values for the KU-FRL system.

i8
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In the past, most systems which used true on-board recording
(ignoring photopanel installations which wust b2 manually recorded
at a later time) used analog recording systems. This fact was due
to the high cost and complexity of digital systems. In recenr
years, progress has been made, largely due to advances in silicon
chip technology, which have reduced the size and cost of digital
systems dramatically. These advances, coupled with the fact that
the data analysis techniques usually require digital information,
motivated a choice of a totally digital system.

Flight programs in the past have typically used telemetry
for transmitting the digital data to the ground for recording.
Telemetry has an important place in aircraft flight testing,
specifically in high risk operations such as flutter or spin
testing. The major disadvantages are the required ground station,
high cost, and complexity of the on-board telemetry system. This
method has been preferred in the past due to the large rize and
inaccuracies of older recording methods. The improvements discussed
previously combined with advances made in digital recording devices
have changed r"is. For the KU-FRL recording system, an on-board digital

cassette recorder has been chosen.

The heart of the data management module is a Rockwell AIM-63
microcomputer. This computer is coupled through its expansion inter-
faces to the other components. These components are the Datel MDAS-
16 multiplexing analog-to-digital converter, the TEAC MT2-02 digital
cassette tape transport, and an RSZ32* interfacing port. A block

diagram of these components is shown in Figure 3.6.

*
RS232 = gerial interfacing standard

19
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INTERFACE | | INTERFACE
TO
X'DUCERS
AIM - 65
COMPUTER
EXPANSION BOARD
PRINTER DISPLAY .
‘I{:T;‘i‘ g — TO GROUND
—— R~ —3» COMPUTER
KEYBOARD FACE INTERFACE

Figure 3.6 Computer Module Block Diagram

The AIM-65 is a single-board computer that uses an eight-bit
6502 microprocessor. The computer contains 4K bytes of random
access memory (RAM), 4K byvtes of EPROM (which contain the data
acquisition programs), as well as a monitor and symbolic assembler.
A 20 character display, 20 character printer, and kevboard unit
allow the user to interact with the computer in the ground-based
modes. Two application connectors greatly increase the versatility
of the computer system. One expansion connector interfaces the
computer with an RS232 port and to an audio cassett recorder

which is used for software development. The second port is used
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for memory expansion and external computer interfaces. For the KU-
FRL system this expansion port is used to interface the computer
with the MDAS-16 and TEAC MT2-02.

The MDAS~16 module is shown in Figure 3.7. This device is a

ey R weid '\ af

} l6-channel multiplexing unit combined with a 12-bit (3 1/2 digit)
analog-to-digital converter. The unit has random address as well
as sequential address capability when tied to a microprocessor

controller. The measurement voltage ranges are user-selectable

(-5 to +5 VDC was se..ected for this system). The unit has an

effective throughput of 50 KHz with 20u seconds access time between

channels. The speciiications for the unit are shown in Figure 3.8.

T T L s L P

B 0 5 LW OIE SR i

Figure 3.7 MDAS-16 Data Acquisition Module
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SPECIFICATIONS

ACCURACY
Resolution ............

12 Buts
Emor, max. SOkMHe umpuno 2.025% of FSR
Nonlineari sV LGB

POWER REQUIREMENT ..

a2V LS8
. tO 270

\Jy. to l7l0
27ppm/°C of F§
23ppm/°C of F§
7008 21 1 kttz
0°C to 70°C
01%/% Supply
nsvuc 10 5V @ 65mA

15VDC 10 5V @ 60 mA
'SVDC +0 26V @ 200mA

DYNAMIC CHARACTERISTICS

$0 kHz

60uV/msec.

Feedthroug )
Chmd cml (M. ) -0 dB 3t 1 kM2

DIGITAL INPUTS

Enable ................ Three separate inpuls which enable
tn-state cutputs i 4 bit bytes
1 TTL load

Mux Addressin ....... 3 bit (MDAS -8D} or 4 bnt
NS TrL taag Y socress

Bwobe ................ 1 LS TTL foad with 10K pull-up
resistor

A/O Trigger ........... 1 LS TTL load with 10K pull-up
resistor

A/D Tiigger 1LS TTL Load

Mux Ensble ........... 1 TTL load with 10K pull up

re8istor
1 LS TTL toad with 10K pull up
resistor
1 LS TTL load with 10K pull-up
resistor
1 LS TTL load with 10K pull-up

.. L load
.. 1 TTL load with 10K pult-up
resistor

ANALCG INPUTS
Number of Channels ....... 16 Single Endcd(MDAs lﬁl
v . looﬂor tisl (MDAS -8D)
BP0 . Owosvmg‘o‘;vw

Common Mode Range, min. 210V

Men. input Volitage,
o R .
m
:mnunlhnc it ..., 3nA, 10nA max. 9 to 70°C
OFF channel 10
ON channe! logF

DIGITAL OUTPUTS

Paraliel Dsta Out ... 12 paraitel hnes of buftered tn-
state oulput date
Drives 12 TiL {oads.

Coding ............... Strasghtbinary, offsetbinary. snd
two's complement

SeorislOut ............. Output data in MSB fust, NRZ
format. Straightbinary and offsel
binary coding.
Drives 5 TTL loads

Muz Address Out ... auumc output of addrass

ll ar

Dnvn 20 VT, loads

DelayQut ............ Orives 6 TTL loads

Clock Out ...... veereo Dnves 5 TTL loads

EOC (Swtus) ...... ... Dnves & TTL loads

MSBOut ............. Drnives 5 TTL loads

MESO0ut ............. Drives § TTL loads

PHYSICAL ENVIRONMENTAL

Opersting Yemp. Ran 0°C to 70°C
Storage cmpouwu‘:mgc -25°C to +85°C
Pachage Size 46x25x02375 inches
(116,8 x 63.5 x 9.5 mm)
o . Steel, shialded on 5 sides
........ 8oz (170 g)

Vout ("0 , Vout (*17) > ¢2 &V
“:mmoul ’o‘o mll)”'

Figure 3.8 MDAS-16 Module Specifications
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The calibration procedures for the MDAS-16 are described in detail

L

in Reference 31.

The other major component of the data management module is
the TEAC tape transport. This unit is shown in Figure 3.9. It is
N a low-cost magnetic tape unit designed specifically for digital
; applications. The unit makes use of standard audio-type digital
cassette tapes for data storage. All interfacing required for the
tape transport is included in the package. The tape unit requires
only control signals and parallel data input, both provided by the
AIM~-65. All detailed control functions required by the tape unit
are generated internally. Only simple control signals are required
to initiate the various functions, such as data recording or data
playback.

The data management module is also used for data transfer to
the ground-based computer system. The use of the same recorder
for in~-flight recording and playback avoids possible tape head
mismatch problems and reduces overall system costs. The data are
transferred over an RS232 serial port to any computer with an RS232
r port or dial-up time-sharing capability. The RS232 ports can be

connected directly for transmission of the data at up to 9600 bits
per second or through a modem across telephone lines at 300 bits

M per second. An appropriate software program is needed by the AIM-65
Q to interact with the ground-based computer system. Once the data are
: transferred to the other computer, the Rockwell AIM-65 computer is no

longer needed.

23
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DATA FORMAY OPERATIONAL CHARACTERISTICS
' Dats format complies with 780-3407, ECMA-3., JI1S=Cé28! and other Tape Bpeedidiov): 1% sps(d8.1cm/8) ¢ 32
! similsr stendards. (Fasc)* 4% fpa(lla.dem/n) 2 4% 3
Bscording Forwst: Phase Encoding 156 0.97 ¢ D.2¢ Inch(26.64 & 6.10mm) ki
Aecording Density: 800 bpi(32 bits/wm, mominal) trased Langth 2.19 2 0.27 tnch(55.6) 2 6, 8hmn) -
| Wumber of Tracks: Bingle Track Inttial Gep: 2.26 2 0.40 tach(57.40 ¢ 10.)ham)
Readabie (A6 Length 0.7 tneh(l?.78am) or move
CONSTRUCTION fsguired tape length for Lonp
Exterior Dimnsions: 103(H) = 120(¥) = 91 (D)am 18 detection: 15.0 - 22.2 $ach(381.0 ~ 56 .9mn)
’ Veight: 1.3y, Man. Start discance for WICH SPEED
SEARCH: 2.4 inch(60.96mm) or lens
MECHNICAL CONSTRUCTION Stop distance for HIGH SPEED
Taps Drive System: D.C. Kotor Direct Res) Drive Systen SEARCH! 1.9 tnch{s8.26mm) or less
1aps Speed Sy Detection Neminsl Data Transfer Rate: 12k dive/sac
Cassatte Insertiont Pocket Holder type Recording Demaity 800 dp1 * 4%
e £jsct Mechaniss: Manusl Ejection by dsprassing Treshold Level(at reference read lcnl)
’ LIECT Button (Low) : + 33
BOT/EOT & Clesr Leader Detictor: Photoslectric Detector (RICH) : .o * 52
Magnetic Head: Single Track, Single Gap Rsad/
Urite Read lmmaum.m

POVER AECUIRENENTS

{ Average Current  Maximua Currsnt ; Paraanant Ripple

1 Conasmption Consumpt iof Voltage
18, C-OIIV‘S'i A I.E A . bass then 10MmV|
C.e Svely " R 0. T5AS Loss_than 100wVp-p

* Except £07 surge curvent at powereop

GROUND ISOLATION
Insulation resistance bdetween
OV pover supply and freme ground: 3 Mag Ohms or more, at 150V D,%.

ENVIRONMENTAL CONDITIONS

hg! fng): 43°C ~ #40°C
(Storage): «15°C - «60°C
Relstive Husidity Range(mon-condensing)
Operacing): 202 ~ 802
(storage): 102 ~ 902
Vibration(Operating): Less than 0,5C(less then L20H3)
(Pachaged Condition dased on TEAC
standard packing):
1apect : Less thar 40C(less then Yowsec)
Cont inuous: Leas than X

Figure 3.9 TEAC MT2-02 Tape Transport
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tapes which comply with the Informstion Interchanpe format
rdiged 1n 130-3407, JIS-C628), and etc. are sacurely tesd by
m- MIU. Also cessette tspes written with the MTU enadle the
pertact bilicy with the Inf. fon ge formet
stendardized in 150-3407, J18-C281, and etc.

F
10,000 hours or more st the 103 rate cof eperation

WAGNETIC TAPE
s tape for 1 interchange which cowmply
with v ANSl, EOMW, JIS, ul other similar etandsrds. Alse

the ette used for the NTU shall de previcusly appreved detween
TEAC and the customer.
Recommended taps: TEAC CT-300

Specifications
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3.3 Transducers

To keep the overall system size as small as possible, transducers
were separated from the voltage regulators and signal filters. Figure
3.10 shows the transducer package assembly, and also the relative
location of the sensors in the transducer package. Those transducers
which must be externally mounted are connected to the transducer
package through MIL-SPEC connectors.

The transducer package was firmly clamped to the seat tracks
just behind the pilot and copilot seats in the Cessna 172 flight
test program. Following are descriptions of the individual sensors

used in this program.

3.3.1 Accelerometers

The accelerometers used in this package are force feedback
(or closed-loop) type. This type of accelerometer derives its
measurement by determining the force required to maintain its
seismic mass at zero displacement. This technique reduces the
errors caused by mass displacement and does not rely on springs

(and their associated inaccuracies) as do displacement (or open-loop)

type accelerometers. The disadvantage of the closed-~loop accelerometer

is its relatively high cost. It is essential to note that linear
(as opposed to vibration) accelerometers must be used for this type
of transducer package. This restriction is due to the low frequency

characteristics of the vibration and linear accelerometers.

25
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The accelerometers chosen are manufactured by Schaevitz Engineer-
ing. Their specifications ave shown in Figure 3,1l1. This tvpe of
accelerometer is intended for measurement of linear accelerations
such as guidance and control systems or vehicle ride analyegis.

Both a precision sensor and its required electronics have been
integrated into the accelerometer package, The sensor can be in-
stalled with relative eame; it requires only a DC input voltage

and a measurement of the DC voltage output.

3.3.2 Attitude Gyro

Both roll attitude and pitch attitude are measured with a
Humphrey VG-24 vertical gyroscope. The specifications of this
gyro are shown in Figure 3.12. This gyroscope is a self-erecting
DC type with potentiometers for determining the sensor outputs
(+28 VDC used for the motor, and *5 VDC used for the potentiometer
excitation). This gyro has operated reliably throughout three

phases of this test program.

3.3.3 Rate Gyros

A three-axis DC/DC rate gvro package was used for measurement
of pitch, roll, and yaw rates. The advantage of using a three-axis
package rather than three separate gyros is that orthogonal alignment
of the gyros upon installaticn is assured. However, failure of a
single gyro would require removal of the entire package for repair.

The gvros selected are displacement (or open-circuit) type.

27
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Specifications
at 20°C

Input Volrage
Input Current

Full-Range Open-
Circuit Output Voltage

Damping Ratio
Linearity (Notes 1 & 2)
Mysteresis (Note 2)
Resolution (Note 2)

Cross-Axis Sensitivity
(Note 3)

Siss

Sensitive Axis to
Case Alignment

Noise Output
Operating Temperature
Storage Temperature

Therma! Coefficient
of Sensitivity

Thermal Coefficient
of Bias

Shock Survival
Weight

Figure 3.11
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LSB Linear
Nominal Nominal
Natural Output
Range Frequency Impedance
] Mz kilohms
2 028
: 0.9 %
: '- -
= 20 .5
250 125 -
=100 140 2.5
2200 160 §
=50.0 200 5

215V DC nominal

10 mA DC maximum (6mA DC average)

250v DC

06 typical (0.3 to 1.0 on request)

20.05% of tull scale output

0.02% of tull scale

0.0005% of tull scale

20002 g per g up t0 =10 g range.

inclusive

20.005 g per g over =10 g range

Less than 0.1% of full scale

29°

SmV rms maximum
-40°C to +95°C
=85°C t0 +105°C

0.02% per °C

0.002% per °C
1009 - 11 ms
Joz

SB Series
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Schaevitz Engineering LSB Series Accelerometers
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SPECIFICATIONS
RANGE - MECRANICAL PITCHI260° minimm ENVIROMMENTAL CONDITIONS
MLLI 360" centinueus VISRATION
« BLECTRICAL PITCH: 260°, 1.5
ROLL: 290°, 23,0°
oUTruT Potentiometer output to 500 Ha.
STATIC ERROR BAND PITCH: 21,252 of full scale at SHOCK 15 : 11 msec: all axes
0° expanding linearly to 22.082 ACCELERATION - NON OPERATING

RESISTANCE

CONTACT RESISTANCL
RESOLUTION

POVER DISSIPATION
VIPER CURRENT
ELECTRICAL RAEQUIREMENTS
SPIN MOTOR

VOLTAGE

CURRENT ~ STARTING

= RURNING
ERECTION
VOLTAGE
CURRENT
PERFORMANCE
SPIN MOTOR TIME TO SPEED
TINE TO ERRZCT FAOM MOTOR OFF
WORMAL OPERATING ERECTION RATE
VERTICAL ACCURACY
FREE DRITT RATE

Figure 3.12

of full scale at 60°
OLL:20.83% of full ecale ot

0° expanding iinesrly to 21.672
of full scale ac 90°

1500 3100 ohas

2 ohms manimun ot 20 mA

0.22 of full scale maximus

1 watt at +163 °F

20 aA maxisus

26 to 32 volte DC

4.5 A maximus at 30 volts DC
for 2.3 seconds

1 A maxisun st 3O volts DC

26 to 32 volts OC
100 mA maxisus intermitcant

$ sinutes maxinus

within 0.53° in 9 minutes

2 to ¥ */minute atter )} win.
within 0.3° of true vertical
0.5%/uin. nominai: tested on
23 170° Ssorsby © min. run
alternsting

= OPERATING

TEIMPERATURE = OPERATING
« STORAGE

ALTITUDE

SEA WATER IMMERSION

HUMIDITY

SALT SPRAY

SAND AND DUST

FUNGUS

EXPLOSION PROOF

RADIO NOISE INTERFERENCE
SERVICE LIFE

SHELF LIFL

TRSULATED RESISTANCE

VEICHT
SEALIIG

Humphrey VG-24 Vertical Gyro

EVTH "G 511 it e
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30 g; 1 min; verticel axis

10 g: 1 miniapplied in pitch or roll
anis shall not produce a drift of
prester than 10 */ain,

=65 to ¢165 °F

=80 co +18% °F

ses lavel to 40000 ft

3 £t for ) hr.

te 932 iacluding condensation for
260 nrs.

88 encountered on shipboard or st
cosstal regions

as sncountered in desert vegions
axternsl surtaces non-nutritive
shall nut produce -an explosion
vhen operaced in a fuel veper rich

ares

MIL-1-8181; pacegraph 4.3.1 & 4.3.2
100 hrs minimua

3 yrs minieus

20 segohms winisus a7 100 volts OC
BOLOT citcult exempt

3.0 1b. maximue

shall not leak under vacume squivsl-
ant to 40000 f¢,
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Integrating (or closed-circuit) gyros provide better accuracy;
however, they cost approximately ten times as much. The sccuracy
of a displacement gyro meets the requirements (see Tables 3.2 and
3.3) and therefore was chosen for the sensor package.

The gyros selected are manufactured by Northrop Corporation,
Precision Products Division. Required input power is 28 VDC,
vhile the output signal is =5 to +5 VDC. The gyros are model G5
subminiature rate sensors. The gyro package and specifications

are shown in Figure 3.13.

3.3.4 Control Position Transducers

Linear displacement transducers manufactured by Space-Age
Control, Inc., were used to measure rudder, aileron, and elevator
positions., This transducer is shown in Figure 3.14, Due to the
relatively small size of the transducer, it was considered acceptable
to mount it externally to the airframe. Chapter 6 shows the instal-
lation locations used for the Cessna 172 flight tests.

A novel technique for the attachment of the control position
transducers (CPT's) has been used. Double-gided foam tape attaches
these external devices (as well as the temperature and pitot probes)
to the airframe. The mounting technique is depicted in Figure 3.15.
This technique was first tested in the KU-FRL subsonic wind tunnel
at speeds up to 119 mph. Thesec tests were run for two hours with

no degradation in rigidity of the mount (Reference 27). This method

has been shown to give excellent results in three flight test programs

30
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Weight

Outline dimensions
Pover input

Input voltage limits
Fullescale cutput
Output impsdance
Output load resistance
Ripple .
Zaro rate setting

2.0 1b. (“l)

3.75 x 3.75 x 2.13 4n
15 v.(max) (31 vdc)

28 23vdc

25 vdc

3000 ohms (max)

S00K  hms (nominal)
25 mv.peak-peak(max)
21/2 2”8

Input range $0°%/sec
(roll/pitech/yav)
Muximum input rate 600°/sec
Output voltage 27 vdc
(et overrange limits)
Output scability 1/2 ¢ 18,
(input voltage variations)
Repeatability 12 PFS.
Threshold 0.01 °/sec
Resolution 0.01 °/sec
Rysterisis 0.1 */sec
Operating temperature 0 - 160 °F

Temperature sensitivity

Figure 3.13

R L B T

2ero output 1% 78/100°F
Scale Factor )T F§/100°F

'
a8

AX

l.'z‘.d!l

.O!Of

Ware up time
Motor sccelerstion tise
Cimdle deflection angle

Acceleration sensitivicy

Linesr
Angulsr
Linearity

Service life
Insulation resistance
Danping ratic
Natural frequency
Eavironsents

shock

Vidretion

Storage temperature

Asdio interference

Northrop G5 3-Axis Rate Gyro Package
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L -1

10 sin
30 sec (wax)
22° typical

0.05 °/sec/s 2
0.08 °/sec/rad/sec

1/2 2 78, 0-1/2 scale
23F8,1/2~-78

100 hr(cypical 314000 hr)
10 sugohms (min) 50 vd:
0.5 to 0.9

35 Hz (min)

230g peak sawtooth, 5 msec
0.1 g /He, 20-2000 He

-65 = 200 °F

MIL-1-8161D
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TECHNICAL INFCRMATION
' APPRGE CABLY :‘:
e | R
qq o E
-t-'J ' - ?
'.I| ) : ’
af | = |
y »-e i e ot a7 :
i t:: :2:%:&5&; ‘
PYY — MOUNT NG H
SERIES 160 .-'/"[’...,."'!’ﬂ'""u""'.' ’
MODEL DASH RANGE | RESOLUTION :
NO. NO. 0 TO (INCHES) INCHES I
160 - 161 2 0.0033
otentiometer life, 1 .urn units, 1,000,000 cycles
3-turn units, 600,000 cycles
_ ' or 200 hours at rated power SAC Linear Displacement Trans-
g‘b"u:'"“ _st;g;"’;‘o ':25';'& extension 10-16-02 ducers (LDT) consist of an extension ]
R:;isnncpo" 100012 - Other resistances avail- cable, spirally wound on a spring- |
} ! able on special order are loaded rewind drum, which is coupled |
.10, 20, 50, 100, 200, to a precision, wire-wound, rotary '
| 500, 5K. 10K, & 20K. potentiometer. The cable end is at- ]
| 46K (3 turn only), 50K and tached to the object whose movements
; 100K (1 turn only) are to be monitored. As the cable is
Standard pots are used unless otherwise specified. extended or retracted, the cable drum
Specials are available on special order only. rotates the potentiometer wiper, <ary-
, Swndard Special ing the voltage at the wiper tap (No. ¥
Resistance 3% 1% 2) of the potentiometer. The voltage |
Linearity (3 turn) 20.25% £0.20% may be measured to reflect the posi- i
| Linearity (1 turn) 10.5% 20 35% tion, airection, or rate of motion
| Max current at 155°F (ambient) is 31.6 milliamps of the object attached to the cable. 4
*l Max. voltage across coil is 31.6 volts 1
Power rating, 1.0 watts at 1550F derated to j
0.0 watts at 255°F |
‘ Insulation resistance, 1000 m.gchims min, at ;
] 600 vDC
| Dielectric strength, 1000 volts RMS min. at
60 CPS

Figure 3.14 Space Age Controls Linear Displacement Transducer




NOTE:~

DEVICE TO B'' MOUNTED

e o e ek Al i iR+ i i

ALUMINUM MOUNTING
IM=4265 Tape PLATE

o ————————————.

SURPACE ON A:RPLANE.J’{

3M #4265 ~DOUBLE COATED NEOPRENE FOAM TAPE

L Al Yl

=1ightly ssnd surface of airplane Adhssive A-20 Firm Acrylic

=clean with isvpropyl alcohol

«fair with duct tape Temp max, 225 °F

A i A
R R

Y

~gurface must be room temperature during attatchment

Thickness 3/64 in, 3
Tensile 60 psi i
Static Shear 66 psi

Temp min =20 °F

Figure 3.15 External Device Mounting Technique

(with no failures of any type). The tape used is 3M number 4265 }

neoprene foam tape. Its properties are included in Figure 3.15.

A minor inconvenience of the mounting locations for the CPT's
is the resultant nonlinear calibration curves. All other sensor

calibrarions were linear.

3.3.5 Static and Dynamic Pressure Transducer

A B&D Instruments Company model 2504 series transducer was used

for static and dynamic pressure measurements. This transducer and its

33
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specifications are shown in Figure 3.16. 7This device incorporates

its own signal condition.ag and utilizes semiconductor pressure

transducers,

This type of pressure transducer is particularly

temperature sensitive; the B&D unit compensates for this by heating

its case to maintain a constant temperature.

The pitot tube was designed and constructed according to speci-

fications tzken from Reference 28 (see Figure 3.17). The pitot

tube is attached to the underside of the wing using the method showm

L__ l ml&< Lovweers Dierer V6 Pl 2504100
® @ a " Compyrer Uniy: Sce Btd Dowunis
= P
2504-200 .
SerialiNo. l 509
@ srotc MSIID2E-HS-SP
- iC joe o=
[ - —1‘ . Cowetroe
el | 287 | P Hhsicamenr
(6] k™ 5) ] P R 32 )
-l } - Pu B lwsuno (Bumec)
o @ Pitor = 13" P O: Reroeence (Gecen)
““PATENT PEND ¥ o l W D: et )
? - P& Auesrizo (e,
s, [ 82" commsmmnd }
24"
e i)
Y 7875 —
Figure 3,16 B&D Instruments 2054 Pressure Trar :ducer
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Figure 3.17 Pitot Tube

|

]

{ in Figure 3.15. It allows a high angularity of flow while still ;
¥

maintaining true readings. The pitot tube has been constructed to

assure that it remains outside of the boundary layer. This in turn Y
assures that true readings are maintained as long as the axis of the

tube is close to the direction of the airflow (+15°). The tube was i

mounted under the right wing, halfway between the propeller arc and

| the wing tip (see Figure 3.18). This location minimizes flow and

PR T 22

energy effects of the wing tip vortices and propeller slip stream.
For accurate measurement of static pressure, a trailing cone

can be used (see Reference 29). Initial flight tesis showed diffi-

culty in deploying this cone after takeoff. For this reason the

cone was used in its retracted position for the Phase IIT flight

tests of the Cessna 172, This has been found to be sufficient for :

stability and control parameter estimation; however, a more accurate

35
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Figure 3.18 Location of Pitot Tube and Temperature Probe

static pressure measurement would be required for any performance

testing.

3.3.6 Temperature Transducer

An Analog Devices Company semiconducior temperature transducer
was used for measurement of air temperature. Specifications for
this unit are shown in Figure 3.19. The transducer is mounted in
the probe as shown in Figure 3.20. The sleeve was added to the
temperature probe to assure that the air is sufficiently slowed
to provide accurate temperature measurement. The temperature probe

is mounted to the airplane in the same manner as the pitot tube.
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Model AD590M Absolute error (rated range)

Absolute Maximum Ratings No external adjustment 21,7°C max
Forward voltage *b v +25°C calidb error = 0 21.0°C max
Reverse voltage =20 v Nonlinearity £3.0°C max
Breakdown voltage(to case) £200 v Repeatability 20.1°C max
Rated temperature range =55°C to +150°C Long term drift 20.1°C/month max
Storage temperature =65°C to +155°C Current noise 40 paviiz
Lead temperature(soldering)+300°C Power supply rejection

PowerSupply +4v <Vs <+5v 0.5uA/v
Operating voltage range +4v to +30v +5v <Vs <+15v 0.2uA/v

Output +15v <Vs <+30v 0.1uA/v
Nominal current (+25°C)  298.2 uA Case isolation 10%° ohms

Nominal temp. coefficient 1uA/°C
Calibration error (+25°C) 20.5°C max

2"

Effective shunt capscitancelOOpF
Turn on time 20 us
Reverse bias leakage

(reverse voltage =10 v) 10 pA

Temperature Transducer Specifications

TEMPERATURE TRANSDUCER

e~~~ ——

4

———

NYLON SPACER

3"

4 7/8 "

7/8"

Figure 3.20

Temperature Probe
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It is mounted to the underside of the left wing using the double~

sided tape (see Figure 3.18).

3.4 Calibration

Calibration of the various inertial transducers used in the
transducer package was accomplished with a pendulum-type calibration
stand specifically constructed for that purpose. Figure 3.21 shows
the calibration pendulum. This pendulum was capable of calibrating
the attitude gyro, the 3-axis rate gyros, and each of the three
linear accelerometers. For these calibration tests, the entire data
acquisition system measured the output of the transducer module,
which was mounted at the end of the pendulum arm., This gave a com-
plete system calibration as opposed to individual sensor calibrationms.

Figures 3.22, 3,23, and 3.24 show the construction drawings for this

calibration stand.

The calibration of the transducers was accomplished in two modes:
(1) a static mode for angular calibration of the vertical gyro and
for t1 g calibration of the accelerometers and (2) a dynamic mode

for calibration of the rate gyros and for calibration of the acceler-

ometers at elevated-g levels. In the dynamic mode the data acquisition

system was used to record the sensor time histories at a sample rate

of 100 SPS.
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Figure 3.21
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3.5 Filtering

Early flight tests showed that the response characteristics
of the accelerometers were gsuch that they picked up aircraft engine
vibrations. The graph of Figure 3.25 shows the airframe vibration
characteristics (measured using an accelerometer and observing its
output on an oscilloscope trace) as a function of engine speed.

It is obvious from these curves that the vibration is primarily
caused by the engine and is a function of engine speed. This vibra-
tion is almost entirely at frequencies greater thanm 100 Hz.

A low-pass filiter with a break frequency of 20 hertz was used
to eliminate this unwanted high-frequency vibration from the measure-
ment signal. A two~pole active filter with the response character-
istics of Figure 3.26 virtually eliminated the noise and left the
desired measurement (occurring at a frequency near 1 Hz) unchanged.
Measurements of the Az accelerometer with filter and without (see
Figure 3.27) show this to be true.

To avoid phase shifts associated with filter lags, all chanuels
were filtered with the same design two-pole ‘ilter. The filter box

details are shown in Figure 3.28.

3.6 Power Supply

Two options were considered as power sources for this instru-
mentation system:

(1) Tap the aircraft electrical system, or

(2) Carry a separate battery package during the flight tests.
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Option one offered several advantages over the second option,
These included a significant size and weight saving as well as no
limitations to flight time due to depleted batteries. It was
realized, however, that two disadvantages also existed. Due to
the fact that two separate voltage standards exist in current
general-aviation-class airplanes, a complex voltage control system
or several single-input voltage systems would be required. Further-
more, modifications to the electrical system of each airplane would
be required during system installation.

Further research into the second option uncovered a suitsble
rechargeable battery, manufactured by Fagle-Picher. These lead-acid
batteries are ealed, rechargeable, and maintenance free. A typical
discharge curve is showmn in Figure 3.29. For flight test purposes
the batteries were used in a deep cycle regime; i.e., removing 50-
100% of the rated battery capacity prior to recharge. In this type
of application, the recharge time is 12 to 20 hours, and the battery
expected lifetime is 106 to 150 complete discharge/charge cycles.
The batteries are usable in any position. The cost of these batteries
is low enough that several battery packages could be purchased for
less than the price of a regulated voltage divider (of the type
required if the airplane electrical systems were used).

The voltages required for the on-board data acquisition system
are shown in Table 3.4. Batteries were sized to match the power
requirements at each of the voltages. The wiring diagram and battery

specifications are shown in Figure 3.30. The voltage regulation box
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Figure 3.29 Typical Eagle-Picher Battery Discharge Curve

> is shown in Figure 3.31. This system supplies a maximum of 2 1/2
hours of running time between recharges.

; The largest disadvantage to using batteries for power is the

weight. The battery module weighs 61.3 1lbs. As che table in Figure

3.2 shows, this is the heaviest component in the data acquisition

system. For the majority of general-aviation-class airplanes, this

weight is not a problem.
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Table 3.4 Power Requirements for the Data Acquisition Package
BATTERY VOLTAGE REGULATED VOLTAGE REQUIREMENT
+36 +28 Heater(Ps,PD)
Gyro motors(6,¢.p,q,r)
+ +
24 15 Accelerometers(Ax,Ay.Az)
Filters, MDAS-16
+12 TEAC tape drive
+12 +5.5 Ps and PD reference voltage
+5 Potentiometers
(el¢'6E’6A'6R)
AIM 65 computer
Temperature transducer
-12 -5 Potentiometers
(e’¢,6E,6A,6R)
<24 ~15
1 Accelarometers(Ax,AY,Az)
Filters, MDAS~16
+36V +24V +12V f.-]f.“_D -12v 24V
+ - + - + - + - + -
12v8 12vV15 12v20 12v1.5 12v1.5
* * * * *
(1.24) (1.44) (24) (200mA) (200mA)
* maximum current requirement
: NOMINAL CAPACITY NCHES
BATTERY | NOMINAL TO WEIGHT
NUMBER VOLTAGE 20 HR 10 HR |5 HR |1 HR | LENGTH|WIDTH |HEIGHT |TERMINAL{ (LB) |
CF12v20 12 20.0)19.0 {17.5}12.51 6.51 | 4.91 | 6.53 | 6.75 16.2
CF12V15 12 15,0 14.5 |13.0¢ 9.0} 7.22 | 3,36 | 6.50 ! 6.75 1 12.8
{crlzvs 12 8.0, 7.7 7.0] 5.0} 6.00 | 4,00 | 3.75 | 3.97 7.5
|CF12v1.5 12 1.5 1.4} 1.3{ 0,94 7,02 | 1,33 | 2.40 | 2.60 ‘9|

Figure 3.30

Battery Module Specifications
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3.7 Operator's Control

The flight engineer or pilot controls the data acquisition
system through a small control box shown in Figure 3.32., The control
box performs the same functions as the keyboard unit, allowing user

input to the data acquision programs.

Figure 3.32 Operator's Control Box

50

BT T N P T ITITTETRam——




The control box has four control switches:
* Program Selection Switch: This switch loads either the
10 or 20 SPS data acquisition program. This switch allows
the operator to change sample rates during the flight test,
¢ Initialize Tape Switch: This switch initializes a fresh
tape for proper use by the data acquisition program.
* Run/Standby Switch: This switch controls the data acquisition
process. When it is in the run mode, data will be recorded.
In the standby mode the system 1s not active,
* Rewind Tape Switch: This switch is used to place an "end"
mark on the data tape and rewind the tape.
A high-impedance digital voltmeter is provided to the pilot
or flight engineer so that he can observe a particular transducer
output. The meter is installed in the control box, as shown in
Figure 3.33. A rotary switch on the control box selec%s the signal

’ to be observed.

This voltmeter also allows verif =~ation of correct functioning

of all transducers prior to flight tesc
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4. GROUND-BASED COMPUTER SYSTEM i

g The Modified Maximum Likelihood Estimation (MMLE) data reduction
process described in Chapter 5 requires a computer system capable of

i ? being programmed in a high-level language. Phase 1 (Reference 2)
! pointed out the requirement for a compiled language capability. This
requirer.ent is due to the long execution time associated with an
interpretive language. (A Hewlett-Packard 9825A was used in Phase I.
. This desk~top calculator could only be programmed in interpretive
| Basic.) This chapter presents the results of a benchmark process

undertaken in Phase II (Reference 3) used to evaluate the capability i
, :

of numerous computer systems., Also included in the second section

is a detailed description of the selected computer system, j

4.1 Benchmark Routines

A two-step evaluation process was used to evaluate computer

system speed. The first benchmark program is the INTEGER SPEED
ROUTINE. This routine was easily implemented and gave a good speed
| estimate for each computer system. The second benchmark program
which was run was the FLOATING POINT SPEED ROUTINE. This program
; more closely matched the kind and number of operations which took
place in the MMLL program. Each of these programs is described
in detail below. The INTEGER SPEED ROUTINE is a program that calculates
the prime numbers up to 10,700. The FLOATING POINT ROUTINE is a program
that performs operations similiar to those in the MMLE program. The

routine was made to have the same run time on the HP 9825A as one iter-

ation of the MMLE program (300 time points).
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4.1.1 1Integer Speed Benchmark

This routine was taken from Reference 30, A listing of this
program is contained in Table 4.1. Although the program does not
raealistically reflect the MMLE program, it was a simple algorithm
which was easy to program and gave a good ball-park estimate of
compuier speed,

This benchmark showed that all acceptable computers used a
compiled language as well as a floating point processor. Table
4.2 contains the results of the integer speed benchmark. This
routine shows no eight-bit computers capable of meeting the desired
speed of 8 minutes maximum for completion of the routine. This
study narrowed the number of computer systems which were evaluated

further.

Table 4.1 Integer Speed Routine
(FORTRAN Listine)

10 DO 100 M=5,10000,2
20 1=M/2
30 DO 200 K=3,I,2
40 J= (M/K)*K
50 IF(J.EQ.M) GO TO 100
60 200 CONTINUE
70 PRINT,M
80 100 CONTINUE
90 STOP
100 END
54
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Table 4,2 1Integer Speed Comparison

E
(-]
o E & 5
g 5 lgg 2
[Tr} =
: B |52 :
[}
£ MACHINE LANGUAGE ] g é 2 | HRSIMIN:SEC | £
AIM 65 BASIC (PRINTER OUTPUT) * 4 14 &b
ASSEMBLY (LED OUTPUT) 0: 23: 36
g ASSEMBLY (PRINTER OUTPUT) 0: 33: 40
s TRS 80 LEVEL 1 BASIC * 7: 012, 27
= LEVEL 11 BASIC * 6: 31: 10
(o] ASSEMBLY 0: 21: S5
i FORTRAN . 0: 54: 18
o MODEL 11 BASIC * 3: 15: 00
APPLE 11 INTEGER BASIC * 2: 2 N
FLOATING POINT BASIC " 3: 56: 23
TERAC 8510 PASCAL (COMPILE TO P CODE) * * 0: 30: 35
TEKTRONIX (4052) BASIC * it 23: 00
HP 9825 BASIC * 1: 41: 17
HP 1000 FORTRAN RTE IV B (CRT OUTPUT) U * 0: 01: 23 v/
- (NO OUTPUT) * * 0: 00: 48 v/
3] FORTRAN RTEM (CRT OUTPUT) * * 0: 00: 57 v
= " (NO OUTPUT) * * 0: 00: 4b v
- 18M SERIES 1 FORTRAN (NO OUTPUT) " * 0: 01: 30 v
= " (PRINTER OUTPUT) * * 0: 04: 30 v
& PDP 11/34* FORTRAN (RSX 11 M) (CRT OUTPUT) * * : 07: 10 v
- (PRINTER OUTPUT) * * : 11: 20
MINC 11/23 FORTRAN RT11-IV (CRT OUTPUT) * * : 03: 36 v
(DISC OUTPUT) * * 0: 03: 2¢ 4
FORTRAN RT1}-TV PLUS (CRT OUTPUT) " * 0: 03: 10 v
(DISC OUTPUT) * * 0: 03: 00 v
HONEYWELL 60/66 FORTRAN - * 0: 00: 644 v
z PL/1 * * 0: 02: 13 v
-'g CDC CYBER 70 FORTRAN (NON OPTIMIZED) * * 0: 00: 39 v/
£ FORTRAN (OPTIMIZED) o | o 0: 00: 37 |
IBM 370-148 PL/1 (OPTIMIZED) * * 0: 01: 19 /
.Thc PDP 11/34 was operating in a multi-user mode. Its performance is cstimated to be
approximately 2-3 times faster than the 11/23 series computer in single-usor mode,

4.1.2 Floating Point Speed Benchmark

An attempt was made to model more closely the processes which took
place in the MMLE program. This routine is shown in Table 4.3. The
program primarily contains floating point matrix mathematics.

Table 4.4 shows the run time for various computer systems. A maximum

acceptable speed was 6 minutes for this routine (our speed requirement).
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60

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310

200

300

400

100

Table 4.3 Floating Point Speed Routine
(FORTRAN Listing)

REAL A(20,20),B(20,20),C(20,20),E(20,20),T(20,20),D(20,20),F

INTEGER I,J,K,M

PRINT,"START"

F=,098625

DO 400 M=1,40
DO 200 I
DO 200 J

CONTINUE
DO 300 1
DO 300 J

=1,20

=1,20
E(1,J)=0
A(1,J)sFrI%]
B(I,J)=F*I
C(1,J)=F*J
P(I1,J)=F
T(1,J)=0

=1,20
=1,20

DO 300 K=1,20
T(1 pJ)-T(IoJ)+(A(I:K)*B(KoJ))
E(I,N)=E(1,)+(E(I,K)*D(K,J))

CONTINUE
DO 400 I
DO 400 J
PRINT,"E
DO 100 1
DO 100 J

CONTINUE

PRINT, M

STOP

END.

=1,20

=1,20
E(1,J)=E(I,J)+T(1,J)
-"

=1,20

=1,20

PRINT,E(I,J)

i e S ek Gy

Table 4.4 Floating Point Speed Comparison

MACHINE MIN:SECS
HP9825 (BASIC) 48:15
HONEYWELL 60/66 0:20.6
HP1000 (NO OUTPUT) 1:08.7
(CISC OUTPUT) 2:07
IBM SERIES 1 (DISC OUTPUT) 0:58
MINC 11/02 (DISC OUTPUT) 5:35
(DISC OUTPUT) 4:00

MINC 11/23
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4.2 Computer Svstem Description

Several factors bhesides rpeed were congidered in the evaluation
of computer systems. The following factors were considered:
* Cost
* Floating Point Hardware availability
* RS232 ports/Ceneral Purpose Interface Buss (GPIB)
availlabilitcy
* CRT graphics capability
 Hard/Flexible disk storage capability
* Programming language availability
* Existence of a user's group
¢ Delivery time.
After evaluation of all acceptable computers, the Digital Equipment
Corporation (DEC) MINC 11/03 computer was selected as best meeting
the requirements. A description of this computer follows,
The MINC 11/03 is shown in Figure 4.1, The block diagram of
Figure 4.2 shows the basic features and some of the options available.
The computer uses a 16-bit DFC LSI 11/03 processor, capable of
addressing 64K bytes of memory, and contains a floating point hard-
ware package, four RS232 ports, and a GPIB port.
Pita and program storage is handled using the dual RX02 flexible
disk drives., These use 8" flexible disks, capable of holding 500 K
bytes of information each.
Computer and program interaction is handled using the DEC-VT 105
graphics terminal. This permits inputting and outputting of data, as

well av allowing graphical representation of the flight test results.
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Figure 4.1 Digital Equipment Corporation MINC 11/03 Computer

B - - R R B I R R =T ST

m * V1105 *
“nnnnlo ;o TERMINAL |
v SOFTWARE ; o| o] [A] (g [c] |IR] |1
{RARURIBARIEEG i
*RTH4 ¢l l¢| |al |a] lo] {12] |E -
| *RSX-115 {RHEARARGRIEHEG SYSTEN |
| 11 7| lof lo| k| |[2 - SOF TWARE
' *DECnet/RT11 ||A] |A] 6| |€ B NINC BASIC }
*DECnet /RSX11||L| L Pl |u| |E=|compuTeR |
L of |1 o| |s |
' «FORTRAN IV |lo| 1| {u| N R
| *MULTI-USER {|u| [4]| [T] [P T )
BASIC T Pl |u § *ORX02
«FOCAL uf |1 DUAL DRIVE ]
| *NACRO T | DISKETTES j
ASSENBLER |
: Al L |

*Options availzble (not on KU-FRL system)
*Installed on KU-FRL system

Figure 4.2 MINC 11/03 Computer System Block Diagram




The RS232 ports are used for input and output of ti.e daca.
Four are provided. One is used for the VT 105 terminal, one is
configured to allow data transfer from the Rockwell AIM-65, one
is configured to be modem compatible, and one is used to control
a hard-copy printer.

The GPIB port allows ease of interfacing to mzny industry
standard components. This port currently connects the computer
to a hard-copy plotter for analysis and report-qualicty plots of
flight test data.

The standard MINC comes with Basic language software. The
KU-FRL package has the RT11-FORTRAN IV software option. This

version of FORTRAN allows compiling programs to machine level,

which was determined necessary '~ perform the data reduction task

as indicated in Section 4.1.

The MINC computer has been found capable of performing the

functions intended. The MMLE process takes approximately 20 minutes

for 5 iterations, which is close to the prediction from the floating

point benchmark routine.

A DEC LA120 hard-copy terminal was added to the computer system.

The LA120 and its specifications are shown in Figure 4.3. This

printer is capable of printing at a maximum rate of 180 characters

per second. The unit is interfaced to the MINC 11/03 computer
system through an RS232 serial interface port.

A Hewlett-Packard 7225B graphics plotter was also added to

the computer system. Its specifications are shown in Figure 4.4.
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DEC LAl120 Printer Specifications
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Plotting Ares
Y axis. 2030 mm (8 in.)
X axis 285 mm (11.21in)
Accepts up 10 1SO A4 or 8'» x 114n. chart paper

20.25 mm (0.01) incluges lineurity and repeatability.
assuming e piotter has been “zerced” exactly to the
lower left (0.0) coordinates

0.1 mm (0.004 in.) from any given point and dwection

Addressable Step Size

0.032 mm (0.0012 in.) smaliest adoressable step
Pen Jelocity

250 inmvs (10 in/s) in each axis

350 mmvs (14 in/s) On 45° angie

Vector Length
NO hmit — any length vector within the piotter's
mecnssical hmits will be plotied

Character Plotting Speed
Up 10 3 characters/s for 2.5-mm (0.1«n ) characters

Power
Source

Frequency
Consumption

Temperature
Consumption

Size/Weight
Hegnt
Wigth
Depth
Net Weight

Shipping Wesght

100. 120, 220. 240V

=10%. +5%. internal'y selectable
48-66 Hz

70 W maximum

0*Cto55°C
5% 10 85% (below 40°C)

140 mm (55 mn)

413 mm (163 1n)

379 rym (14910

B kg (176 1b)

11.4 kg (25 Ib) approximatety

Figure 4.4 Hewlett Packard 7225B Digital Plotter S5pecifications

The unit is interfacec to the MINC 11/03 through the GPIB interface.

The plntter is capable of plots of up to 8 1/2 x 11 inches in size.
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5. DATA REDUCTION METHOD

This chapter describee the computer analysis procedures used for
longitudinal and lateral-directional stability parameter estimation.
The overall data analysis procedure is sho'm in Figure 5.1.

For Phase 1II the system described in Chapter 3 was used for
sensor calibration and airborne data acquisition. The MINC 11/03
cosiputer described in Chapter 4 was used for all data analysis,

The computer required much of the analysis procedure to be subdivided
into small tasks due to its memory limitationms.

The program listings for the computer analysis programs described

in this chapter are contained in Appendix A.

5.1 On-Roard Computer Programs

The on-board AIM=65 computer is used for three basic purposes:
(1) calibration of the instrumentation system, (2) airborne data
acquisition, and (3) data transfer to the ground-based computer

system (see Appendix 4.l for flowcharts and listing).

5.1.1 Instrument Calibration

The instrument calibration program is used to calibrate the
on-board computer and instruments as a complete system. The program
is entered by pressing the F2 special function key. It allows any
of the 16 analog channels to be accessed through the MDAS-16 at a

very high sample rate and displayed on the LED display. The program
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CALIBRATE INSTRUMENTS
AS COMPLETE SYSTEM

!

RECORD FLIGHT
TEST DATA

Y

TRANSFER FLIGET DATA
TO GROUND=-BASED
COMPUTER SYSTEM

3. AIN-65 and
3 MINC 11/03
| AIM-65 —————»
}

t

]

| AIM-65 and
r MINC 11/03
)

L MINC 11/03
)

' v

}

4

r.. Figure 5.1
]

Y

QUICK LOOK PLOTS

Y

ENGINEERING UNITS
CONVERSION

Y

PREDICT AIRPLANE
MODEL USING MMLE

Y

PLOT TIME
HISTORIES

Y

PRODUCE SUMMARY
DATA PLOTS
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CRT Graphics Display

remove data errors

account for cg offsets
and instrument bias

hard copy plots on
HP 7225B digital
plotter

Overall Flight Test Data Processing Flowchart
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calibrates the instruments without the intermediate steps of cali-
brating to voltage levels., It is written in assembly language for
fast execution. Reference 31 explains in detail the use of the

calibration program.

5.1.2 Airborne Data Acquisition

This program is used by the AIM=65 for the control of the MDAS-16
and TEAC digital tape drive. It is written in assembly language and
is capable of sampling and recording 16 channels of data continuously
at either 10 or 20 SPS,

This program has four control inputs which are located on the
operator's control box. Upon power-up, either the 10 or the 20 SPS
program can be loaded into the computer. These programs are loaded
by a single, double-pole, toggle switch. The switch is toggled to
load the program and then returned to its center position to run the
program. Once a program is selected, the tape must be initialized.
This is accomplished with the "INITIALIZE TAPE" button. Pushing the
button causes the computer to rewind the cassette and write a
beginning-of-tase mark. This mark is used by the computer for
locating the data.

Once the comwputer has initialized the tape, the "RUN/STANDBY"
toggle switch is used to control the data acquisition process.
Placing this switch in the "RUN" position causes the computer to
begin sampling its 16 channels sequentially and recording their

output on the digital cassette. The data are sampled continuously
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at 10 or 20 SPS. This sampling and recording process continues until
the "RUN/STANDBY" switch is placed in the "STANDBY" position. In this
mode, the computer remains idle until the "RUN" mode is again selected.

As a method of checking for data recording errors, the four
highest bits of the 12-bit digital measurement are recorded twice.
These bits are compared when the data is dumped, and differences are
flagged as errors.

The final switch on the control box is the "CLOSE & REWIND TAPE"
switch, This switch is used to write an end-of-tape mark on the

cassette and rewind the tape.

5.1.3 Transfer of Flight Data to the Ground-Based Computer

This data transfer program dumps the flight test data from the
AIM=~65 computer system to a ground-based computer system for data
analyesis. The data is dumped from the AIM=-65 computer across an
RS232 serial interface. The program is entered by pressing the
Fl special function key.

A running total of any data errors is kept and printed out
by the AIM=65 on its thermal printer. Most errors to date are
believed to have been caused by poor quality data cassettes.

Using the qualified cassettes (see Table 5.1 and Reference 26),
few data errors have been found in the flight data.

The MINC 11/03 program which accepts the data from the AIM=-65
is shown in Appendix A.2. This program is used to transfer the flight

data from the TEAC cassette tape to the MINC 11/03 disk. In this
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Table 5.1 KU=FRL Qualified Data Cassettes

Manufacturer Type Part No.
3M Scotch 834A/1-300
TDK Data Cassette HR-850 90C
MAXELL Data Cassette M=-90

BASF Digital Power Typing Cassette 52346

(Qualified as per Reference 26)

mode the AIM-65 keyboard is used for controlling the data transfer.
The MINC 11/03 program loads the transferred data into its memory and

then transfers this data to the data dizk.

5.2 Data Analysis Programs

The data analysis programs are that group of programs which take
the flight te t data from its AIM-6Z format to engineering units,

perform the MMLE analysis, and present the results.

5.2.1 Quicl. Look Plots

The Quick Look Plots program is the program which allows rapid
examination of the flight test data on the VT 105 graphics CRT. The
listing of this program is contained in Appendix A.3. Upon examination,
the operator can decide which runs should be subjected to further

analysis.
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5.2.2 Engineering Units Conversion

This program is used to take the raw AIM-65 formatted data
and translate it into engineering units. This program only accounts
for sensor calibrations; the instrument position corrections are ac-
counted for in the MMLE program itselt. The program listing is con-

tained in Appendix A.4.

5.2.3 Modified Maximum Likelihood Estimation Routine

The flight data were processed through the Modified Maximum
Likelihood Estimator (MMLE) developed by NASA (see References 5
and 16-19). This technique has beer used by NASA for over 12 years.
A simplified MMLE program (NASA Dryden "BONES'" version) has been
placed on the MINC 11/03 computer and updated. The actual program
listings are included in Appendix A.7. Described here is the theory
used in this technique, and some of the assumptions made for the
KU-FRL version.

The MMLE estimator is an iterative process that determines
the coefficients of a given set of linear differential equations

describing the motion of the aircraft. It does this by comparing

the difference between actual in-flight measured responses of various
states, and the predicted responses of these states using an estimate
of the coefficients. The actual measured control input is used as the
input for the estimating procedure. The estimated coefficients are
updated each iteration, using a cost function minimization algorithm,

The flow chart below shows the MMLE concept.
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Turbulence® Noise*
3 Control Test Measured
F ‘ingut aircratt response
i |
i [ Mathematical moel E:e"s"‘:r';‘l

of aircraft p ~

i - (state estimator)
! Response
i error
j Newton- Maximum
| Balakrishnan | o likelihood | o
\’ computational cost
'n algorithm functional
| Maximum  likelihood
| estimate of

aircraft parameters

.Not Modeled. I

Figure 5.2 Maximum Likelihood Estimation Concept

(from Reference 17)
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} The mathematical model used to describe the airplame is derived
*
from the small perturbation equations of motion (see Reference 25).

: : These are shown here explicitly, in the nondimensional form.

*
4 The derivatives in Reference 25 are for the stability axes system.
See Appendix C for conversion to the body axes used in this report.

A SRR T e i ok

;
:
g

L ARrs e e it il Soraiid il S el siiii il il

R




P i

T T

T T N N——— =y

S Ty T . T

E7OEE SR MR B
BT LI

R Attt A

- for longitudinal (trom Reference 25, Equation 6.1):

i e - c . 8{e L o - - 3
' mgucos{, + q‘S( (Cbu¢ zcbl) U + (Ctt *ZCT ) T (CD < Jo CD 8]

1
u L3 1 [ 1 [4

m(w = U,q) = = mgOsinc, ¢ §;S{=(C_ +2c, ) §== (C +Cpla-C Fo=-C &=~ . &) [5.1]
. .

u 1 Y s D Ls 24

1. q=gsci(c + 20 )% + (C +2¢ )g-+C oat+tC a +C S=—+C L
yy 1 m, " Ul u, LS Ul " By L 2U1 nq 201

- for lateral (from Reference 25, Equation 6.2):

m(v + U - 0.+ a.° * B .

1r) mgocosC) + q, (Cy 8 Cy 20 + cy 20 + Cy éA + Cy GR)

g P 1 | 4 1 é ¢
A R
- N pb rb
LayF = Lyt = qsb(C B4 Cp Gr=*C qut G St S5
6 P 1 4 1 8 ¢
A R

1, r=1 pegsb(c 6+C B+C Buwc s 6 ec o
z2 x2 1 a " "p 2v1 n 2Ul ng A n, R

8

Using the definitions shown in Table 5.2, Equations [5.1] and

[5.2]) can be converted to the dimensional form shown below.

- for longitudinal (from Reference 25, Equation 6.72):

u* - gecoaﬁl + qu + XT“u + Xaa + xGEGE

W - Ulq - . gesinel + Zu“ + zaa + z&a + zqq + ZGEGE

Je

- Muu + MTuu + Ma° + MTaa + M&o + qu + M6EGE

- for lateral (from Refevence 25, Equation 6.141):

v + Ulr = g¢c0561 + YBB + Ypp + Yrt <+ YGAGA + YGRGR
.Ixz.
P-7 " LBB + Lpp + er + L6 GA + L6 GR

A R
t -2 b uNB+N.B+NperNr+N, 6§, +N_3§
T-T PN T P’ " N 6 °A 7 s _°R

2z B A R
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Table 5.2(a) Longitudinal Dimensional Stability Derivatives *

-q,5(Cy + 2 )
X = = (sec-l)
u mUl
qls(CTx + ZCTx )
U 1 -1 M =
XT - (sec 7) [
mU
u 1
-qIS(CDa - CLl) "
X = (ft sec ) M.
a m ‘G
.qISCD6 -
E (ft sez °)
xé = m
E
qIS(CL +2C, ) Mo =
7 - - u 1 (sec-l) a
u mU
b
qIS(cLa + ch) "
Za - - - (ft sec ©) Mq " —
qISCL&c )
Zr = = T (ft sec 7)
1 M
- GE
qlscL c _
Zq = - 'ihul (ft sec )
R -2
E (ft sec ")
2y =T
E
qISc(Cm + 2le) - .
M = I uU (ft = sec )
u yy'l
g.Sc(C.  +2¢ )
: mTu mTl -1 -1
“T - (ft ~ sec )
1 U
u yy1l

)

(sec”

-2)

(sec

(sec )

)

(sec”

(sec-z)

* from Reference 24, Table 6.3, page 413
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Table 5.2(b) Lateral-Directional Dimensional Stability Derivatives *

3,5¢, 945G,
YB = __;;__ﬁ (fe sec-z) L6 = 1 A (sec-z)
A XX
15y -1 3.5bC
Y & ——u0>P (ft sec ) 1 )
P ZmU1 GR -2
L6 = T (sec %)
- R XX
qlst
r -
Ve Za0, (ft sec ) §,5bC_
L -2
- NB = ——— (sec )
qlsc -2 22z
YGA (ft sec ) -
Y6 = o qISan
- NT -3 (sec °)
qISC -2 8 22
Ys (ft sec °)
Yoo " Tm 3,Sb%C_
Mo E_T (eec)
- P 2z 1
q.SbC
1”7, -
Ly = =1 (sec ) q,Sb2C
xx r -1
Nr e (sec )
EISbZCQ 221
-1 -
L = (sec 7) q,SbC
p 21U 1°°%q
xx1 GA -2
Né =3 (sec °)
a,Sb2c, A 22
L = ZI Ur (Sec-l) ESbC
r 1 1l ng
NS - —7 R (sec-z)
- "R z2

LAl s . i

* from Reference 24, Table 6.8, page 445
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Using the concept of state variable theory (see Reference 25),

Equations [5.3) and [5.4] can be reduced to the following form:

[R] (X(£)) = (A] (x()} + (B] (u(t)) (5.5)
é where
E‘j {x(t)} = state vector
. [R] = acceleration transformation matrix
(A} = gtability matrix

! (B] - control matrix
i {u(t)} = control vactor,
f Equation [5.5] can be written more explicitly in the forms
} which follow:
| - for longitudinal (where [R] = identity matrix):
; rqq M My M My T r«.1 rMG; M6; uﬂ LT
: ) v ) 0 X, X =g cos (6)) v . xG; x6; x; 52
| *1. Sl g g g en (0 cos i3y || @ 20z 2| |

1 o 1 "o E ¢ IJ

0| Jecos (4 0 0 O o 0 0 &l -

' A et JUJ L o

(See Table 5.3 for explicit definition of these terms.)

- for lateral:

! r 1 (' L' (] A "N r ) . vq B
p ; . L 0.0 p L‘A L,r L
. .t " ' . \ ‘A
r N oM N, 0.0 r NORSOND
' g | o A
t
8 sin(ol) -cos(cl) Yé B&-coa(*l)cos(cl) £ Y, \(.' y! r
) 1 A 4 1
| 11.0 cos(¢))tan(¢;) 0.0 0.0 2 0.0 0.0 S;
L o - J b o - o 3 J

é (See Table 5.3 for explicit definition of these terms.)
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Table 5.3(a) Longitudinal, State Vector Coefficients

Z +U

;
|
:

q 1 -1
MA-qu-M& U, -2, “Mq*M{, (sec 7) Xc'. = longitudinal acceleration
a I, I
equation bias (ft sec 2) :
1
Me 2 + U |
'a o u -1 -1 2 1 +
MM M+ s (ft T sec ) ﬁs':'ZT * 1.0 ]
u 1 “a 1 a :
Me Z b4 2 1
-2 A
, M aM 4+M_ +——— (sec ) 7' - =82 Y (g1 .
E e a Ta Ul-Za u ul-za Ul j
-M+g 8in(6,) cos(¢,) 9 s 3
' Mg = g T ;. L 20 (sec™’ , Zy 24 -1 ‘
1l “a 1 R
|

i "a ZGE -2 -g 8in(8,)cos(¢,)= -g sin(8,)cos (4, :
| E,c E,c 1 % Uy-24 Uy ]
-1.¢ ;
| * (sec ) |
‘ M; = pitching moment equation bias 5
| (sec™2) Z; Zs ;
I' A - —Esc = —E—?ﬁ ( -1) ;
‘ oo -1 g T -2 T sec :
| X, = X, * XTu (sec 7) E,c °17% 1 g

| -2 2' = normal acceleration equation
X' =X (ft sec ) ° 1%
a a )

f -2 e, ’1
5 (ft sec ) 8' = pitch rate equation bias (sec *)
E,c E,c °

bias (sec
*

"
~

t
i x5

* Note: The equation bias terms are used to allow prediction of the complete .
| state which is made up of the steady state and the perturbed state.

; * Note: With the approximations above, Equation [5.6] is rewritten as:
- - o pr o ~ -
: q Mq' M“’ Ma' 0 l q M 6' M 6‘ M 5
L ] E ¢ ° E
] 4 U ) 0 X, X, -cos(el)g U . xG'E XG' Xc; 5
dt c e
a 1 zZ' 2' - £ ' ' '
o %o sin(el)cos(¢1)ul a zGE ZGC Zo 1
6 ] cos(¢;) 0 0 0 8 o o0 8
L - o - o-
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Table 5.3(b) Lateral-Directional Stat- Vector Coefficients

T T TR

L' =1L
p P

'
Lr.l‘r

' -
Lg = Lg

L,'s=L
6A

' =
Lé L
r

N' =N
P P

'
Nr - Nr

]
o -
L]

L! = rolling moment equation bias (sec°2)

lateral acceleration equation bias (sec-l)

= roll rate equation bias (sec-l)

(scc-l) Né' - N6 (aec_z)
A A
-1
(rec °) Nd; - Nsn (Bec-z)
.wl Iy
(sec )
N' = N, + N (secul)
=2 8 8 T
5 (sec ) 8
A YB -1
-2 Yp = - (sec )
5 (sec °) 1
r
1 Vs
(sec ) Y5' -2 (sec-l)
N "A 1
(sec- ) Y
é
Yé' - TTE (sec-l)
r 1

]

*

N; » yawing moment equation bias (sec-z)

*
NOTE:

(R} =

The equation bias tesrms are used to allow prediction of the
complete state which is made up of the steady state and the
perturbed state.
Ixz
1.0 s 0 0
XX
Ixz
- 1.0 0 0
Izz
for Ixzzo; [R] = identity matrix
0 0 1.0 0
0 0 0 1
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To allow determination of states other than the ones contained

in {x(t)}, the following expression can te derived:

{y(t)} [—é—] {x(t)} + [-g-] {u(t)) + {-g-} *

{ where
X {y(t)} = computed observation vector
(G]
(H]

observation matrix

obeervation matrix

{v} = variable bias vector.

[5.8]

(See Table 5.4 for explicit definition of these tecms.)

The computed observation vector, {y(t)}, corresponds to the

measured observation vector, shown here:
.k
{z(t)} = {y(£)} + {n(t)}

n
; where
!
D
|

Agr Ayr Ags Sgo Sy Spo Py Py T

{n(t)} = measured noise vector.

{z(t)} = measured observation vector = {6, ¢, p, q, T,

[5.9]

From the terms of Equations [5.5], [5.8], and [5.9], the vector

{c}l = f([A]| [B]o [G]o [H]' {V})
’ (where f indicates "a function of") is defined as the vector of

unknowns. It is this vector that the MMLE method estimates.

(5.10]

MMLE determines the unknowns ({c¢}) by minimizing the cost function

given by:

L

T
J=2 s (20 -ye)'D] {z(0) - y(e)) ae

(T, t: indicates time)

TR G L AT

*
From Reference 5
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Table 5.4 Matrices Used in the Observation Equation

LONGITUDINAL {y(:)}+ = {q, U, a, 8, q, Ays A,)
; { -9- ." = {o‘ o’ o’ OD ‘.lbias’ Axb » Az }
; | v ias bias
5 - . -
. o 0 0 1 n 0 0
o 0 0 0 o 1 0 0
' 0 0 0 0 0 1 0
| ol. M1
) R IS - I PR
M' H:I M& 0
M, M, M! d
r E Lc x:,
X,' ) ' ° —é- ° ?
8 & X
_E < ] -U,2"
’. g g g 0 0 lu
8
L A
-U -U -U
lz [} lz" lz|
| | 8% 8% 8 o]
i
LATERAL {y(t)}+ = {Pp r, 8, ¢, l.’o ;v AY}
' 0 + - { 0 o 0 : - }
v 0, 0, 0, 0y Pyyag® Thias® Ay
bias
| 0 0 0 1 0 0 o ]
0 0 0 0 1 0 0
) 0 0 0 0 0 1 0
Ol -] 0 0 0 1
o ﬁ = - -0 0 0 1
L' L' L' ' ' '
. { i GA GR ° I.p L, LB 0
E
K N, N,' N NN NSO
= R e
‘ he NYR W ¥ ° 0 g O
N f L 8 GA g 6R g 0 - -
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or approximately in the discrete case:

- 1§1 {z, = v,) D) {2, =y} ae " [5.12]
(where i is the time index, and N the number of time points).

The weighting matrix, (D], is used to provide emphasis on the
various measured states; in other words, to allow greater emphasis
on the more accurate transducers, or the transducers that are more
important to describc the maneuver performed.

The value of the cost functional, J, is minimized using the
Newton-Raphson* method. This technique is an iterative procedure,
utilizing an estimated value of the ve:tor of unknowns, {c}, and the
first and second gradients of the cost functional, J, with respect

to the vector of unknowns, {c}. The equation
- - 2 -1 + * 503
e} = {e}, ;= (vZ 3} 7 (v 3} [5.3)

(where L is the iteration number) is used to revise estimates for
the vector of unknowns, {c}. The first and second gradients are

given by:

v =& Z{z AN R XCHEE R [5.14]

1'1

N N
+ 2 +
{VE:J}-T\I%T Elvc{zi-yi} [D]Vc{zi'yi}+ﬁ El{zi-yi} [D]Vé{zi-yi)

{5.15]

*
From Reference 5
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The Balakrighnan modification makes use of the fact that the
term Vg{zi - yi} approaches zero with convergence and thus can be

neglected. The expression for the second gradient becomes:

N
2 + " (5.16]
(Vaa) = 53 Elvc{zi -yt D)V {zy = y,)

After several iterations the cost function converges near some
small value. At this point the parameters of Equations [5.6) and [5.7]
have been modified to obtain their most likely value which results in
the best fit of the measured states.

The following inputs and modif.cations were made to the MMLE
method, allowing effective use of the technique on the MINC 11/03
computer.,

Initial estimates of the derivatives in Equations [5.6] and [5.7]
were obtained using the analytical methods of Reference 25. Although
the MMLE technique does not require accurate knowledge of these
derivatives, this prodecure does speed convergence.

A diagonal multiplying factor allows control over how large a
change is made to the derivatives after each iteration. Too large
a value of this factor causes sluggishness in the convergence, and
too small a value will cause divergence. This factor was set equal
to 1.0 for all cases analyzed. This was found to be acceptable.

The weightiag matrix, [D], of Equation [5.11], was chosen after
analysis of the instrumentation error magnitudes. The first run

through the MMLE prugram, with measurements from this instrumentation

*
From Reference 5
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package, provided a weighted error for each measurement state. As
suggested in Reference 5, the values for the wejighting matrix were
chosen to attempt to equalize the weighted errors. After the values
for the weighting matrix were chosen for the instrument package,

they were then left at this for further maneuver analysis.

5.2.4 Time History Plotting

The MMLE method not only produces the estimates of the coef-
ficients but also calculates the estimated time histories for the
various states. These data are stored on the data disk for plotting
by this routine. Appendix A.8 contains the listing for this program.
The graphs produced are good visual indications of the goodness of

the estimated model coefficients.

5.2.5 Summary Coefficient Plotting

For presentation of the results of many cases which have been
run at many flight conditions, the estimated derivatives are plotted
as functions of 1ift coefficient, This is an interactive program
that plots lift coefficient, estimated derivative, and confidence
level. Once these values are input, the computer plots the value

and loops back to input more data.
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6. KU-FRL FLIGHT TEST PROGRAM

This section describes the Phase III flight tests conducted
on the University of Kansas Cessna 172 airplane. Discussed are
instrumentation system installation and calibration, weight and
balance calculations, aircraft certification, flight test proce-
dures, a description of the typical flight test maneuver, and the

results of the flight tests.

6.1 System Installation and Calibration

Installatijon of the instrumeuntation system required approximately
eight man-hours. This included the requisite removal of oil and dirt
accumulations from the bottom of the aircraft, surface preparations
for the e'terral transducers, installation of the external transducers,
cockpit modifications, and internal hardware installation. The control
position transducers (CPT's) required installed calibrations, which
took approximately three man-hours to complete. The CPT's were located
such that maximum control surface deflection caused the largest possible
potentiometer variation. The aileron and elevator CPT's were cali-
brated using an inclinometer to measure the angular deflections while
observing the outputs through the data acquisition system. Similarly,
the rudder was calibrated using a KU-FRL-developed protractor for
measuring angular position.

In preparation for mounting the external transducers, the aircraft

was thoroughly cleaned, first with commercial degreaser and then with
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isopropyl alcohol, in the regions of the transducers, and also in
the regions of the wiring runs. The transducer wires and the total
pressure tubing were routed along “he outside of the aircraft to

an inspection hole in the belly of the aircraft. They were secured
and faired to the aircraft skin with duct tape.

The trausducers were mounted with 3M=4265 tape, as discussed
in Chapter 3 and Reference 3, and faired with duct tape. Figures
6.1, 6.2, 6.3, and 6.4 sho. the relative locations and installation
details of the elevator and rudder CPT's, the aileron CPT, the
pitot pressure tube, and the total temperature sensor, respectively.
Figure 6.5 shows the static conme location and installation. Figure
6.6 shows the cable and tube routings into the Inipection hole.

Inside the aircraft, the sensor lines entered through a
matched inspection hole in the cabin floor (Figure 6.7) and were
routed to the transducer package (Figure 6.8). The carpeting from
the center cabin floor was removed to simplify the cable routing.
The transducer package was mounted solidly to the pilot's and co-
pilot's seat tracks, on the aircraft centerline, as shown in Figure
6.9. This pallet was attached to the seat tracks using four C-
clamps.

To facilitate the installation of the battery box, computer
box, voltage regulator package, and filter package, the rear seat
of the airplane was removed. Figure 6.10 shows the location of
the above components. The packages were secured using seatbelts

and a rope passed through existing cargo hold-downs in the cabin.
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Figure 6.1

Figure 6.2

ORIGIMNAL PAGE
BLACK AND WHITE PHOTOGRAPH

Rudder and Elevator Control Position Transducers

Aileron Control Position Transducer
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Pitot Pressure Probe

Figure 6.3
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Figure 6.4 Total Temperature Prepe
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Figure 6.5

Figure 6.6
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-

ORIGINAL pAQE E
K AND WHITE Pi10TOGRAPH

Static Pressure Cone

Cable and Tube Installation Details (Outside)
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Figure 6.7 Cablie and Tube Installation Details (Inside)
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} Figure 6.8 Installed Transducer Package (Side View)
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Figure 6.9

Figure 6.10
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Installed Transducer Package (Oblique View)

AFT

Installed Battery and Computer Modules (Oblique View)
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6.2 Weight and Balance

The basis for the weight and balance calculations pcrformed for
this flight test program was an Aircraft Weight Record for the air-
plane (a 1974 Cessna 172M, N12800). This Weight Record, made on
3 Februsry 1981, was done at Cessna Aircraft Company, Pawnee Division.
The sircraft empty weight and moment are shown in Table 6.1. The
component weights of the instrumentation system, pilot, flight engi-
neer, fuel, and o0il and their respective moments are also given in
Table 6.1.. The total aircraft weignt and moment are found to be well
within the Standard Category loading envelope, as shown in Figure
6.11.

It was also necessary to locate the vertical and lateral positiors
of the center of gravity. For the vertical c.g. location, the air-
craft was weighed in the level flight attitude and in a nose-up and
a nogse-down attitude. The intersection of the lines perpendicular to
the ground and passing through the longitudinal c.g. located the
vertical position of the c.g., as illustrated in Figure 6.12. The
lateral position was computed directly from the difference in the
main gear reactions. The aircraft was weighed with full fuel, the
instrumentation system, and the flight crew on board.

The ai:icraft inertias, as given in Table 6.2, were taken directly
from Reference 3 data. Also shown in Table 6.2 are some of the

pertinent geometric data for the Cessna £72.
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Table 6.1 Test Airplane Weight and Balance Record

Weight Arm Moment
Empty A/C 1423.6 39.2 55805
Pilot (Shane) 180 34 6120
Engineer (Clarke) 205 34 6970
Fuel (full usable) 228 7.8 10900
041 (7 qt) 13 -13.3 -173

-Rear seat -22 79.5 -1749

Battery box 61.3 73 4475
Computer box 37.3 73 2722.9
Voltage reg. box 9.23 61 563
Trausducer box 17.0 46 782
Filter box 5.9 46 270.5
Cables % pilot control box --- negligible - -

Iy = 2158 1b; Iy = 86686 in 1b

For the empty fuel condition,

tu ™ 1930.3 1b

c.g. = 40.2

iy = 75786.4 in 1b.

These fall within Utility Category Loading Envelope.

srcording to Cessna Loading Charts found in KU-FRL-407-2,

this lcading falls exactly on top of the point marked "FULL FUEL."
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Figure 6.11 Test Airplane Standard Category Loading Envelope
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Table 6.2 Test Airplane Inertia and Geometric Data

kb e Biad i Gk L e e

Wing area (S) 174 ft* .
‘ Wing span (b) 35.8 ft i
; * :
: Inertias
S 1 1029 slug ft?
k XX .
-~ Izz 1891 slug ft
1 0 slug ft?
Xz
Toy 1092 slug ft?
Weight 2098 1b
Mass (m) 65.21 slugs
Mean geometric chord (c) 4.9 ft :
Center of gravity (Fuselage Station) 40.0 inch :

*
Taken from Reference 3 3

| 6.3 Aircraft Certification

The attachment of the external transducers, and the aircraft

' flight test loading (which required the removal of the rear seat),

required the airplane to be recertified in the Experimental Category
» for the duration of the flight test program.
Following the installation of the system, an inspector from E
; the Kansas City FAA Engineering and Maintenance District Office
(EMDO) checked the hardware installation, weight and balance statement,
and received assurancs that no flight test maneuver would be performed
outside the manufacturer's flight envelope for the airplane. The
inspector was supplied with a copy of the Flight Test Instrumentation

Certification Report (Reference 27), which completely detailed the
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external hardware and the methods of attachment, and the weight

and balance statement. The inspector then issued an Experimental
Category Airworthinese Certificate and a set of operating limitations
for the aircraft.

After the removal of the instrumentation system, an annual (or
100-hour) inspection of the airplane was performed, and the FAA
inspector returned, re-examined the airplane, and restored its
Standard Category Airwerthiness Certificate. The FAA was extremely

cooperative in working with the KU-FRL in this and past programs.

6.4 Flight Test Procedures

For the actual flight tests, a set of checklists and flight

cards was prepared to ensure consistent test proceduree. The check-

lists are shown in Figure 6.13 and were used in conjunction with
the aircraft checklist for each flight.

The flight cards, samples of which are shown in Figure 6.14,
were used to provide a standard data-taking format for the pilot or
flight engineer. Some of the parameters recorded were:

*» Aircraft weight and c.g.

* Ambient temperature

+ Voltage outputs of the control position transducers
at maximum control deflections both before takeoff
and after landing

+ Sample rate

+ Time of day, pressure altitude, and indicated airspeed
before each maneuver

+ Type of maneuver, and any comments on the maneuver.
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FLIGHT TEST CHECKLIST

BEFORE TAKEOFF:

TANKS TOPPED

TAPE IN, WRITE-PROTECT OFF

COMPUTE REQUIRED TEST POINTS

ENOUGH DATA SHEETS? TAPES?

BATTERIES ON, VOLTAGE REGULATORS ON
VERIFY ALL GYROS COME UP NORMALLY
INITIALIZE PROGRAM (10/20 SPS)
INITIALIZE TAPE, VERI®Y RUN FUNCTION
GUARD THE "CLOSE ¢ REWIND TAPZ' SWITCH
CHECK ALL POSITION TRANSDUCERS FOR
FUNCTION AND NOTE LIMIT VALUE:, VOLT-
METER OFF.

NOTE OAT, LOCAL BARO, ENGINE START TiME,
TAKEOFF WEIGHT AND MOMENT, SAMPLE RATE

RECORD STATIC DATA BEFORE TAKEOFF
RECORD TIME OF TAKEOFF

PAGE WO

BEFORE MANEUVER:

CHECK THAT ALL TRANSDUCERS FUNCTION
WITH VOLYMETER., VOLTMETER OFF,

GUARD TME ''CLOSE & REWIND TAPE'' SWITCH

TAKE STEADY=STATE DATA; VERIFY TAPE
MOVEMENT

GEY ALTIMETER TO 29,92; CHECK LOCAL
ALTIMETER SETTING WITH 11XD

RECORD ALTITUDE, AIRSPEED, TIME,

MANEUVER TYPE AND SEQUENCE, OTHER DATA
AS REQUIRED

CNECK TAPE LENGTH PERIODICALLY

Figure 6.13

PAGE THREE

BEFORE_SHUTDOUN:

RECORD OAT
RECORD TIME

VOLTMETER OFF

RECEIPTS

TAKE STATIC DATA

NOTE ANY ALTIMETER SETTING CMANGE
NOTE POSITION TRANSDUCER VOLTAGES
CLOSE OUT TAPE, WRITE-PROTECT

VOLYAGE REGULATORS OFF, BATTERIES OFF

AIRCRAFT AND PILOT LOGS

TOP TANKS, RECORD FUEL USED

93

Flight Test Program Checklists




S TR T e T T T TR TR R T e _—»"_—

N vl A

Sy

N [- 3 o) \‘..

REMARKS :

. : TACH:
FLIGHT: q DATE: 23 DFc B L e
ENTRY SPEED| TiImME L =0} 273/ DESCR
218D o8 !
TAKEOFF WEIGHT: ....z e oAT: 4uOF ALY (63T
12| oo i
negy 1044 1V v’
TAKEOFF TIME: |1: 2@ CST LOCAL ALTINETER: B30.32 m
..“'. Hiug v’ Puugere Bxc.
) S b
TAKEOFF FUEL: 3@ GAL  ENGNA WGT: 206 L@ | Jne waz| - | ] o la R
Vas PR A. TAG
3600 thig v Sa Lorr ovw
POSITION TRANSDUCER VOLTAGES: oLy IN % 1960 e
4gSe s |V v
ELEvATOR: U “d4as  -Y4%0 Ty Paveors
DOwN: * :";; - 4.0t 4390 nee |V £ _ruvie_ur
. LEFT: ¢ 2.0 .29 b
ALLERON: RIGHT : -4.789 -y.743 M [1R] %] v v \.;.s b |
. LEFT: e3.9.3 -, Yo $Prdas - !
RUDDER:  picit o z.?‘n ‘;f":' “eso Hige w1 ¥ ateym. weut!
' ) quew”
| 4300 12100 v MaugUveR,
¥0
NG eo 12103 v
sampie mate: (00 20 ses 52
*9¢e R:eg| v v ,
LANDING TiME: 12:20 CST  LANDING LOCATION: ©FC (oo = ‘
foow \Zio6
Y3 . -
FUEL usEp:  ©- 3 GAL Sefo ‘o -
e T IR-1.% -l .

Figure 6.14 Flight Test Program Flight Cards

A typical flight began with installing the onboard packages
(batteries, transducer package, voltage regulators, filters, and
computer) and starting the system (before engine start) to verify
that the gyros erected properly. Then, before takeoff, steady-state
data were taken and the tape drive cycled. Once airborne, all crans-
ducers were excited and output voltages checked for proper trends.

The aircraft was flown to an altitude with little or no turbulence
(to minimize turbulence noise in the data) and trimmed to the desired
flight condition. Attempts were made to duplicate the flight condi-
tions (airspeeds and 1ift coefficients) of the Reference &4 flight
tests. Once trimmed and stabilized, steady~state data were taken

for approximately 3 seconds and then the maneuver was initiated.
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When completed, the controls were held fixed; and data were recorded
for 5 to 10 seconds more. Then the next flight condition was set up

and the next maneuver flown.

6.5 Flight Test Maneuver

The analysis of “light test data with the MMLE process utilizes
dynamic maneuvers. The important factor with the MMLE process is
to excite all aircraft modes if all parameters are to be estimated
with high accuracy.

The standard maneuver chosen for this series of tests was a
2-3-1 input suggested by NASA as being a good equal-energy input
that could be easily flown. Further consultation with NASA-DFRF
indicated that experience had shown that the maneuver itself was
fairly noncritical; *he maneuver was very forgiving and allowed much
deviation from exact step inputs. The KU-FRL flight tests also indi-
cated that to be essentially true. This is further discussed in the
next chapter.

The longitudinal input was nominally a 2 seconds back, 3
seconds forward, and 1 second back yoke input of about 10 degrees
maximum control surface deflection.

The lateral-directional input was a nominal 2-3~1 aileron
input with a symmetrical 2-3-1 rudder input, which had its 2-second
segment superimposed on the l-second aileron input.

Variations on the standard maneuvers included an antisymmetrical
lateral input and long sample times to record the entire phugoid
and spiral modes. The antisymmetrical input was a left-right-left

aileron input coupled with a right-left-right rudder input.
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6.6 Flight Test Results

Presented here are the results of 35 separate maneuvers which
were analyzed with the MMLE prncess. Of these maneuvers 18 were

longitudinal and 17 were lateral-directional. Tables 6.3 and 6.4 3

contair the estimated parameters of the longitudinal and lateral-

M
B ammmaciiianii 4

directional analyses, respectively. Figures 6.15 and 6.16 show
two typical flight time-history comparisons. On these figures
the dashed line is the computed time history, while the solid line

is the measured time history.

T I — N “—— "

The estimated parameters have been compared with flight test

results obtained by NASA Langley on a Cessna 172 (Reference 4).

Figures 6.17 and 6.18 show these comparisons of the derivative
estimates. Confidence levels are shown for the KU~-FRL results.

The Langley results are shown as dashed lines. For the acceleration

T T T W T T T T Ta—

derivatives (CZ and CY ) two methods were used for estimating

6E GR

these values. The first method wis just to allow the MMLE process

to estimate these derivatives. The second method was to take the

moment derivatives (Cm and Cn ) and divide by the nondimensional

° %

moment arms. (These second estimates are shown as crossed circles

on Figures 6.17 and 6.18.)
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7. CONCLUSIONS

The flight test system that has been designed, developed, and

evaluated in three sepacate flight test programs has consistently

met the following objectives: )

+ It is easy to install.
+ It is self-contained. 1
* It is s.mple to operate.
* The flight test program requires no complex flight 3

maneuvers.

+ The system has shown that it is applicable to general-

aviation-class airplanes.
+ The system is capable of longitudinal and lateral- i
‘ directional stability and control parameter estimation. i
» The system has proven to be low in cost when compared to
other systems of this sophistication and capability.
In the analysis of flight test data, the MMLE method is capable

of estimating all parameters in the vector differential equation

e R g

[5.5]. 1hese estimated parameters are body axes dimensional stability

| and control derivatives which can be converted to nondimensional format

v At Lt

using Tables 5.2 and 3 .3. They can be expressed in stability axes %
using t.he equations of Appendix C. ;
Some of the flight test work from lhase III has shown that relative

to the earlier phases the acceleration derivatives--i.e., Cz and

%

; CY --were better predicted in the earlier tests. The basic differ-

°r

ences in data were insignificant with the exception of the sharpness

T R L E T ST S

— T T T a5
D

ek

|
t
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of the step control inputs. This is evidenced by the angular accel-
erations which in the earlier work were twice the value of those in
Phase III. This has led to some recommendations about the flight
maneuver for these types of flight testing.

The basic 2-3-1 step input has proven to be an easy maneuver to
fly and a relatively good maneuver for getting reasonable estimates of
the stability and control derivatives. For good estimation of all
control derivatives, the step inputs should be sharp and well-defined
within the operational flight load envelope of the airplane. To
assure accurate estimation of the long period dynamics of the airpiane
math model, the time histories need to include at least one fu’l
oscillation of these dyramic modes.

The 20-sample-per-second data rate, which was tested in
Phase I1I, was not found to give significantly better estimates
than the l0-sample-per-second rate. It may be found tha with the
sharper step inputs an improvement due to the higher data rate may
be uoticed.

Recommendations for modifications and uses of this flight
test package are made in Chapter 8.

The total system component cost can be broken into three costs:

(1) cost of ground-based computer system, $25,000;

(2) cost of flight test instruments, $12,000; and

(3) cost of data management computer, $2,000.

These costs ¢o not include the moncy spent for system construction.

These costs are believed to be lower than similar system costs.
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The cost of one ccmmercially aviilable system with similar (or
greater) capabilities was $24,000., This svstem consisted of the
following components:

(1) Sealed Cartridge Recorder with controller

(2) 8-bit computer with an RS232 interface

(3) 32-channel, 12-bit analog-to-digital conversion module.
The system met the following military specifications: MIL-E-4158,

MIL-E-5400, and MIL-E-16400.
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8. RECOMMENDATIONS ;
]
a
£}

The recommendations made in the Phase II report concerning

equipment, calibration procedures, and data reduction techniques i

R ASPELERE o ]
T o B

¥

have largely been incorporated into the present system. Some further

s

refinements in the size of the computer package are still possible. ;

oo TTRREE e

The use of a pendulum for calibration of the entire system has A
increased the system accuracy as well as reduced the Cramér-Rao |
bounds of the estimated parameters. Some further recommendations
about the system are: ‘
' * A new, more accurate airspeed and altitude sensor &
; should be acquired. |
* Maneuver inputs should be examined in more detail i

to see the effects upon estimated parameters. j

e

* Limits for the applicability of the estimated math

model should be tested. In particular the applicability
could be tested in level turns or other high "g" flight

conditions.

* Some form of quick look capability should be incorporated

into the system to improve the efficiency of remote site

Cadah A ed il e ey g R L

operations.
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10. KU-FRL INSTRUMENTATION SYSTEM REPORTS

KU=-FRL Number Title Date !
KU«FRL=407-1 A Literature Survey of Performance and 1979 f
Stability Flight Testing i
|
KU-FRL-407-2 Flight Test Instrumentation Certification 1980 '
Report ;
KU=FRL=-407-3 Progress Report on Phase 1: Development 1980 %
of a8 Simple, Self-Contained Flight Test
KU-FRL-4074 Calibration of MDAS-16 Analog-to- 1981 |
Digital Converter ’
KU=FRL-407-5 Digital Tape Qualifying Procednre 1981

for KU=-FRL Instrumentation Package

KU=FRL=407-6 Progress Report on Phase II: 1981
Development of a Simple, Self-Contained 3
Flight Test Data Acquisition System ;

KU=FRL=407=7 Progress Report on Phase III: 1982
Development of a Simple, Self-Contained

! Data Acquisition System
l
|
|
|
)
»
]
I
i
| Flight Test Data Acquisition System

(present report)

KU~FRL=407-P1 Development of a Simple, Self-Contained 1980
F .ight Test Data Acquisition System
(Paper presented at Society of Flight
Test Engineers, Atlanta, Georgia)

» KU=-FRL=407-P2 A Microcomputer Based Data Acquisition 1980
, System for Use in Flight Testing of

General Aviation Airplanes

(Paper presented at IEEE Mid America

Electronics Conference, Kansas City)

KU=-FRL-407-P3 Development of a Simple, Self-Contained 1981
? Flight Test Data Acquisition System
| (SAE Paper 810596, presented at Business
~ Aircraft Meeting & Exposition, Wichita,
Kansas, April 7-10)

-

F% KU-FRL-407-P4 Data Acquisition/Reduction System for 1981
3 Flight Testing General Aviation Aircraft

ii (Paper presented at ISMM conference,

1 San Francisco, May 20-22; in International

E Society for Mini and Microcomputers

publication ISBN 0-88986-026-2)
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APPENDIX A

COMPUTER PROGRAMS

This appendix contains listings c¢f the programs and subroutines

Each listing is preceded by a brief

description, a flow chart (when needed for clarification), and pro-

gramming notes that explain conventions used and point out items needed

for a better understanding of the operation of the nvograms.

A.l
A.2
A.3
A.4
A.5
A.6
A.7
A.8
A.9
A.10
A.ll
A.12
A.13

AIM~-65 EPROM PROGRAMS

MINC
MINC
MINC
MINC
MINC
MINC
MINC
MINC
MINC
MINC
DATA
MINC

LATA TRANSFER (AIM-65 TO MINC)

QUICK LOOK DATA PLOT (CRT GRAPHICS)
ENGINEERING CONVERSION

INSTRUMENTATION CALIBRATION

MMLE SET-UP

MMLE PROGRAM (NEWTON)

TIME HISTORY PLOTTING (HARD COPY OUTPUT)
PLOTTER LIBRARY ROUTINES (FOR HP 7225B PLOTTER)
TIME HISTORY PLOTTING (CRT GRAPHICS)

DATA TRANSFER (MINC TO MAINFRAME COMPUTER)
ERROR CORRECTION

SUMMARY DERIVATIVE OUTPUT
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A.1) Al . ROM PROGRAMS ﬁ
Description: This program consists of an executive that performs %
variable initialization and activates one of the four modes of the i
program. The EPROM is placed in the AIM-65 in the location normally
reserved for the BASIC interpreter ROM. The monitor routines provide f
two entry locations used to start initialization of the variable and
either the 10 samples per second (SPS) data acquisition program or
the 2C SPS program. Once the init‘alization is complete, the 3 special j
function keys provide linkages to the data recovery program, the MDAS-16

direct readout program, and the 100 SPS data acquisiticn program.

Program 10 OR 20 SPS DATA ACQUISITION

Description: This AIM=-65 program collects and saves the measured

state time histories. Information is collected and stored on the cas-
sette tape in blocks of 5 timepoints (one-half or one-fourth seconds

of data). The data for each channel are coded as two binary eight-bit

words totaling sixteen bits. The first word contains the eight most

' significant bits. The second word holds the four most significant

, aid the four least significant bits. This provides a redundancy check
for the four highest bits of each measurement.

] Flowchart: je

START

Initialize Da- . Tape
t ané Verisbles

Run

yes |Close Tape
Switch

~|and Rewind

Output Dates Buffer From Memory
To TEAC Digital Cassette

J

Wait for Interupt

)
g WY

;; to Sample Dats

- 1

i; Sample One Time Point and Store It In

3 Data Buffer (16 channels, 320 usec *)

i J * 20 usec petveen

i successive channelis
|
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Program  DATA RECOVERY

Description: This program permits the AIM-65 to transfer the
information recorded by the DATA ACQUISITION programs. The information
is passed directly to the MINC through an RS-232 port. The data format f

v kL i

is eight data bits with even parity. The data are dumped automatically
at 9600 baud.

Flowchart:

9
i

Revind Tape and Pind
: First Run Numher

y -y
.-

Output Run Number
Wait For MINC To Write Data
To Disk (1 minute approx.)

€00
Jime Pointg
ent ] J
yes Send Block of "*" To |
o Indicate End of Run

no

S8end Block of Fill MINC
Data to MINC Buffer

>

e

Programming Note: This routine makes extensive use of the AIM=€5 :
monitor. The RS-232 data transfer is made to the ground based computer
at 9600 buad with even parity., The baud rate is stored in memory locat-
! ions $A417 and $A418. Rockwell Application Note R6500 NO8 lists values

which change the transfer baud rate to other standard values. For com-

iewiadyniiiilpEsladatige®toaii ity

puters that are unable to use this high transfer rate the baud rate can

be lowered to an acceptable value. :

TR LY T G
T T
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Program  MDAS-16 CALIBRATION

Description: This program provides a means of looking directly
at the digitization of analog inputs. Linearity and offsets can be
determined for calibration of the MDAS module. The program also
permits the calibration of steady state instrument outputs in direct
digital fashion.

Program 100 SPS DATA ACQUISITION

Description: This program performs like the 10 or 20 SPS DATA
ACQUISITION program. The data are collected much faster than they
can be recorded on tape. To overcome this problem, the data buffer
has been expanded to almost 12K RAM. This provides about 3.7 seconds
of buffer space for data.

Listing:

«=N000

123333 THE UNIVERSITY OF KANSAS FLIGHT RESEAKRCH LAER
issxsy PROJECT 4070 BOBR CLARKE

(33731 AIN-6%5 CLOCK SFPEED MEASURED AT 9996%7 HZ

(33313134 TIMING LOOPS REFLECT THIS BFPEED FOR INCREASED
133331 ACCURACY TEST RUN ON 3-NOV-83 BY ROB CLARKE
(23383 PROGRAMS IN EFROMS

(R332 1) INITIALIZATION

33113 2) 10 Ok 20 SFPS8 DATA ACOUISITION

(23331 3) DATA RECOVERY (AUTO-TRANSMISSION TO MINC)
(233313 4) HDAS-16 VOLTAGE OFFSET/LINEARITY CALIBRATION
Jsxien %) 100 SPS DATA ACQUISITION FOR TRANSDUCER CALIEBRAT

$FAGE ZERD VAR
==H000 RNCNT=0
==0000 BLKCNT=2
==0000 BUFCNT=4
==0000 JBUFs=6
=20000 ORUF=8
==0000 CNT=10
=20000 OCNT=12
==0000 T1EMPO=14
s=0000 THP=14
==0000 MEN=18
==0000 MEMI=19
=10000 MEM2=20
=20000 TIMEL=21
==0000 TIMEHW=22

IMDhAS-16 REG
=20000 CLEAR=$8000
=u0000 SEG=$8003
20000 MED=$8002
==0000 LOW=$8003

$TEAC BUF
==0000 BUF1=$8200
==0000 BUF2=8300

l1e
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e

ITEAC KEO ®20000 LOADKeSEF
*:0000 LPKuS*000 «=0000 RECK=$KF
*=0000 WDCe99009 230000 CLOSEKsSDF
*20000 CDRe$900A =20000 TIMEINS$27 !
*«0000 MDRO=$900D *40000 TIMELIL=810

1 =20000 CSRe$900C *20000 CRe$0n

{ 212000 LoAbCTaC

. ::gggg ;::;::gggr ®20000 CLOSECw$43

" ITEAC COMDS «=0000

- ®20000 SRETuE92

¢ =20000 WRI®=sC1 cepooo | OO0
==0000 “;""C? JINITIALIZATION OF DATA BAMFLE RATE AND FUNCTION KEYS
==0000 ERA=SC3 JENTRY POINT $BOOO (°5° KEY) I8 10 8PS DATA AD

®20000 RULL=¢C4e
20000 ELPseCO
*=0000 BLE=4CY

JENTRY POINT SBOO3 (*6° KEY) 1€ 20 8P DATA A0
«sB000 STARTH
14
scidte g 1o
AO6A LDY on208FE-NO :
20C4B2 JBR NMESS :
AP9F LDA 0<8619F
8%19% 874 TINMEL

i ITEAC FLAGS

| ==0000 EOJFLO=$02
’ *=0000 FFTu804

i 550000 NKDPYs$10
]

|

|

|

n

|

r

]

>$619F
==0000 DBRE~$40 0516  §TA TinEm

'KEYBOARD REG :f:gfg ;::,::"

220000 KURA2=$A480 AO7A  LTY ONIOEPB-MO

*=0000 KIRB2e$A4S2 nosr LA ecac3sF

250000 KDDRB2s31483 8515 STA TIREL

VINT VECT ADDRESS e ;?: i

==0000 VECTL=$A404 ' LOAD ACCUM WITH JHP INBTRUCTION

\TIMER A94C  LDA €94C

8DoCo1 8TA $10C
B8DOFO1 8TA $10F
801201 87A 8112
A%EC LDA ¢<DATREC
800DOL 8TA $10D
«=B0O30

(342! LDA ¢5DATREC
BDOEO1 BTA $10E
A947 LDA ¢<MDaASC
801001 8TA $110
A9E4 LDA 0>MDASC

79000 UDRF=$2000
==0000 UT1L=8A004
==0000 UTICHs$A00S
, «20000 UT2L=9A008
220000 UT2H=$A009
==0000 UACR=$A00B
==0000 UIFR=$A00D
=20000 UJER=$AOOE

IMONITOR LINKAGES
| 20000 HAUDL=SA417

801101 ST $111

s -
eooeg B veanas® A9AS  LDA $CTRANSC

' =20000 DRE=$ABO0 ==ho4l

) *20000 READNsSES3IC 8111301 STA €113
=20000 QUTFUT=SEP7A A9B4  LDA €>TRANSC
220000 INALL®SEP93 8D1401 BTA 8114

P 20000 OUTALL=SESBC ' INITIALIZE BUAD RATE FOR TRANSFER

A%00 LDA 9400
B17A4 STA BAUDL :
A928 LDA €¢92% 4

«=20000 CRLFe$E9FO
=20000 NUMA=SEA4S
=s0000 NOUT=SEASL

020000 HEKSSEA 7D E118A4 STA BAUDH
;, ==0000 PHXY®S$ENE ceremesmereccncasnes
o 20000 PLXY=SEBAC
= ==20000 DELAYWSECOF ==R0%2
: 80000 REDINSFESS SVARIABLE SAMFLE RATE DATA ACQUISITION
AlOOBO LPA CLEAR
IMISC CONSTANTS A992 LDA OSRST
*s0000 BITS=e20 BLOK90 STA MDKO
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E‘
F

A9
esoo
AY00
8501
«7§063
AGFF
8hB1A4
A900
C1d-RET
aneoa4
ayCo
enokAo0
ssk07Y
A932
8DOR90
A9Ca
2041B1
A9CA
2041B1
sxp(04
A%00
8504
202581
C9EF
DOF™
A% .4

2 -41B1
- =BO94
ALY
041K}
=u 099
202083
CoOuF
FO1R
CoNF
DOFY
seh0A4
A®C2
20430}y
A9PC2
204181
A20C
==B0BO
A9C3
204153
Ca
boFB
AC75BO

L T L LY

i S CUER SRS S St -
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Lba
ETa
LDA
STa

Lha
s1a
LD
LiA
8TA
Lba
STA

LB
KNCNTY
40
RNCNT+Y

OSFF
KDDRA2
0
KDDRE2
KDIRA2
08CO
UACK

STARY

LbA
874
LDA
JER
LhaA
JER

12
MDRO
OREW
conp
¢REW
conu

MAIN

LLia
8§TA
JSK
CnF
BNE
LbA
JBR

Lha
JER

"0
BUFCNT
GKEY
SLOANK
MAIN
SREU
conp

¢CLE
conp

MAIN2

JER
CnpP
BEQ
Chp
BE

GLEY
ORECK
RECORD
$CLOSEN
MAIN2

CLOSE

LDA
JBR
Lba
JER
LDX

UM
comb
v TH
comMb
012

CLOSBE)

LDA
JBR
DEX
BNE
JMP

¢EKA
ConD

CLOSEL
STARY

a=HOBE Rf CORD

A900
85%06
8508
n9o02
8507
A%03
8509
AYBL
==RBOCH
8D0SA4
A9RO
Bl04AL
A9CO
8DOEAO
AS1S

LbaA
8TA
8Y7A
LDA
STA
LDA
STA
LDA

8TA
LDA
STA
L
STa
LDA

¢0
IBUF
OBUF
$>HUFY
1BUF ¢}
¢>BUF2
OBUF +1
O>INT

VECTH
¢ INT
VECTL
¢CO
UIER
TIMEL

B8IO4A0 BTA UTIL
sskODLD

AvLIS LUA TINEW
810SA0 STA UTICH
%8 CLl

i MARKE (BLKCNT BLEKCNT41) s -}

APFF LbA 0SFF
8%02 8YA BLKCNT
8%03 8TA BLKCNT+}
s=BkOE? REC2

202593 JBR OKEY
CoRF CHP ORECK
1o1% KNE RECX
AS04 LDA BUFCNY
CoAO Cnp 0160
IOF3 ENE REC2
E602 INC BLKRCNT
0002 ENE REC1
wcHCFA

E602 INC BLKCNT+}
sshOFC REC)

2094H1 JER SWAK
206481 JSKR WRITE
ACE9BO JWP REC2
ssk10% RECX

a%04 LA BUFCNT
C9A0 CHP €160
LOFa BNE RECX
AT40 LDA $440
BDOEAO BTA UIER
2094B1 JBR BUAP
A9FF LDA OSFF
s=sf3115

8502 STA BLKCNT
8503 8TA BLKCNT+S
2064B1 JSR WRITE
€000 INC RNCNTY
Doo2 HNE RECX2
E601} INC RNCNT4
= 122 RECX2
AC99BO JNP MAIN2

ssH12% GKEY

ADB2A4 LDA KDRB2
48 PHA

A910 LDA OTINEILL
8N0BA0 BTA UT2L
A927 LDA OTIMELIM
B8D09A0 STA UT2H
==H133 GKEY!
ANODAO LDA UIFR
2920 AND OBITS
FOF® BEQ GKEY
68 FLA

CuB82A4 CHP KDRE2
DOES BMNE GKEY

60 RiS

=sBi41 COMD

48 PHA
ADOD9O LDA CSK
=sk145 COMDL
ADROC90 LDA CSR
2910 AND ONRDY

120

LoFe BNE
ADNOCY0 LDA
2904 AND
BoF2 RNE
68 FLA

BLOAS0 STA

conby
CSk
[ 1281
Conpl

ChR

exf1%? COMDD

ALOESVL LDA
2DO0OBF AND
FOF® BEO
60 kT8

18K
CCE
conp2

Y L T X T T

suP160 WALTY

2063H) JBK

WAITX

sal163 WAL IX

60 RYS

==}164 WRITE

ALODRO LDA
AVA4 LDA
810990 STA
A9CY LDA
Bl'OAP0 ETA
AS00 LA
20A3R1 JBK
sshl176

a%01 Lha
20A3D1 JBK
AS02 Lba
204381 JBK
AS03 LbA
20A3B1 JBR
A000 LpY

EBK
0164
wie
QURY
Chk
RNCNT
WUWOKD

RHCNY 4}
WUOKD
BLKXCNT
WWORD
BLKCNT+1
VUORY
0

ss}1687 WRITLS

B108 LbaA
20A3B1 JBR
Ce INY
COAO CFyY
noreé BNE

(ORUF ) »Y
WWORD

0160
WRITEL

*sRk19] WRITEQ

ACS7B1 JNP

conp2

==l 194 SWAP

AS09 LbA
48 PHA
as0? LDhA
8509 sTA
-3:] PLA
8507 StTA
A900 LDA
8504 STA
60 RTS

OBUF +1

1BUF 41
OBUF ¢1

1HUF 43
40
HUFCNTY

B L L L LT T Y S

==B1A3 WWORD

48 PHA

=sEiA4 WWORD)
ADOE®O LDA ISK
2940 AND SUBRE
FIFS BEQ WUWORD1
1] FLA

800890 STA DBR

60 RTS8




ORIGINAL PAGE IS
OF POOR QUALITY

saR1BO INT ssB21D MAIN3
A8 PHA 2002B2 J-R GCOM
ADOOAO LDbA UDRE C9%2 CHt OREALC
1031 BPL INTEX FO1? BEW READ
98 TYA Co43 CHP oCLOSIC
48 FHA FO0é HEQ CLOSER
Aa04 LDY BUFCNT 20DEB2 JSK INVAL
ASOF Lha ¢19 AC1DE2 JMP MAINI
8504 5TA CNT crmrcrrermrrememm—--
ADO180 LDA SEQ
sefiiCy =sp22E CLOSER
2060b1 JUSK WAILY a9Ca LA ¢REW
ssRiCa ILOOF 208883 JSR COMDA
ADO2B0 LDA MED ASCA LDbA ORFUW
9106 S8TA (IBUF) Y 2088R3I JEBR COMDA
ADO1680 LDA SEQ ACFBB1 JMP MAINR
ce INY cecosncncsseanennone
ADNOIBO LA LOUW
9106 8TA (IRUF)»Y =aB23B READ
ce INY 2046B3 JSR RAK! K
C60A DEC CNT BOEE BCE CLOSER
==B1DS AS02 LDA BLKCNTY
DOED ENE ILOOP 0503 ORA HBLKCNT+1
AIIO280 LDA MED 100A  BNE SBENDE
9106 STA (IBUF)»Y ADAB LDY ONMRNCNT-NO
ce INY 20CAB2 JSBR MESBS
AO380 LDA LOW =sB24B
9106 STA (IHUF) .Y AS00 LBA KNCNT
ce INY 20446EA JSBR NUMA
0404 STYY BUFCNTY =2R250 SENDE
ssB1ES IKNCNT AND BLKCNT CAN BE SENT MERE
68 FLA ssk250 SENDR1
AB TRY A200 Lhx ¢0
sshiE? INTVEX =sf252 CNVUT

| ADO4A0 LDP UTIL EDO002 LI BRUF1+X

| 68 PLA 29F0 AND #$FO

» 40 KYI 850€ STA TEMPO

€e INX

BDOGO2 LTA RUF1»X
29F0 AND' ¢$FO

' $0ATA RECOVERY ‘AUTO-TRANSMISSION TO MINC) CS50E  CMP TEMFO
$ENTRY POINY FROM °F1° KEY FOO3  BrO CNVTS
=sKIEC DATREC ==B243
AOBA  LDY OMTRANE-MO 20EAB3 JSR FIX
20C4B2 .SR MESS ==B266 CNVT1
, A992  LDA 8%7ST ca DEX
BDOBY0 “TA hMurO : BDO002 LIA BUF1sX
| A00 LDA 0800 38 SEC
BIOBAO STA UACR 7E0002 ROR BUF1sX
=sR{FE MAINK SE0002 LSR BUF1+X
' 20D2B2 JSR GCOM 2903  AND 483
i C94C  CHFP $LOADC 18 cLe
FOO6  BEQ MAINI2K 2A ROL A
20DER2 JSR INVAL 24 ROL A
. ACFEKL JMP MAINR =sB276
| ==B208 MAIM2R 2A ROL A
A912  LDA #8312 26 ROL A
. 8DOKHY0 STA MDRO 8S0E STA TEMPO
A%00  LDA ¢0 E8 INX
5 850C  STA OCNT FDO002 | DA RUF1+X
b BSOE  STA TEMPO 290F  AND $$0OF
o A9CA  LDA OREV ‘ 0S50E  ORA TEMPO
o 2088B3 JSK COMDA 0940 ORA #$40
{' =s218 900002 STA BUF1,X
A9CB  LDA #SLP ==[287
F 2088R3 JSR COMDA 1] INX
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EOAD CHX €160 8610 S1x THF
POCé  BNE CNVT ca DEX
A000 LMY 40 =sB2EC AGAIN
7 »«k20E SENDR2 bA ROK A
: 190002 LA BUF1,Y 9002  KCC NOFR
3 20E4B2 JSK SEND E610  INC THP
ce INY =sB2F1 NOPR
COAD CFY 9160 ca DEX
DOF%  BNE SENDE2 DOFB  HNE AUAIN
£60C  INC OCNT 6610  ROK THF
A60C  LDX OCNT 6A ROR A
£078 CFX 6120 20ACER JSK FLXY
s K2GF $OUTPUT ACC TO TYY SUBROUTINE
poo3 ENE LAK1 IXoY AKE FRESERVED
201FR4 JSR MWAIT 48 FHA
scR204 LAY 209EER JSK PHXY
AS02  LIVA BLKCNT 8D27Aa4 STA STIY
C9FF  CHP OSFF =ek301
D004  ENE SENDB3 200FEC JSK DELAY
€503 CMP BLKCNT+1 ADOOAB LDA DRE
FOOE BEQ END 29FE  AND $$F W
, anB2AE _ENDE3 8000A8 STA DRK V
‘ 204683 JSKk KELK BI28n4 STA STIY41 1
, E003  BCS CLOSIR 200FEC JSK DELAY
r 4CS0L2 JMP SENDE ==F312
‘, s=sk2H6 CLOSIR A208 LhX ¢408
r AC2EB2 JMF CLOSER 2E27A4 ROL STYIY
.................... 2E27A4 ROL STIY
I 22744 ROL STIY :
j s=H2N9 END =«H31D OUTYY |
2007k4 JSR EOF 6ED7A4 1R STIY i
AOOD  LDY OMEND-MO AlI2744 LDA STIY :
20C4B2 JSK MESS 2904  AND' 9804 :
’ 4C3KR2 JUMF READ OD2BRA OKA STIVY4+i ;
 hcccmcccccccca———- BUIOOAB STA DRE ;
‘ 08 FHF %
=sH2C4 MESS 200FEC JSK DELAY :
EPO02KF L MA MO»Y ==K3I2F
a8 FHA 28 PLP
299F  AND $87F o LEX
' 207AE9 JSK OUTPUT DOEA  BNE OuUl 11
cs INY A904  LDA 0304
68 FLA 0n2B8A4 ORA STIY+Y
10F3  BPL MESS 8I00AB STA DRE
60 RTS 200FEC JSK DELAY
’ ecmcceccec———e——— - JEXTRA DELAY TO ALLOW FOR MINC RESFONSE
: 200FEC JSK DELAY
ssR202 GOnM wsRI4Y
AODS  LDY #MINPUT-HO 20ACER JSR PLXY
. 20CAK2 JSR MESS ‘ 68 FLA
; 203CE9 JSK READM 60 RTS
20HCEY JSR DUTALL  emmvmceccccceeem -
60 RTS
. emeceescescocecmcece- »=H346 RBLK
r ADOCS0 LDA CSR
»=RH2DE INVAL 2910  AND' ¢NRDY
A022 LDY $#MINV-MO NOF 9 BNE RELK
- 20CAK2 JSR MESS A%A4  LDA $164
) 60 RTS 810990 STA WDC
o secesescccccscccaces A9C4 LDA #RDL
. 8D0A/0 STA CDR
r“ »xRIEA SEND =ep357
) $GENERATE EVEN PARIIY 2000F3 JSR RWOKD
{ $SAVE X»Y ON STACK RO29 B S RELK?
1 209EER JSR FHXY 8500 STA RNCNT
3 ==B2E7 FARITY 200083 JSR RWORD
F A209  LODX #09 K022  RCS RPLK2

122

o it e RPN 2,




8501
2000B3
=e(368
BO1 ¢
850«
2000B3
HO34
8503
A000
ssk37%
2000B3
HOOK
990002
ce
CoAo
DOF3
4C97B3
==p305
ACSF B3

ALORSO
==R3BC
ADOC?0
2910
COF®
68
8D0AT0
=uf397
ADOE?O
2DOOBF
FOF8
wuB39F
ALOCSO
48
2902
FO010
A0S62
20C4B2
20EAR3
s=BIAF
AQ3é
20C4B2
68

38

60
sxH3IB7
68
2981
0oo2
18

60
==sR3BE
A000
48
20C4B2
68
2044EA
AOI9O
20446EA
==B3ICE
16

60

s

STA RNCNT+}
JSK RWORKD

BCS RPLK2
8TA BLKCNY
JBK RUWORD
BCS RBLK2
8TA HLKCNT+1
LIy ¢0
RBLK1Y

JSK RWOKRD
FCS RELK2
€TA BUF1»Y
INY

CPY ¢160
BNE RELK1
JHF COMDA2
RDBLK2

Juk COMDAA

coMba
PHA

LA ESK
COMDAL
Lbha CSR

© AND ONRDY

BNE COMDAL
PLA

814 CDR
COMDA2

LbA ISk

AND CCE

BEQ COMDA2
COMDAA

LDhA CSR

FHA

AND SECIFLG
BEQ COMDAS
LDY SWORKIN-MO
JER MESS
JSR EOT

LY &MERR1-MO
JBR MESS
PLA

SeC

RTS

COMDAS

FLA

AND $¢81
BNE COMDAZ
CLC

RTS

COMDA3

LDY $MO-MO
PHA

JSR MESS
FLA

JSR NUMA
LDA ESK
JSR NUNA

CcLC
RTS

ORIGINAL PAGE IS
OF PCOR QUALITY

==EIDO RWORD
ADOE®PO LDA 18K
2CO00KBF KIT CCE

100A  BNE RWORD2

2CO1BF KIT DA j
FOF3  KEQ RWOKD |
ADOBPO LuA DER

==B3IEO

18 cLe

60 KT8

==k3E2 RWORD2

38 SEC _
60 RTS '
----- - - - %
==B3IE4 FIX

A056  LDY $MERROK=-MO

20C4B2 JSR MESS

60 KTS

==K3EA EOT

A000  LDY 40

==B3IEC EOT1

A924  LDA #3824

e

20E4E2 JSR SEND

SWAIT FOR MINC TO RESPOND (10 CALLS TO DELAY ROUTINE)
A204A LIX €319 :

s=B3IF3 HOLD

200FEC JSK DELAY

cA DEX

[OFA  BNE HOLD
ce INY

COAO  CPY €160
DOEE  KNE EOT1
E6OC  INC OCNT
A40C  LDY OCNT
CO78 CPY $120
YY)

DOE4  BNE EOT
60 kTS
==B407 EOF

A000  LDY $0 )
==§409 EOF1
A92A  LDA 6824
20E4B2 JSR SEND
ce INY

COA0  CPY #1640
DOF6  BNE EOF1
E4OC  INC OCNT
AG0C  LDX OCNT
E078  CPX $120
“=pa19

1003  BNE EOF2

123




LSRR taltt EEEI 2 T S S L L M S &4 - GEE S S A

, CE 9
. ‘h "Q{._L PF‘.CE
oF POOR QUALITY

- - - - - - -

snhalF MWAIT .
A0&62 LDY GWORKIN-MO i
20CAR2 JSK MESS z

.. A200  LDX 90 3
3 4000  LDY 40 :
4 ==k428 MUT .
A 4900  LDA 60 :
$FROM FAGE B-27 OF AIN-6%5 USER’S GUIDE 3
850C  SYA OCNY :
, 8104A0 BTA UTIL .
. A9FF  LDA @SFF
> enosa0 STA UTICH
A940  LDA $840 .
| =sk436 MWL !

2C0DA0 HIT UIFK
‘ FOFER BEQ MU1 ;
‘ ADO4A0 LDA UTIL 5;

i EB X
~ NOE7 BNE MUT
& ce INY

C004 CPY #4
i [OE2 BNE MUT

60 RTS

- - - - .- - -

IMDAS-16 ANALOG/DICITAL CONVERSIUN CALIBRATION ]
JENTRY POINT FROM °F2* KEY ;
==R447 MDASC

AOSD  LDY @MCALIE-MO
20CAB2 JSK MESS

AOC3  LDY @MCHANL=-MO -4
| 2004B2 JSR MESS
! 2096FE JSR REN1
207DEA JSR HEX

==B457 i
Y] TaY ;

' ............ - .-

-

==k458 LONP
AN00BO LDA CLEARK

2060B1 JSK WAIT ;

\ A%00 LDA €800 ﬁ
8512 STA MEM i

! 8513 STA MEM1
8514  STA MEM2

%8 TYA
‘ AR TaX
) ==R448

EB INX

Ca DEX
) sck4bA ISER

FOOA BEQ SAaMFL
ANO1BO LDA SEO
- 206001 JSK WAIT
o} DEX
AC6AB4 JMP ISEQ
2 ==l476 SAMPL
P 2060B1 JSR WAIT
uzn ANO280 LDA MLD
&~ Al TAX
3
)

290F AND $80F
8512 STA MEM
8A TXA

124
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’ ]
! 8A KOk A A9C2  LDA euTH ;
‘ 6h ROK A 2041K) JSK COMD
Y ROR A A9C2  LDA 6UTH
6h ROF A 2041K1 JSK COMD
. waf466 A20C  LDX #12
. 290F AMD $80F ==k%504 CLOS1Y
, 853 STA MEML A9C3  LDA SLrA
- AD0O380 LIA LOW 2041B1 JSK COMD
. 290F  AND OSOF cha PEX
: 8514  SYA MEM2 DOF8  BNE CLOS1T
: 20F0E9? JSK CRLF ACCDBA JMF STARTT
. AS13  LDA MEM1 —e—eeme——em—— —————
=up496
2051EA JSR NOUT «=§50F RECRDY
AS12  LDA MEN Av00  LDA 40
2051EA JBK NOUT 8504 STA BUFCNY
A%514 LDV MEM2 8506 67A IRUF
2051EA JSK NOUT 8508 STA DRUF
ACSBRA JMP LOOF A901  Lba @1
' BS50E STA TEMI'D
............ e A%02  LDA #>BUF1
8507 STA IHUF+1
: =eR4Ab seRS1F
$100 SPS DATA ACQUISITION FOR TRANSDUCER CALIBRATION 8509 STA OBUF41
JENTRY FOINT FROM °*F3* KEY A9BS  LDA $>INTT ,
sxf4Aé TRANSC 8D0SA4 STA VECTH i
AORO  LDY $MFAST-MO A989  LDA S<INTT 3
| 20C4B2 JSK MESS 8RO4A4 STA VECTL :
, ADO0BO LDA CLEAR ASCO  LDA éCO 3
A992  LDA #SBRST BNOEAO SVA UIER k
i 8DOBSO STA MDRO =ek530
? A%01  LDA 41 A986 LDA $<$1386
| 8500 STA RNCNT BI104A0 STA UTIL
| asBAR? 4913  LDA #>81386
» A%00 LDA 40 80D05A0 STA UTICH
' 8501  SYA RNCNT+1 58 cLl
A9FF  LUA 8SFF ASFF  LDIA OSFF
8D81A4 STA KDURA2 8502 STA EBLKCNTY
A900 LDA $0 0503 STA BLKCNT+}
' 8n83A4 SrA KDDRB2 ==k541 REC2Y
8DB0A4 STA KDRA2 ASOE  LDA TEMPO
==BACH DOFC  BNE REC2Y
A9CO LhA ¢8CO E607 INC IRUF {1
B8DORAO STA UACR AR01 Lha 61
| ==RACH STARTT 8S50E STA TEMPO
A%12  LDA €812 AS07  LDA IBUF+1
f 8DOK90 STA MDRO C930 CHP 9830
A9CA LDA SREW DOFO BNE REC2T
2041B1 JSK COMD *= {551 RECXT
‘ A9CA  LDA #REW 4940 LDA 0840
) 204181 JSK COMD B8DOEAO STA UIER
==R4DC MAINT ==kS56 LOOPT
2025B1 JSR GKEY E602  INC BLKCNY
9 P A502  LDA BLKCNT
’ Cors e Soomdn POO2  BNE LOOP1T
A9CA  LDA $REW E603  INC BLKCNT#1
- 2041K1 JSR COMD ==BSSE LNOP17
ASCY  LDA OSLE A509 LI ORUFH
204181 JSR COMD CoaF  CHP 882F
=sHAED MAIN2T FO13 BEQ LAST
2025B1 JSR GKEY 2064F1 JUSR WRITE
COKF  CMP #RECK AS08  LDA OBUF
FOIR  BEQ RECRDT 18 cLc
CODF  CMF @CLOSEK 6940  ANC €160
DOFS  ENE MAIN2T 8508  STA OBUF
s=RAFE CLOSET ==RS4E
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! AS09  LDA OHUF+1 Ao
69920 ADC #0 sufBFOF MEND
8%09 STa OBUF4) o +BYTE CRy’ LAST BLOCK THIS RU’»SCE
ACS6ES JINFP LOUFY 204C
==B%77 LAST salf23
A9FF LR OSFF CE
8502 STA BLKCNT ==BF 24 MINV
8503 STA BLKCNT+} on +BYTE CR»’ INVALID COMMAN’+8CA ;
206481 JBR WRITE 2020
€600  INC RNCNT : =xBF37
1002 BNE RECX27Y ca
£601 INC RNCNT+) ==RF38 MERK1
==}586 RECX2Y on +BYTE CRy’ FILE MARK FOUN’,tC4
ACEDRA JMFP MAIN2T 2020
e S su}F49
o
safS589 INTT ==BFAA MRNCNT
48 FHA oD +BYTZ CR+‘RUN NUMBER ‘»8A0 .
AIOCAO LDA UDRE 525% i
1037  BPL INTEXY 'Y k
98 Tva s=BF56 MERROR :
48 PHA op +BYTE CR»’DATA ERROR’+$A0 E
Ad04 LDY RUFCNT 4441 i
A90F  LDA 015 Ao é
8%0A STA CNT ==fF64 WORKIN E
ADp0180 LDA SEQ on +BYTE CR»‘WORKIN’,9C? ;
es k598 S74F :
2060K1 JSK WAIT c? 3
ssBS9D ILOOFT ==pF4C M208PE :
ADB0260 LDA MED on +BYTE CR» ‘20 SPS DATA AQ‘s8A0 ;
9106 STA (IBUF),Y 3230 :
AN0180 LDA SEO Ao ;i
c8 INY ==BF7C N10GPS 1
| AN0380 LDa LOW on * «BYTE CR+‘10 SPS DATA AQ’y$A0 3
9106  STA (IBUF),Y 3130 13
ce INY Ao
Cs0A  DEC CNT ==RFBC MTRANS
=ssBSAE ou +BYTE CKy’RS-232 DIATA RECOV’»$A0
DOED  EBNE ILOOFT 5253
AD0280 LDA MED =sKF9E
, 9106 STA (IBUF),»Y A0
cs INY ==BF9F MCALIK
ADO3BO LDA LOM ob +HYTE CRs’ MDAS~16 CALIR’/»$A0
9104  STA (IBUF),Y 2020
ce INY ==RF R
8404  6TY BUFCNT A0
exHSBE ==RFK2 MFAST
D004  BNE BTHT on +BYTE CRs’ TRANSDUCER CALIK’,$A0
A%00 LDA &0 2054
850E STA TENPO w=sKFC4
==RSC4 RTMT Ao
68 PLA ==HFCS MCHANL
AB TaY oh +BYTE CRy’ CHANNEL & (O0=F)‘)$KF
exRSC6 INTEXT 2043
ANO4AO LDA UTIL : 1313 ¥
68 FLA BF
40 RT1 s=KFDB MINFUT
. ==RSCH on +BYTE CR»’'COMMAND?T’»$A0
*=$RFO0 A34F
A ==BF00 CCE A0
g 80 JRYTE ¢80 . +ENLD
= ==BF01 DA ERRORS= 0000
- 20 +EYTE $20
. ==RFO2 MO
) on +BYTE CRys‘TAPE ERROR ‘+$A0
5441
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A.? MINC DATA TRANSFER (AIM=65 TO MINC)

Description: This program accepts raw data from the AIM-65.

A
i
|

.a‘j

This raw data is collected and stored on floppv disks for use in the
ENGINEERING CONVERSION and QUICK LOOK DATA PLOT routines.

" Listing:
] FORTRAN 1V vo2,5-2 Sun 27-hec-81 04:09:22 FAGE 001
0001 PROGRAM AINMIN
C
Cuosee AIM TO MINC FROGRAM FDR 16 CHANNEL
Cooee INFUT USING ASYNCHRONOUS TRANSMISSION
Coeeve WRITTEN RY MARN A MOSSER
Cioeo MODRIFIED EBY ROBERT CLARANE :
C :
o This erosras insuts dats from the AlIM - 65 through SLU-1 3
C as characters (32 st » tame ) to fil} » 600 X 32 character
c arrav. When fully this arravy 15 outrut to the seauential
} C srecified files, UNFORMATTED RECORDS
C
0002 DIMENSION JADDR (&)
0003 EYTE IDATA(32+400) 9 NAME(LID) :
0004 LOGICALX] STAR 3
Coeees DEFINE FILE NAME FOR AIM-65 TRANSFERED DATA FILES E
] 0009 DATA NAME /7D o’ Y o' 1 0" 3 2’A 2’1 2’ M o'0" 070" 90"
' 1 DA T 0/
] Coeoo DEFINE FLAG FOR RUN DATA SEFARATOR
f 0006 DAYA STAR /,TRUE./
| Coeoeo INITIALIZE LATA FILE TO BLANAS
| 0007 DATA IDATA /7192008 ‘/
; Cisse START PROGRANM
‘ 0008 TYFE %+ '"THIS FPROGRAM READS DATA FROM THE AIM-63 -
0009 TYPE 8¢ ‘AT 9600 kaUD USING INFUT FORY SLUI
Cioee INITIALIZE ISET FOR NUMBER OF MINC DATA FILE
0010 ISET =
Co-e0o OPEN FIRST OQUTFUT FILE FOR DATA
r 0011 ENCODE (3+999NAME(B)) ISET

0012 999 FORMAT(I3)
C.ooe CHANGE ENCODED RLANKS BRACK TO ZEROS
0013 DO 1000 JJU=8+10
0014 IF (NAME(JJ)JER.’ ‘) NAME(JJ) = ‘0O°
0016 1000 CONTINUE
! Ceves OPEN OUTPUT FILE
0017 OFPEN (UNIT=3,NAME=NAMETYPE='NEW' yACCESS=‘'SEQUENTIAL ',
1 FORN= ' UNFORMATTED' yRECORDSIZE=32/yBUFFERCOUNT=*2)
, 0018 2002 CONTINUE
) Cieve TOP OF LOOF FOR DATA INFUT FROM AIN=65
Coeoss ATTACH THE INPUT FORT (OR REATTACH AS THE CASE MAY BRE)

0019 TYPE %» ‘ATTACH SLU 1.’

) Ceeoo CHECK FOK ERKORS

‘ 0020 TIERR=MTATCH(2)
0021 TYPE 998, IERR
0022 998 FORMAT (“IERR = ‘412)

. 0023 TYPE %y ‘SET UP FOR READING.’
0024 1ADDR(1) = *50010
002S IADDR(2) = 0 ;
0026 IADDR(3) = 0 g
0027 1AUDK(4) = O ;
0028 1ERR = MTSET(2,IADDR(1)) ;
0029 TYPE 998, IERK ;

C.... READ DATA FROM INPUT PORT ;

0030 TYPE 8y * READ FUNCTION:’ :
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0031
0032
0033
0034
003%
0036
0037

0038
0039

0040

0041

0043

0045
0047

0048
0049
0050

0051
0053

0054
00355
0056
0057
0059
0060

0061

0062

0063
0064

0045
0066
0067

0068
0069
0070
00714
0072

102
101

103

cou«o
Cooee

700
Coooe

COnoc

Coovee
Cevoe

Coves
Covee

Covee
[

133
Covan
Coeen
Coveo

Coooo
c'ocl

2001
c”l'

c.“.
cb..'

134
Coone

133
Coioen

1

ORIGINAL PACE IS
OF POOR QUALITY

DO 3103 1=1,400
DO 3102 Je1,32
IERK = MTIN(2+IDATA(JN]))
CONTINUE
CONTINUE
TYPE 103,1-1
FORMAT (10Xs ‘BUFFER FULLy DUMF IT TO DISK ‘o/»
10X, ‘TOTAL SI2E = ‘+185+‘ (AIN-65 DATA BLOCKS)’)
OUTPUT DATA TO0 DISK FILE
WRITE OUT DATA FILE NAME
TYPE 7009 (NAME(JJ)rJJ=ls14)
FORMAT(10Xy»'MINC FILE NAME FOR OUTFUT = ‘,14A41)
DUMF DATA TO DISK
DO 13% K=1,600
CHECK FOR TYAPE MARN FLAG (FLAG IS TRANSFER OF DOLLAR SIGN)
IF (IDATA(1,K).EQ,"¢’) GO TO 135
CHECK FOR ENI' OF RUN (FLAG I5 TRANSFER OF STAR)
SEE IF FIRST CHARACTER DN THIS LINE IS A STAR
IF (IDATACL K'Y NE,’8’) GO TO 134
FIKSYT CHARACTER WAS A& STAR
SEE IF NEXT CHARACTER I8 A STAR
IF (IDATA(2/K).EG.’%’) GO TO 133
ERROR: ONLY IF NOT A STAR
TYFE %y’ xxxs ERROR ¥ssx DATA MAS ERROR IN FLAG FOR END OF RUN’
CLOSE FILE AND STOF
CLOSE (UN1T=1+DISPOSE=’'SAVE’)
STOP
CONTINUE
NO ERROR+ SO0 CLOSE FILE IF THIS IS THE FIRSY LINE OF STARS
SINCE & LINES OF STARS WILL BE TRANSFERED IN ALL
IF (.NOT.STAR) GO TO 135
MUST BE FIRST LINFE OF STARS
CLOSE (UNIT=1,DISFOBE=’SAVE’)
OFPEN NEW FILE AND SET BYAR FLAG TO FALSE
OFEN OUTPUT FILE FOR DATA
ISET = ISET+1 .
ENCODE (3,999,NAME(B)) ISET
Do 2001 JJ=8,10
IF (NAME(JJ) EQ.’ ‘) NAME(JJ) = ‘0’
CONTINUE
TYPE 700+ (NAME(JJ)rJJ=1,r14)
DFPEN OUTFPUT FILE
DPEN (UNIT=3)NAME=NAME» TYPE='NEW ' »ACCESS='SEQUENTIAL
FORM='FORMATTED' yRECORDNSIZE=32+BUFFERCOUNT=2)
SET STAR FLAG TD FALSE
STAK = ,FALSE.
CONTINUE THROUGH LOOP
GO T0 135
CONTINUE
SET STAR FLAG TO TRUE
STAR = ,TRUE.
WRITE (1) (IDATAC(L/K)iL=1,32)
CONTINUE
DETACH INPUT PORT TO ELIMINATE ERRORS
TYPE %y ‘DETATCH INPUT PORT,’
IERR = MTDTCH(2)
TYPE 998, IERR
GO0 TO0 2002
END
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A.3) MINC QUICK LCOK DATA PLOT

Description: The QUICK LOOK DATA PLOT program is used to aid
in choosing maneuvers to be analyzed by the MMLE program. The data

are plotted using the stripchart graphics mode of the VT-105 Graphics

N Terminal. This routine uses the AIM-65 data files created by the
y MINC DATA TRANSFER routine.
" Programming Note: This routine bypasses the MINC graphics
} routine PLOT55 to use the stripchart graphics mode. It uses the
) CONVERT subroutine which is explained in the ENGINEERING CONVERSION
program.
i Listing:
FORTRAN IV v02,5-2 Sun 27-Dec-81 02:55130 PAGE 001
0001 FROGRAM GRAFH
\ Covve THIS PROGRAM USES THE GRAPHICS CAPARILITIES
) .Cuses OF THE UT10S TERMINAL TO DISPLAY QUICK LOOK
Covve PLOTS OF THE AIM-45 RECORDED DATA FILES (UNFORMATTED RECORIS)
P 0002 EYTE NAME(1%),DATA(32,500) sNAMES(15,14)
0003 LOGICALS®1 MORE.FIRST
; Cevvs INITIALIZE NAME ARRAY FOK FILES
‘ 0004 DATA NAME /7 D y Y o 170 8 9 A0 1 9’ M 1709707970

" . e ’'D A T 00O/
Cooee INITIALIZE DATA ARRAY
0005 DATA DATA /16000%’ '/
C.cos SET NAMES OF CHANNELS
0006 DATA NAMES /
TR DL 'L T R A YT E e ! ’
[ 2D S EA KRN IR T LN CY'RYVAT YT By .
Yy A Y W Y e 'RVIAY T E Y e ! ’
TB e AP N 'K AN Y'G YLy E .
-8 TNYA I AR IR Y YA R A SKS SR ¢
12000 atpt L ' Clr’E v LY ’E 'R A .
Ny A 'y E v LYy E R YA YTy 209 ’'N’ ¢’
rYy I'I“I'ICI'ICI'OEI'ILI'lEl'IRI'I“I'ITI'III'IOI'INI'I
T D e T e AL P 'R VE B B U 'RE
ISI'ITI'I“I'ITJ'IXl'lcl'I I'IPI'IRI'IEI'ISI'ISI'IUI'lRl'l
IDI'IEI'ILI'IYI"“I'I l'lR"IUI'IDI'IDI'IEI"RI.I L l'l
B E 'L T A s A Y LB 'R0 NS
TR E L T Ay B LI E 'V A T DR
T a0 T AL .
TC ' H 1 A s N s "N 2 E 0L s’ 9’19 Gl g? gt gt 4yt sy
T H A N e TN B L et Qe gt gt gttty
Csees INITIALIZE MORE DATAN IN FILE FLAB AND FIRSY TIME FLAG
0007 DATA MORESFIRSY /.FALSE.» TRUE./
Cesse GET READY TO PLOY DATA
. Cseve ERASE TEXT FROM SCREEN TOF TO BOTTOM

'IYI'IEI'IHI"PI'I Fgr r gt 0y vy,

e ® ® © o ® o ® o o s ° o ® o ®
L S N N S N N
NT @ 99 ©® 9 ° e W 9w

: 0008 IERR = ITTOUR(*O3)
- 0009 IERR = ITTOUR(*133"
: 0010 1ERR = ITTOUR(*062)
~ 0011 TERK = ITTOURC(®1:2)
Cesess BET TEXT SCROLL RZGION TO BOTYOM 4 LINES
0012 IERkK = ITTOUR(*033)
0013 IERR = ITYOUR(*133)
0014 IERR = ITTOUR(*062)
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0015
N03¢
0017
0018
0019

0020

0021
0022

0023
0024

0025
0026
0027

0028
0029
00320

003t
0032
0033

0034
0035
0034

0037
0038
0039

0040
0041
0042

0043
0044
0045

00446
0047
0048

0049
0050
0051

0052
0053
0054

0055
0056
0057

0058
0059
0040

0061
0062

0043
0064

Ceves
1000
c.ll'

COOOO

Coonn

Cooe

COool
Coono

Coeoee

Cttol
Cooee

CO'O.

Coees

Coooo

c....

c..co

Covsee

Cooco

Coves

Co.n.

ORIGiN#.. |

A

TS

OF POOK QUALITY

1ERR s JTTOUR(*061)
1ERK s ITTOUR(*0O73)
1ERR = ITTOUR(®062)
1ERK = ITTOUR(*064)

IERR = ITYOUR(®162)
TOF OF NEW FILE LOOP
CONTINUE

ENTER GRAPHICS MOIE
1ERR = JTTOUR(®033)
1ERK = JTTOUR(®061)
CLEAR GRAPHICSES MEMORY
1ERK = ITTOUR(®11}))
1ERR s ITTOUR(*060)

ENABLE SQUARE GRAPHICS DISPLAY FORMAT (S512X240)

1ERR = ITTOURC*111)
1ERK = ITTOUK(®040)
1ERR = ITTOUR(*041)
ENABLE VERTICAL AND HORIZONTAL LINES
1ERR = ITTOURC(*11}Y)
I1ERK = ITTOUR(*043)
1ERR = ITTOUK(*041)
DEFINE VERTICAL LINES
LEFY SIDE

1ERK = ITTOUR(*114)
1ERR = [TTOUR(°040)
1ERR = ITTOUR(*060)
RIGHY SIDE

1ERK = ITTOUR(*114)
IERR s ITTOUR(*077)
IERKR = ITTOUR(*077)
DEFINE HORIZONTAL LINES
BOTTYOM LINE

1ERR = ITTOUR(®104)
1ERK = ITTOUR(®047)
IERR = ITTOUR‘*061)
NEXT LINE UF

1ERR = ITTOUR(*104)
IERK = ITTOUR(®07})
IERR = JTTOUR(*062)
NEXT LINE UFP

IERR = JTTOUK("104)
IERR = ITTOUR(*053)
1ERKR = JTTOUR(*064)
NEXT LINE UF

IERR = ITTOUR(*104)
1ERR s ITTOUR(C*O073)
1ERK ITTOUR(*065)
TOF L!NE

1ERR = ITTOUR(®104)
1ERK = ITTOUR(*057)
IERK = ITTOUR(*067)
DISABLE GRAPHS

1ERR = ITYTOUR(C*101)
1ERR = ITTOUR(*040)
IERK = JTTOUR(*040)
ENABLE STRIPCHART GRAPHICS DISPLAY
1ERR = ITTOUR(*101)
IERR = ITTOUR(*047)
IERR = ITTOUR(*050)
WRITE INITIAL POINT' TO SCREEN
1ERR = JITTOUR(*110)
IERK = ITTOUR(®040)
1ERKR = ITTYOUR(®040)
LEAVE GRAPHICS MODE
IERR = ITTOUR(®*033)
1ERK = ITTOUR(®062)
MOVE CURSOR TO LOCATIONS FOR LABELS

1ERR = ITYOUR(®033)
1ERK = ITTOUR(®°133)
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0065
0066
0067
0060

0069
0070

0071
0072
0073
0474
0075
0076
0077

0078
0079

0080
©081
0082
0003

0084
008%
0087
0088
0089

0090

0091
0092

0093
0094

0093
0096

0097
0098
0099
0100

0101
0102
0103
0104
0105
0106
0107
03108
0109

0110
0111
0112
0114

01135
0116

0117

4 wak

ORIGINAL PALE IS
OF POOR QUALITY,

1ERR = ITYOUR!*061)
1ERR s ITTOURC®O7)
1ERR = ITTOUR(®061)

1ERK = ITTOUR(®146)
Ceoee TYPE LABELS
TYPE 199
199 FORMAT(’ 45,00 V' /777y’ §2 SO V0277770’
" =280 V' e/il770 <5.00 V')
Ceooe ”OVE CUKEOR TDO SCROLLING REGIDN
IERK s ITTOUR(*033)

0:.00 V' 0///7/7»

IERR = ITTOUR(*$133)
IERR = ITTOUR(®062)
IERR = ITTOUR(®061)
1ERK = [TTOUR(*073)
IERK s ITTOURC®061)
IERK ITTOUR(®144)
Ceoso BET FILE NANE OF AIM-65 INPUT DATA FILE
TYFE 1

1 FORMATC( /777777
‘$/99X%Xs ‘Input the nuaber of the AIM-65 dats file ¢! ')
ACCEPT 2:1A1IM
2 FORMAT(I14)
ENCODE (3,999/:NAME(B)) JAIM
999 FORKAT(II)
Cso0o0o CHANGE ENCODED BLANKS BACK TO ZEROS
DO 998 l1=B8:,10
IF (NAME(]).EG.’
998 CONTINUE
TYPE 997+ (NAME(I)»1I=1,14)
997 FORMAT(’ ‘o18Xs’FILE NAMES! ‘114A14/)
Cooee OPEN FILE FOR READING AND CONVERSION
OPEN (UNIT=} NAME=SNAME TYPE='OLD’ +ACCESS='BEQUENTIAL ‘»

‘) NAME(X)s’0’

. FORM='UNFORMATTED' »RECORDSIZE=329BUFFERCOUNT=2,
. READONLY)

Cieer GET VALUE OF OF PARAMETER TO DISPLAY (IF O THEN QUIT)
TYFE 6

é FORNAT(‘O'.9Xo’xnrut the parlnotor chennel nuaber!’
‘(1 =~ 3164 0 to auit) )
accepv 7+ INUNM
? FORMAT(II)
Cioes SAVE CURSOR POSITION AND ATTRIBUTES
IERR s JTTOUR(*03)
IERR = ITTOUR(*067)
Cieoe SELECT BOLD CHAR ATTRIBUTES
1ERR = ITTOURC*033)
IERK s ITTOUR(*133)
IERR = ITTOUR(®061)
1ERK = ITTOUR(*15%)
Cisss MOVE CURSOR YO LOCATIONS FOR NAMES LABREL
1ERK = ITTOUR(*033)

IERR = ITTOUR(*133)
1ERR = ITTOUR(®041)
1ERK = ITTOUR(®073)
1ERK = ITTOUR(*063)
1ERR = ITTOUR(*040)

IERK = JTTOUR(®*346)
TYFPE 34+ (NAMES(IAC+INUM)+»IAC=1,15)
34 FORMATC(’$’91541)
Cieee RESTORE CURSOR
1ERK = ITTOUR(®033)
IERK = ITTOUR(*070)
IF CCINUMGT.16.).0R.CINUMLTL1)) GO YO 4000
Csoee TOP OF NEW CHANNEL NUMBER LOOP
3000 CONTINUE
Cievs BAVE CURSOR FOSITION AND ATTRIBUTES
1ERR = JITTOUR(*033)
1ERR = ITYDUR(*067)
Csoee SELECT BOLD CHAR ATTKIBUTES
1ERF « JTYDUR(*033)
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LN

1A$~
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i few

|
]
'fi

o118
0119
0120

0121
0122
0123
nida
012%
0126
0127
o128

0129
0130

01l
0132

0133
0.34
0135

9136
0137
0138
0139

0140
0141

0142

0143
0144
01435

0144
0147
0148
0147
0150
0151
01352

0183
0134

0159
0156
0157

015e
0159

0160
0161

0162
0164

c.ooo

c.ouo

Coovce

Coven
3001
c..oo

Coeo.
c..ll

cl.l.

Coione

3002
c“"
Coven

c".l

Cioeos

c....

Civeo

700

Ccooc

Cervee
Coenn

Coenne
Ceeos

. o=
‘e

ORIG:NAL 7! .7

OF Poor QuAilTY

IERR s ITTOURC®*13Y)
1ERK = ITTOUR(®04Y)
1ERF = JTTOUR(*1S3)
MOVE CUREOR TO LOCATIONS FOR NAMES LABEL
1ERR e ITTOUR(*03Y)

1ERR = JTTOURC*133)
1ERR = JTTOUR(*041)
1ERK = JTTOUR(*073)
1ERK = ITTOUR(®063)
IERK = JTTOUR(*060)

1ERK s ITTOUR(®144)

TYPE 34, (NANES(TAC.INUM)»1AC®1,4D)
RESTORE CURSOK

1ERR = JTTOUR(*033)

1ERK = ITTOUK(*0720)

REWIND FILE READ DATA AGAIN
REWIND 13

FIRSY = ,TRUE.,

TOF OF READING DATA FROM FILE LOOP
CONTINUE

INITIALIZE JLASTY

JLAST -1

RESET MORE DATA ON FILE FLAG

MORE » ,FALSE.

READ DATa TROM FILE (UP TO S00 TIME POINTS)
1o 4 J=3,500

READI (1+END=S) (DATA(I+J)r1=1,32)

JLASY = J

CONTINUE

SET MORE DATA IN FILE FLAG YO .TRUE.

MORE = ,TRUE.

CONTINUE

TOP OF GRAPH DATA LOOP

CONTINUE

CONVERT THE DATA AND PUT IT INTO

IDATA AFTER SCALING FOR PLLTTING
1r0SY = INUN%2-])
1F0NS2 = INUMED

IO 8 Kel,JLAST
GET ULATA FROM ARRAY

IDATAH = DATACIFOSIIN)

1nAatTaL = DATA(IPOS2:X)

CALL CONVRT(IDATAH,IDATAL»IDATA)

VoL T » (FLOAT(IDATA)/16.)80.002435640,0633
IFLY = IDATA/327.67+4139

IUFPER s IFLT/32

ILOWER = JPLT-JUFPER®32

ENTER BRAFHICS MODE

1EFR = [TTOUR(*033)

IERK = ITTOUR(®061)
WRITE FLOT DATA TO TERMINAL
Iz RK = ITTOUR(®"102)

IERR = ITTOUR(324ILOWER)
1ERK = ITTOUR(32+IUPPER)
LEAVE GRAFHICS MODE

1ERR = ITTOUR(*03ID)

I1ERR = ITTOUR(®062)

TYFE 700+KsVOLT
FORMAT(’ ‘920X»*TIME POINT = ‘,14,’ VOLTAGE
CONTINUE
LEAVE GRAPHICS MODE

IERR = ITTOUR(®033)
IERF: = ITTOUR(®062)

IF MORE DATA ON FILE FLAG IS .TRUE.? THEN READ MORE AND PLOY 17 :

SET FIRSY FLAG Y0 FALSE

IF (MORE) FIRSY = ,FALSE.

IF (MORE) GO TC 3001

CHAMNEL KAS REEN COMPLETELY PLOTTED
GET NEW CHANNEL NUMBEFR
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b4
3
]
i

-

0166
0147
0168
0169
0170

0172
0173

0174
0179
0176

0177
0178
0179

0180
0101

0182

0103
0184
0185

0186
0187
0188

0189
0190
0193

0192
0192
0194

019%
0196
0197

0198
0199
0200

02014
0202
0203

0204
020%
0206

0267
0208
209

0210
0211

0212
0213

0214
0213

Covrn
b6

Coven

Coiven

COOO!

c.ooo

c'...

C...c
C.-o.

c.oo.

c.ooo
Covno

Cooon

c.oo-

CQolo

c.ooo

Ceoen

cl...

c.ool

Coene

c'oot

<3

]

B )
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DET VALUE OF OF PARAMETER YO DISPLAY (IF O TMEN OUIT)
TYPE 66

FORMRAY ('’ )

TYPE &

ACCEFY 74 INUM

IF (CINUM.BT.16.) .0k, CINUM.LT.3)) GO YO 4000
THEREFORE VERTICAL SIDES ARE RESET AND STARTING FOINT I8 SET
ENTER OKAPHICS MODE

IERK = ITTOUK(®033)

IERK = ITTOUR(®061)

DISABLE GKAPHS

IERK = JTTOUR(®101)

IERR = ITTOUK(®OAC:

IERK = ITTOUR(®040)

ENABLE BSOUARE ORAPHICS DISPLAY FORMAT ($12X240)
IERK = ITTOUR(*111)

IERK = ITTOUK(*040)

IERR = ITTOUR(®0A41)

ENAKLE VERTICAL AND HORIZONTA. Liiico
IERK  » JTTOUR(®31¢:

IERK = ITTOURC 043)

TIERR = JTTOUR(*041)

IEFINE VERTICAL LINES

LEFT BINE

IERRK = ITTOUK(*114)

IERRK  » ITTOURK(®C40)

IERK = ITTOUR(®04D)

KIGHT SIDE

IEKK = ITTOUK(*114)

IERR = ITTOUR(®077)

IEKK = ITTOUR(*077)

DEFINE HORTZONTAL LINES

BOTTON LINE

IERK = ITTOUR(®104)

IERK = ITTOUR(*047)

IERR = ITTOUR(*061)

NEXT LINE UF

IERR = ITTOUR(®104)

IZKK & ITTOURC*071)

IERK = ITTOUR(®062)

NEXT LINE UF

1IERR = ITTOUR(*104)

IERK = ITTOUR(*0S53)

IERK = ITTOUR(®064)

NEXT LINE UP

IERRK = ITTOUR(*104)

IERR = ITTOUR(®079)

IERR = ITTOURC®06%5)

TOP LINE

IERR = ITTOUR(*104)

IERR = ITTOUR(*057)

IERR = ITTOUR(*067)

ENABLE STRIPCHART GRAPHICS DISPLAY
IERR = ITTOUR(®101)

IERR = ITTOUK(*047)

IERR = ITTOUR(*0%0)

WRITE INITIAL POINT TO SCREEN

IERK  « ITTOUR(*110)

IERK = ITTOUR!*040)

IERK = ITTOUK(®040)

LEAVE OGKAPHICS MODE

IERR = ITTOUR(*033)

IERK = ITTOURC*042)

SAVE CURSOR FOSITION AND ATTRIBUTES
1ERK = ITTOUR(*033)

IERK = ITTOUR(*067)

SELECT BOLL CHAR ATTRIBUTES

IERR = ITTOUR(*033)

IERR = ITTOURC®133)
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0216
0217

02186
o1¢®
022¢
0221
0222
022

6224
0229

0226
0227

022e

0230
0232
0233

0234
0233
0236

Cloot

PI{‘O‘

CD...

c.aoo

Civen
c.ooo

4000
Coooo

s
- s

ORIGINAL PAGE IS
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TERR 2 YTTOURC(®061)
1ERK * TTTOUKR(*19S)
MOVE CUKCOR TO LOCATIONS FOR NAMES (ABEL
1€"K ® JTTOUK(*03])

1ERF ® [TYOURC*133)
1ERK s [TTOUK(*061)
T1ERR s ITTOUR(*073)
JERK s ITTOUR(*063)
1ERR ® JTTOURC®060)

1ERK s ITTOUR(®146)

TYPE 34, (NAMESCIAC)INUM) 2 IACe3,1T)

KESTORE CURSOF

IERK & ITTOUR(*033)

1ERK s ITTOUR(*070)

IF FILE 18 SMALL AND ALL DATA FROM THIE CHANNEL
HAS BEEM FLOTTED THEN THE BUFFER DOES NOY GET REFILLED
IF (C.HOT.MORE) .AND.FIRST) GO TO 3002

IF FILE 16 NOT SHALL AND IS LARGER THAN THE BUFFEK
BUFFER MUST BE REFILLED FROM BEGINNING OF FILE

IF ((.NOT.MORE).AND.(,NOT.FIRS8T)) GO T0 2000
CONTINUE

CLOSE (UN1Ts})

€O T0 TOF OF LOOP

40 10 1000

sTOP

END
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A.4) MINC ENGINEERING CONVERSION

Description: This program performs the conversion from AIM-65
voltage format to engineering units. Instrumentation biases are not
removed to engineering units. Instrumentation biases are not removed
from accelerometer data; nor are the instrumentation offsets from the
center-of-gravity accounted fcr by this program. These functions

are now incorporated into the MMLE analysis program.

Programming Note: The actual convession is handled in the

macro subroutine CONVERT which is written in assembly language.

Listing:

FORTRAN 1V v02.,5-2 Sun 07-Feb~B2 01:54:20 PAGE 001

0001 PROGRAM ENGK
Ceees THIS PROGRAM CONVERTS THE AIM-65 RAW DATA YO
Ciooo ENGINEERING UNITS FOR USE BY THE MMLE PROGRAM
Ceses (NOTEY ALL ANGULAK UNITS ARE RADIANS)
Cioes THE AIM-4% DATA FILES ARE UNFORMATTED RECORDS
Cieoeoe THE OUTPUT DBATA RECORD ARE ALSD UNFORMATTED RECORDS
Cevesossese THE DIATA RECORD FOR INPUT TO THE MMLE PROGRAM IS!?
Civeverese CTHAYQIAZIAXIDE'PHIIPoAYIRoDAYDR)
Civeseese IF EXTRA DATA 15 INCLUDED THIS DATA RECORD IS ALSD ADDED!?
Coseeoree CUIALPHRDOT»RTAYPDOTHRDOT]

0002 BYTE DATA(32+,500)+NAME(2T) »NNAME(LS)

0003 INTEGER ILINE(16)0FFSET

0004 ' LOGICALX1 MORE

0005 REAL ADUT(17)»LINE(16)sRUDRP(9)»RUDANG(9)
. AILEP(8)»AILANG(B) +ELVBP(8)+ELVANG(B)

Coevs INITIALIZATION OF CONSTANTS
Coevs INITIALIZE RUDDER ARRAYS

0004 DATA RUDEP  /-3456.+-1234.y =726.r ~24240 1764
. S6b6. 900.» 1209.9 1293./
0007 DATA RUDANG / 17.0+ 15.0» 10.09 S5:00 0.0

“5¢00 =10.,09 =15.00 ~16.8/
Covrn INITXALIZE AILERON ARRAYS

0008 DATA AILEP  /~2020.+-1767.9-1443,¢~1054,
. ~865.1 ~199.9» 299.» 820./
0009 DATA AILANG /7 17.69 12.19 6ol 0.0¢

~5¢1» -8.5» ~12.8y -17.6/
C-... INITIALIZE ELEVATOR ARKAYS

0010 DATA ELVEP /-2040.,-31064.yv =665.¢ ~291.»
. 97.0 403,y 1025.9 1699./
0011 DATA ELVANG /7 -27.5y -15.2» ~10.,2y =5.2»

0.0 4.6+ 14,8y 2644/
Covon INXTIALIZE NAME ARRAY FOR FILES

0012 DATA NAME /7/D o 'Y 0’8 0/ 0’A% 0 1 2"t 2°0°0°0°9°0"
’ . IDI IAI'ITI'O/
0013 DATA NNAME /' D' Y L e MLy E 00007y

TS TINYYITE XN .Y,
C.:.. INITIALIZE DATA ARRAY

0014 DATA DATA 716000k ‘/
Ceees INITIALIZE MORE DATA FLAG
0019 DATA MORE /.FALSE./
Coeeo INITIALIZE OFFSET COUNTER
0016 DATA OFFSEY /0/
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0017

0018
0019
0020
0021
0022
0023
0024

0029
0024

0028
0029

0030
0031

0032

0033

0034
0035
0036
0037
00386
0039
0040
0043

0042
0043
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Ceovs DEFINE DEGRFES TO RADIAN CONVERSION FACTOK
DATA DGR /S,. /

c

Covse DEFINE CHANNELS

Coveve (1) ROLL RATE

Coeve ( 2) FITCH RATE

Covee ( 3) YAW RATE

Ceoes ( 4) BANK ANGLE

Ceves € 5) PITCH ATTITUDE

Cosse € 6) Z ACCELERATION

Ceeos (7)Y ACCELERATION
(

Cives 8) X ACCELERATION
Cevee € 9) TOTAL PRESSURE

Coses (10) S8TATIC PRESSURE
Ciove (311) RUDDER DEFLECTION
Coeos (12) AILERON DEFLECTION
Ceowe (13) ELEVATOR DEFLECTION
Cover (14) TOTAL TEMPERATURE
Covee  (15) CHANNEL 19
Ceove € 0) CHANNEL ©
c
Csovs DEFINE TOF OF LOOP

1000 CONTINUE

c
Cisee GET FILE MAME OF AINM~65 INPUT DATA FILE
TYPE 1
1 FORAAYC//7/77777
‘829X ‘Inrut the nusber of the AIMN-65 dats file ¢
aCCEPT 2+ IAIM
2 FORMAT(114)
ENCODE (3,999 ,NAME(B8)) 1AINM
999 FORMAT(1Y)
Covvs CHANGE ENCODEDR RLANKS BACK TO ZEROS
DO 998 I=8.10
IF (NAMECI).EQ.’ ‘) NAME(I)=‘0’
Cieooo ALSO CHANGE THE NAME FOR THE OUTPUT FILE
NNAME(I)=s NEME(])
998 CONTINUE
TYFE 997 (NAHE(I)-I-I'14)o(NNAHE(J)-J-1-14)
097 FORH&T(' ‘95X "INPUT FILE NAME: ‘r14A1,
SX»’OUTPUT FILE NAMES: ‘y14A147)
Ciees OPEN FILE FOR READING AND CONVERSION
OFEN (UNIT=1,)NAME=NAME» TYPE='OLD’'»ACCESS='SEQUENTIAL
. FORM= ' UNFORMATTED ' yRECORDSIZE=JI2/y BUFFERCOUNT=2)
. READONLY)
Ceese OPEN FILE FOR OUTPUT OF CONVERTED ENGINEERING UNITS DATA
OPEN (UNIT=2,NAME=NNAME» TYPEx='NEW’' yACCESS='SEQUENTIAL’»

. FORM=‘UNFORMATTEL ' » BUFFERCOUNT=2,DISFOSE='SAVE")
c
Cieee INITIALIZE TIME POINT COUNTER
ICOUNT = 0

Ceose TOF OF READING DATA FROM FILE LONP
3001 CONTINUE
Ceveo INITIALIZE JLAST
JLAST = 1
Cies. RESET MORE DATA ON FILE FLAG
MORE = ,FALSE.
Cevse READ DATA FROM FILE (UP TO SO0 TIME POINTS)
DO 4 JU=1,500
READI' (19END=S) (DATA(IsJ)r1=1,32)
JLAST - J
4 CONTINUE
C.ovoe SET MORE DATA IN FILE FLAG TO .TRUE.
MORE = ,TRUE.
S CONTINUE
Ceeos ADD NUMBER OF TIME POINTS TO TIME POINT COUNTER
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0044 ICOUNT = ICOUNT4JLAST OF POOR QUALITY

c
Ceevs TOF OF CONVERY DATA LOOF
Coevs GET DATA FROM ARKAY

0043 0 & K=1,JLAETY
C..oo CONVERT THE DNATA AND PUT IT INTO ILINE
0044 PO 19 INUM=1,14
0047 IDATAH = DATA(INUHE2-1/,K)
0048 IDATAL = DATACINUNE2,:K)
0049 CALL CONYRT(IDATAH.IDATAL,IDATA)
0050 ILINECINUM) = IDATA/16
00351 19 CONTINUE
Ceevs CHECN FOR DATA COMFATARILITY
vos2 IF (CILINE(9).6T.18C0) AND.(ILINE(?).LT.1900)) GO TO 500

Coeeo DATA 15 NOT COMPATABLE WITHOUY OFFSET
Cioes TRY OLD OFFSET

0054 INUN = 940FFSEY

0055 IF (INUM.GT.16) INUM=]INUN-14

6057 IF (CILINECINUM) ,GT.1800) .AND.CILINECINUN) .LT.1900)) BO TO 490
Ceoes OLD OFFSET 168 NO GOOD’ FIND NEW OFFSET

0059 DO 480 I=1,+16

0060 IF (CILINE(]).GY,1800).AND. (ILINEC(I).LY,15900)) IPOS = ]

0062 480 CONTINUE

00463 IF (JFOS.LT.9) IPDOS = IPOS+16

0065 OFFSET = IPUS-9

0066 490 CONTINUE
C.... OFFSET 18 GOODI RECOVER DATA

0067 TYPE 499,0FFSEY

0068 499 FORMAT(40X»’ DATA IS BEING RECOVEREULS OFFSET = ,I3)
0069 0 491 I=i,36

0070 INUN = J40FFSEY

0071 IF (INUM.GT.16) INUMSINUM-14

0073 LINEC(I) = FLOATC(ILINECINUM)Y)

0074 491 CON' INUE

0075 GO T0 502

0076 $00 CONTINUE
Ceees DATA 18 COMPATABLE WITH NO OFFSET
0377 DO 301 I=1,16
l 0078 LINE(I) = FLOATCILINEC(I))
‘ 007¢% 501 CONTINUE
0080 502 CONTINUE
€C..»s CHECK FOR GOOD DATA

T T T W

0081 IF ((LINE(10).6T7.500.) .AND.(LINE(14),.67,.900.)) GO TO 505
' C.o.o DATA MAY BE BAD} FPRINT MESSAGE TO INFORM USER
0083 TYPE S506.LINE(10),LINE(14)

0084 $04 FORMAT(40X,»’ DATA MAY BE BAD ‘,2F10.0)
006% 503 CONTINUE
c
: Coevees CONVERT TO ENGINEERING UNITS FOR OUTPUT
Csievess CONVERT CHANNEL ¢ § (ROLL RATE)

! 0086 ADUT( 1) = (LINEC 21)435.)%0.0004266
Ceeeoee CONVERT CHANNEL ¢ 2 (FPITCH RATE)
0087 AOUT( 2) = (LINE( 2)437.)30.0004271
' Cocosee SONVERT CHANNEL ¢ 3 (YAW RATE)
] 0088 AOUTC 3) = (LINE( 3)440.)50.0004278
Cooases CONVERT CHANNEL ¢ 4 (HANK ANSLE)
009 AOUT( 4) = LINE( 4)20.000764240.02870
) Cessees CONVERT CHANNEL ¢ 5 (PITCH ATTITUDE)
0090 AQUT( S) ==(LINE( 5)20.004507840.015460)
Ceesees CONVERT CHANNEL & & (NOXMAL ACCELERATION)
0091 ADUT( &) = LINE( 4)%0.002449840.076043
Ceveesoes CONVERT CHANNEL ¢ ? (LATERAL ACCELERATION)
E 0092 AOUT( 7) = LINE( ?7)80.000244740,002430
o Cevesss CONVERT CHANNEL ¢ B (LONGITUDINAL ACCELERATION)
o 0093 ADUT( B) = LINE( 8)%0.0009765+0,02432
g Ceoseas COMVERT CHONNEL ¢ 9 (TDTAL PRESSURE)
E, 0094 ADUT( 9) ¢ -LINE( 9)%0.005197 9.8520
Ceveees CONVERT CHANNEL 610 (STATIC PRESSURE)
F 009S ADUT(10) ==L INE(10)%0.010441419.886
:
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0096
0098

0100
0101
0102
0104
0105
0106
0107

0108

0109
011

0113
0114
0115
0117
0118
011¢
0120

0122
0124

0126
0127
0128
0130
0131
01132

0133
0134
0135

0136
0138

0139

0i40
0141
0142
0143
0144
0145
0147
0148

0149
0150

01%51
0152
0153
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Coosvee CONVERT CHANNEL €11 (RUDDER DEFLECTION)
Coevove RANGE LINMIT RUDDER DEFLECTION
IF (LINEC3!).6T, 1293.) LINE(11)e 1293,
IF (LINE(11),LY.-1456.) LINE(11)e-1455,
Cessovee FIND RUDDER INDEX INTO DEFLECTION TARLE
IRUDFP1? = 2
DO 600 1=2,8
IF (LINE{31).GT.RULBP(I)) IRUDFL = 14}
IRUD = JIRUDP1-3
600 CONTINUE
RATRUD = (LINE(11)=-RUDKFCIRUID )/ (RUDBF(IRUDPY) -RUDKF (IRUD))
ADUT(11) = RUDANG(IRUIN ¢RATRULS (RUDANG ( IRUDP 1) -RUDANG( IRUD))
Coeeess CONVERT TO RADIAN UNITS
AOUT(11) = AOUT(11)/DGBK
Coosese CONVERT CHANNEL €12 (AILERON DEFLECTION)
Ceveves RANGE LIMIT AILERON DEFLECTION
IF (LINE(11).6T, 820.,) LINE(12)= B2O,
IF (LINEC(11).LT.-2020.) LINE(12)m-2020,
Cesoees FIND AILERON INDEX INTO DEFLECTION TARLE
IAILPL = 2
DO 601 1=2,7
IF (LINE(12).GT.AILBP(I)) IAJLFL = 14}
IAIL = JAILFPL1-1
601 CONTINUE
RATAIL = (LINE(12)-AILBP(IAIL))/(AILBP(IAILP1)~AILEP(IAIL))
ABUT(12) = AILANG(IAIL)+RATAILX(AILANG(IAILPI)=AILANG(IAIL))
Ceeosee CONVERT TD RADIAN UNITS
ADUT(12) = ADUT(12)/DGK
Coeveseese CONVERT CHANNEL €13 (ELEVATOR DELFECTION)
Coeeore RANGE LIMIT ELEVATOKR DEFLECTION
IF (LINEC13),6T. 1499.) LINE(13)= 1699,
IF (LINE(13).LT.-2040.) LINE(313)=~2040,
Cevoess FIND ELEVATOR INDEX INTO DEFLECTION YABLE
1ELVF) = 2
D0 602 I=2,7
IF (LINEC(13).GT.ELVBP(1)) IELVP1 = 141
IELV = JELVP1~}
602 CONTINUE
RATELV s (LINECI13)=-ELVBPC(IELV))/(ELVBP(IELVP1)=-ELVRP(IELV))
AQUT(13) = ELVANB(IELV)+RATELVE(ELVANG(IELVP1)-ELVANG(IELV))
Coieoss CONVERT TO KADIAN UNITS
ADUT(13) = ADUT(13)/DGK
Ciesoes CONVERT CHANNEL #14 (TEMPERATURE)
ADUT(14) = LINE(14)%1.02072-5%0.33
C.vee DETERMINE ESTIMATE OF ALTITUDE
IF (AOQUT(10).LT.0) AOUT(10)=0,
H t 145448.8(1.-((ADUT(10)/14.696)850.19026))
Cioee WRITE DATA TO OUTPUT
WRITEC(2) AQUT(S)»A0UT(2),A0UT(6)+ADUT(B)rADUT(13)

. ADUT(4)/»A0UT(1)»AOUT(7),ADUT(3)»ADUT(12),A0UT(11)
Csieeo TYPE OUT ALTIDUE» QEFAK: AND TEMPERATURE

PHI = AOUT(4)%DGR

THA = AQUT(S)XDGR

TYPE 700+H»ADUT(S)»AOUT(214)9FHI»THA
700 FORMATC(’ ‘y1F10.191F9.491FB8.1+2F7.3)
8 CONTINUE
IF (MORE) GO TO 3001
CLOSE (UNIT=1)
CLOSE (UNIT=2)
Csoes TYFE OUT TIME POINT COUNTER
TYPE 806+ JICOUNT
806 FORMAT(40Xy» ‘TOTAL TIME POINTS = ‘»110)
Ceevs GO TO TOF OF LOOF
GO 70 1000
STOFP
END
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: ‘ Subroutine CONVRT

Listing:

P S

v

+TITLE
+SBTTL
+GLOBL

CONVRT: CLC
CLR
BIC
BIC
MOVB
ASH
AbD
[ [13Y)
ROL

; ROL

3 ROL
ROL

T8T!¢ CHF
RMI

POS¢ (of:],]
ADD
RTS

NEGA!? NEG

P
| Sy

’ +ENL

- -

ORIGINAL PA7%7T 15
OF POOR QUAITY,

CONVRT

Description: This subroutine converts the AIM=-65 data to

integers for calculation of engineering units.

CONVRT MACRO V04.00 28-JAN-82 02:05103 PAGE 1

CONVERSION ROUTINE

CONVRT

Rl
$177700,@2(RS)
$177700+24(RS)
Q2(RS 'R}
$6R1

@A(RS) 'R
R19@6(RS)

Q6 (RS)

Q6(RS)

6(RS)

Q4(RT)
@6(RS)»$100000
NEGA

2@46{RS5)
R6(RS) v 61

PC

Q6(RS)

PC

$PEEL OFF 1ST 2 BITS

$10F THE ARGS

IFUT HIGH 6 BITS INTO R1
ISHIFT LEFT &

$ADD IN LOW 4 BITS
IPLACE IN RESULT AKG

IROTATE LEFT 4

$SEE IF POSITIVE OR NEGATIVE

IPOSITIVE NUMBEKS ARE 1’S COMPLIMENTED
STHEN ADD 1

# DONE

INEGATIVE ¢'S ARE 2°'S COMPLIMENTED
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A.5) MINC INSTRUMENTATION CALIBRATION

Description: This program is used to analyze the calibration
data conllected by the AIM-65. Gains and offsets can be adjusted by
the user to minimize an error squared cost function. This allows
the calibration of the rate gyros in a dynamic mode without assump-

tions made about response of the calibration pendulum.

Listing:

FORTRAN 1V vo2,5-2 sst 30-Jon-82 02154:08 PAGE 001

0001 PROGRKAM CALIE
Cioee THIS PROGRAM FROVIDES A MEANS TO CALIBRATE THE
C.oes THE VARIOUS TRANSDUCERS IN THE SYSTEM
Cioee USING THE AIN-65 RECORDED DATA FILES (UNFORMATTED RECORDS)

0002 BYTE NAME(1S)»DATA(32+500)
0003 INTEGER MDASEP(32)ILINE(16)
0004 LOGICAL*¥1 MORE
Cooeo INITIALIZE MDAS ANGLE ARRAY
000% DATA MDASHP /-1974, -10848y -1724, -1599,

~1472y ~-1343s -1218,» -1095,
- 948y -~ B42y -~ 719,y - 594,
- 4699 ~ 350y - 228y - 107,
19 139 257, I?7»
496 biéy 736 854,
97%y 1094y 12317y 1336
1455, 1574y 1691y 18107/
Coese INITIALIZE NAME ARKRAY FOR FILES
0006 DATA NAME 7D/ 'Y 92’193 0’A’ 2’1 2’MN" 9’0970 970’
. DA T 0O/
Ciese INITIALIZE DATA ARRAY
0007 DATA DATA /16000%° '/
Ciseo DEFINE CHANNELS
Ceoee ( 1) ROLL RATE
Coven ( 2) FITCH KRATE
Cioas ¢ 3) YAW RATE
Coene ( 4) BANK ANGLE
Civee ( B) PITCH ATTITUDE
(
(
(

e o 7 e e & =

Covee 6) Z ACCELERATION

Cienne 7) Y ACCELERATION

Coven 8) X ACCELERATIOR

Civve ( 9) TOTAL PRESSURE

Cieos (10) STATIC PRESSURE

Coves (11) CHANNEL 11

Cives  (12) CHANNMNEL 12

Civoe  (13) PENDULUM ANGLE

Cives (14) TOTAL TEMPERATURE

Ceeve (15) CHANNEL 15

Cevee ( O) CHANNEL ©

Ceeoe INITIALIZE MORE DATA IN FILE FLAG
0008 DATA MORE /.FALSE./
0009 1000 CONTINUE

Ceves GET FILE NAME OF AIM-65 INPUT DATA FILE

0010 TYPE 1
0011 1 FORMAYC//777777
' ‘$/99Xr’Inrut the number of the AIM-65 dats file ! ‘)
0012 ACCEPT 2+1A41M
0013 2 FORMAT(114)
0014 ENCODE (3+9PP9/NAME(B)) I1AIM

0015 999 FORMAT(I3)
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0016
! 0017
i 0019
0020
0021

0022

0023
0024
0020
0024

it M

0030
0031

4
;
»
» 0032
| 0033
) 0034
y 0035
} 0034
| 0037

| 0038
\ 0039
0040
0041

0042
i 0043
0044
0045

' 0046

0047
0048
, 0049
, 0050
0051
0052

' 0053
0059
0057
0058
0059
0061
0062
0063

00644

RIS ce
Giitthane L itham L0

OF POOR QUALITY

Coese CHANGE ENCODED BLANKS BACK TO ZEROS
DO 998 18,10
IF (NAMEC])EQ.’ ') NANE(]I)=s’'D’
998 CONTINUE
TYPE 9979 (NAME(I)o]Im1,34)
997 FORMAT (' ‘915X s'FILE NAME! ‘+14A1,/)
Cieee OPEN FILE FOR READING AND' CONVERSION
OPEN (UNITs=1 sNAMESNAME»TYPEs'OLD ' yACCEBE='BEQUENTIAL ' »
' FORM='UNFORMATTED’ »RECOKDSIZE=32/BUFFERCOUNTS2,
. READONLY)
Cioes READ IN THE ANGULAR OFFSET AND TIME INCREMENY
TYPE 401
401 FORMAT(’$'»SX»’1Inrut the channel numsber for outeut! ‘)
ACCEFPT 3/, 1SAVE
DELY = 0,05
Ciess OUTPUT THE PENDULUM, DERIVED PENDULUM RATE,
Civee RATE GYRO AND ACCELEROMETYER OUTFUTS

Cives SET INITIAL CONDITION ON PENDA
ANGLEQ = 0.

Cieoes REUWIND FILE READ DATA AGAIN
REWIND 1
Civee TOF OF READING DATA FROM FILE LOOFP
3001 CONTINUE
Coess INITIALIZE JLAST
JLAST = 1
Csove RESEY MORE DATA ON FILE FLAG
MORE s ,FALSE.,
Cioee READ DATA FROM FILE (UP TO S00 TIME POINTS)
DO 4 J=31,500
READ (1+END=S) (DATA(IvJ)e1I=1,32)
JLAST =
4 CONTINUE
Coese SET MORE DATA IN FILE FLAG 7O .TRUE.
MORE e ,TRUE.
S CONTINUE
Civve TOF OF COMVERT DATA LOOP
3002 CONTINUE
TYPE 402
402 FORMAT('S8’9SX»‘Inmrut AOs» Al» and snsulsr initis) condition! /)
ACCEPT %,A0rAL2AINIT
Cesoe SET INITIAL CONDITIONS
APRED = AINIT
SUM = 0,
TYPE 54
54 FORMAT(30Xy’ PEND ANGLE PEND RATZ ANGBULAR RATE’,
. ‘ PRED ERROR S6’)
Cievve GET DATA FROM ARRAY
[0 8 K=1,JLAST
Coeoee CONVERT THE DATA AND PUT IT INTO ILINE
DO 19 INUM=1,16
IDATAH = DATACINUME2~1,K)
IDATAL = DATACINUNR2,K)
CALL CONVRT(IDATAM+IDATAL»IDATA)
ILINECINUN) = IDATA/16
19 CONTINUE
Ciees CONVERT TO ENGINEERING UNITS FOR OUTPUT
Ceses GET PENDULUM ANGLE CONVERSION
Cisove RANGE LIMIT MDAS VALUE
IF CILINEC(13).LT.MDASBP(1)) ILINE(13) = MDASBP(1)
IF CILINE(13).GT.MDASBP(32)) ILINE(13) = MDASBP(32)
IL = 1
DO 32 IMDASEL 31
IF (ILINE(13).GT.MDASBP(IMDAS)) IL = INMDAS
32 CONTINUE
ILPY s JL41
RATHD = VLOAT(C(ILINE(13)-MDASBP(IL)))/
. FLOAT((MDASBRP(ILF1)=-MDASBP(IL)))
ANGLE = JO.XFLOAT(IL)+RATMDX10.4CONST
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004%
0066
00647

0068
0069
0070
0071
0072
0073

0074
007%
007¢

Coves

(44
w

Cooes

e ans pcabb o e LT R T T T T At L S T e e

o T
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OF POOR QUALITY

RATE = (ANGLE-ANGLED)/DELTY

APRED = APRED (FLOATC(ILINECISAVE) +A0)SAL)BDELTY
sSur s SUM4C(ANGLE-APRED)282

PRINT OUT LINE

TYFE S%» ANGLE'RATE,»ILINEC(IBAVE) +AFPRED»SUM
FORMAT(BX»2F12.4¢1130¢6X02614.4)

ANGLED = ANGLE

CONTINUE

GO Y0 3002

CLOSE (UNIT=})

GO TO TOP OF LOOP

G0 TO 1000

STOP

END
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A.6)

used to set up the input data for the MMLE program.

‘j‘ *J'...r‘. AT

Ci FOUl Lol

MINC MMLE SET-UP

Description: This program is an interactive program which is

derivatives, geometric, and inertial data for a given airplane are

input and used to form the initial estimate for the MMLE program.

Listing:
FORTRAN IV vo2.5-2 Sun 07-Feb-82 01159:18 PAGE 001
0001 PROGRAN SET
Cevee THIS PROOKRAM SETS UP THE DATA USED IN MINI-MMLE
Ceoes DEFAULT VALUEES (IF THEY EXIST) ARE SHOWN AFTER CACH QUESTION.
0002 REAL A(S5¢4)9B(S5:4)9AA(S+4 ' yBR(S,4)
0003 RFEAL ZERO(4)+BIAS(4)eD1(7,7)
Ceess VARIABLES TO HOLD* CHARACTER INPUT
0004 BYTE NAME(1%5)+»BANNER(B80,4)
0005 DBOUKLE PRECISION CASE.TENWP
Ceeee INITIALIZE INFUT AND ARRAY VARIABLES
0006 DATA VALUE»IVALUE»AA'RE/0.90020%0,+2080,/
0007 DATA D1/BIASYZERD/4980.9480.9480,/
0008 DATA CASE»TEMF/'’ ‘v ‘/
Coveso INITIALIZE NAME ARRAY FOR FILE
0009 DATA NAME /7'D/o’Y 9 3389’8 2’E'2'T'1°09°0'9°0"»
. l."’b"'“"""o’
Ceooe INITIALIZE DANNER
0010 DATA BANNER /320%° '/
Coeee SET DEFAULT VALUES
0011 NN = 200
0012 ITR = 10
0013 nz - 7
0014 HAFR = 0
0015 1SUB =0
0016 HH = 0,10
0017 XLA = 1,0
Cieee BET FILE NAME FOR SET-UP DATA
0018 TYPE 13
0019 11 FORMATC//7/7/7/71'899%»’Inrut the nuaber of the MLE date file § ')
0020 ACCEPT 129 INUM
0021 12 FORMAT(14)
0022 ENCODE (3,999 :NANE(B)) INUM
0023 999 FORMAT(IZ)
Coeoe CHANGE ENCODED BLANK BACK TO ZEROS
0024 DO 998 I=8,10
0025 IF (NAME(I).EQ.’ ‘) NAME(I)=‘0D’
0027 998 CONTINUE
00N28 TYPE 997y (NANME(]1)r1=1,14)
0029 997 FORMAT(’ *+SX+’OUTPUT FILE NAME: ‘r314A1)
Coove OPEN UNIT 1 FOR OUTPUT OF SET-UP DATA
0030 10 CONTINUE
0031 TYPE 30
0032 30 FORMAT( /79’ ‘910Xr’Indicate twre of runi’,
. /v’ ‘910X2’1f Longitudinal ture ‘L’
. /9’ ‘»10X9’1¢f Lateral-Directional twre *D*’,
. /9’98’ 910Xr’Select runt ‘)
0033 ACCEFPT 40+CASE
0034 40 FORMAT(1A8)
0035 IF (CASEJEQG.’L’) OPEN (UNIT=3NAME=NAME + TYPE®’NEW’»
. RECORDSIZE=96+INITIAL.SIZE=SO0,DISPOSE=’SAVE’)
0037 IF (CASE.EG.’D’) OPEN (UNIT=1,NAME=NAME»TYPE=’NEVN’,
. RECORDSIZE=94+INITIALSIZE=SO,DISPOSE=’SAVE’)
0039 IF ((CASE.NE.’L’).AND.(CASE.NE.’D’)) GO TO 10

Csose START INPUT OF DATA FOR LATER OUTPUT
Ceeee BRBIC DATA FOR EITHER LONGITUDINAL OR LATERAL-DIRECTIONAL CASE
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0041
0042
0043
0044
0042
0046
0047
0048
0049
00%0
0031
00352
0033

0054
005%
0056
0057
0058
0059
0061

00462
0063
0064
0065
0047

0068
0069
0070
0071
0073

0074
0075

0076
0077
0079

0080
0081
0082
0083
00895

0084
0087
0088
0089
0091

0092
0093
0094
0095

0097
0098
0099
0100
0101
0102
0103
0104

0103

¥ 1]
3

B

URIGINAL P, L .S
OF POOR QUALiTY

Ceese GET HANNER
TYPE 41
41 FORMAT(’ ‘410X 'Inrut banner line ¢1! (ur to 80 char) ')
ACCEPT 42+ (BANNER(101)+1w3,80)
42 FORMAT(40AL)
TYPS ¢3
43 FORMAT(’ ‘+30Xs’Ineut Danner line ¢2! (ur to B0 char) ‘)
ACCEPT 42+ (BANNER(]I+2)+1%1,80)
TYFPE 44
44 FORMAT(’ ‘»10Xs‘Inerut banner line 635 (ur to 80 char’) ‘)
ACCEPT 42+ (BANNER(1+3)91=1,080)
TYPE A4S
A4S FORMAT(’ ‘+10Xs‘Ineut banner line 04! (ur to 80 char) ‘)
ACCEFT 42+ (BANNER(]+4)+]1=1+80)
Cieoe GET NUMBER OF DATA POINTS
TYPE S0
S0 FORMAT(‘8'»10X’'Inrut the numsber of dats roints! (default 200) ‘)
60 FORMAT(2F10.0)
ACCEFT 61+1VALUE
61 FORMAT(11%)
IF (JVALUE.BT.0) NN=IVALUE
IVALUE = ©
Ciese GEY NUMBER OF ITERATIONS
TYPE 70
70 FORMAT(’$'+10Xs‘Inrut the nuaber of iterstions! (defeult 10) /)
ACCEPT 61,IVALUE
IF (IVALUE.GT.0) ITR=IVALUE
IVALUE = 0
Ceoee GET NUMBER OF STATE OBSERVATIONS
TYPE 80
B0 FORMAT(’$’,10X»’'Inrut the nuaber of states! (default 7) )
ACCEPT 61+ 1IVALUE
IF (IVALUE.GT.0) MZw]VALUE
IVALUE = 0 -
Cevee GET APRORI CONTROL NUMBER
TYPE 90
90 FORMAT(’ “¢10X»’Inrut the control number for the srrori ortion’s»/
B ‘9°010x0’ (default O} no srrori inmput)! )
ACCEPT 61+IVALUE
IF (IVALUE.GT.0) MAPR=]IVALUE
IVALUE = ©
Cevee GET SUBROUTINE TRACE FLAG
TYPE 9%
91 FORMAT(’$’+30Xy'Inmrut the subroutine tresce flos! (defsult 0) ‘)
ACCEPT 461/,1IVALUE
IF (JVALUE.GT.0) IBUBwIVALUE
IVALUE = 0
Cieve GET TIME INCREMENT
TYPE 100
100 FORMAT(’8 10X, ‘'Inrut the time incresent! (default 0.310) )
ACCEPT 60,VALUE
IF (VALUE.GT.0.) HH=VALUE
VALUE = 0.
Civee GET DIAGONAL MULTIPLYING FACTOR
TYPE 110
110 FORMAT(’$'910Xs’Inrut the dissonal ault factor! (defsult 1.0) )
ACCEPY 460+VALUE
I¥ (VALUE.GT.0.) XLA=VALUE
Cesoe WRITE OUTPUT TO FILE
WRITEC1+540)C(BANNER(IvJ)9o121,80)rJ=1,4)
PRINT 141+ ((BANNER(I»J)+1=1+80)yJ=lr4)
WRITE(L1+1SOINNsITRIMZyMAPR ISUB
WKITE(1+360)HHIXLA
140 FORMAT(B0AL)
141 FORMAT(SX+80A1)
150 FORMAT(7110)
160 FORMAT(BF10.4)
Cooose ENTER THE MASS AND GEOMETRIC DATA
Cicos GET AIRPLANE MWEIGHT
TYPE 170
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r
E
'r

0106
0107
o108

0109
0110
o111

0112
0313
0114

0115
0116
0117

0118
0119
0120

0121
0122
0124
0125
0126
0127
0126

0129
0130
013¢
0132

0133
0134
0136
0137

0138
0139
0140
014}

0142
0143
0144
0145
0146
0147
0148
0149

0150
0131
0152

0153
0154
01359%

0154
0157
0158

0159
0160

ORIGINAL P5i~~ .5

-

OF POOR QuALITY

170 FORMAT(’8/,10Xs 'Inmut the airrlone weisht (in 1D)S ‘)
ACCEPY 60+WEIOHT
ANSE s WEIGHT/32.174
Cieeo OET AIRPLANE WING AREA
TYFE 180
100 FORMAT( 'S’ 910X ’'Input the airrlene wing sres (in PLE22)8 /)
ACCEPY 60+S
Ceoes GET AIRPLANE CBAR
TYPE 19¢C
190 FORMAT(’8°910X»’Inrut the sirelane cbar (in P! )
ACCEPT 60.CHAR
Ceoee BET AIRPLANE WING BPAN
TYPE 199
193 FORMAT(’S’»10Xy’Inrut the sirrlane wing sean (in ft)! /)
ACCEPT 60+98PAN
Cooee GEY ALTICUDE FOR RUN
TYPE 200
200 FORMAT(’$‘+30Xs Ineut altitude of run (in PL)8 ‘)
ACCEPT 60.M
Ceooeo COMPUTE ATHOSPHERIC CONDITIONS FROM APPROXIMATE RELATIONS

TA = 518.7-H80,00258
IF (TALT.390.) TA=390,
PA = 2136.228(1.-0,00000607848H)%85,2532

RHO o PA/(1716.568TA)
AVEL = 49.02%80RT(TA)
PRINTY 205:?&9&“001&.&V£L
205 FORNMAT(’ PA » ‘9F10.49’ RHO = '.Fxo 'Y
‘* TA = ‘yF310.49’ ABONIC = ’»F10.4)
Coovs ENTER THE STEAUY-BTATE FLIGHT CONDITIONS
Ceeee GET THE VELOCITY
TYPE 210
210 FORMAT(’8’910Xs'Inrut the stesdy state velocity (in ft/sec)t ')
ACCEPT 60,U1
cL} =2, 8WEICGHT/(RHOSUIRU1ISS)
Ceooe GET THETA
TYPE 220
220 FORMAT(’8°»10X»’Inrut the ctocdv state thete (in des)t ‘)
ACCEPT 60/,THA
THA = THA/DOK
Ceoese BET PHI
TYYPE 230
230 FORMAT(’$ 110X+ ' Inrut the steadv state phi (4in des)t )
ACCEPT 40/PMH!
PHI = PHI/DGR
Ceeee ASSUME STEADY STATE ALPHA 18 STEADY STATL THETA
ALF s THA

SINALP = SIN(ALP)
COSALP = COS(ALP)
SINTHA = SIN(THA)
COSTYHA = COS(THA)
SINPHI = SIN(PHI)
COSPHI = COS(FHI)

TANTHA SINTHA/COSTHA
Cevee ENTEK THE INERTIAL DATA
Coeoe BET IYYE
TYPE 260
260 FORMAT(’$°'+10Xs’Inmrut 1YYD (in slussfiss2)?: ‘)
ACCEPT 60rA1Y
Ceoos BET IXXB
TYPE 270
270 FORMAT(’$’910Xy'Inrut IXXB (in slussfiss2)! ‘)
ACCEPT 60+AIX
Ceves GET 122B
TYPE 280
200 FORMATC(’$’+10X»‘Inrut IZZB (in clussftss2)! ‘)
ACCEPT 609A1Z
Ceves GET IXZR
TYPE 290
290 FORMAT(’$’,10Xs‘Inrut IXZB (in slussriss2)t /)
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Y

b D S L S
Pt

»

0161

0162
0164

01646

0167
0168
0169
0170
0171
0172

0173
0174
0173

0176
0177
0178

0179
0180
0161

0182
0183
01084

01835
0186

0187

(3Y:]:]
036¢%
0190

0194
0192
0193

0194
019%
0196

0197
0198
0199

0200
0201
0202
0203
0204
0205
0206
0207
0208

0209
0210
02113
0212

c....

c....
Coo.n
300

310
311

330

340

330

360

370

390

~00

420

440

c'...

Cooes
Ceaoe
Covee

c..’.

ORIGINAL PAGE 1S
OF POOR QUALITY

ACCEPT 400a1X2

SPLIT FOK CASES

IF (CASE.EQ.’L’) GO 10 300

IF (CASE.EQR.’D’) GO TO S00

:;ozﬂlﬁ STATENENT 18 REACHED THEN AN ERROR MUST HAVE OCCURED
LONGITUDINAL CASE

CONTINUE it
TYPE 310 .
FORMATC(’ ‘530%s’Inmut CXUs O or 18 )

TYPE 311 ‘i
FORMAT(’S’910X»°(3 4¢ this s » varisble end 0 othervise) ‘) <§
ACCEPY 600A(212)0AR(2,2) i

TYPE 330
FORMAT(’S’»30X»‘Insut CXAe O or 3} ‘)
ACCEPTY 600A(2:3)0AA(2)Y)

TYPE 340
FORMAT(’8 910Xy ’Inrut CXDE» O Or 18! )
ACCEPT 40¢B(2:1)eBB(2,Y)

TYPE 350
FORMAT( '8’ +30Xs'Inrput CZU» O or 11 )
ACCEPT 40+A(3+2)1AA(3:+2)

TYPE 360
FORMAT('$‘910Xs’Inmput CZA» © or 13 ‘)
ACCEPTY 60/+A(3¢3)¢84(393)

TYPE 370
FORMAT(’$’910Xs'Inrut CZDEs O or 1! ‘)

ACCEPT 40+:B(3+1)oBB(3s1)

TYPE 390
FORMAT(’$ 910Xy 'Input CHOy O or 1! ‘)
ACCEPT 60/A(103)+RA(1¢Y)

TYPE 400
FORMAT('$’+»10Xs ' InPut CHU» O or 1t )
ACCEPT 60rA(1+2)0AA(13:2)

TYPE 420
FORMAT('8’»10Xs‘Inmrut CHAYy O or 1t )
ACCEPT 60+A(113)1AA(3+3)

TYPE 440
FORMAT(’$’+10X+’Inrut CMDE,
ACCEPY 60,B(1r1)9eBB(2,})

0 or 13 )

DEFINE QNTHER C[AJ MATRIX ELEMENTS

Al1r8) = 0,0 :
A(2,1) = 0,0 }
A(2:4) w=-COSTHAR32,174 ]
Al3)1) = 3,0 s

A(3,4) w=~BINTHASCOSPHI%32,174/U1

Al4)1) = COSPHI

AC4+2) = 0.0

A(4,3) = 0,0

AChr4) = 0,0

ALL OTHER CP) MATRIX ELEMZINTS ARE ZERO

ALL OTHER CAA) MATRIX ELEMENTS ARE 2ERO

DEFINE ADDITIONAL ELEMENTS OF THE [BP) MATRIX
BR(1+3) = 1.0

BB(2+3) = 1.0

BB(3+3) = 1.0

BR(4»3) = 1.0

SKIP LATERAL DIRECTIONAL INPUT CASE
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il

0213

0214
0219
0216
0217
0218
0219

0220
0221
0222

0223
0224
0223

0226
0227
0228

0229
0230
0231

0232
0233
0234

0233
0236
0237

0238
0239
0240

0241
0242
024)

0244
0245
02446

0247
02486
0249

0250
02351
0252

0253
0254
0233

0256
02357
0256
0259
0260
c261
0262
0263
0264

Clvoc

500

810

S11

S$20

530

340

350

560

570

580

390

600

610

620

630
Ceooo

COOOD
CQoll

ORIGINAL pacr s

R QuaLiTy

g0 70 700
LAYERAL DIRECTYIONAL CASE

CONTINUE

TYPE S10

FORMRAT(’ ‘»30Xs‘Inpu’. CLPy O or 18 ‘)

TYPE S11)

FORMAT(‘S ' s10Xe’ (1 37 this 19 & variable and 0 otherwise) ')
ACCEPT 600AC101)0AA(1,3)

:
A
]
1
i
;
4

TYPE S20
FORMAT(’8'»30Xs’Inrut CLRy O or 8! )
ACCEPT 60,A(1:2)9AA(3+2)

TYFE 330
FORMAT(’S’'+10Xs'Inrut CLEYy O or 1! ’)
ACCEPT 40+A(123)0AA(2 D)

TYPE %40
FORMAT(’S’'+10Xs’Input CLDAY O or 3¢ )
ACCEPY 60¢B(3+3)+BB(391)

Rl et e ... gcocoiogge T rzie gr

TYPE S50
FORMATC(‘S'»10X)»'Inrut CLDRy O Oor 3¢ ’)
ACCEPT 60+E(102)¢BB(1,2)

TYPE S60 :
FORMPAT(’S’910Xe‘Inrput CNPy O or 1! ‘) 1
ACCEPT 60/,A12+11)01AA(2,1)

TYFE 870
FORMAT(’$’210X»‘Inrput CNRy O or 1% )
ACCEPY 60+AC(2/2)1AA(2+2)

TYPE 580
FORMAT(’8'+10Xs’Inrut CNBy O or 1} )
ACCEPT 60+A(2:13)0AA(2+3)

TYPE $90
FORMAT(’8'»10Xs ‘Inrut CNDA» O or 13 )
ACCEPY 60+/B(2,1)9BB(2/1)

TYPE 600
FORMAT(’9‘910Xs’Input CNDRy 0 oOr 13 ‘)
ACCEPT 60+/B(2:2)BB(2,2)

TYPE 610
FORMAT(’$°910Xs‘Ineut CYBy O or 1! )
ACCEPT 40+A(393)eAA(3+3)

TYPE 620 2
FORMAT.’8/310Xs’Inrut CYDAY O or 11 ) 3
ACCEPT 60+B(3+1)9BBE(3,1) :

TYPE 630

FORNAT( '8’ +10Xs’Inrut CYDKy» O or 13 )
ACCE 'T 60/B(J+¢2)eBE(3»2)

DEFINE OTHER CA) MATRIX ELEMENTS
A(1+4)s0,0

A(2:4)=0,0

A(3s1)=GINALP

A(3s2)==-COSALP ]
A(3:4)332,1748COSTHASCOSPHI /UL ¢
A(4,1)=1,0 By
AC4s2)aCOSPHISTANTHA

A(493)=20,0

A(494)=0,0

ALL DOTHER L[BJ) MATRIX ELEMENTS ARE 2F£RO
ALL OTHER CAA) MATRIX ELEMENTS ARE 2EKO
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026%
0266
0267
0268

0269
0270
0271
0272

0273

:

027%
02727
0279

0260

| 0261
» 0282
f 0283

0264
0285
0286

0287
0268
0289

. 0290
0291
f 0292

0293
' 0294
l 0295

0296
r 0297
0298

. 0299
0300

; 0301

p

= 0302

i 0303

] 0304
030%
0306

ORIGINAL PACE 1S
OF POOR QUALITY

Ceeve DEFINE ADDITIUNAL ELEMENTS OF THE [DWI MATRIX

bU(3,3)=1.0
BP(2:3)=1.0
BE(3+3)=1.0
BR(4,3)m1,0

Cieoe OUTPUT INFORMATION

700 CONTINUE

1V} 3
.14 s 4
ny s 7

Ceoes ECHO DATA BACK

PRINT 240+8oWEICHT +SPANICBARIULIRHOCALF» THASPHIcATYAIX,

. AIXZiALZiCLY
710 FORMAT (’ AIRPLANE INPUT DATA’ s/,

o’ UING AREA (IN FT332) -
o MEIGHTY (IN LBS) -
o WING BPAN (IN FT) L
+’ CBAR (IN FY) L]
+/ AIRBPEED (IN FT/8EC) L
+' DENSITY (IN SLUG/FTERY) .
+! ALPMAL (IN RAD) L]
o/ THETAL (IN RAD) .
o/ PHIR (IN RAD) -
o 1YY (IN BLUGSFTRE2) =
o IXX (N SLUOSFTSS2) -
o IX2 (IN BLUOSFTRR2) =
o 127 (IN SLUGSFTas2) L]
o CL =

Cieoe BPLIT FOR CASES

IF (CASE.EG.’L’) GO TO 7%0
IF (CASE.EQ.'D’) B0 T0 830

s10P
Ceoee LONGITUDINAL CASE
7%0 CONTINUE
Cioes GET THE WEIGHTING
TYPE 7?70
770 FORMAT( ‘S’ s’ Inrut
ACCEPY 60,D1(3:13)

TYPE 780
780 FORMAT(’$’+’Input
ACCEFT 460+D2(2:2)

TYPE 790
790 FORMAT(‘$’y’Inryt
ACCEPT 60,D1(3»3)

TYPE 800
800 FORMAT(’S ' Inrut
ACCEPY 609D1 (4 4)

TYPE 810
810 FORMAT(’8 'y 'Inrut
ACCEPT 460:D1(3,3)

TYPE 820
820 FORMAT(‘S’+'Insut

ACCEPT 40+D1(61 &)

TYPE 830
830 FORMAT(’S',‘Inrut
ACCEPT 40+¢D1(7+7)
Civvoe SKIP PAST LATERAL
GO 10 950

MATRIX DIAGONAL VALUES

the weighting fesctor for

the weishting factor for

the weishting factor for

the wveishting fector for

the weishting fsctor for

the weishting faclor for

the weishting fasctor for

DIRECTIONAL CASE

Coeso LATERAL DIRECTIONAL CASE

8350 CONTINUE
Ceosvs GET THE WEIGHTING
TYPE 870
870 FORMAT(’S’ s’ Ineut
ACCEPT 60+D3(1s18"

MATRIX DIAGONAL VALUES

the weishting fasctor for
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"oFL2:.40/
‘oF12.40/»
‘oF12:440 /0
‘oF12:.480/»
‘oF12.440 7/
‘F12.40/
‘oF12.41 /s
‘2F12.40/»
‘oF12.40/
‘oF12.49/
"2F12:410 7
‘2F12:40 /0
‘oF12:.40/
‘9F12.40/77)

al ’)

velocitw! )

slehat )

thetst )

odott ‘.

ax: ‘)

szt ')

»t ‘)
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0307
0308
009

0310
0313
0312

0313
0314

031%

0316
0317
0318

0319
0320
0321

0322
0323
0324
0325

0326
0327
0328
0329
0330
03314
0332
0333
0334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0344
0347

0348
0349
0350

0351
0352
0353
0354

-1:1¢)
890
900
910
920

930
9S50
c....

960
1160

970
960
10C0
1610

1040
c...t
c.ooo

1200

S PoCK GuALITY

TYPE 880
FORMAT(’8’»'Inrut the weishting factor for rt ‘)
RLUCEPT 60+D1(2,2)

TYPE 890
FORMAT.’8'y’Inrut the weishting factor for beta! ‘)
ACCEPT 60:01(3,3)

TYPE 900
FORMAT(’8’ s 'Inrut the weishting factor for rhitl )
ACCEPTY 60+D1(4r4A)

TYPE 910
FORMAT(’8’y’'Inrut the weishting factor for sdot! ')
ACCEPT 40/9D1(5,9)

TYPE 920
FORMAT(’8’»’Inrut the weishting factor for rdot! *)
ACCEPT 40+D1(6+6)

TYPE 930 )

FORMAT(’$’y’'Inrut the weishting facior for svw! ‘)
ACCEPT 40+D1(7+7)

CONTINUE

WRITE MATRICES TO FILE

FORMAT(2110)

FORMAT(BF12.6)

WRITE(31+960)494

DO 970 1s=1,4

WRITE(1+1180)CA(10d)eJdm1r4)

CONTINUE

WRITE(1,960)4,MV

DO 960 1=2.,4

WRITECL19140)(B(TIvd)edmlrNl)

CONTINUE

WRITE(199460)4+4

PO 1000 1=1,4

WRITE(101160)CAA(TIvJ,rJdm1r4)

CONTINUE

WRITE(1+9460)4,MU

10 1010 I=1,4

WRITE(191360)(BBtIsJ)od=tosNU)

CONTINUE

URITE(10960)7,7

PO 1040 1=1,7

WRITE(1+1180)(D1(IeJ)eJ=1+7)

CONTINUE

WRITE TRANSDUCER POSITION DATA
XAXsZAX2»ZAY s YAY 2 ZAY 1 XAZ1ZAZ» THAT
WRITE($191200)=1,45,141.549-1,33930:27+41.559-1:23941.549-0,.07¢9
FORMAT(8710.4)
WRITE(3191200)(2ERO(I)»1I21,4)y(RIAS(JIrIm1s4)
WRITE OUT AIRPLANE DATA TO FILE
WRITE(193160)S/CRARYSPAN)WEIGHT»AIXI AIXZ»AIY ALIZ
WRITE(1»1160)H,U1

sTOP

END
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A.7) MINC MMLE (NEWTON)

Degscription: The main program of the MMLE (WEWTON) routine
acts as the executive, calling subroutines as needed. 1Initially
it reads the input data (as output from SETUP) for the starting
conditions of the case. If the case converges to a solution, the

nondimensional derivatives and confidence levels are computed.

Flow chart:

START

-

Compute Trangition and Observatic.
Matrices and Initialize Iteration

1

Set Initial Conditions
For Maneuver

Save Predicted ]
Date

¥

Compute Non-dimensional
Derivatives
Solve System and *
Update the Coefficients Compute Confidence
| Levele

:
}
i
|
|
)
’

T T

1

PSP T

1

{]g“ Wl

i

|
| ;
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o OF POCR QUAL.TY
E ‘ Listing:
} RT-11 LINK V06.01C Losd Rar Fri 26-Feb-82 00:10:05
: NEWTON, BAV Title: MAIN l1dent! FORVO2
Section Addr Size Globsl Vslue Global Value Global Vslue

+ ABS. 000000 001000 (RU»1+1GBL,ABS»OVR)
SUSRSBW 000000 SRF2A1 00700 LVIR 000000
SNLCHN 000004 SHRDWR 000006 SWABIZ 000152
SLRECL 000210

SOHAND 001000 000106 (RWe1+»GBL/RELCON)
$OVRH 001002 OSREAD 001024 OSDONE 001034
$O0DF1 001102 sODF2 001104

$OTABL 001106 000130 (RUsDrGBLIREL »OVR) f

OTES1 001236 024762 (RWs IoLCL/RELCON) ;
$80TSI 001236 AINT 001236 SINTR 001254 !
ALOG10 001340 ALOG 001344 SCVIFBE 001720 :
SCVTF1 001720 SCVTCB 001734 SCVTC1 001734
SCVTDE 001734 SCVTDI 001734 CICs 001744
cins 001746 CLCS 001746 CLD¢ 0017446

sl 0017446 CIFs 001756 CLFs 001754
$R1 0017S6 CILs 002064 CLIS 002070
SCVTIF 002072 SCVTIC 002106 SCVTID 002106
CCIs 002120 CDI1s 002120 sIC 002120
$1D 002120 CFlIs 002134 SIK 002134
RCIs 002220 GCOs 003234 FCOs 003242
ECOs 0032446 DCOS 003254 EXF 004174

ADIIF$1IS 004536 SADDF 004544 ADF$SS 004356
$ADKR 004554 ADFSPS 0045462 ADFENE 004564
SUFS$IS 004602 S$SURF 004610 SUFSSS 004422
$SERK 004622 SUFSFS 004626 SUFSHS 004432
DIFSFS 004644 DIFSHS 004452 DIFSIS 004664
$DIVF 0044672 DIF$SS 004704 $DVR 004704
MUFSPS 004710 MUFSMS 004714 HUFSIS 004726
S$MULF 004734 MUF$SS 004746 SNLR 004744
$07] 005000 8807} 005002 SSETOP 0035220
$$SET V04764 COS 007260 SIN 007314
$XF1 007652 XFIs 007664 SPUR1 007664
SINITI 010142 SCLOSE 010260 SCSTHI 011036 .
$CSTH 011042 0CIs 011154 ICIs 011162
$ECI 0111746 0COs 011356 ICOs 011344

sDUMPL 011542 SOPNER 011710 SCHKER 011744
$10EXI 011772 $EOL 012040 EOLS 012042
$ERRTR 012156 SERRS 012263 SFCALL 016024
SFCHNL 0146042 SFIO0 0146704 $S$FI0 016710
) $GETFI 020054 SGETRE 020112 STTYIN 020166
‘ IFRS 020322 SIFR 020326 $$IFR 020332
! IFRes 020364 IFUS 020406 SIFU 020412
$SIFY 0204146 IFuWss 020454 $S$OPCL 020524
$$SERR 020634 $88DIS 020660 SOSTHI 020762
- $0STH 020746 SFUTRE 022116 RUWDS 022424
) SRWD 022430 IRKS 022536 $IRR 022542
IRUS 022564 SIRM 022572 SGETIN 023144
$SETIN 023204 DEFs 023312 $DEF 021314
r SPUTEL 023412 SGETEL 023422 SEOFIL 024006
SEOF2 024022 SAVRGS 024042 THRDS 024220
SAVRAS 024222 $STPS 0243046 STPS 024314
$STP 0243314 FOOS 024320 SEXIT 024340
$0TIS 024464 $30TIS 024466 1URS 024606
A $1UR 024612 1UUS 024756 SIUN 024762
TULS 025576 STVL 025576 TVFs 025604

4

> $TVF 025604 TVDS 025612 S$TVD 025612

£l TVas 025620 sTVO 025620 TUPS 025424

{ - STVUP 025626 TVIs 025634 $TV1 025634
' SWAIT 025770 SXFF 026032 XFFs 026044

F SURINT 026206

N
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241 14 (26220

SYSs 1 024274

USERS]1 026274

$CODE 026274

0TSe0 062606

SYSs0 0634644

tHATHF 063644

01S¢D 072154

0TS88 072234

. SYS$S 072242
. shaTa 072242
| USER$DH 075534
} 8888, 075536
ALLDIM 075534

) SUBWRT 075542
MATRIX 075544

DIMFAC 074754

VECTOR 077214

INITIC 077732

y ARKRAYS 077742
| INSTRH 110406
GEOMTR 1104462

NUMBER 110522

COMMND 110612

Segment size =

: Overlavw resdjion
0TS¢} 110422

’ SYSe1 1104622
USERSY 110622

i $CODE 11062:
’ 0T8%0 112442
| SYS$0 112442
S$SHATAP 112442

oTssh 112540

0TS4S 112540

] SYS$S 112540
SDATA 112540

USERSD 112702

Sesaent size =

Overvlay resion

0TSe1 110622

s8YS$1 110622
USERSI 110622

$CODE 110622

0TS¢0 112614

SYS$0 112614

SDATAP 112614

0TSs$h 113152
0TSsS 113132

sYS*S 113152

) SDATA 113152
3 USERSD 113302
: Sesnent size =

5 Overlaw redgion

0TSe1 113304
§YS$1 113304
USER$I 113304
$CODE 113304

T KRR A s o

000CTA
000000
000000
034312

001036

000000
006310
000062

000004

000000
003274
000000
000000
000004
000002
001210
000240
000516
0000190
010444
000054
000040
900070
000006
110620

000001
000000
000000
000000
001620

000000
000000
000076
000000
000000
000000
000142
000000
002060

000001
000000
000000
000000
001772

000000
000000
000336
000000
000000
000000

000130
000000

002460

000002
000000
000000
000000
002116

oRIGN AL PR T

OF POCR Q. ..

(RWsDyGEL/REL»OVR)
(RW»1+LCL/REL,CON®
(RUr1+LCLFEL,CON)
(RWo1+LCLIRELCON)
$$0TSC 026274 AGIRL
AMAKE 0460700 AZOT
(RUWsIoLCL/RELICON)
$80TS0 042606 SOPEN
(KW+I+LCL/REL,CON)
(RUsDILCLIREL,CON)
(RU+ Do LCLIRELYCON)
NHCLNS 072560
(RUsDeLCL,RELCON)
$A0TS 072236
(RWsDILCLREL.COM)
(RW+DsLCLIREL»CON)
(RWsDLCLIRELCON)
(RU»DsGBLIYREL »OVR)
(RW»DoGELIREL s OVR)
(RW»DsGELIREL »OVR)
(RWsDyGBLYREL »OVR)
(RW»DyGBL/REL»DVR)
(KW:DsGBL»REL »yOVR)
(RWs Dy GBLIREL »OVR)
(RW»D s GBLYREL »QVR)
(RU»IGBLIREL »OVR)
(RW» Dy BBLIREL» OVR)
(RUsDyBRLIREL»OVUR)
(RW»DsGBLIYREL »OVR)

= 18632, words

047340 AEATY 057320
" 061346 REDUCE 061676

062606

Segment 000001
(RUs» IsLCLIREL»CON)
(RWs»1+LCL/RELCON)
(RUs» IoLCLyRELCON)
(RU,I/LCLYRELCON)

AADD @ 110622 AMULY @ 111362
(RUsI/LCLIRELCON)
(RWsIsLCL/RELCON)
(RU»DILCL/REL,CON)
(RW»DoLCL/REL,CON)
(RWsDsLCL/REL,CON)
(RU:DsLCL,REL,CON)
(RUsD,LCL,REL/CON)
(RWsDLCLIRELCON)

= 536, words

Sesnent 000002
(RW»1sLCLIRELCON)
(RU»IsLCLIRELCON)
(RW»IsLCLIRELCON)
(RW»I+LCL/RELCON)

ALOAD @ 110622 ALOAD1

ASPITIQ 112024
(RU»1+LCL,REL,CON)
(RUsI9»LCLIRELCON)Y
(RUsD»LCL/RELCON)
(RUsDLCLYRELCON)
(RWsDoLCL,REL,CON)
(RUsDsLCL RELICON)

(RWsDs LCLIREL,CON)
(RUsDYLCL/RELCON)

= bb64A, words

111020 ASPIT @ 111416

Sedment 000003
(RWsIsLCL/RELICON)
(RW»JsLCLYREL»CON)
(RWUs»I+LCL/RELCON)
(RW»I+LCLYRELCON)

SOLVE @ 113304 INV @ 114424
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DTS$0 115422 000000 (RWeIeLCLOREL.CON)
6YSe0 115422 000000 (RWsIoLCLIRELCON)
SDATAP 115422 000160 (RUWoDrLCL P RELCON)
oTS$Dh 115602 000000 (RW» D2 LCLYREL»CON)
07SsS 115602 000000 (RUs D LCLREL +CON)
5YSe8 115602 000000 (RW»DILCLHIRELICON)
SDATA 115602 000074 (RWsDrLCLIRELPCON)
USERSD 1185676 000000 (RWsDsyLCLIRELSCON)
Sesment size = 002372 = 437, words

Overlev regsion 000002 Sesment 000004
0TS} 113304 000144 (RU»I/LCL,REL»CON)
SORT 113304 ABS 113434
SYSsl 113482 000000 (RUs IsLCLIRELCON)
USERSI 113452 000000 (RW»IsLCLYRELICON)
$CODE 113452 003220 (RUsI»LCL/RELCON)
CRAMER? 113452 DIAGIN 1146104
0TSs0 116672 000000 (RUsI»LCLYRELCON)
§YSs0 1144672 000000 (RWILCL/RECLCON)
SDATAP 116672 001032 (RUs»DILCLIRELCON)
0YSeD 117724 000000 (RW»DoLCLIRELCON)
0T7SsS 117724 000000 (RW»DoLCLIREL+CON)
SYSeS 117724 000000 (RUs Dy LCLIRELICON)
$DATA 117724 0004644 (RWsDrLCL/RELCON)
USERSD 120572 000000 (RW»D/LCLI/RELICON)
Segment size = 005264 = 1371, words

Transfer asddress = 024274y High limit = 120870 = 204648. words

FORTRAN IV V02.5-2  Mon 15-Feb-82 0014025 PAGE 001
0001 PROGRAM MAIN
c
c LS XXX XSS SRR EEEEE S N R E XSS XL
c s
c : aini-MNLE - KANSAS UNIVERSITY FLIGHT RESEARCH LB
c ‘ -.-.-.------..--.-..----..--.-..----....-“.-U---'-.
c *
c % NEWTON-RAPHSON METHOU FOR OBTATNING STABILITY DERIVATIVES
C s
c # MEASURED STATES!
c s LONGS Qs Vs ALPs THA» GDOY. . AND A-2
c * LATR: P+ Ry BTAr PHI» PDOT:  JTs AND A=Y
c oL e e e e e e e e e e e
c *
c ¥ MAIN PROGRAM OF THE MAXIMUM LIKELIHOOD ESTIMATOR
c * TECHNIQUE: (MMLE). THIS P"OGRAM IS DERIVEL FROM
c x THE *BONES® PRCGRAM THAT wAS ORIGINALLY DEVELOPED
c x BY NABA,
c * ROBERT CLAKKK  2-JUN-81
c * MODIFIED  ROBERT CLARKE  12-AUG-81
c : MODIFIED  ROBERT CLARKE  15-FEB-82
c * :
c EEEE LSS EEEXEEEEEER LS KEENNTE SN
- c
¢ - - e e e b e e ae ... ... .. ... .-~
c
0002 COMNON /ALLDIM/ MAX+MAT
0003 COMMON /SUBMRT/ ISUB
0004 COMMON /MATRIX, AsBsARsBBsAP»BP D1
0005 COMMON /DIMFAC/ ALIM¢BDIM

AT T R A
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Lo

LoaL

é
]
i

0004
0007
0008
0009

0010
0011

0012
0013
0014
0015

0016
0017

0018
0019
0020
0021
0022
0023

0024
0025
0024

0027
0028
0029
0031
0033
0035
0036

00386
0039
0040

0041

0042
0043
0044
0045
0046

0047
0048
0049
0050
0051
0052
0053
0054
00SS

0056
0057
0058
0059

ORIGINAL P72
OF POGR G-+

COMMON /VECTOR/ U Z XT3 oXT29XT49XTS5+2ERO/EIABIBIAS
COMMON /INITIC/ ALTL.VELY
COMMON /ARRAYS/ D2+APHI»PHIL»DUMIEBJI»XJI»BUM»APR
COMMON /INSTRM/ XAX2ZAXo XAY YAYrZAY 9 XAZoZAZo THALI»COSTHI
1 SINTHI»GRV
COMMON /GEOMTR/ S+CBAR'SPAN/GUGHT»ALIXXBrAIXZBrAIYYBYAl22E
COMMON /NUMBER/ JKMM)JKM s JKMML o HH  TIME» TToNNoNNML oL
1 LLyITReMUIMZ o NXoMXPLoIoIA»JoJKoKoKJoNTy
2 ITHIN)ERRSUM
COMMON /COMMND/ LONG LATR/EXTRA»BYFASS s MAPR
DIMENSION AP(Br4)»BP(Br3) s XTAC4)»DUM(25+4)9XT2(7)22ZERD(S)
DIMENSION XTS(25)rAPR(25) v ADIM(S+4) o BDIN(S14) yBIAS(S)
DIMENSION Z(793)2U(393)9D2(7)+sAPHI(S+4)eXT1(7)+PHILI(Sr4)
1 D3ICBr7)rA(S»4) 9 B(S14)9)BII(25+4)9XJ1(259¢8) BUN(25,25)
LOGICALS®) LONGsLATRIEXTRA»BYPASSrAA(G 14} vBB(5+4)
DIMENSION PB(2S) o XTI(?7)sR(S14)1RI(SrA4) v ARA(Sr4)
1 BBRR(S+4):D54(5:,4)9DDA(5,4)
BYTE INAME(15)»BANNEK(B80,4)¢ANS
DATA LONG'LATRIEXTRA/BYPASS /4% .FALSE./
DATA AA'BB /408 .FALSE./
DATA ADINM'BDIM /40%1.,0/
DATA INAME(15)+ANS /70+'N‘/
DATA GRV /32.174/
c
c e = e e e e e e ee .. .. e ... .- = - = & = =
C
CEXRRBERXRXRREXRLEE INPUT USER DEFINED SETUP DATA
2000 CONTINUE .
TYPE 3000
3000 FORMAT(//7//7/9' “»10Xs’INDICATE TYPE OF RUN!‘»
1 /e’ ‘910Xe‘IF LONGITUDINAL TYPE °L*‘»
2 /v’ ‘910X9e’1F LATERAL-DIRECTIONAL TYPE °D*‘»
3 /v'%’ 910Xy *SELECT RUN! ')
ACCEPT 100y ANS
100 FORMAT(AL)
IF (ANS.EQ.’L’) LONG = ,TRUE.,
IF (ANS.EQ.’D’) LATR = ,TRUE.
IF (.NOT,.(LONG.OR.LATK)) TYPE 3001
3001 FORMAT(10X+'WRONG ANSWER’)
IF (+NOT.(LONG.,OR.LATR)) GO TO 2000
CEXERXXERERXEERKE%XX SET DEFAULTS

N3 = 295
MZ = ?
TINE = 0.

CEREERAREEANXXRIXXS AFPRIOKI WEIGHTING FACTOR
FACT = 1,

CRxsxxxas ks esXsikx ATTACH INPUT DATA FILE
TYPE 3002

3002 FORMAT(/»’$’910Xy» "ENTER FILE NAME FOR SETUP DATA! ‘)
ACCEPT 101y (INAME(IABC)»IABC=1/,14)
101 FORMAT(1441)
OPEN (UNIT=2,NAME=INAME»TYPE='0LD’' »ACCESS=’SEGUENTIAL '
1 READONLY »FORM=‘FORMATTED’ yRECORDSIZE=132)
Cxsgsxssxsrasixkkasx CLEAR OUT OLD FILE NAME
DO 1000 IABC=1/s14
INAME(IABC) = 7
1000 CONTINUE
READ(29102) ((BANNER(IsJ)1I=1+80)rJ=1r4)
102 FORMAT(80AL)
READ(2,103) NN+ITRIMZyMAPR» ISUB
103 FORMAT(7110)
READ(2,104) HH»XLA
104 FORMAT(BF10.4)
CEERBRKXRARXRRkkkxk CHECK ON NON-DIMENSIONAL DERIVATIVES
TYPE 3003
3003 FORMAT(’8’,10X» ‘DIMENSIONAL INPUT DERIVATIVES? (Y OR N;! ‘)
ACCEPT 300+ ANS
IF (ANS.EQG.’Y’) BYPASS = ,TRUE.
CESXXERXXEBExk8k8% CHECK ON EXTRA DATA
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0061
0062
0063
0064

0066
0047
0068
0069
0070
0071
0072
0074
0075
0076
0077
0079
0080
0081
0082

0083
00684
00835
0086
0087
0088

0089
0091
0092
0094
0096
0097
0098

4099
0100
0101

0102

0103
0104
010%

0106
0107
0108
0109
0110
0111
0112
0i13
0115

0117
o118

0120
0121
0122
0123
0124
0125
0126
0127
o128

ORIGINAL P -
OF POOR GLhi-

TYFE 3004
3004 FORMAT( '8 ' 930X» ‘EXTRA DATA? (Y OR N)! ')

ACCEPT 100, ANS

IF (ANS.EG.’Y’) EXTRA = ,TRUE.

CEsEssxnss8sss888 L OAD MATRICES

nAX L -]

CALL ALOAD(ArArEBeARA)BBE)

1END s AAA(MAXe 1)

DO 31001 Isi,IEND

JEND 5 ARA(MAX2)

PO 31002 JU=1yJEND

IF (AAALTvJ)EQ.Ls) AAC(]I»J) = TRUE.
1002 CONTINUE

JEND = HBR(MAX22)

N0 1003 Js31,JEND

IF (BEBB(I»J).EQ.3.) BB(1sJ) = ,TRUE.
1003 CONTINUE
1001 CONTINUE

MAX = 8

CALL ALOAD(1,D31+D3,D1,DY1)

CEESERRERENEERBENEE SET DIMENSIONS AND INITIALIZE CAP) AND CBPJ MATRICES

AP(Br 1) s 7
BP(Be 1) LI 4
AP (B 2) = 4
BP(8»2) = 3

CALL AZOT(AP)
CALL AZOT(BP)
CEssssRsRsaReskkksx IF TEST THEN OUTPUT MATRICES
IF (ISUB.GE.2) CALL ABPIT(D1)
MAX L]
IF (1SUB.GE.2) CALL ASFIT(AARA)
IF (ISUB.GE.2) CALL ASPIT(BBE)

NNM1 = NN-1
MU = B(MAX+12)4.01
MX = A(MAX2)+.01

CEERERXKSXXEXXR8 AKXk READ INSTRUMENTATION DATA
READ(2+104) XAX»ZAXsXAYrYAY»ZAY 1 XAZrZAZrTHAL
SINTHI s SINC(THAI)
COSTHI = COS(THAD)
CEESEXXEXESAXRXRXEE READ IN ZEROS AND BIASES
READ (2¢104) (ZERO(I) 1 Ism1oMX)» (BIAS(IA)1IA=1/9HX)
CESSRXRRRRARXERAXEE READ AIRPLANE GEOMETRIC DATA AND INITIAL CONDITIONS
READ(2+105) S+CBAR'SPANIGUGHT rAIXXBrAIXZEBsAIYYEBIAIZZE
105 FORMAT(8F12.4)
READC2,105) ALT1,VELL
CEZXSBXARREREBXRREE FORM LRI MATRIX
MAX =5

R(Se1) = 4,
R(S» 2D s 4,
CALL AZOT(K)
DO 1004 I=1,4
RCI»1) =1,
1004 CONTINUE
IF (LATR) R(1+2) ==-AIXZB/AIXXB
IF (LATR) R(2,1) ==-AIXZB/AIZZB
CEESERRXEXERAERXREE COPY [RI INTO CRI)
CALL AMAKE(RIsR)
CEEERXEERRERRARAKEE INVERT [R] IF NECESSARY
IF (LATR) CALL INV(RIsMAX)
CEEXEXRSERERRSNEXRE FORM [AP) AND CBP) MATRICES
PO 1005 I=1+6
DO 1006 J=1,4
AP(I,J) = 1.
1004 CONTINUE
DO 1007 J=1,3
BFP(X..) ® 1,
1007 CONTINUE
1005 CONTINUE
IF (LONG) AF(611) = 0.
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E;
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0130
0132
0134
0126
0137
0138
0140
0141

0142
0143
0145
0146
0147
0148
0149
0150
0151
0152

0153
0185

01357
0158
0159
0160
01614
0162
0163
0164
0165
01646
0167
0168
0149
0170
0171
0172
0173
0174
0175
0176
0177

0178
0179
0180
0181
0182
0183
0164
0183
0186
0187
0188
0189
01%0
0191
0192
0193
0194
019S
0196
0197
0196
0199
0200
0201

g s

1008

1S
RIGINAL PACE
g;' F“D()Fl C”JI\LT‘“{

IF (LONG) AP(46+2) = 1./GRV
IF (LONG) AP(6»3) = 0.,

IF (LONG) aF(é6+4) = 0,
AP(7:3) s VEL1/GRV

DO 1000 I=1,3

1F (LONG) BP(6+1) = 1,./6RV

BP(7,1) = VEL1/6RV
CONTINUE
CERXEBERERRRELEREEX FORM DIMENSIONALIZING MATRITLES FOR CAJ AND [EJ
TENPA = $18.7-ALT180.003358
IF (TEMPA.LT.390.) TEMPA = 370,
PRESA » 2116.228(1.-0,0000068784%ALT1)58%.2532
RHO » PRESAR/(1716.56%TENPA)
ADIN(S, 1 s 4(5s1)
ATIN(S,2) = A(592)
RDIM(Ss 1) = B(S,1)
BDIN(S»2) = k(5,2)
AMSS = GWGHT/GRV
aBAK = ,SERHOXVELIBVELL

CLEASEBEREXXEKRREEE [F GUGHT = 0.0 THEN OUTPUT DIMENSIONAL DERIVATIVESE

IF (GWGHT.EG.O0.) GO TO 2002
IF (LATR) GO TO 2001

CEEEZEERREXESERXEREX LONGITUDINAL CASE

2001

2002

as = QBARXS
ascC = QBARXS¥CBAR
0scce = QEARSSECBARECEKAR
ADIM(1, 1) = (QSCC)H{(2.¥VELIXAIYYE)
ADIM(112) = (Q@SC)/(VELIXAIYYE)
ADIMC(1+3) = (GQ8C)/(AIYYB)
BDIMC1,1) = (QSC)/(ALIYYR)
BDIM(3,2) = (Q6C)/(AIYYR)
EDIN(1,3) s (ASC)/(AIYYR)
ADIM(2+2) = (O8)/(AMESEXVELL)
ADIM(2,3) = (QS)/(ANSS)
BIIM(2+1) = (05)/(AMES)
BUIN(2¢2) = (@8)/(ANES)
BDIM(2,3) = (QS)/(ANSS)
ADIN(3,2) = (QS)/(AMSSEVEL1%X2)
ANIM(3»3) = (Q8)/7(AMSSSVEL1L)
BOIM(3e1) = (Q5)/7(ANSSSVEL1L)
RDIM(3+2) = (QR5)/(AMEBSERVEL1)
EDIMN(33) = (QS8)/(AMSSEKVELL)
G0 70 2002
CONTINUE

CREEXXEERKRRRAERENRE LATERAL-DIRECTIONAL CASE
s = GHARSS
Qask = QBARESESFPAN
GsSBB = QBARSSESPANSSPAN
ADIN(1,1) = (QSBE)/(2.8VELI1BALIXXE)
ADINM(1,2) = (GSBB)/(2.4VEL1SAI¥XXB)
ADIN(13) = (GSB)/(AIXXD)
BDIM(1,1) = (QSB)/(AIXXE)
BDIN(1.,2) = (QSB)/(AIXXE)
BDIM(1+3) = (GSH)/(AIXXB)
ADIM(2,1) = (QSHE)/(2.5VEL1XAIZ2ZR)
ADINM(2+,2) = (ASBB)/(2.XVEL1%XA1ZZB)
ADIN(2,3) = (OSE)/(AIZZR)
BDINM(Z,1) = (QSB)/(AIZZR)
BDIMC2,2) = (QSB)/(A122B)
BDIM(2,3) = (GSB)/(AIZIB)
ADIM(33) = (QS)/(AMSSRVEL1L)
BRIN(3,1) = (QS)/(AMSSEVEL1L1)
BDIN(3,2) = (@S)/(AMSSEVELL)
BDIN(3,»3) = (QS)/(AMSSEVELL)
CONTINUE
MXP1 = MX+1
YY =0,
XX 1,

DO 1009 I=1,MX
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0202
0203
0204
02098
0206
0207
0208
0209
0210
0211
0212

0213
0214
0215
0216

0217
0218
0219
0220
0221
0223
0224
0225
0226
0227
0228
0229
0230
0231
¢233

0234

0235
0236
0237
0238

0239
0240
0241
0242

0243
0244

0245
0244
0247
0248
0249
0250
02351
0252
0253

0254
0295
0256
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XT4(1) .0,
XT3cI) e 0,
Xy = XX42ERO(I)4#BIAS(I)
DO 1010 J=isMU
YY " YY4AAACT 2 ) #BEBC(TI D)
1010 XX = XX$AAA(T,J)¢BBB(1vJ)
Yy = YY4ARACT MX)
1009 XX ® XX+AAA(TINX)
JKMN = YY4,01
JKM ® XX¢.01
JKNN1 » JKN-1

CESSSERIBESRLRERELS INI?I“E!ZE MATRICES
BUNI(NI»1) = JKM
SBUMINTN2) = JKM
MAaX ® NI
CALL AZOT(BUM,
Cxesxssssrsssssssss SELECT APRIORI OPTION THRU MAPR
IF (MAPR) 2003,2004,2005
2005 DO 1011 IBm=i,.J KM
READ(2+,306) (SUMCIBrIA) 1A=L »IKN)
106 FORMAT(4EL2.4)
IF (ISUB.GE.2) PRINT 107y (SUM(IByIA)r»1A=LyJIKN)
107 FORMAT(’ ‘96E12.4)
DO 1011 IA=1,JKM
1011 SUM(IB,1A)=SUN(IEIIA)SFACT
APR(IB) = SUN(I3+1IB)
G0 TO 2004
2003 READ(2+106) (APR(IA)»JA=1, JKMML)
DO 1012 IA=1,JKHM
1012 APR(IR) ® RPR(IA)SFACT
IF (ISUB.GE.2) PRINT 107, (APR(AL)+IA=1,JKNNL)
2004 CONTINUE
C ssssx22288888828 CLOSE INPUY DATA FILE
CLOSBE(UNIT=2)
CERESRRRAEERRRERRE ENTER NAME OF DATA FILE WITH FLIGHY TEBY DATA
TYPE 3006
3006 FORMAT(/9’8’910Xy "ENTER FILE NAME CONTAINING MEASURED DATA! )
ACCEPT 101+ (INAME(IABC) IABC=1,14)
OPEN(UNIT=A, NAME=INAME » TYPE='OLD ' yACCESS="SEQUENTIAL '
1 FORM=‘'UNFORMATTED’ +READONLY » BUFFERCOUNT=2)
TYPE 3¢07
3007 FORMAT(/»’8’910Xs "ENTER FILE NAME TO HOLD FREDICTED DATA! *)
ACCEPT 101+ (INAME(IABC) 1AKC=1,14)
OPEN(UNIT=3,NAME= INAME » TYPE=‘NEW’' »ACCESS='SEQUENTIAL ' »

1 FORM= ' UNFORMATTED + DISPOSE= ' SAVE * » BUFFERCOUNT=2)
CRERSRREERAEEERAE8E PRINT OUT INPUT DATA
PRINT 3008
3008 FORMAT('= = = = = = = = = = = = = - - = = = = - .- -ty

1 L T . A
DO 1013 J=i,4
PRINT 108y (HANNER(IvJ)r1=1/+80)
108 FORMAT(10X»80A1)

1013 CONTINUE
PRINT 3008
FRINT 3009

3009 FDR”“T(2QXOIQ L ] ¢ & INITIQL CDNDXTIONS ¢ 0 s 0 0 o+ /)
FRINT 3010 NN+ITR»ISUB/NZrHHsXLA

3010 FORMAT(BX» ‘NUMBER OF DATA POINTS $ 0130
8X s ' MAXIMUM NUMBER OF ITERATIONS ¢ 2130/
B8X» /SUBROUTINE TEST FLAG ! ‘1X3
B8X s 'NUMKER OF STATES ! ‘1307

68X+ ‘DATA SAMPLING TIME INTERVAL !/+FB.4»

8X+'DIAGONAL MULTIPLYING FACTOR !°+FB.4:/)
PRINT 3008
PRINT 3700» QGBARIVEL1+S»SPANICRARYAIXXBIAIYYEeAIZZEBvAIX2ZBrGUOMT
3700 FORMAT(/+10Xs'FLIGHT, CONDITION AND VEHICLE CKARACTERISTICS‘:y

B BN v

1 /915Xy ‘DYNAMIC PRESSURE = ‘»F10.2»
2 10Xy ‘VELOCITY = ‘yF10.2y
3 /+15X» “MING AREA = ‘“9F10.2»
4 10X+ ‘WING BFAN = ‘yF10.2y
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0257
0238

0273
0275
0276
0278
0279
0280
0281
0282
0283
02064
02895
0286
0287
o2a8

0289
0290
0291
0292

0293
0295
0296
0297
0298
0299
0300
0301
0302
0303

0304

] /0315%s WING MAC s ‘9F10.2»
¢ 10X, IXXE = ‘pF10410
7 /r1TX ' IYYR s ‘9F10.1
8 10,1228 s ‘yF10.10
L4 /918%» ' IXZEB = "yF10.1
1 10Xy "WEIGHT s ‘9F10.2)

PRINT 3701+ XAX1XAY XAZ2YAY»ZAXeZAY2ZAZs THAL

3701 FORMAT( 15X+’ INSTRUMENT OFFSETS FROM CG'»
1 /020X, 'X-DIRECTION OFFSETE (4 = INSTR FORWARD OF CG)’»
2 Fr2%X0 " A=X ‘oF7.303X0’A-Y ‘F7.303X0'A~2 ‘oF7.30
3 /920X 'Y-DIRECTION OFFSETYS (+ = INSBTR RIGHT OF CB)‘»
L] /128Xy’ ‘910X ‘A-Y "oF7.30
] /920Xy 'Z-DIRECTION OFFSETS (¢ = INSTR BELOM CB) ‘.
é /125X A=) ‘oF7.303X0’A-Y "eF7.393X0'A-2 "9F7.3»
? /72020%X» 'PITCH ANGULAR OFFSET FROM BODY AXES ‘»
8 ‘(¢ = PITCH UP)’
@ v /925X 'THETA (MEABURED IN RADIAN UNITS) ‘2F7.3)

3011

IF 'LONG) FRINT 3011
FORMAT(/0+10%,°ZERO ANl BIAS CONTROL',/
10¥y‘FITCH RATE VELOCITY ALFHA THETA ‘
2 ‘PITCH ACCL A=X A=2')
IF (LATR) FRINT 3012

g =

3012 FORMAT(/+10%X»’2ERD AND BIAS CONTROL’./

109

110 FORMAT(/+10Xs’DIAGONAL ELEMENTS OF THE WEIGHTING MATRIX D13’/

Cxxxx

3013

3014
3015
9000

3016

3017

1 10Xy "ROLL RATE YAW RATE BETA PHI ‘
2 ‘ROLL ACCL YAW ACCEL A=Y')

FRINT 109 (ZEROCI)»IsisMX) s (BIAS(IA)sIAmL MX~]1)
FORMAT{10X»BF10.%)

PRINT 130, (D3ICIBCDIBCD)»IBCD=1,7)

1 SX17F13.397)

FRINT 3008

MAX = 3

EXSKRARKRD KRR PRINT OUT THE INPUT [R]1s» CA)s» AND CB) MATRICES
PRINT 3013

FORMAT(10X» INITIAL INPUT MATRICES [R1e CA)s» AND C(BI.’9/»
1 10Xs’A STAR (%) FOLLOWING THE VALUE OF A MATRIX'»

2 * ELEMENT INDICATES THAT' s/

3 10X "THE RESPECTIVE DERIVATIVE IS NOT ESTIMATED BY’
4 v’ THE MMLE METHOU, )

IF (.NOT.EYPASS) PRINT 3014
FORMAT (10X ‘ (DERIVATIVES ARE NON-DIMENSIONAL) ‘)
IF (BYPASS) PRINT 3015

FORMAT (10X+ (DERVATIVES ARE DIMENSIONAL)’)
PRINT 9000

FORMAT(/110Xs *HATRIX CRI‘)

CALL ASFIT(R)

FRINT 3016

FORMAT(/+10Xs*STABILITY MATRIX [AY’)

CALL ASPIT1(A/AA)

PRINT 3017 “

FORMAT(/+10Xs 'CONTROL MATRIX CB3)

CALL ASFIT1(B/BE)

PRINT 3008

CREXTREXKRRRERNRRREX MULTIFLY CA) AND CB) BY [RI)D
MAaX = 5

MAT = 5
CALL AMULT(RI+ArA/DS4)
CALL AMULT(RI+RyBoDSa)

CERXXRERRAREXRRRRREE IF NOT BYPASS THEN FORM DIMENSIONAL DERIVATIVES

1015

1016
1014
2006

IF (BYPASS) GO 70 2006

DO 1014 IABC=1/,MX

10O 1015 IDEFs=s1sMX

ACIARC,IDEF)= A(IABC» IDEF)SADIM(IABC IDEF)
CONTINUE

DO 1016 IDEFw3 .MU

B(IABC,IPEF)= B(IABC,IDEF)SBDIM(IABC,»IDEF)
CONTINUE

CONTINUE

CONTINUE

CXsxsERRRBLERR822X STARTING ITERATION LOOP
REWIND 4
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0303
0304
0307

0308

031¢
0312

0313

0319
0317
0319
0320
0321
0322
+323
0324
032y
0326
0327
0328
0329
0330
033t

0332

0333
0334
033¢
0336
0337

0338
0339
0340
0341
0342
V343
0344
0345
03446
0347
0348
0349
03%0
0351
0352
0333
0354
03SS
0336
0337
0258
0159
0360

0361
0362

0363
0345

0367

CERSesSREBERRREERER READ IN MFABURED RESPONBES FROM DATA FILE

ORIGINAL P
OF POOR Qu

AR = TIME-MH
DO 1017 LM=i,NN
T s TT4HH

A ™.

L4

Cesssxssssnssssnssx READ IN LONGITUDINAL DATA

1

IF (LONG) READ(A) Z(A91)s2¢303)92(203)02(b603)0UC103)0ANErANT7 »ANB,
IF (LONG.AND.EXTRA) READ(A) Z(2+1)92(3+3)+2(812)+rAN1ISsAN160AN1?

U(2:4)

= 0.

AN ANLOrANLY

2

SCs

ALITY

Cssxrnssssssssssuss READ IN LATERAL DIRECTIONAL DATA
IF (LATR) READ(4)

1
3050
1017

1018

2007
2008
1019

CEEERAXREIXAEREAERERE HAIN MMLE LOOP FOR INT ITERATIONS

3018 FORMAT(//+10
Caxxsusxasanssssss CALL SPECIAL MATRIX OUTPUT ROUTINE

3019

3020

3021

CEXESESERETRAEBRRRRR

CEERXRXXEBANKRSRNNE MEASURED DATA FROM THE DATA DISK FILE
CEXSRXEXXEERRRXELXE READ IN FIRSY TIME POINT OF LONGITUDINAL DATA
IF (LONG) READ(4) XT1(4)yXT1(1)9XT1(7)9XT1(&)rUC(L0L)y

1
IF (LONG.AND.EXTKA) READ(4)

1

IF (LATR.AND.EXTRA) READ(4)

AML AN  ANS I AMAIY AMS ZCA01)020301)92(203)92(201)

UCle1)9U(201)

FORMAT(OX+10C(1PEL12.4))

CONTINUE
REVIND 4

DO 1018 IA=1,NI]

XTS(1A)
FB(1A)
CONTINUE
12€

= 0.
s 0,

.1

DD 1019 IA=1sMX
If (ZERO(IA)) 2007+,2008+2007
= 1ZE+41

12€
CONTINUE
CONTINUE

DO 1020 LL=1,1TK
CRESEBRRSARRALAREXE REWIND TAPES FOR EACH ITERATION

REWIND 4
REWIND 3
PRINT 3018,

MAX

PRINT 3019

FORMAT(/9» 10Xy ‘ESTIMATES OF THE STATE MATRICES’)

PRINT 3020

LL

Xo'ITERATIONS ‘9 13)
LI

AML20AMEI3 AMIA1Z(398)02(893)02(601)
IF (ISUBGE.6) PRINT 3J050+s(Z(JA»1)11A23:7)sUC191)0U-2+1)»77

FORMAT(/»10X»'STABILITY MATRIX CRIJSCAI’)
CALL ASBPIT1(ArAA)

FRINT 3021

FORMAT(/+10Xy "CONTROL MATRIX CRIJSLB)’)
CALL ASPIT1(B/BE)

CALL AEAT (A'HH'PHIL»APHI»DS4»DD4A)

MAX L]
MAT = 5
U(3»r1) = 1,
U3, 2) = 1,
U3 3 - 1,
XJI(NI 1) = JKM
XJI(NI+2) = KX
BJI(NI»1) s JKM
BJI(NI»2) = NX
SUM(NI» 1) = JKM
SUM(NI2) = JKM

[0 1021 1JUK=1,JKM
DO 1021 JKL=1,1JK
1021 SUM(IJKeJKL)= O,

HAX

= NI

CALL AZOT(XJI)
CEXEExRasxnsssxestsk READ IN THE FIRST TWO SERIES OF

U2.1)

b °o

INITIALIZE AND READ DATA FROM TAPE

AMSrAM7 9 AMBYAMS »AM109ANMY )

XT1€2) o XTL(3) 9 XTI(D)

AMLIS AMLO AN ?
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0368
0370

0372
0374
0374
0378
0380

03e2
0184
0384
0308

0390
0392
0394
0395

0397

03%¢9
0401
0403
0405
0407

0409
0411
0413
04139

0417
0418
0420
0421
0422
0423
0424
0425
0426
0427
0428
0429
0430
0431
0432
0433
0434
043%
0436
0437

0438
0439
0440

~anr 15
ORICINAL PRET
3F POCR QuaLITY

CSSSEBEsBOBEEREBESS READN IN FIRSY TIME POINY LATERAL DIRECTYIONAL DATA
IF (LATR) REARD(A) AMIIAM2 o ANI ARG AND s XTSI (A) o XTS(1) e XT1(D)

1 XT1(2)oUC302)oU(241)
IF (LATK.AND.EXTRA) READ(4) ARL2,ANIIAMIA»XTLI(3)eXTI(S),
1 XT1¢(6)

c

Cressussessssssesss TRANBLATE FROM INSTRUMENT AXES AND LOCATION
Coussnnsssnssssusns FOR CORRECT INITIAL CONDITIONS FOR MMLE PREDICTIONS
Crsssessusssssasnns LONGITUDINAL CASE

IF (LONG) AX] » COSTHISXTI(6)4SINTHISXTI(?)
IF (LONG) AZ1 s=BINTHIBXTI (6)4COBTHISXTLI(?)
IF (LONG) XT3(4) s XT1(4)=-THA!

IF (LONG) XT1(é6) = AX]

IF (LONG) XT1(?) . AZ]

Cosssnngssssnsisns LATERAL-DIRECTIONAL CAGE

IF (LATR) PI} = COSTHISXTI(L)¢SINTHIRXTI(D)
IF (LATR) RI1 s-SINTHISXT1(1)4COBTHIEXTL1(2)
IF (LATR) XT1(1) = PI1

IF JLATR) XT1(2) = RIY

C

Carssssstasssnksxss READN IN SECOND TIME POINT OF LONGITUDINAL DATA
IF (LONG) READ(4) XT2(A4)eXT2(1) s XT2(2)oXT2¢8)9UC3+2)

1 AN6IANT7 1 AMBIAMD »AMIOsANL L

IF (LONG.AND.EXTRA, READ(4) XT2(2)+s4T2(3) 1 XT2(5)»
1 ANES»AALE6PANL7

0(2'2) = 0.

CESSRSRSEREERRRBREN READ IN SECOND TIME POINT OF LATERAL~DIRECTIONAL DATA

IF (LATR) READ(4) AMI+AM2/ANI o AMNA AN XT2(4) 9 XT2(1) 9 XT2(7)

1 XT2(2)2U(102)9UC2+2)

IF (LATR.AND.EXTRA) READ(4) AMI2:AM1IJ AMIAIXT2(I) 9 XT2(T) 9 XT2(6)
c
CEXEXXBEETARXEBXLEEE TRANBLATE FROM INSTRUMENT AXES AND LOCATION
CREXXERXFEARINNSREE FOR CORRECT INITIAL CONDITIONE FOR MMLE PREDICTIONS
CEESERRRXRXELERR AR LONGITUDIWAL CASE

IF (LONG) AXI = COSTHISXT2(6)+ESINTHISXT2(?7)
IF (LONG) A2I *-SINTHIBXT2(6)¢COBTHIBXT2(7)
IF (LONG) XT2(a) s XT2(4)~THRI

IF (LONG) XT2(4) s AXI

IF (LONG) XY2(7) s AZl

Cessssxgsesassssns LATERAL-DIRECTIONAL CASE

+F (LATR) Pl2 s COSTHIBXT2(1)4SINTHIBRXT2(2)
IF (LATR) RI12 s-SINTHIEXT2(1)4COSTHI®XT2(2)
IF (LATR) X72(1) = pl2

IF (LATR) XV2(2) = K12

c
CEXOERERRRRRNRRERSS DELETE UNWEIGHTED DATA FROM TIME MISTORY
DO 1022 1ABC =17
IF (D1(IABC+IABC).NE.0) GO TO 2009
XT1(IABC) = 0.
XT2(1ABC) = 0.
2009 CONTINUE
1022 CONTINUE
IC =0
10 1023 I=1(MX
1023 XJI(JKMII) = XT2(ID)
IF (LL-1) 2010,2011,2010
2010 DO 1024 1A=1,MX
IF (ZERO(IA)) 2012,20i3,2012
2012 IC = IC ¢+ 1
XT3(1A) * XT3(1A)4PB(JKH-IZE+IC)
XT1(1a) = XT1(IA)¢XT3(IA)
XJIC(JIKMITA) & XJT(JIKMTAI4XTI(IR)
XT2(14) = XJICJIKNTR)
2013 CONTINUE
1024 CONTINUE

IC = 0

CEXRRXX SR RRRX8ERLEE PRINT OUT VARIABLE BIAS AND ZERO LABELS
PRINT 3005

3005 FORMAT(/»12X» 'VARIABLE BIAS! VARIABLE ZERO:’)

DO 1025 1A=]sAX
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044} IF (DIAS(IA)) 2014,2015+2014
0442 2014 IC = IC41 |
0443 XT4CIA) = XTACIAI4PRC(IKNNGIC) |
CASSSSIBEBISOBESE8S LINES RENOVED TO CORRECT AS IN NASA TN x
c XT1¢1a) s XT1(1A)=XTA(IA) |
c XT2(IA) 5 XT2(1A)=XTACIA) :
c XJICIXMITA) & XT2(14) :
\ 0444  201% CONTINUE é
o CESSSSEEEERSEEE88¥S PRINT OUT VARIABLE PIAS AND 2ERO INFORMATION
i 0443 PRINT 111oXTACIA)IXTI(IA)
E 0446 111 FORMAT(12X»1F12,4130:01F32.4)
0447 1025 CONTINUE
} 0448 2013 CONTINUE
~ (YY) DO 1026 IAs1eJKMM
g 045%0 XY8¢14) = XTSCIA)4PB(TIA)
04%1 1026 CONTINUE
0432 DO 1027 JAw1,M2
0453 v2018) = 0.
04%4 Z(1Ar1) = XT1(1A)
0459 2(1As2) . XT20(10)
0456 1027 CONTINUE
0457 1c .0
04%8 DO 1028 IsioMX
0459 IF (ZERO(I)) 2016+2037+2016
' 0460 2016 1IC = I1C+t
0461t XJI(JIKH-TIZE4ICs1) = 1,
0462 2017 CONTINUE
0463 1028 CONTINUE
CURNBRREERINERRERER CALL AGIRL (MAIN BUBRCUTINE
CERBESEUERESRRESEEN FOR THE SARAMETEK IDZNTIFICATION) :
0444 CALL AGIRL 3
0465 MAX = NI '
0466 DO 1029 lAe=1,JKM
0447 1029 SUM(1AIIA) = BUM(IA/IAIEXLA
0448 IF (ISUB.GE.1) CALL ABPIT(SUM)
| 0470 BUN(NIs1) = JKMN-1
| 0471 SUM(NI2) = JKM-1
' 0472 PRINT 3022,LL
' 0473 3022 FORMAT(/+10X»ITERATION ‘»13+° COMPLETED’)
0474 PRINT 3008
047% IF(LL-ITR) 2018+,2019,2019
0476 2019 CONTINUE
] CEREsseraRRssssssss CONPUTE FINAL OUTPUT
COSEEERASEREIERSRRE MULTIPLY CRIJISCA) AND CRIJSCB) BY CR)
0477 MAX .5
0478 CALL AMULT(ReAsAIDSA)
0479 CALL AMULT(RrBrRsD54)
» CREBESBUSEABERRNIEE NONDIMENSIONALIZE THE DERIVATIVE OUTPUTY
0480 DO 1500 IABC=1sMX
f 0481 DO 3501 IDEF=1sMX
0482 A(IARC/IDEF)= ACIABC)IDEF)/ADINCIABC) IDEF)
0483 1501 CONTINUE
; 0484 PO 1502 IDEF=1,MU
' 0489 BF(IABC,IDEF)s B(IABC»IDEF)/BRIM(IABCIDEF)
0484 1502 CONTINUE
N4R? 1500 CONTINUE
] CASSSEEEEERSRERERER OUTPUT DERIVATIVES
0488 IF (GWGHT.NE,O.) PRINY 3600
0490 3aoolr0RnA1(;.xox.'NounxusnsxouaL STABILITY AND CONTROL MATRICES!:
.- 0493 IF (BWBHT.EG.0.) PRINT 3450
: 0493 3450 FORMAT(/+10Xs‘DINENSIONAL STABILITY ANL CONTROL MATRICES!’,
& b )
0494 PRINT 3016
0495 CALL ASPIT1(AsAA)

0494 PRINT 3017

0497 CALL ASFIT1(RsBB)

0498 CALL CRAMER(SUMsMUIMNXs»MZ+ERRSUM)
0499 IF (ISUE.GE.2) CALL ASPIT(SUHM)

l 03501 PRINT 3008

D AR I
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0502 810F
0503 2018 CONTINUE
COUSERESSEESSRSRSEY UPDIATE AND COMPUTE NEW DERIVATIVES
0%04 CALL SOLVE:ISUM,PR)
050% NE ® BUM(NI, 114,01
0506 IF (ISUB.CE.1) PRINT 106+ (PE(I)eIv3oND)
0508 1J .0
0509 10 1030 Twi,Mx
& 0510 DO 1031 JsieNU
0511 IF (,NOT.BE(1,J)) GU TO 2021
0913 2020 1J = 1J41
0%14 BCIed) = B(1sJ)4PB(1U)
051% 2021 CONTINUE
: 0514 1031 CONTINUE
0%17? BO 1030 Jei1,MX
0518 IF (JNOT.AA(14J)) GO TO 2023
0%20 2022 1J s JJ¢1
oz AlTs ) " ALY DI4PLILD)
0522 2023 CONTINUE
0%23 1030 CONTINUE
0524 1020 CONTINUE
052y END
]
Subroutine AGIRL
l
]
Description: Subroutine AGIRL performs the parameter identifi-
| cation and computation of first and second gradients of the cost
| function.
I
Listing:
’ FORTRAN IV v02.5-2 Fri 26-Feb-82 00:06342 PAGE 001
0001 SUBROUTINE AGIRL
c
t - - e - e e eem . ... == e
\ c THIS SUBROUTINE PERFORMS THE ACTUAL #ARAMETER IDENTIFICATION.
c THE KEY MATRICESs VECTORS AND VARIABLES ARE
! &
c LSUM) = THIS MATRIX CONTAINS THE SECOND GRADIENT IN THE LOWER
c TRIANGULWR AND DIAGONAL LOCATIONS» AND THE OFF-DIAGONAL
' c A PRIOKI MEIBHTINGS IN THE UPFER TRIANGULAR. THE DIAGONAL
) t A4 PRIOKI WEIGHTINGS ARE STORED IN THE CAPR) MATRIX. THE
c FIRST GRADIENT APPEARS AS AN EXTRA COLUMN IN CSUMI
o ¢ THE JKM COLUMN ),
) t £2)sCUY = MEASURED VALUES OF OBSERVATIONS AND CUNTROLS
c CXT1) = COMPUTED VALUES FOR OBRESVATIONMS
c £XT2) = COMPUTED VALUES FOR OBSERVATIONS
c [X73) = VARIABLE ZEKROS ON THE OBSCRVATIONS
t LXT4l = VARIABLE KIAS ON THE ORSERVATIONS
" c CXTS] = DIFFERENCE HETWEEN ESTIMATED COEFFICIENTE AND THE
;, c A PRIORI VALULS
4 c MX = NUMBER OF STATES
r. ¢ nu = HUMEER OF CONTROLS
{ c M2 = NUMBER OF OBSERVATIONS
c ......... - o @ e w e W @ W @ ® @ B> ® m e W e om e = = -
§ c
% 0002 COMMON /ALLDIM/ MAXsMAT
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0C03
0004
0005
0006
0007

0c08

0009
0010
0011
0012

0013
0014
0016

00172

0018
0019
0020
0021
0022
0023
0024
002%

0026

0028
0030

0032
0034

0036
0037
0039
00490
0041
0042
0043
0044
0045
0046
0047
0048
0050
0051
0052
0053
0054
0055
0057

0056
0059
0060
0061

0062
0064

ORIGINAL |- 2 o)
OF POOR QJALAT‘:’

COHMON /SUBWKT/ 1SUB

COMMON /7MATRIX/ A1BrAAR'DEIAPIBF DY

COMMON /VECTOR/ UsZo XT3 o XT2:XTA49XTS:ZERO»BIASIIBIAS
COMMON /ARKRAYS/ D2/,APHI +PHIL1 »JUMIBJIT 1 XJ1»8UM»APK

COMMON ZINSTRM/ XAXeZAXsXAYsYAYrZAY s XAZ+ZAZrTHAL+COSTH]»

1 SINTHI»GRY

COMMON /NUNBER/ JKMMs JKMe JKMMIoHH o TIME» TToNNeNNML oL
1 LLoITRoMUIMZ o MXoMXPS o0 JA»JoJKeKoKJoN] Y
2 ITHINIERRSUM

COMMON /CONMND/ LONGILATRIEXTRA»BYPASSE»MAPR
DIMENSION AP(Bs4) »BF(B13) o XTA(A) »DUN(2T04)9XT2(7)
DIMENSION XTS(2%5)»APR(2%)»ZERD(S)I»BIAB(S)
DIMENSION Z(72+¢3)2U(393)2D2(7)0APHI(S+4) o XT1(7)»PHIL(S04),
L D1CB27)rA(S+4) s B(S+4)9BJI(25+,4)9XJ1(25+8)9s8UN(25,25)
LOGICALXY LONG'LATRIEXTRAYBYPASS+1AA(S,4)9BB(3,4)
IF (ISUB.GE.1) PRINT 2001
2001 FORMAT(’ SUBROUTINFE AGIRL’.,

c
c ------- - - . e e e e e e e e e e = - - e e e e e e = e =
c

ANFT = FLOAT(NNH1) ¢ 1.
CEXRXREXERXEERXRERRN TINE LOOP

77 = TIME . HHY

DO 41 1=2,NNMY

s TT ¢+ HH

DO 28 JK=1, JKH
DO 28 JsMXP1sM2I
28 XJI(JK»J) = 0.
DO 170 lA=1.MX
170 XJI(JIKMI 1A} = XT2(1A)
CERERBYRESRRESERES% READ IN MEASURED RESPONSES FROM DATA FILE
CEXEXRRXRXRXRAXAYE® READ JN LONGITUDINAL DATA
IF (LONG) REAT(4) Z(493)92Z(19¢3)02Z(793)92(6+3)sUC123)rANE»AMT»AIND
1 ANZ»ANICPAMLL
IF (LONG.AND.EXTRA) READ(4) 2(2+3):2(393)s2ZLB+3)rAN1S,AN161ANL7
IF (LONG) U(2+3) = 0.
Crassxxxsxssxxssxsx READ IN LATERAL DIRECTIONAL DATA
IF (LATR) READ(4) AM1,AM2+/AM3+AMA+AMS1Z(413)902(393)92(7+3)92(2¢3)»
1 UC1+,3)9UC2+3)
IF (LATR,AND.EXTRA) READ(4) AM12+AM13+/ANM1492(3932¢2(5¢3)+2(6:3)
CEXEXR4RERNKXERAXRANY DELETE UNWEIGHTED DATA FROM INPUT
DO 2529 1ARC=1,7
IF (D1C(IABCyIABC).NE.O.) GO TO 2824
Z(IABC»J) = 0.
2524 CONTINUE
252% CONTINUE

MAX = NI
CALL AZOT(BJID)
JK = 0

DO 44 J=1.MX

DO 43 K=1,MU

BJIC(JKMI ) = BUIC(IKMs D4R I IUIK,II4U(KI2) 284D

IF (.NOT.BB(JrK)) GO TO 43

JK = JK 41

XJTC(IKy JENX)= UCKy2)EBP(J+MX¢K)

BJI(JIK» J) = JOSE(U(K»2)+U(K,1))

43 CONTINUE

DO 44 K=1,MX

IF («NOT.AACJ»K)) GO TO 44

JK = JK 4+ 1
CAXEREXRERXRANAT 8% SPECIAL OPTION IF FIRST TIME THROUGH

IF (LL=1) 2+2+4

2 CONTINUE

BII(JK' ) = JSK(Z(K»2)4Z(K» 1))

XJIT(IK o JEMA = Z(K» 2)RAP (J4+NXYK)
CERREE KRR XRRREkENXEX IF ALL STATES LZ(1sX) TO Z(4»X)] ARE NOT MEASURED
CXXEREXRXEXEAXRRXXRX THEN REPLACE THESE 0. VALUES TU KEEP FROM HAVING
CREXEREXEXXRRKIEREAK A SINGULAR SUM MATRIX

IF (DI(KsK).NE.O.) GO TO 44

4 CONTINUE
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0144 81 FORMAT(10X+8F32.4)

CEESBREREBREEEENEES SAVE TIME HISTORIES ON DISK FILE
014% WRITE (3) (XT211A)e]lA®1,7)
0144 80 CONTINUE
0147 Pe 91 U=1,JKM
0148 PO 91 JasJ,. KM
0149 1O 92 K=1,M2
01%0 92 SUN(I4,J) s SUM(IA, D) 4XJIIC(TIAK)IBDI(KIKIBRXITI(JoK)
0151 ?1 CONTINUE
0152 DO 49 1A=1,M2
0153 2(IA ) s 2(1A»2)
01%4 6% Z2(1Aar2) = 2(1A»3)
015% ucil) = Y(1+2)
0154 U(Zvl) = U(2:2)
01957 UGie2 = UY(1:3)
0158 U(-!s = U(2,3)
0159 41 CONTINUE

CEREERIARXKEXNEEANCE PRINT OUT CASE INFORMATION
0160 ERRSUN = SUM(JIKM» JKM)/ANPT
0161 FRINT 607y ERRSUM
0162 607 FORMAT(/+10Xs» "WEIGHTED ERROR SUM = ‘,1PE12.4)
0163 nAX =8
0164 PRINT 608
0165 608 FORMAT(10Xy» WEIGHTED CRRORS! ')
0166 PRINYT 606+ (D2(IA)XDI(IA/IA)/ANPT 1A=L, NM2)
0167 606 FORMAT(10X9»10(1FEL12,4)0/)
0168 DO 888 1JK=]yJKM
0169 888 SUM(IJKyJKM)s SUM(JIKMy IJK)
0170 IF (MAFPR) 180,181,180
0171 182 DC 182 IR=1,JKM
0172 SUM(IR) JKM) =~XTS(IR)IXAPR(IB) $SUMCTIE, JKM)
0173 SUM(IE»IB) = SUMCIB,IR)4+APR(IB)
0174  §:1, B = IB-1
017% DO 182 IA=1,IKM1

01746 182 SUM(IRs+IA) = SUM(IB/IA)+SUM(IAYIB)
0177 181 CONTINUE
0178 531 FORMAT(10Xy»’ WOULD YOU BELIEVE.sseseesee “0/7)

0179 IF (ISUB.GE.2) PRINT 531
0181 RETURN
0182 END

Subroutine AEAT

Description: Subroutine AFAT computes the transition matrix

and its integral, eAAt and fAt AT dt, respectively. It uses the

Taylor series expansion to ten terms for these calculations.

Listing:
FORTRAN 1V V02.5-2 Sun 17-Jan=-B2 00:29:58 PAGE €01
0001 SUBROUTINE AEAT (A+TsPHI»AFHIvA2+A3)

c

o T T T - - -

(o THIS SU&ROUTINE COMPUTES THE TKANSITION MATR1Y

C AND ITE INTEGRAL USING A TAYLOK SERIES EXFANSION

c TO 10 TERMS.
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0069
0064
0067
0068
0069
0070
0071
0072
0073
0074
007%
0076
0077
0078
0079
0080

0081

0082
0083
0084
0089
0086
0087
00868
0089

0090

0091
0092
0093
0094
| 0i9S
0096

0097
0099
0101
: 0103
0105
0107
0109
0111
0113

011%
0117
0119
0121
] 0123

0128

0127
r 0129
0131

. 0133
, 0134
b 0135
. 0136
= 0137
= 0138
i 013¢
\ 0140
? 0141
E\

0142

BJI(IK» I) -

Cr .
OF POOR QUA.IT Y

(XT2(K)4XTI(K))S,.D

XJICJIKo JENX)m XT2(K)BAP(JI4NXK)
44 CONTINUE

MAaX = NI

MAT L]

XJT(NI»2) ®

MX

CALL AMULT(XJIsFHIL»XJIoDUM)
CELL ANULT(BJILAPHI»DUMYDUN)
CALL AADD(1.0yDUM»1.0,XJTsXJI)
XJI(NI2) = MZ
1BIAS =0
DO 162 lAs=1,M)
IF (RIAS(IA)) 163911629163
163 1KIAS = JHIAS4])
DO 170 Ik=31,M2
175 XJI(JIKMM4IRIAS JH)= O,
CExxxxyxxxskxxxsxss CORRECTION FROM NASA TN
XJICJKUN+IBIAS» JA4NX)= 1,
c
162 CONTINUE
JKMMI = JKM-1
DO 7 JK=1),JKMM
DO 7 L=MXP1sM2Z
DO 7 Ks1.MX

XJT(IKeL) ® XJICIKIL)HACL=MXrKIRXJIT (JKoK)KAP(L»K)

© 7 CONTINUE
DO 9 L=MXP1,M2Z
CHRXRRXRKXRARXENKEE CORRECTION FROM NASA TN

CEAPXEXREXRAXXRER% ADD VARIABLE BIAS TO STATES

XJICUKMIL) = XTA(L-MX)

RGeSt Sa A

c
DO B8 K=1,MU
XJI(SKHoL) = XJTCIKMIL)IFRCL=MXsKIKU(K» IVRBP(LIK)
8 CONTINUE
DO 9 KmioML
XJICIKMoL) = XJICIKMoL)+ACL=-MX»KIRXII(IKNsK)RAP(L»K)
9 CONTINUE
CRRERERRRNKNXSRRERE TRANSLATE TO INSTRUMENT AXES ANDL LOCATION
CEXEXXXRKERXXEERXR%E LONGITUDINAL CASE
IF (LONG) AXI ® COSTHIXRXJIC(JIKM»6)=SINTHIRXJII(IKM»?7)
IF (LOI'G) AZl = SINTHIRXJI(JKMr6)4+COSTHIRXJIIC(IKNY?)
IF (LONLY P = COSTHI®AM? ~SINTHIRAM?
IF (LONG QDOTI w XJI(JIKNS)
IF (LONG) QI = XJIC(JKM» 1)
IF (LONG) RI = SINTHIRAM? +CISTHIXAMS
IF (LONG) XJIC(JKMr4) = XJI(JIKMr4)+THAL
IF (LONG) XJI(JKM»6) = AXI4+(ZAXXODOTI-XAXK(QI®K2+4RIX%2))/6RV
IF (LONG) XJI(JKM»?7) = (AZI4+(~-XAZRADOTI-ZAZX(QIXX24PI%%2))/GRV)

CRURXERXKXENNRARXX LATERAL-DIRECTIONAL CASE

IF
IF
IF
IF
IF
IF
IF
IF
IF

Do
XT1

(LATR)
(LATR)
(LATR)
(LATR)
(LATR?
(LATR)
(LATR)
(LATR)
(LATR)

Pl -
R1

FIDOT
RIDOT =
XIT(JKMy1) =
NJICIKM2) =
XJT(JIKN9S) =
XJICIKM14) =
XJI(IKM97) =

I J=19M2Z

(3

XT2¢(1)

XJICIKM» J)

3 CONTINUE
N0 27 K=1,MZ

D2¢(

K)

27 CONTINUE

MAX

® XT2(J)

COSTHIXXJI(JIKMy 1) ~SINTHIRXJII(IKM»2)
SINTHIXXJIC(JKMy» 1) +COSTHIRXJIIC(JIKNY2)
COSTHIXXJII(JIKMsS)~SINTHIRXJI(JIKMe6)
SINTHIZXJIC(JIKMeS)+COSTHISXJII(IKNL6)
Fl

RI

PIDOTY

RIDOT
XJI(JKM97)4(~ZAYXPIDOT4+XAYERIDOT
-YAYX(PIXX24R1%%2))/GRV

= XJIC(JIKNr J)
= Z(Je3)=XT2( )

= BUKI+XJI(JIKHoK) X2

= NI

CEXEEEXRXXEXRRREARRE IF TEST THEN PRINT OUT TIME HISTORIES
IF (ISUB.GE.6) PRINT B1y(XT2(IA)»IA=1+7)y 7T
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0002
0002
0004
0005
0007

0008
0009
0010
0011
0012
0013
0014
0015

0016
0017
0018
0019

0020
0021
0022
0023
0024
0025
0026
0027
0028

0029
0030
0031
0032
0033
0024
0C35
0036
€037
0036

0039
0041
0042
0043
0044
0045
0046
0047
0048

L)
:

ORIGIITE &0 0
OF POOR QUALITY,

€Al = STAPILITY MATRIX

1 = DELTA TIME INCREMENT

[(FHI]) = TRANSITION MATRIX

CAFPHT) = INTEGRAL OF THE TRANSITION MATRIX
CA2] = DUMMY MATRIX

CAZd = DUMMY MATRIX

o000 N

COMMON ZALLDIM/ MAXMIX
COMMON /SUBWRT/ 1SUB
DIMENSION AC1)»PHI(1)1A2(1)9APHI(1)2A3(D)
IF (ISUB.GE.3) PRINT 2001
2001 FORMAT(’ SUBROUTINE AEAT’)

c
c - - e e e e e = .. .= == - ... -.me.e -
c
CREERXNRAERRERERRAX FIND AND SET MATRIX DIMENSIONS
MAX2 = MAXX2
11 = A(MAX)

PHI(MAX) = A(MAX)
PHI(MAX2)s A(MAX)
CALL AZOT(PHI)
CALL AMAKE(AFHI»FPHI)
CALL AMAKE(A3'FPHI)
Ml =~MAX
CEREXRNERAXRKXXRNEE SET PH] EQUAL TO IDENTITY MATRIX
DO 1 1=1,]1 )
"l = HI+MAX
PHI(MI+I)= 1,
1 CONTINUE
CEREZXEXEXEAEKXKA¥XX PERFORM TAYLOR SERIES SUMMATION
CALL AMAKE(A2sPHI)

G L

DO 2 I=1,10

BE = 1

[¢] = GXT/RE

CALL AADD(1.+APHIGrA2,APHY)
CALL AMULT(A»A2+A2,A3)
CALL AADD(L. PHI»GrA29PHI)
2 CONTINUE
CEXXBEKXXRXLEREXEXE TRANSPOSE MATRICES
DO 10 I=1,1

DO 10 J=1+1

J1 = (I-1)%MAX+J
1J = (J-1)EMAX+]
TENP s PRI(IJ)
PHI(IJ) = PHI(JI)
PHI(JI) = TENP

TEMP = APHI(ID)
APHI(IY) = APHI(JI)

10 APHI(JI) = TEMP
CRLinasxsxxxzexssx PRINT OUT MATRICES FOR TEST

IF (ISUB.LT.3) RETURN
PRINT 1000

1000 FORMAT( 10Xy ‘'PHI MATRIX')
CAL" ASPIT(RHI)
PRIt T 1001

1001 FORMAT(10Xs'APHI MATRIX’)
CALL ASPIT(APHI)
RETURN
END
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Subroutine AMAKE

i Descriptica: Subroutine AMAKE moves a copy of matrix Y into X.

Listing:
K
F FORTRAN 1V V02,5-2 Sun 17-Jan-82 00:30:24 PAGE 001
A
g 0001 SUBROUTINE AMAKE(X»Y)
c
e c THIS SUBKOUTINE GENERATES A MATRIX [X3J THAT IS
. c A COPY OF MATRIX C[YJ,
[t
c LX) = NEW MATRIX» COPY OF C[Y]
c CY) = W~TRIX YO BE COPIED
) C - ------ I S ----
c
0002 COMMON /ALLDIM/ MAX»MIX
0003 COMMON /SUBUWRT/ ISUB
0004 DIMENSION X(1)sY(1)
. 0005 IF (ISUB.GE.4) PRINT 2001
i 0007 2001 FORMAT(* SUBRDUTINE AMAKE’)
c
| € mmmmm-- e - - e e - -
r c
CABEESXEASRERRAEEEE FIND MATRIX DIMENSIONS
l 0008 HAX2 = MAXS2
0009 1IM1 = Y(MAX) -1,
‘ 0010 JJM1 = Y(MAX2)-1,
r 001} LEND = JUMIBMAX41
CEEXEXXKKESRKRKRXEE PERFORM MATRIX COPYING
, 0012 DO 1 L=5eLEND)MAX
| 0013 KEND = L+IINL
) 0014 N0 1 KsL,KEND
' 0015 1 X(K) = YK
CREXPRERIRAARRNREkNX SET MATRIX DIMENSIONS
0016 Y(MAX) = Y(MAX)
0017 X (HAX2)® Y(MAX2)
r 0018 RETURN
0019 END

Subroutine AZOT

Description: Subroutine AZOT initializes the elements of a

matrix to zero.

- Listing:
g FORTRAN IV V02.5-2  Sun 17-Jan-82 00130146 PAGE 001
5 0001 SURROUTINE AZOT(X)

, c
;,., .
: c THIS SUBROUTINE SETS ALL ELEMENTS GF A MATRIX
E‘ c T0 zERO.

c
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9 (Xl = HATR!X YO BE ZEROED
€ = = e mmeeoe---=- . e e - .- -
c
0002 COMMON /ALLDIN/ MAXIMIX
0203 COMMON /SUBUWRT/ ISUB
0004 DIMENSION X(1)
000% IF {(ISUB.GE.4) PRINT 2001
0007 2001 FORMAT(’ SUBROUTINE AZ0T‘)
c
c ........ - - ® e = e e > e e e w o= = -
c
CEXSXRERERERRERARELE FIND MATRIX DIMENSIONS
0008 MAX2 = MHAXX2
0009 1IM} = X(MAX)~-1,
0010 NNL = X(MAX2)-1.
0011 LEND = JIMIEMAXEL
CEEXREXKXRRRRRKKRAE PERFORM MATRIX INITIALIZATION
0012 DO 1 L=1 LENDIMAX
0013 KEND = L+1IM]
0014 DO 1 KsLKEND
0013 1 X(K) = 0.
0014 RETURN
0017 END

Subroutine REDUCE

Description: Subroutine REDUCE factors a symmetric matrix
by Cholesky's matrix decomposition method. This factoring is used
for updating the coefficients and for calculation of the confidence

levels.

Listing:
FORTRAN IV vo2.5-2 Sun 17-Jan-82 00:31:08 PAGE 001
0001 c SUBROUTINE REDUCE(A)
C o ee e e e merreee e e e eeeeee e e e e e = m e oeeome= e
c THiS SUBROUTINE FACTOKS A SVHHETRIL MATRIX [A) BY THE
c *CHOLEBKY’S* MATRIX LECOMPOSITION. THE MATRIX 1S FACTORED
c INTO!
c
C CLIJ » [D) » LCLIXD.
C [L) = LOWER TRIANGULAR MATRIX WITH UNITY DIAGONAL ELEMENTS
c CDJ = DIAGDONAL MATRIX
c I ¢ DENOTES INVERSE OPERATION
g % ! DENDOTES TRANSPOSE OFERATION
c
0002 COMMON /SURWRY/ ISUB
0003 DIMENSION A(25,295)
0004 IF (ISUB.GE.3) PRINT 2001
0004 2001 FORMAT(’ SUBKOUTINE REDUCE’)
A
C | = @ o= 0 o =« @ @ =« = R . . . T SR - - - .- e . o=
c
CARKXMERRAAXARERKEY FACTOR MATRIX
0007 N = A(25+1)
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0008 NML = N-1

0009 B0 20 Ks1,NM1

0010 KFP1 = K+

0011 Kn1 = K=-1

0012 aAKK] = 1.,/7A(KyK)

0013 B0 20 I=KP1isN

0014 AKKIK = A(I»K)SAKK]

001% DO 10 JsIN

0016 10 ACUr]) = ACJr1)-AKKIKSBA(JIK?
0037 ACI/K) =m-AKKIK

0018 IF (KM1.E0.0) GO TO 20

0020 DO 15 JsisKNH)

0021 15 A(IsJ) = A(L+I3)-AKKIKSA(KYJ)
0022 20 CONTINUE

CESOSRESEREIRRREENS [L) IS NOW STORED IN LOWER TRIANGULAR PART OF [A)
CEXSSSEEXESSKLERE EXCEPT FOK DIAGONAL,» WHICH CONTAINS (D)

0023 RETURN

0024  END

Subroutine AADD

Description: Subroutine AADD adds scalar multiples of two

matrices.
Listing:
FORTRAN 1V V02.%-2 Sun 17-Jen-82 00:31:30 PAGE 001
0001 BUEROUTINE AADD (GeXeHrYsZ)
c
c - e = e e .. ... .. - - .- - . . = eo-
c THIS SUBROUTINE ADDS SCALAR MULTIPLES OF Tun
t MATRICES AS FOLLOMWS!
c
c €2 = GXLX) + HELY) WITH ¢ 6 = 1.0,
c ( NO CHECKING 18 MADE FOR MATRIX CONPATIBILITY )
C ---------------------- - - -
c
0002 COMMON /ALLDIM/ MAXsMIX
0003 COMMON /SUBWRT/ ISUB
0004 DIMENSION X(1)oY(1)02(1)
0005 If (1SUB.GE.4) PRINT 2001
0007 2001 FORMAT(’ SUBROUTINE AADD’)
o
C = & = @ o = @ 0 - @0 o = o - - e, e e e e ® e - =
c
CRXERXRATRANAEXXEXEX FIND MATRIX DIMENSIONS
0008 G =1,
0009 HAX2 = MAXE2
0010 11 = X(MAX)
0011 JJd = X(MAX2)
0012 JEND = (JJ-31)SNAX4L
0013 1IM1 = 11~-1
CEXEXRARRRLRERSAXAx PERFORM MATRIX SCALAR ADDITION
0014 DO S3 J=1,JENDsMAX
0015 KEND = J41IM1
0016 DO 53 KeJsKEND
0017 $3 2(K) = GEXC(KI+HEY(K)
0018 Z(MAX) = X(MAX)
0019 Z(MAX2)= X(MAX2)
0020 RETURN
0021 END
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AMULT

be either of the first two matrices.

Listing:
FORTRAN IV v02,5-2 sun 17-Jan-82 00:31:52
0001 SUBKOUTINE AMULY (A'B,CoD)
c
C & = @ @ @ «¢ o o « o = = N . - - - - -
c THIS SUBROUTINE COMPUTES THE PRODUCY OF TWO
c MATRICES AND PLACES THE KESULT IN A THIRD MATRIX.
c
c thl = [AJECBY § (C) = LD
c ( NO CHECKING 1S MALE FOK MATRIX COMPATIBILITY )
C = = = o & o @ =0 @ @ ¢ 0 =@ = = = @ o ~ o ® = = = =
c
0002 COMMON /ALLDIMN/ MAXIMIX
0003 COMMON /SUBWRT/ ISUR
0004 DIMENSION AC1)sE(1)sC(1)o (1)
000% IF (ISUB.GE.4) PRINT 2001
0007 20031 FORMAT(‘ SUBROUTINE AMULT’)
c
C = = @2 = = = @ ¢ & v ® =0 & = o @ = = ¢ o = « « = =
c
CEEXXEXREXARERNERXE FIND AND SET MATRIX DIMENSIONS
0008 MAX2 = MAXE2
0009 MIX2 = MIX%2
0010 11 = A(MAX)
0011 I(MAX) = A(MAY)
0012 C(MAX) = A(MAX)
0013 Jd = A(MAX2)
0014 KK = H(MIXD)
0015 D(MAX2)e B(MIX2)
00146 C(MAX2)= B(MIX2)
CEXSEEXKXKREXRENLXX PERFORM MATRIX MULTIPLICATION
0017 JE = (JJ=1)8MAX
0018 KE s (KK~1)KMAX
0019 D0 20 I=3,1i
0020 KEND = KE+I
0021 JEND = JE+1
0022 L = 1
0023 DO 20 K=1,KENDsMAX
0024 n(K) = 0.
0025 JB = L
0026 PO 10 Js=], JENDsMHAX
0027 D(K) = ACHEE(IBI$DIK)
0028 10 JB = JB + 1
0029 20 L = L 4 MIX
CEXEXexxsxxsxxsssxss COPY MATRIX CD) INTO CC)
0030 CALL AMAKE(C,D)
0031 RETURN
0032 END
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[N I

Description: Subroutine ALOAD loads matrices from the input !

file created by SETUP.
Listing: :
FORTRAN 1V Vo2.9-2 Sun 17-Jan-82 00133302 PAGE 001
0001 BUBKOUTINE ALDAD (NsA+De¢CoD)
o
£ & o @ @0 = 0 = & = = = = - e = e ® e ee...- -
c THIS SUBROUTINE LOAIS MATRICES CAJsCBHI/LCI AND D)
c FROM AN INPUT FILE. THE VARIABLE N BPECIFIES THE
c NUMBER OF MATRICES TO BE LOADED.
c R R R R A ) «“ o .- - .
c 3
0002 COKMON /SURWL !/ ISUK ;
0003 DIMENSION AC1)sB(1)eCCL)eD(1) ]
0004 IF (ISUB.GE.4) PRINT 2001
0006 2001 FORMAT(’ SUBKOUTINE ALOAD’)
c &
c - - = em e e ® = e - - e e W e e e e ® @ e e & & -
c
CEEERSXXXRKRRLEENES PERFORM MATRIX LOADING
0007 CALL ALOAD1(A)
0008 IF (NJLT.2) RETURN
0010 CALL ALOAD1(K)
0011 IF (N.LT.3) RETURN
0013 CALL ALORDI(C)
0014 IF (N.LT.4) RETURN
0016 CALL ALODADI(D)
0017 RETURN
0018 END

Subroutine ALOAD1

the SETUP file for stewving into the matrix A.

Listing:
FORYRAN IV v02.5-2 Sun 17-Jan-82 00:33:23 PAGE 001 i
0001 SUBROUTINE ALOADI(A) E
c :
€ === == - -meeeaoan = -
c THIS SUBROUTINE PERFORMS THE ACTUAL LOADING OF ’
c A MATRIX FROM THE INPUT FILE.
€ 3
c LAY = MATRIX TO HE LOADED E
c ( FIRST RECORD CONTAINS THE MATRIX DIMENSIONS ) 4
C = * = = = = = = @ o = = - e = e = e... - - - -
c b
0002 COMMON /ALLDIM/ MAXsMIX ;
0003 COMMON /SUBWKRT/ 1SUB :
0004 DIMENSION A(1) ﬁ
0005 IF (ISUB.GE.S' PRINT 2001 g
0007 2001 FORMAT(’ SUKRDUTINE ALOAD1’) 3
;

Description: Subroutime ALOAD1 actually reads the input from
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0008
0009
0010
0011
0012

0013

0014
0013
0016
0017
0018

ORIGINAL PACE IS
OF POOR QUAUITY

oMNMOO

BERR RN REEEEREE READ MATRIX DIMENSIONS
READ(2,100) 11,JJ
100 FORMAT(BX»12¢110)

KE s(JJ=1)8NAX
00 10 I=3,11
KEND s [4KE

Cxssssenexsssssssss READ MATRIX
10 READ(2+31001) (A(K) o Ku]+KENDIMAX)
Crsxxsaxssssnnsses SET MATRIX DIMENSIUNS
A(NAX) = 1
AlMAXS2)= JJ
1001 FORMAT(BF12.6)
RETURN
END

Subroutine ASPIT

Description: Subroutine ASPIT prints out a matrix.

Listing:
FOKTRAN 1V v02,5-2 Sun 17-Jan-82 00333345 PAGE 001
0001 SUBROUTINE ASPIT(X)
c
C = & ¢ = o o » o = o « = « = - - . - e e e e o= -
c THIS SUBROUTINE PRINTS OUT A MATRIX,
c
c £X) = MATRIX TO BE PRINTED OUT
c ..... - ® > @ w > e W ® & & e wm Em W e e e =
c
0002 COMMON /ALLDIM/ MAXIMIX
0003 COMMON /SUBURT/ 1SUb
0004 DIMENSION X(1)
0005 IF (ISUB.GE.4) PRINT 2001
0007 2001 FORMAT(’ SUBROUTINE ASPIT’)
C & = = « =« = B T T
c
0008 100 FORMAT(10Xy’ DIMENSION ‘»I13s° EY ‘413)
0009 101 FORMAT(10Xs10(2PE12.4))
CREXRLARBRRERKRRERE FIND MATRIX DIMENSIONS
0010 HAX2 = MAX®2
0011 11 = X(MAX)
0012 JJ e X(MAX2)
CEXEXRXRFENRKERRERE PERFORM MATRIX QUTPUT
0013 FRINT 100, 11sJJ
0014 KE s (JJ-1)2MAX
0019 DO 1 I=1,11
0016 KEND = T4KE
0017 1 PRINT 101 (X(K)sKeIsKENDsNAX)
0018 RETURN
0019 END
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Subroutine ASPITI

Description: Subroutine ASPIT1 is a special form of ASPIT.
In this form the printing of the matrix is combined with printing

of "*" or " " which show whether a matrix element is a variable

or not.
Listing:
FORTRAN 1V Vo2.5-2 Sun 17-Jan-B82 00:34:06 PABE v0}
0001 SUBROUTINE ASPIT1(X)XX)
c
C o « = =« = > ® ® = ® e e e e e e e e ® e 2 o= o=
c SUBROUTINE USED FOR THE PRINTOUTYT OF MATRICES.
c ( SPECIAL OUTPUT FOR [A) AND [B) MATRICES )
c
c £X) = MATRIX TO BE PRINTED OUY
L CXX) = MATRIX WHICH SHOWS VARIABLES
o . T T T T T R S P
t
0002 COMMON /ALLDIM/ MAXsMIX
0003 COMMON /SUBMKRT/ ISUB
0004 . DIMENSION X(1)
000% LOGICALEY XX(1)
0006 BYTE CHAR(4)
0007 IF (I1SUB.GE.4) PRINT 2001

0009 20031 FURMAT(’ SBUBROUTINE ASPITI’)

c
c gt
c

0010 100 FORMAT(LOXy ‘DIMENSION ‘»I3»° BY‘yI3)

0011 101 FORMAT(10X,5(1PE12:49A1))
CEEXEIRXEEERRRREEES FIND MATRIX DIMENSIONS

0012 HAX2 “ NAXE2

0013 11 = X(MAX)

0014 JJd = X(MAX2)
CoERssxsrssssskxens PERFORM MATRIX OUTPUT

0015 PRINT 100y I1,JJ

0016 KE = (JJ=1)KHAX

0017 o 1 I=g,I1

0018 KEND = 14KE

0019 DO 2 KsI.KENDsMAX

CEEEREANXNRRREERR28 "’ INDICATES TH/T A VALUE IS NOT A VARIABLE
CEXXEEEXERXRRLEXRE% IN EITHER THE CA) OR CB) MATRICES

0020 CHAR((K~T1)/HAX$1)m’

0021 IF (JNOT.XX(K)) CHAR((K=1)/MAX+1)='Xx’

©023 2 CONTINUE

0024 1 PRINT 101 ((X(K)sCHARC(K~1)/MAX+1))+Kn]lsKEND»MAX)
0025 RETURN

0026 ENN
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SOLVE

Description: The subroutine SOLVE is used to solve the set

of linear equations, Ax » b, where A is a symmetrical matrix.

Listing:
FORTRAN IV Ve2.5-2 Eun 17-Jan-92 003134129 PAGE 001
0001 BUBKOUTINE £01VE(A.X)
c
c - - .. e .= B . T L T T TSP
c THE FOLLOWING BYSTEM OF LINEAK EQUATIONS 18 SOLVED BY
C THIS SUBROUTINE
c
c LAISCX) = [B).
c CA) o SYMMETRICAL MATRIX
c CE) = N¢1 COLUMN OF CA) MATRIX
c N = DINENSION OF SYBTEM
c - .- .- T T
c
0002 COMMON /SURWRY/ 1SUR
0003 DIMENSTON A(25+25),X(25)
0004 IF (ISUE.GE.3) PRINT 2001
0006 2001 FORMAT(’ SUBKOUTINE S8OLVE’)
c
c I T e
c
Caxsesxagsnnssensss FACTOR SYMMETRIC MATRIX CAJ INYO CL2
0007 CALL REDUCE(A)
0008 N = AC2%,1)
0009 NM1 - N-1
0010 NP1 * N+1
CENXREEERENRAKRREES MULTIPLY CL) 8% CB)
0011 0O 70 I=24n
0012 X = ACIINPY)
0013 1M1 . I-}
0014 DO 70 JwisINM1
0013 70 X(I) T XCIV4ACIIJISACIINPY)
CRE%”  CXREEERSNERS MULTIPLY EY [DI)
0016 C1INPL)® ACEINPL)/ACL, D)
0017 DO 80 I=2,N
0018 80 ACIINP1)e X(I)/AC1s1)
CEXBXSERERRSEBEERER NULTIPLY BY CL&¥) TO FORM CLSISCDIIXCLISCEI
0019 DO 90 I=3oNM3
0020 X(1) = ACIINPY)
0021 1P = 141
0022 DO 9/ 4sIP1sN
0023 v0 X(I) = X(I)+ACJrIIBALJINPY)
0024 X(N) = A(NINPL)
0025 RETURN
0026 END
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Subroutine INV

Description: Subroutine INV inverts a general matrix. Gaussion
elimination is used without pivoting. This is allowed, since the

matrix is near-diagonal (R) and well conditioned.

Listing:
FORTRAN IV v02.5-2 Sun 17-Jen=-82 00134133 PAGE 001
0001 SUBKOUTINE INVIA+MAX)
c
C o = @ @a ¢ = ¢ « « « = I . T T T S S S S
c THIS SUBROUTINE INVERTS A OENEKAL MATRIX IN PLACE
c USING GAUBSSIAN ELIMINATION (NO PIVOTING)
c
c LAY = MATRIX TO HE INVERTED
c MAX = NUMBER OF ROWE IN MATRIX
C @ @« @ = o « = - e e e m e ® e e ® e e e e o® e oew
c
0002 COMMON /SURWRY/ ISUB
0003 DINENSION A(%AXr4)
0004 IF (ISUK.GE.3) PRINT 2003
0006 2001 FORMAT(’ SUBROUTINE INV’)
c
C - ® e e e e e e e e e m e B e ® ow ® o> e e = e > ==
c
CRUSSESSRRXBABNENSS COMPUTE INVERSE OF CA) AND STORE REBULT IN [A)
0007 N = ACNAX,1)
0008 DO B0 K=3.N
0009 BIGA = A(K/K)
0010 DO S0 I=isN
0011 1IF (1.E0.K) GO Y0 %0
0013 ACI+K) =-AC1+K)/BIGA
0014 20 CONTINUE
0015 DU 60 Is1oN
0016 IF (1.EQ.K) GO TO 60
0018 D0 S5 J=19N
0019 IF (J.EQ.K) GO TO 5%
0021 AlLTrJ) = ACTPIIHACTIKIBALCKY J)
0022 %5 CONTINUE
0023 60 CONTIMUE
0024 DO 70 J=1.N
0025 IF (J.EO.X) 6O YO 70
0027 AlK»J) = A(K+J)/BIGA
0028 ~0 CONTINUE
0029 80 A(K+K) = 1.,/BIGA
0030 RETURN
0031 END
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Subroutine CRAMER

Description: Subroutine CRAMER computes the confidence levels
based upon Cramér-Rao bounds. This routine assumes that the a priori
option has not been used, since their contributien to the second

gradient has not been removed.

Listing:
FORTRAN 1V v02,98-2 Sun 17-Jan=-82 00:35:30 PAGE 001
0001 BUBROUTINE CRAMER(SUM MU NX o M2+ ERRSUN)
c
c . e e e e e memeee - - - e e e ee.e- .-
c
v THIS SUBROUTINE COMPUTES THE CRAMER-RAD BOUNDS
c ALSO KNOWN AS THE CONFIDENCE LEVELS OF THE
c ESTIMATED DERIVATIVES,
c
c fSUM) = SECOND GRADIENT MATRIX
c MU = NUMBEK OF CONTROL INPUTS
c Mx ® NUMBER OF STATES
c M2 = NUMBER OF OKSERVATIONS
o ERREUN = WEIBHTED ERROR
€ e e - - .- - - e e e e e aee e
c
0002 COMMON /ALLEIIN/ MAX»MIX
0003 COMMON /SUBMRT/ ISUK
0004 COMHON /MATRIX/ AsBsAAIBEsAPIBF D1
0005 COMMON /DIMFAC/ ADIMBDIM
0006 COMMON /BEOMTR/ S1CBAR1BPANIBWBHT+A1+A2, A3, A4
0007 DIMENSION AC(S+4)sBC(S+4) 1ACPER(S14) 1 BCPER(S,4)
0008 DINENSION ADIM(514)+BDIN(S,4)
0009 DINENSION AP(Bes4)+sBP(8+3)
0010 DIMENSION D1C(B17)rACS+4)9B(5r4)»BUM(25+2%)
0011 LOGICALXL AA(S+4) rBE(S5+4)
0012 1IF (1SUB,.BE.3) PRINT 2001
0014 2001 FORMAT(’ SUBROUTINE CRAMEK’)
c
c D T T T T T
c

Coagssassssssnasss NORMALLY THE APRIORI CONTRIBUTION TO HESSIAN
CEAssesnssssnsasss IS SUBTRACTED FOR THIS COMPUTATION BUT THIS
Crexssnsssasssssss ROUTINE ASSUMES NO APRIDRI OPTIONS ARE BEING
CRRrassssssxs sz USED AND HENSE THERE ARE NO CONTRIBUTIONS
Cxasssxxssssnsssss SET DIMENSIONS OF BOUND MATRICES

0019 AC(S 1) = MX
0014 ACPER(Sy1)= MX
0017 AC(5, ) = MX
0018 ACPER(S5/,»2)= MX
0019 BC(S, 1) = MX
0020 BCPER(S+1)= NX
0021 BC(S»2) = MU
0022 BCPER(S,»2)s MU
Cesssxgsssnsesenss ORTAIN DIAGONAL ELEMENTS F INVERSE
0023 CALL DIAGIN(SUM)
CEssssx8ass2ssk8sx COMPUTE BOUNDS
0024 uTs = 0,
0029 00 1 I=§sM2
0024 IF (DI(I+I>.NE.O.) WTS » UTS ¢ 1.
0026 1 CONTINUE
0029 COEFF = ERRSUM/UTS
0030 IF (JSUB.GE.J) PRINT 10,ERRSUMICOEFF MTS
0032 10 FORMAT(’ ERRBUM ® ‘yF12.4' COEFF = 'yF12.,4+° WTE = ‘9F12.4)
0033 L -0
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0034 00 2 ImioNX
003% D0 3 Jsienv
0034 BC(IvJ)= O,
0037 IF (.NOT.BE(]»J)) GO Y0 3
0039 L = L¢
0040 BC(IsJ)s SAGRT(APS(SUM(LIL ) )ISCOEFF) 3
0041 3 CONTINUE :
0042 DO 4 J=1yMX

. ) 064X AC(I )= ©,

. 0044 IF (.NOT.AA(I+J)) GO TO 4

- 0046 L = L+1

S 0047 AC(Ir»J)= SORT(ABS(SUM(L,L))ISCOEFF)

: 0048 4 CONTINUE
0049 IF (AA(I+4)) =i+l
00351 2 CONTINUE

CHEBEXERRAANEERRANE NON-DIMENSIONALIZE STARILITY AND CONTROL DERIVATIVES
CEsaxxsassssssssxss AND COMPUTE BOUNDS AS A FERCENTAGE OF DERIVATIVES

0052 DO SO I=1.MX ;
0053 10 60 J=1,MX ]
0054 AC(1+J)mAC(I+J)/ADINC(Is )

0055 ACPER(I+J) =0,

0056 IF (A(I1J)4NE+O.) ACPER(I»JI®ACCI¢J)/ACTJ)%100,

0058 60 CONTINUE

0059 DO 70 JmisMU

0060 BC(I,J)aBC(19J)/BDINCI VD)

0061 BCPER(1,J) w0, ;
2062 IF (BC10J)oNE.O.) BCPER(I+J)=BC(IoJ)/R(1+J)%100. ;
0064 70 CONTINUE ‘
€065 50 CONTINUE

Cxxsxssssrxssxssxss PRINT OUT CRAMER RAD BOUNDS
0066 100 FORMAT(10Xs‘’ DIMENSION ‘»13,’ BY ‘»13)
0067 101 FORMAT(10X:S(IPEL2.49’ (‘. OPF10.3:’) ))

)
| 0068 IF (GWGHT.NE.O.) PRINT &
p 0070 6 FORHAT(/:!OX"NON ~-DIHENSIONAL CAC) MATRIX’
; +" (PERCENTAGE OF DERIVATIVE))
| 0071 xr (BMGHT.EQ.0.) PRINT 66
0073 66 FORMAT(/110X,’ DIMENSIONAL CAC) MATRIX:’
| 1 * (PERCENTAGE OF DERIVATIVE)’)
, 0074 PRINT 100, MXosMX
0075 DC B0 Im1,MX :
0076 PRINT 103+ (CACC(IrJ)sACPER(IoJ)) s JulsMX) f
0077 80 CONTINUE ]
0078 IF (GWGHT.NE.O.) PRINT 7
I 0080 7 FORMAT(/»10Xs 'NON=-DIMENSIONAL CBC) MATRIX» ‘)
1 * (PERCENTAGE OF DERIVATIVE)‘)
0081 IF (GWGHT.EQ.0.) PRINT 77
0083 77 FORMAT(/»10X»* DIMENSIONAL CBC) MATRIXs’ 3
_ 1 * (PERCENTAGE OF DERIVATIVE)’) i
‘ 0084 PRINT 100, MXsMU
! 0085 DO 90 I=1,MX
0086 PRINT 101» ((BC(IsJ)sBCPER(I»J))sJulrNU)
0087 90 CONTINUE
. 0088 RETURN
, 008% END
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Subroutine DIAGIN
Description: This subroutine calculates the diagonal elements
of the inverse of a symmetivic matrix. These values are used in the
. calculation of the Cramér-Reo bounds.
£y
; Listing:
;
: FORTRAN IV V02,5~2 Sun 17-Jan-B2 00'41:36 PAGE 001
0001 SUBROUTINE DIABINCA)
c
C = = e ¢ = = @ = = @ @ = « = = R
c THIS SUEBKOUTIiE FINI'S THE DIAGONAL ELEMENTS OF THE
c INVEKSE OF A SYMMETRIC mATRIX» [AJ.
c B B . T N S
c
0002 COMMON /SUBWRT/ ISUb
0003 DIMENSION A(25,25)
0004 IF (1SUK.GE.3) FRINT 2001
0006 2001 FORMAT(’ SUBROUTINE DIAGIN‘)
c
C = = = o = =0 = = = R - - - - - -
s c
‘ CRESERRNENENARNEELE PERFORM MATRIX MANIPULATIONS
, 0007 CALL REDUCE(A)
,- 0008 N = A(2501)
| 0009 NM1 = N-1
0010 DO 90 I=1,NM1
0011 ACTs1) = 1./7A(101)
0012 1P = 141
0013 D0 90 J=IP1sN
0014 90 ACIII) = ACIVII4ACIIIIRE2/ACI 0 )
0015 A(NIN) = 1./7A(NIN)
0016 RETURN
! 0017 END

-
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A.8) MINC TIME HISTORY PLOTTINC (HARD COPY)

Description:

copy plotting routine.
time historles and calls either the LPLOT or DPLOT routines to plot

The HPLOT program is the executive for the

hard

-

This program reads the measured and predicted

longitudinal or lateral-directional cases, respectively.

Listing:

R7-11 LINK V06.01C
HPLOT .8AV Title!

Section Addr Sive

« ABS. 000000 001000

SOHAND 001000 000104

SOTABL 0011046 000034
0TSs1 001342 024374

Sat 27-Feb-82 05:08!17

Load Mer
NLOTY Ident$ FOMVO2
Ciobal Value

Globsl Vulue Globsl

(RWeIoGRL s ARSYOVR)
SUSRSW 070000 $RF2A1 000000 VIR

SNLCHN
SWASIZ

000006
000152

SHKBWR 000006 $8YSVS
SLRECL 000210

(KW»IGBLREL -CON)

SOVRH 001002 OSREFT 001024 OSDONE
$ODF1 001102 SODF2 001104

(RU+DeGRLI/REL»OVR)

(RWs»I+LCLIRELCON)
$$0TSI 001142 AINT 001142 SINTR
SCUTFE 001244 SCVUTFI 001244 SCVTCH
SCUTCI 001260 SCYTDR 001260 $CVTDI
cics 001272 CIDs 001272 CLCs
cLD 001272 sl 001272 CIFs
CLF$ 001302 $RI 001302 CILS
CLIs 001414 SCVTIF 001416 SCVTIC
SCVTID 001432 CCIs 001444 CDIs
s1C 001444 1D 001444 CFIs
SIR 0031440 RCIS 001544 GCOS
FCO$ 002564 ECOS 002572 DCOs
ADF$IS 003522 SADDF 003530 ADF$SS
$ADR 003542 ADFSPS 003546 ADFENS
SUF$IS 003566 SSURF 003574 SUF$SS
$SER 003604 SUFSPS 003612 SUFSMS
DIFSPS 003632 DIFSNS 0034636 DIFSIS
SDIVF 003656 DIF$SS 003670 $DVR
MUFSPS 003474 MUFSMS 003700 NUFS$1S
SMULF 003720 MUFSSS 003732 SMLR
$0T1 003744 $$0TI 003746 SSETOP
$$SET 005750 COS 006244 SIN
SINITY 004636 ABRS 006754 $CLOSE
0cIs 007550 ICI¢ 007556 SECI
ocos 007752 1CO$ 007740 $DUMPL
ENCS 010304 SENC 010310 DECS
SDEC 010322 ENDS 010504 ERRS
SEND 010532 S$ERR 010570 SOPNER
SCHKER 010430 SIOEXI 010654 SEOL
EOLS 010724 SERRTE 011040 SERRS
SFCHNL 014708 oF10 015550 SS$FI0
SGETFI 0146720 SGETRE 016756 STTYIN
IFRS 017166 SIFR 017172 S$S$IFR
IFRSS 017230 IFNS 017252 SIFV
SSIFW 017262 1IFHss 017320 ILMS
sILw 017374 TVUSS 017514 $TVS
$SOPCL 020330 9$SERR 020442 $8$8DIS
SOSTMI 020546 $0STM 020572 SPUTRE
IRRS 022230 $IRR 022234 IRUS
$IRW 022264 SGETIN 022640 $SETIN
DEF 023004 SDEF 023010 SPUTBL

179

Value

000000
000012

001036

001160
001260
001260
001272
001302
001410
001435
001444
001460
002340
002600
003542
0035352
003606
003616
003650
003670
003712
003732
004204
006300
006772

007572

010156
010315
010520
010572
010722
011145
015334
017032
017176
017256
017370
017316
020464
021722
022240
022676
023104




Ty

GLse R

0TS$P
gYSes

USERS$1
sCoDE

07840

SYSs0
$DATAP
OTESD

07588
BYS4S

SHATA
USERSD
18988,
ADDURES
XYSCLP
SCALES
PLOTY
IB.ERR
IB.DR
IRCSR
Ik.LSN
IBLSN
IB.TLK
IEHTRM
IBTLK

0235536
025612

‘032314

032314

060554

060360

060744
113374
113374
113374
113376
113416
113434
1134%6
113502
113530
113534
113544
113604
113616
113632

Segaent size s

Overlasy resion

0TSS1!
SYSs1
USERSI
$CODE

07840
SYS$0
SDATAP
0TSeD
0TEeS
SYS$S
$DATA
USERSD

113642
113642
113642
1134642

117514
1173514
117514
123112
123112
123112
123112
123414

Segnent size =

000054
004502

000000
020176

001036

000000
004732
000052

000004

000206

032406
000000
000000
000002
000020
000020
000020
000024
000024
000004
000010
000042
000010
000014
000004
113640

000001
0000600
000002
000004
0034652

000000
000000
003376
000000
¢00000
000000
000302
000000

SGETBL
SAVRGY
$ETPS
FOOs
880716
U4
s$TVL
TVDe
sTVO
TVl
SVRINT

ORIG:!

023314
023534
024000
024012
024160
024450
023270
025304
023312
025326
025524

AL PAGE I8
OF POOR QUALITY

SEOFIL
THRDS
STPS
SEXIT
IURS
sluw
TVF$
sTVD
TVPS
sTVI

(RW D+ GBL/REL»OVR)
(RWs1oLCLIREL,CON)

IBSERM
IBSWAT
1B$SEC
1HARCVY
IBSEOQ]
IBSUNL
IHSERR

023612
027042
027476
030272
030662
031554
031764

I1BRSKROV
1BSUNI
IRSLSN
IBSEND
1BSTLK
IBUNT

IGETC

(RW»1,LCLIREL.CON)
(RY»3+LCLIREL»CON)

$8078C
SCL
IPLT
CPLY
INTGEY

032314

1 4-1

034502 PEN
040206 LBL
042732 X&X

051636

(RW»1oLCL+REL,CON)

$40TS0 052512 SOPEN

(RUsI1+LCL/REL,CON)
(RU»DoLCLIREL,CON)
(RUWsDoLCLREL,CON)

NHCLNS 060506
(RW»DyLCL/RELCON)

$A0TS 060554
(RW»DoLCL/RELICON)

IBs18Y
$LOCK

060560
060764

IBSDEV
SCRASH

(RWsDoLCLIREL»CON)
(RWesDyLCLIREL»CON)
(RWsDrGBL,REL fOVR)
(RW+ Do GBLIREL 1 OVR)
(RW»DrGBL /REL rOVR)
(RUsDrGBLIRELIOVR)
(RWeDyGBLIREL»OVR)
(RW»IoBBLIRELPOVR)
(RWe19GBLYREL,OVR)
(RUsDeBBL »- 7L s OVR)
(RUW» I sGBLIREL»OVR)
(RW»D+GBLIRELOVR)
(RW» I ¢GBLIRELIOVR)
(RWsDsBBLYREL»OVR)
(RW»DsGBLREL/OVR)

= 19408, words
Sesment 000001

(RW+I+LCLIRELSCON)
(RUsI1oLCLIREL,CON)
(RW»IoLCLREL,CON)
VRWsI+LCLIRELCON)

LF.OT @ 113642

(RVsIoLCLIREL,CON)
(RV» JoLCLPRELICON)
(RW Do LCLIREL,CON)
(RW+sDrLCLIRELICON?
(RWs»IoLCLIREL,CON)
(RUsLoLCL REL»CON?
(RU+D. . LCL/REL,CON'
(RW»De . CLIREL,CON)

007882 = 1973, words

180

023500
023712
024006
024032
024300
024454
025276
025304
025320
025324

026572
027074
027542
230640
031132
031632
032162

036312
037340
041012
043074

0352512

060606
060765

SEOF2
SAVR4S
sETP
s0Ti8
$IUR
TULS
STVF
TVOe
sTVP
SUALT

IRSINI
I1hePRI
IBRECV
1BASND
1RUNL

IBSUNT
STRPAD

PCLR
PLY
csiz
YAX

$SYSLE

023514
023714
02400¢
024156
024304
0238270
023276
023312
025320
025462

027034
0274354
030262
0304%0
031500
031706
032234

036356
037356
041362
0446320

060762
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Overlav resion 000001 Gesment 000002
0vsSel 113642 000000 (RKWeIoLCLIRELCON)
Sygel 113642 000000 (RUs»I+LCLIRELICON)
USERSI 113642 000000 (RU»I+LCLRELICON)
$CODE 113642 004234 (RW»JoLCLPRELPCON)

DPLOY @ 1313642

01840 120074 000000 (RWr1oLCLIRELCON)
sY8e0 120076 000000 (RUsJoLCLIREL»CON)
SDATAP 120076 003544 (RW»D2LCLIRELCON)
0TSed 123642 000000 (RUsDoLCLI/RELICIN)
J16¢8 123642 000000 (RUs»BsLCL/REL,CON)
SYS86 123642 000000 (RWsDrLCLIREL+CON)
shATA 123642 000322 (RU» Do LCLIKEL +CON)
USERSD 1243164 000000 (RUsDsLCLIREL2CON)
Seament size = 010322 = 2153, words

Transfer sddress = 032314, Hish limit v 124162 = 21561. words

FORTRAN IV vo2.,5-2 Sat 27-Feb-82 03106100 PAGE 001

0001 PROGRAM HPLOT
Ceeve PROGRAM TO PRODUCE HARD COPY PLOTS OF LONGITUDINAL
Ceoes AND LATERAL-DIRECTIONAL STATE TIME HISTORIES

0002 DIMENSION Z(7+200),U(2,200)+,2P(7+200)
00C3 LOGICALS1 LONG,LATRIEXTRAsMORE

0004 BYTE ANS/NAME(13)

0005 DATA LONG/LATR'EXTRA/NORE /48 .FALSE./
0006 DATA TIME /0./

0007 DATA NAME(1S) /0/

0008 100 CONTINUE
Ceoos ABK FOR SAMPLE PER SECOND DATA
0009 TYPE 10%
0010 101 FORMAT('$’»10Xs‘Ineut the intesrsl ¢ of seps for the test detid )
0011 ACCEPY 102,1SPS
0012 102 FORMAT(1130)

00313 TIMINC = FLOAT(200/1SP8S)
0014 DELY w 1,/(FLOAT(]ISPS))

Ceees ASK FOR PLOTTER SPEED
0019 TYPE 103 :
0016 103 FORMAT(’8/+10Xs’Inrut the rlotter sreed in c¢a/sec (1-25)% /)
001? ACCEPT 102,1SPD

Ceoee ABK IF LONG AUTD~SEQUENCE
001A TYPE 1
0019 1 FORMAT(’$'9,10Xy’Lonsitudisnl suto-seouence? (Y or N) )
0020 ACCEPT 2+ ANS
0023 2 FORMAT(1AY)
0022 IF (ANS.EQ.’Y‘) LONG = ,TRUE.
0024 IF (LONG) GC YO 3

Cisee ASK IF LATR AUTO-SEQUENCE
0026 TYFE 4
0027 4 FORMAT(’$’y10Xs‘Laternl~dirctionsl suto-secuence? (Y or N) ‘)
0028 ACCEPT 2+ ANS
0029 IF (ANS.EQ.’Y’) LATR = ,YRUE,
0031 IF (.NOT.LATR) GO TO™100

Ceess OPEN INPUT DATA FILES
0033 3 CONTINUE
0034 TYPE 5
0038 S FORMAT(’$/,30Xy»‘Enter the asasured dats file nane! ‘)
0036 ACCEPT 6+ (NANE(L1)oI=1,14)
0037 6 FORMAT(14A1)
0038 OPEN (UNIT=31,NAME=NAME» TYPE='OLD’' yACCESS®'SEQUENTIAL»

. READONLY + BUFFERCOUNT=1,FORM=’UNFORMATTED )

Ceose CHECK FOR EXTRA DATA
0039 TYPE 8
0040 8 FORMAT(’8»10Xs ‘Does this file contain extra dats? (Y or N) )
0041 ACCEPT 2+ANS
0042 IF C(ANS.EQ.’Y’) EXTRA = +TRUE .
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0044
0043
00446
0047
0048
0049

00%0

3 0051

¥ 2

0052

4

0054
0055
A 00%¢
' 0057
00%8
0059

0060
0061
0062

0044

0066
00648

0070
0072

)
| V073
} 0074
| 0075
| 0077
| 0078
: 0079
0081
0082
0083
’ 008%
0086
0087
0088
0089
0090
0092
r 0093
0094
0095

) 0094
0098

0100
| 0102
0103
0104

kA
ERE Lawe

0105

0106
0107
0108
0109
0110

R B AR et
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ORIGINAL PATT 13
OF POOR Quinl}iY

Cieos CLEAR QUY OLD DATA FILE NAME
DO 30 I=1,14
NAME(]) = ¢ ~
10 CONTINUE
TYPE ?
7 FORMAT( ¢/, 10Xy ‘Enter the predicted data file name! ’)
ACCEPT 6 (NANE(L)rIm1,34)
OFEN (UNITe2)NAMESNAME +TYPE='OLD’ yACCESS='BEQUENTIAL ‘»
. READONLY» BUFFERCOUNT=1 o FORM=’UNFORMATTED ')
2% CONTINUE
Cives INITIALIZE ARRAYS
DO 26 I1s1,200C
no 27 1J=1,?
2(14,11) ==-1,E10
ZP(1J»11) = O,
27 CONTINUE
Uci»11) = 0,
Ut2,11) = 0,
26 CONTINUE
C.ees READ DATA INTO ARRAYS
DO 1000 J=1,200
JEND = J

IF (LONG) REAL (31+END=2000) Z(49J)92(10J)02(29J)02¢60J)2U(L0d)»

. ArArArArAPA

IF (LONGAND.EXTRA) READ (1+END=2000) Z(2+J)922(3s2)»Z(Sed)y

. ArArA
IF (LONG) U(2+J) = O,
IF (LATR) READ (1+END=2000) ArA AR &rArZ(A4»J)»Z1Y0J)

. ZC79d)0ZC293)0UCL9 D)2 U(2yJ)

IF (LATR.AND.EXTRA) READ (2,END=2000) AvArAIZ(30d)>

' 2(SeJd)r2Chr )
1000 CONTINUE

Coue. BET MORE EGUAL TO TRUE
MORE = ,TRUE.
2000 CONTINUE
Coiese IF T = O. THEN SET THE INITIAL CONDITIONS
IF (TINE.NE.O.) GO TO 1988
DO 1999 Js1,7
TP(Jel) = (2(Je1)42(Jr2))/2,
IF (ZP(Js1),LT.=1.E9) ZP(Js1) = 0,0
ZP(Jr2) = 2P(Js1Y O
1999 CONTINUE
IF (JENDB.GT.200) JEND = 200
DD 3001 Ju3, JEND
READ (2/END=2002) (2ZP(IAsJ)r11A=1+7)
3001 CONTINUE
60 TO 2002
1988 CONTINUE
IF (JEND.GT.200) JEND = 200
DO 2001 J=1,JEND
READ (2,END=2002) (ZP(IArJ)r1AS1,7)
2001 CONTINUE
2002 CONTINUE
Ceeee PLOT DATA
IF (LONG) CALL LPLOT(2+ZPsUsTIME» TIMINC»DELT»ISPD)
IF (LATR) CALL DPLOT(Zs2ZP+UsTINE» TIMINCDELT»ISPD)
Cesee IF MORE 1S .TRUE. DISPLAY CHANGE PAPER MESSAGE
Coess AND GET READY FOR MORE DATA
IFf (.NOT.MORE) GO TO 3535
TYPE 2525

2525 FORMAT(’$’+10X» MORE DATA ON FILE: (Continue when resdw)’)

ACCEPT 2+ANS

C.eoo RESET MORE DATA FLAG
MORE = .FALSE.

Cosee INCREMENT THE TIME COUNTER BY TIMINC
TIME = TIME4TIMINC
GO 70 25

3535 CONTINUE

stToP

END
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Subroutine  LPLOT
Description: The LPLOT subroutine plots the longitudinal time

history traces.

Listing:
FORTRAN 1V Vo2.5-2 Bot 27-Feb-B2 04140118 PAGE 00}
00014 SUBROUTINE LPLOY (2+2ZFPsUsTIMEO+TININCDELT1:2D)
Ceoee SUBROUTINE YO DO WARD COPY PLOTS LONGITUDINAL INPUTY
0002 COMMON /ADDRES/ INSTR
0003 DIMENSION Z(7+200),ZF{7+200)rU(2+200)
0004 REAL LOGAIN(9)
000% RYTE ANS, HE8SAG(4)
0006 DATA LOGAIN /572:3+1,000572:3¢57:31072:3¢34.0003.00¢87,.3+0.00/
0007 DATA MESSAG 7'V e’'89°0'2'0' 0" 4" 00/
Ceeos DEFINE TIC SI2E
0008 Tic = TIMINC/10,
Cisee SET UP PLOTTER
000¢ CALL PSC (%)
0010 CaLL PCLK
Ceose ENCODE SFEED FOR OUTPUT TO PLOTTER
001} ENCODE (2,1001,MESBAG(3)) 1ISPD

2012 1003 FOKMAT(12)
C.:os CHANGE ENCODED BLANKS BACK YO ZERDOS

0013 IF (MESSAG(3).EQ.’ ‘) MESSAG(3)=‘0"
Ciees SEND SFEED TO FLOTTER (ASSUMED AT ADDRESS $)
0015 CALL IBSEND (MESS8AG:S3:3)
0016 CALL PEN
0017 IPEND = 200
Cooeo FIND ENII OF CONTROL INPUT DATA
o018 p0 102 1C=1,200
0019 IF (U(31,201-]JC).NE.O.) GO TO 102
0021 IPEND = 200-1C

0022 101 CONTINUE

Ceooe LEAVE LOOP EARLY IPEND POINTS TO THE LAST DATA POINT
0023 102 CONTINUE

Ceooe LONGITUDINAL

c 1. PITCH RATE
c 2. AIRSPEED
c 3. ANGLE OF ATTACK
c 4, FITCH ATTITUDE
c S. PITCH RATE ACCEL.
c 6. LONGITUDINAL ACCEL.
Cc 7. NORNAL ACCEL.
c 8. ELEVATOR PSN.
C 9 | B B (BLANK)
Coioese LONGITUDINAL AXES AND LABELS
0024 DO 500 KT=1,8
Cooes SET LINE TYPE TO CONTINUOUS LINES
0025 CALL IBSEND (‘LYI’9¢=1,5)
0026 IF(KT.EQ.1) GO YO 401}
0028 IF(KT.EQ.2) GO TO 602
0030 IF(KT.EQ.3) GO YO 603
0032 IF(KT.EQ.4) OO0 TO 404
0034 IF(KT.EQ.S) GO TO 40%
0036 IF(KT.EQ.6) GO TO 606
0038 IF(KT.EQ.7) GO TO 607
0040 IF(KT.EQ.8) GO TO 408
0042 6031 CONTINUE
0043 CALL IBSBEND (’IP 2000:5440+9500,66405°'9»~1+INSTR)
0044 CALL ZAX(10:04,90:02:030.»TINEOITICsSer=14o
. ‘TIME IN SECONDS )
0045 CALL YAX(10:04,.90.90:94.09-20:0030.0200=147
. ‘0 IN DEG/SEC ]
0044 GO0 TO 640
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0047
0048
0049

0030

0053
00352
0053
0054

0¢5%

00%6
0057
0058
0059

0060

0061
0062
0063
0064
0065
0066
0067
0048

0049

0070
0071
0072
0073

0074

007%
0076
0077
0078

0079

0080
0081
0082
0083

0084
0085
0086

0087
00886

0089
0091
0092
0094
0096
0097

0098
0100

0101
0102

S Ty R T e R PR SR it o o E by

-
C e YT Y o)

ORIGINAL PAGE ‘%
OF POOR QUALITY

602 CONTINUL
CALL IBSEND (‘1P 2000+4440+9500:54401 952 INBTR)
CALL XAX(10.04,90,02,030,¢TIMEO+TICsSer=10s»
‘TIME IN BECONDS ‘)
C“LL YAX(IO:08,00.90:94,09~10., 0'50!20"‘10'
‘U IN FY/8EC
00 TO 640
603 CONTINUE
CALL IBSEND ('IP 2000+3240,9500+42400+=1+INBTR)
CALL x“x“o."o'00'n."l°|'T'"E°"!CI5."‘0'
‘TIME IN SECONDS )
C“LL YAX(10:.04,90.¢0,04,00~10, 00500200"‘00
‘ALPHA IN DF3 *)
00 T0 640
604 CONTINUE
CALL IRSEND (‘1P 200002040,9500, 30404 »~1/9INSTR)
CALL XAX(10:908,00.92,910, 9 TINECITIC1Ser=2.r

‘TIME IN SECONDS )
C“LL YAX(10.04, '0.’00'4 00-10 005'0200"00
‘THA IN DEG ‘)
GO 10 640
605 CONTINUE
TYPE 782

752 FORMAT(10Xs’INGERY NEW PAPER FOR PLOTES (cr when finished)’)

ACCEPT 180+ANS
180 FORMAT(AL)
CALL IRSEND ('IP 200015440+95000664041°9-1¢INSTR)
CALL XAX{(310.,94.90,02.910.9TIMEO»TIC+Ssr~1.>
. ‘TIME IN SECONDS ‘)
CALL YGX(I0.0Q.rOooOnQ 0¢=50.0125.90240=149
‘QDOT IN DEG/Sxx%2 .
00 T0 640
606 CONTINUE
CALL IBSEND (“IF 2000+4440,9500+5440i--1+INSTR)
CALL XAX(10,94.+04924930.9TIMEO/TICsSir-1.

‘TIME IN S8ECUNDS ‘)

CALL YAX(10:94.90.00.94,00=0.20+,10¢2.¢-1
‘AX IN G ‘)

00 70 /40

607 CONTINUE
CALL IBSEND (’IP 2000+3240,9500042404‘¢~1»INETR)
CALL XAX(10.,04.90.¢2:930.,+TINEO,TICsSer~14y

. ‘TIME IN SECONDS )

CALL YAX(30:94.90:20:94,01-2.0000:502:0=44>
. ‘AZ IN G ‘)

60 TO 640

608 CONTINUE
CALL IBSEND (‘IP 2000+,2040:,9500+30404»~1+INSTR)
CALL XAX(10:94.904902:930.,9TIMNEO/TICsS.r=1.»

’ ‘TIME IN SECONDS ')
CALL YAX(10.94,+0:00:,94,09=30.0+5:92,9=140
. ‘DE IN DEG ‘)

440 CONTINUE
Ciees PLOT DATA
TIME = TIMEO
Cioee SET LINE TYPE YO CONTINUDUS LINES
CALL IBSEND (‘LT)’9-§+5)
DO 503 1A=i,IPEND
Ceees CHECK TO SEE IF CHANNEL IS MEASUREDS IF NOT DOM’Y PLOT
IF (Z(KT+14).LT.-1.E?) GO TO $S03
TINE = TIME4DELTY
IF (KT.NE.B) CALL PLT (TIME'LOGAIN(XT)IXZ2(KTs1A)»=2)
IF (KT.EQ.8) CALL PLY (TIME+LOGAIN(KTI)SU(1+IA)»~2)
S03 CONTINUE
CAaLL FPEN
Coesoe JF CONTROL TYPE PLOT GD TO BOTTOM OF DD LOOP
IF (KT.€E0.8' GO TO 500
TIME = TIMEOC
Ceoee SET LINE TYTE TO DASHED LINES
CALL IBSEND(’LY2+20+=1+5)
DO 504 1A=%,IPEND
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0103 TIME = TIME4LELY

0104 CALL FLT (TINE+LOOGAIN(KTISZP(KTsIA)¢=2)
0108 S04 CONTINUE

0106 CALL PEN

0107 500 CONTINUL

0108 RETURN

0109 END

Subroutine DPLOT

Description: The DPLOT subroutine plots the lateral-directional

time history traces.

Listing:
FORTRAN IV v02.5-2 Sat 27-Feb-82 04141100 PABGE 003
0001 SUBKOUTINE DPLOT (2+ZPsUsTIMEO»TININCDELTI8PD)
C.ooo BUBROUTINE TO DO HARD COPY PLOTE LATERAL-DIRECTIONAL
0002 COMMON /ADDFES/ INSTR
0003 DIMENSION Z(7+200)22P(7+200)»UC2+200)
0004 REAL LDGAIN(9)
0003 BYTE ANS/MEBBAG‘4)
0006 DATA LDBAIN /757.3:87.3+1572.3+87.3157.314874303.00057.3¢57.3/
0007 DATA MESSAG /°V’s’8/9°0’9°0'9'3°10/
C.evo DEFINE TIC SIZE
00606 TIiC = TIMINC/10,
Coves SET UP “LOTTER
0009 CALL PSC (%)
0010 " CALL PCLR
C...o ENCODE SPEED FOR OUTPUT TO PLOTTER
0011 ENCODE (21001 +MEESSAG(3)) 1ISPD
0312 1001 FORMAT(I2)
C.oss CHANGE ENCOCDED BLANKS BACK YO ZEROS
0013 IF (MESSAG(3).EQ.’ ‘) MESBAG(3)='0’
Csove SEND SFEED TO PLOTTER (ASSUMED AT ADDRESS = 3)
0015 CALL IBSEND (KESSAG:5+5)
0016 CALL PEN
0017 IPEND = 200
Ceves FIND END OF CONTROL INPUT DATA
00186 DO 10t IC=1,200
0019 IF (U(1,201-IC).NE.O.,) GO TO 102
0021 IPEND = 200-1IC
0022 101 CONTINUE
Cesee LEAVE LOOP EARLY IPEND POINTS TO THE LAST DATA POINTY
0023 102 CONTINUE
0024 752 FORMAT(310X»‘INSERT NEWM PAPER FOR PLOTSS (cr when finished)’)
002S 180 FORMAT(AL)
Ceeos LATERAL DIRECTIONAL
c 1. ROLL RATE
c 2. YAW RATE
c 3. SIDESLIP ANGLE
c 4. BANK ANGLE
c 5. ROLL RATE ACCEL.
c 6. YAW RATE ACCEL.,
c 7. LONGITUDINAL ACCEL.
c 6. AILERON DEFLECTION
c 9. RUDDER DEFLECTION
Coeoe LATERAL DIRECTIONAL AXESB AND LABREL'
0026 DO 300 K¥=1,9
Ceves SET LINE TYPE TO CONTINUOUS LINES
0027 CALL IHSEND C’LTH’s=1+5)
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0020
2030
0032
0034
0036
0032
0040
0042
0044
0044
0047
0048

0049

0050
00351
0052
0053

0054

005Y%
0056
0057
0058

0059

0060
0041
0062
0063

0064

00495
0064
0047
0066
0069
007¢

0071

0072
0073
0074
0075

00746

0077
0078
0079
0080

0081
0082
0083
0084
0085
0086

0087
0088
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IF(KT.EQ.3) GO YO 701

IF(KT.EQ.2) 00 YO 702

IF(KY.EQ.3) GO YO0 703

IF(XT.tL0.4) 00 TO 704

IF(KY.EQ.D) GO TO 703

IF(KY.EQ.6) 00 YO 704

IF(KT.EQ.?7?) GO TO 7207

IF(KY.EN.B8) G0 YO 708

IF(KT.£0.9) 60 YO 70¢

701 CONTINUE

CALL IBSEND (’1P 2000:5640¢9500+66403 ' ¢-1+]INCTR)
CALL XAX(30.94,+0,92:910.+TIMEO»TICsS,s0~1,»

‘TINE IN SECONDS )

CALL YAX(10.04,20.00.04.00-20.0+10:92.7~1.»
‘P IN DEG/SEC )

00 T0 740

702 CONTINUE
CALL IBSEND ('IP 200004440/,)9500+5440%'+»-1»INSTR)
CALL XAX(10.94.90:92.910,9sTINEO»TICe¢Ssr=1,
. ‘TINE IN SECONDE ‘)
CALL YAX(310:.24,00.90.04. 0¢-20. 0010.02”-1.,
‘R IN DEG/SBEC
50 70 740
703 CONTINUE
CALL IEKSEND (‘IF 2000+3240,9500042401°0-19INBTR)
CALL XAX(10:04.00:92:0310.2TIMEOITICISer~1.»

. ‘TINE IN SECONDS ‘)

CaLL YAX(10.94,90:90.94:0¢=10,098.02.9~14»
. ‘BYA IN DEG ‘)

GO YO 740

704 CONTINUE
CALL IBRBEND (‘IP 2000+2040:9500+30408 ',-1,INGTR)
CALL XAX(10:04400:12:010.9oTIMEOI»TICeSev~1,»

‘TINE IN SECONDS 7y
COLL YAXC30:29:90:90:94.00=50,01S¢02¢9=149
. 'PKI IN DEG ‘)
60 TO 740
705 CONTINUE
TYPE 752

ACCEPT 3180/,ANS
CALL IBSEND (’IP 2000+35640,9500+66405'»~3+INBTR)
CALL XAX(10.94.90.92.710.,»TIMEOITICISor=1.»

‘TINE IN SE:JONDS )
CALL YAX(10,04.90¢90.04:,00=50.0+23402,9~14
. ‘PDOT IN DEG/S5%%2 ‘)
GCJ T0 740

706 CONTINUE
CALL IBRSEND (’1IP 2000+4440,9%00+54404'9»=~1+INSTR)
CQLL XhX(lOotQ.!O-OZ-le.oYINEOvT!COS.o-I.o
‘TINE IN SECONDS
CQLL YAX(30,04,90400.04.0+-50. 0'2501201'$co
‘RDOT IN DEG/S33x2 ‘)
GO T0 740
707 CONTINUE
CALL IHSEND ('IP 2000+3240,9500+424043'9~-1+»INSTR)
CALL XAX(10:s944900:92:910,9sTIMEO»TICISer=1.0

. ‘TIME IN SECONDS )

CALL YAX(30:08,90:00,94:00-420010.1002.0-149
. ‘AY IN G )

GO T0 740

708 CONTINUE
CALL IBSEND (’IP 2000,2040,9500+3040¢’+~1+INSTR)

CALL XAX(10.94.90.02.030.¢TINEOITICoS.v~1.»

‘TIME IN SECONDS )y
CkLL YAX(10.94.90490.94.09-10:095:0200=1,4»
. ‘DA IN DEG )
G0 T0 740

709 CONTINUE
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0089
0090

0091
0092
0093

0094
0098

00946
0098
009%

0i01
0103
0108
0106

0107
010¢

0110
01114
0112
0113
0114
011%
0116
0112
0118

URIGINAL PAGE (5
OF POOR QUALITY

CALL IBSEND (“IP 20000040:9300+104071‘+-39INSTR)
CALI. XAXUO. 0‘0'0. 0200100 O?l”tO"‘COSo !"u'
. ‘TINE IN SECONDS ‘)
CAL!, YAX(30.94,00.90004:00-30:0¢8¢02,0r~4,4
. ‘DR IN DEC )
740 CONTINUE
Coevs FLOT DATA
TINE - TINEO
Cioes SEY LINE TYPE TO CONTINUOUS LINES
CALL IDSEND (‘LTH’'9=1:%)
DO 003 1A=, IPEND
Ceoee CHECK TO SEE IF CHANNEL I8 MEASUREDS IF NO DON‘T PLOY
IF (Z2(KTo1A).LT.~1,.E9) OO TO 803
TINE = TIME4DELY
IF ((KT.NE.B) . AND.(KT,NE.,9))
. CALL FPLY (TIME'LDOAIN(KT)IEZ(KTo1A)»=-2)
IF (KT.EQ.8) CALL PLY (TINE LDOGAIN(KT)IBUCL(IA)1=2)
IF (KT,E0.9) CALL PLY (TIME LDOAIN(KT)IBU(2:1IA)¢=2)
803 CONTINUE
CALL PEN
Ciees IF CONTROL TYPE PLOT GO TO BOTYOM OF DO LOOP
IF ((KT.,E0.8).0R.(KT.E0.9)) 00 TO 300
TINE = TIMEO
Coeee SET LINE TYPE TO DASHED LINES
CALL IBSEND(’LT2+20'9=1+%)
DO 804 1A=1,IPEND
TIME = TIME+4DELY
CALL PLY (TIME/LDGAIN(KT)SZP(KT 1A)»=2)
804 CONTINUE
CALL PEN
300 CONTINUE
RETURMN
END
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A.9) MINC PLOTTER LIBRARY ROUTINES

Description: The PLTLIB library is a library of sukbroutines
for performing vari: s hard copy graphics commands on the Hewlett
Packard 7225B plotter. These routines are all FORTRAN programs,
and they communicate to the plotter using the IEEE 488 (GPIB) inter-
face bus. The routines IBSEND and IBRECV are the MINC routines for

data output and input, respectively.

Listing:

FORTRAN IV vo2.5-2 Tue 310-Nov=-81 031100156 PAGE 001%

0001 SUBROUTINE PSC (IDD? i
c 10-NOV-B81 :

CO0000000000000004 BUBROUTINE TO B8FT THE GP-IP BPUSE ADDRESS i
CO0000600000000060 COLE YO BE USED FOKR 1/0 FOR PLOTTER COMMANDS ;

———

| COCO0O000000000000 AND TO CLEAR THE ARRAYS USED FOR SPECIAL LABELS i
} 0002 COMMON /ADDRES/ INBTR 1
, 0003 COMMON /XYSCLF/ S8CLP1/,SCLP?2/,8CLP3+8CLFA b
1 0004 DATA INSTR /%/ i
) 00903 DATA SCLFP1,8CLP2/,BCLPI+8CLFA /430,/ 4
l COO00000000000¢20¢ BEY ADDRESB FOR PLOTTER COMMANDS 3
} 0004 IF ((IDD.GT.0) AND,(IDD,LT,.31)) INBYR = IDD ;
| oooe RETURN :
0009 END

FORTRAN 1V vo2,%-2 Tue 10-Nov-81 01303133 PAGE 001
0001 SUBROUTINE PCLR
c 10-NOV-81

COOOTOEd0000000000 BUBROUTINE TO INIT'ALIZE THE PLOTTER
COOONO000000000000 TO 178 DEFAULT STATUS (LEAVING P31 8§ P2 UNAFFECTED)

0002 COMMON /ADDRES/ INSTR
0003 BYTE WESSAB(10)
0004 LOBICALS1 OK/EOS
CO0000000000400000 INITIALIZE PLOTTER
0005 CALL IBSEND C(’DFi‘s=1,INSTR)
COOOO0000004000000 CLEAR ERROR IF ANY EXISY
0006 CALL IBSEND (‘OE$’s=1sINSTR)
0007 CALL IBRECV (MESBA3¢25,INSTR)
0008 ©IPTR .1 -
0009 1END - 10 1
0010 1ERR » INTGET(HESSAG: IPTRs 1ENDOKEOS) ]
0011 IF (IERR.E0.0) RETURN
: 0013 TYPE 10+ 1ERR
- 0014 10 FORMAT(10Xys’HP PLOTTER ERROR NUMBER ‘»13+’ OCCURED. s/
3 . 10X, *BEE PAGE 47 OF MANUAL FOR ERROR DEFINATIONS.’)
s 0018 RETURN
0016 END
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Tue 10-Nov-8] 01307101 PACE 001

SUBROUTINE SCL (X1:X2,Y3,Y2)

10-H0V-081

CO0000000000000000 SUBROUTINE TO SET THME SCALING POINTS PiI AND P2
CO0000000000000000 Y0 BE USED IN DEFININD THE USER SCALE

0002 COMMON /ADURES/ INSTK
* 0003 COMMON /SCALES/ XP1iXP2,YP1,YP2
\ 0004 COMMON /PLOT /7 XRATIOYRATIONXKNST ) YKNST
* 0005 BYTE MESSAG(23)
!, 0006 LOOICALS: OK,EOS
: CO0000000000000000 KEAD POSITION OF Pi AND P2
& 0007  2%2% CONTINUE
3 0008 ENCODE (25,2424, HESSAG(1)) ’ .
X 0009 2424 FORMAT(1A2%)
0010 CALL IBSEND (‘OPb’9o=1¢INSTR)
0011 CALL IBKECV (WESSBAG2S¢INSTR)
[ 0012 IPTRey
0013 IENDe2S
| 0014 1P1X s INTOET(MESSAGIPTR,IEZD)OK+EODS)
r 0018 IF (.NOT.OK) 00 TO 2525
l 0017 IF (OK) IPTR o IPTR4}
0019 IF1Y 3 INTOET(MESBAGIPTR,IENDOK/)E£0S)
| 0020 IF ¢(,NOT.OXK) GO TO 2525
» 0022 IF (OK) IPTR » IPTRéQ
| 0024 IpP2x ® INTGEV(MESBAG)IPTRsIEND+OK,EDS)
0025 IF (.NOT.OK) GO To 2528
0027 IF (OK) IPTR = IPTR4}
' 0029 (337 s INTGET(MESSAG,IPTRsIENDIOKIEOS)
| 0030 IF (.NOT.OK) GO TO 252%
, CO0000000000000000 SET BCALES AND PLOT INFORNATION
, 0032 XNUN ® FLOAT C(IP2X-IPiX)
’ 0033 YNUN » FLOAT (IP2Y-1P1Y)
0034 xP3 . X3
’ 003S Xp2 = X2
‘ 0036 YP3 U T
0037 YpP2 = v2
' 0038 XRATIO = XNUM/(XP2-XP1)
| 0039 YRATIO = YNUM/(YP2=-YP1)
0040 XKNST ® FLOAT(IPIX)=XPI8XRATIO
0041 YKNST ®» FLOAT(IP1Y)-YPISYRATIO
COCO00000000000000 SET INPUT WINDOW TO DEFAULT VLALUE
, 0042 CALL IBDSBEND (“IWI’s=1¢INSTR)
0043 RETURN
0044 END
]
:
) FORTRAN IV v02,5-2 Tue 10-Nov-81 01309:42 PASE 001
0001 SUBROUY INE ™EN
) t 10-NOV~-81
CO0000000000000000 SUBROUTINE TO RAISE PEN
0002 COMMON /ADDRES/ INSTR
- CO00Q0800000000000 RAISE PEN
' 0003 CALL IBSEND(‘PUI’ s~y INSTR)
: 0004 RETURN
i 000S END

e ey
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* FORTRAN IV vo2.%-2 Tue 10-Hov-81 01136304 PAGE 001

0001¢

SUBKOUTINE PLT (XCORD,»YCOKD, 1)
c 10-NOV-81
Co000000000000000¢ SUBROUTINE TD PLOT THE USER X»Y COORDINATE
COs000000000000000 SPECIFIED (AFTER CONVERTING Y0 ABBOLUTE UNITS)
CO00000006006000008 UNDER UBER PEN CONTROL

. 0002 COMMON /ADDRES/ INSTR
> 0003 COMMON /PLOT / XRATIO»YRATIOXKNST,YKNST
. 0004 HYTE MESSAG(2%)
- CHOOLO00000000000¢ CHECK WHMETHER I 16 AN EVEN DR ODD INTEGER
' 0005 1{3 ® (1/72)%2
] COe00008008000000¢ IF 1 > O3 THEN CHANGE PEN BEFORE MOVING
: 0006 IF ((1.67.0).,AND.(1.EQ.1E)) CALL IBSEND ¢’PDI’s=1+INSTR)
0008e IF ((1.67.0).AND,(I.,NE,IE)) CALL IBSEND (‘PUI’»=1sINSTR)
COOO00000000608008 FLOT XoY DATA
0910 XSCL = XCORDEXRATIO+XKNST
| 0011 vSCL = YCORD*YRATIO+YKNST
| 0012 IF (XSCL.L1.32767,) GO 10 500
‘ 0014 TYFE 998
| 0019 998 FORMAT(’ X-+2INT I8 TO LARGE YO PLLT’)
0016 RETURN
0017 500 CONTINUE
* 0018 If (YSCL.LT.32767., GO TO 501
; 0020 TYFE 999
» 0021 999 FORMAT(’ Y=-POINT IS TO LARGE TO PLOT’)
0022 RETURN
0023 501 CONTINUE
| 0024 IXscL n XSCL
0025 1YSCL = YSCL
, 0026 ENCODE (25,1000, MESSAB(1)) ‘PA ’ [ ’
. 0027 1000 FORMAT(1A2%)
) 0028 ENCODE (591001 yMESSAG(3)) IXSCL
! 0029 1001 FORMAT(IS)
0030 ENCODE(5,1001+MESSAG(9)) 1YSCL
' 0031 rAcl IBSEND (MESSAG: 14+ INSTR)
| COP000808000000008 IF I < OF THEN CHANGE PEN AFTER MOVING
{ CH8000000000000008 IF I >= 0} NO CHANGES ARE MADE MERE
0032 IF (1.6E.0) RETURN
0034 IF (I1.EQ.IE) CALL IKSENU (‘PD#‘o=1,INSTR)
0036 IF (I1.NE.IE) CALL IBSEND (‘PUt‘r=3INSTR)
0038 RETURN
] 0037 END
]
r
FORTRAN IV vV02.5-2 Tue 10-Nov-81 01:21:56 PAGE 001
) 0001 SUBROUTINE IPLT (XINC»YINC/I)
c 10-NOV~-81
' Ces08404¢4848¢000¢ SURROUTINE TO PLOT THE USEK DELTA X»Y COORDINATE
4 CoO68644400000¢40¢9 SPECIFIED (AFTER CONVERTING TO ABSOLUTE UNITS)
‘ CEs80¢¢04000004000 UNDER USER CONTROL OF FEN
l 0002 COMMON /ADDRES/ INSTK
L 0003 COMMON /FLOT / XRATIO»YRATIOXKNST»YKNST
0004 BYTE MESSAG(2S5)
CE060600840008040¢ CHECH WHETEMR T IS AN EVEN OR ODD INTEGER
0005 1€ s (1/72)%2
CEO800080006000000¢ IF 1 > O THEN CHMANGE PEN BEFORE MOVING
' 0006 IF ((1.6T.0).AND.(31.EQ.IE)) CALL IHSEND (’PIs‘s=1sINSTR)
. 0008 IF (C(I.67.,0).AND,(I.NE.IE)) CALL IBSEND (‘PUS‘vr=1,INSTR)
: CESREESEREAREREREN PLOT DELTA XsY DATA
F. 0010 XSCL = XINCXXRATIO
X 0011 YSCL r YINCXYRATIO
0012 IF (XSCL.LT.32767.) GO TN 500
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0014 TYFPE 998
0013 998 FORMAT(’ X-POINT IS YO LARGE TO0 PLOT")
001¢ RETURN
0017 500 CONTINUE
0018 IF (YSCL.LT.32767.) GO 70 50!
0020 TYPE 999
0021 999 FORMAT(’ Y=POINT I8 70 LARGE TO PLOT’)
0022 RETURN
0023 801 CONTINUE
0024 IX8CL s XSCL
00235 1YsCL = YSCL
0026 ENCODE(2%5,1000) MESBAG(1)) ‘PR ’ ' ‘
0027 1000 FORMAT(1A2%)
00286 ENCODE (5.1001,MESBAG(3)) IXSCL
0029 1001 FORMAT(IS)
0030 ENCODE (5,1001,MESBAB(?)) 1YSCL
0031 CALL IBSEND (MESSAGr14+INSTR)
COCO00000000000000 IF 1 < O THEN CHANGE PEN AFTER MOVING
COse0080000000006¢ IF I >= 0} NO CHANGES ARE MADE HERE
0032 I (1.6E.0) RETURN
0034 IF (1.EQ.1E) CALL IBSEND (’PDI’s=1/+INSTR)
0036 IF (J.NE.1IE) CALL IBBEND (‘PUI’»~1+INSTR)
0038 RETURN
0039 END
FORTRAN IV vo2.5-2 Tue 10-Nov-B3) 01:23:29 PAGE 001
0001 SUBROUTINE OFS (XINC,»YINC)
c 10-NOV-81
Cosd0800000046008¢ SURROUTINE TO OFFSEY THE ORGIN FROM ITE PRESENT
Coosottotsdosessts LOCATION TO A NEW LOCATION BY THE DELTA INCREMENTS
0002 COMMON /SCALES/ XF1i1XP2:YP1sYFP2
Cos00080000000¢6080 ADD INCREMENTS TO SCALES AND CALL SCL ROUTINE
0003 X1 = XP1-XINC
0004 X2 = XP2-XINC
0003 Y1 = YP1=-YINC
0004 Y2 = YP2-YINC
0007 CALL SCL (X19X2,Y1»Y2)
0008 RETURN
0009 END
FORTRAN 1V v02,5-2 Tue 10-Nov-81 01:27!58 PAGE 001
0001 SUBROUTINE LBL (ARRAY)
c 10-NOV-83
Ceee0008840¢84400¢ SURROUTINE TO LABEL CHARACTER ARRAYS ON THE
CoO00800000080¢08¢8 PLOTTER AT ARBITRARY X»Y LOCATIONS
0002 COMMON /ADDRES/ INSTR
0003 BYTE MESSAG(BA4)»ARRAY(B0)
0004 DATA MESSAG /Bax’ '/
CeOse¢000¢04000888 COPY LABEL INTO NMESSAG
0005 D0 20 I=1,80
0006 MESSAG(1I+42) = AR AY(D)
0007 20 CONTINUE
COeO0040000000080¢ CHECK LAREL FOR ALL BLANK CHARACTERS
0008 ’ 00 21 1=1.80
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0009 IF (ARRAY(I).NE.’ °) GO YO 22
00113 21 CONTINUE
COO00000000000008¢ TO GET HERE ALL CHARACTERS MUST BE BLANK
COO000000000000000 THEREFORE EXIT EARLY
0012 RETURN
0013 22 CONTINUE
COeese00004600000090 PAD STRING TC GET 84 CHARACTERS
0014 CALL STRFAD(MESSAGB4)
COO0CE000000600004 NOVE LABEL TO FRONT OF ARRAY IF IT 16 NOT THERE
0019 43 CONTINUE
0016 IF (MESBAG(3).NE.’ ‘) B0 TO 44
0018 DO 4% I1Cw3,83
0019 MESSAG(IC) = MESBAG(IC+1)
0020 A% CONTINUE
0021 MESSAG(BA) = ¢ ¢
0022 GO T0 43
0023 44 CONTINUE
COOOO000000¢00000¢ FIND FIRST NON-BLANK CHARACTER LOOKING FRO#M THE
COOLa000000000004¢ BACK TO THE FRONT (THIS BECOMES THE LAST CHAK)
0024 I1SAVE = 80
002% 0O 10 1=1,80 =
0026 IF (MESSAG(B3-1).E0.’ ‘) GO TO 10
0028 1SAVE = 81-1
COOOEE000400004008 LEAVE LOOFP EARLY SINCE NON-BLANK IS FOUND
0029 GO 7O 13
0030 10 CONTINUE
0031 13 CONTINUE
CONOP000C400000009 ADD LABEL INSTRUCTION TD MESSAG
0032 ENCODE(2/+1000+MESSAG(1)) ‘LE’
0033 1000 FORMAT(1A2)
COSO0GEE040000008¢¢ ADD TERMINATION CHARACTER TO LABEL
0034 MESSAG(ISAVE+3) = 3
0035 MESSAG(ISAVE+A) n ¢
0036 1SAVE = ISAVE+4A
0037 CALL IBSEND (MESSAG»ISAVE»INSTR)
0038 RETURN
0039 END
FORTRAN IV v02,5-2 Tue 10-Nov-81 01329132 PAGE 001
0001 SUBROUTINE €SIZ (HsAR»ADR+SL)
C 10-NOV~-B1
CHss80608¢4060008¢ SUBROUTINE TO SPECIFY THE SIZE AND SHAPE OF CHAR
0002 COMMON /ADDRES/ INSTR
0003 LOGICALX1 OK+EOS
0004 BYTE MESSAG(25Y
0005 DATA DGR /57.29578/
COOO000000000000¢0 CONVERT ANGLES TO RADIAN UNITS
0006 AORR = AOR/DGK
0007 SLK = SL/DGR
CHISOOE04000L80028¢ READ POSITION OF P1 AND P2
0008 2525 CONTINUE
0009 ENCODE(25,10000,MESSAG(1)) * ’
0010 1000 FORMAT(1¢25)
0011 CALL IBSEND (’0OF§’;~=19INSTR)
0012 CALL IBRECV (MELH5AG22%9 INSTR)
0013 IPTR=1
0014 1END=2S
0015 IP1X = INTGET(MESSAGs IFTRe IEND»OK»E0S)
0016 IF (.NOT.OK) GO TO 252%
0018 IF (OK) IPTR = IPTR41
0020 1P1Y = INTGET(MESSAGsIPTR+IEND+OK+EOS)
0021 IF (.NOT,.0K) GO TO 2525
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0023 IF (OK) IPTR = IFTR+1

0025 1P2X ® INTGET(MESSAGIFTKyJENDOK/EOS)

0026 IF (,NOT.OK) GO TO 2525

0028 IF (OK) IPTR = IFTR¢1

0030 P2y = INTLET(MESSBAG+IPTKsIENDICKIEOS)

0031 IF (,NOT,OK) 6f TO 2523
COOGE00000000 0000 SET SCALES AND PLOT INFORMATION

0033 XNUM < FLOA. (IF2X=-IP1X)

0034 YNUN = FLOAT (IP2Y-IP1Y)
COO000000000000030 CALCULATE PAPER RATIO

003% PR = XNUM/YNOM
COOGO006000000000¢ AS A FUNCTION OF P1 & P2

0034 v _ * (H/AR) /PR

0037 IF (W,BT.127.999) W = 127.999

0039 IF (H.GT.127.999) H = 127,999

0041 ENCODE (25,3000, HESBAG(1)) 8K '

0042 ENCODE (81001 »MESBAG(3)) ¥

0043 1001 FOKMAT(FB.3)

0044 ENCODE (811001 /MESBAG(12)) W

0045 CALL IBSEND (MESSAG»20/INSTR)
COO000000000000000 SET ANGLE OF ROTATION

0046 RISE = 1008SIN(AORR)

0047 RUN = 100%C0S (AORK)

0048 ENCODE (25,1000, HESSAG(1)) ‘DI '

0049 ENCODE (81001 HESSAG(3)) RUN

0030 ENCODE(B8+1001»HESBAG(12)) RISE

0051 CALL IBSEND(MESSAG»20+INSTR)
COOOIE0007,00606000 SET ANGLE OF SLANT

0052 SLK = SIN(SLR)/COB(SLR)

0053 ENCUDE (25,1000, HESSAB(1)) ‘SL '

0054 ENCODE(8,1001/NESSAB(3)) SLR

0055 CALL IBSEND (MESSAG,11sINSTR)

0056 RETURN

0057 END

FORTRAN IV V02,5-2  Tue 10-Nov-81 01131321

00f1 BUBROUTINE CPLT (CWiCH)
c 10-NOY-81
COS006000000046404 SUBROUTINE TO WOVE THE PEN THE NUMBER
COs000000000000000 OF USER SPECIFIED CHARACTER UNITS

0002 COMMON /ADDRES/ INSTR

0003 BYTE MESSAG(25)
COEOO0E00000000040 CALL MOVE ROUTINE

0004 ENCODE (25,1000 MESSAG(1)) ‘CP '

0005 1000 FORMAT(1A25)

0006 ENCODE(8/1001 +MESSAB(3)) CW

0007 1001 FORMAT(FB.3)

0008 ENCODE (811001 /NESSAG(12)) CH

0009 CALL IBSEND (MESSAG» 20+ INSTR)

0010 RETURN

0011 END

cotcdag$ae
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FORTRAN IV v02.5-2 Tue 10-Nov=81 01333:59 PAGE 001 j

'F ¥
? 0001 SUBROUTINE LIM (X10X20Y1sY2) 5
c 10-NOV-81 !

COs000640000000000 SUBROUTINE YO BET THE WINDOW LIMIT POINTE W1 AND W2
COOOO0000000000000 IN USER UNITS (PLOTTING OUT OF LINITS WILL RAISE
COOOE0004000000000 THE PEN)

0002 COMMON /ADDRES/ INSTR i
0003 COMMON /SCALEB/ XP1yXP2+YP1,YP2 j
0004 COMMON /PLOT / XPATIO)YRATIOXKNST,YKNST
000" BYTE MESSAG(26)
; COO060004008000000 DETERMINE LOCATION OF LIMIT POINTS
i 0006 IXu1 = X18XRATID¢XSCL
3 0007 1YW1 * Y18YRATIO#YSCL .
" 0008 CIXM2 = X28XRATI04XSCL ;
0009 1YU2 = Y28YRATIO#XSCL ,
COSO0406000800000¢ INFUT WINDOW LINITS ‘i
0010 ENCODE (2611000, MESSAG(1)) ‘ 1V ’ ’ ’ be :
| 0011 1000 FORMAT(1A2%)
| 0012 ENCODE(S5+1001 s MESSAL(3)) TXWL
’ 0013 1001 FORMAT(1%)
‘ 0014 ENCODE(S»1001+MESSAG(9)) fYul
| 001% ENCODE(Ss1001 /MESSAG(15)) IXW2
0016 ENCODE(5,1001,MESSAG(21)) IYW2
\ 0017 CALL IBSEND (MESB8AGs26sINGTR)
| 0018 RETURN
: 0019 END
;
Y 2
)
, FORTRAN IV v02,5-2 Tue 10-Nov-B1 01337117 PAGE 001
0001 SUBKOUTINE DIG (XCORD,YCORD)
c 10-NOV-81
COO8600040¢40000¢¢ SUBROUTINE TO DIGITIZE POINTS ON THE PLOTTER
0002 COMMON /ADDRES/ INSTR
0003 COMMON /PLOT / XRATIO»YRATIO»XKNSTYKNST ’
0004 BYTE MESSAG(25)
: 0005 LOGICALS1 OK/,EOS
Cees66¢0420200008¢ SET PLOTTER FOR DIGITIZING
0006 CALL IESEND (’DC3’s=-14INSTR)
0007 CALL IBSEND (‘DP#’s~19INSTR)
COs8600000446006680 VAIT FOR DIGITIZED POINT
| 0008 10 CONTINUE
0009 * CALL IEBSEND (’0S5‘’s=1+INSTR)
: 0010 ENCODE (25,1000, MESSAG(1)) * ‘
0011 1000 FORMAT(1A25)
0012 CALL IBRECV (MESSAG/»10,INSTR) i
: 0013 IPTR .3 ;
) 0014 IEND = 10
0015 I8TS ® INTBET (MESSAG)IPTRyIEND»OKsEDS)
0016 If (.NOT.O0K) GO TO 10
r 0018 1STS = IST5/2
0019 18TS = I§7S/2
0020 IRMDR = ISTS-(I1STS/2)%2 :
~ 0021 IF (IKMDR.EQ.0) GO TO 10
COROBO8¢484404408¢ READY FOR DIG POINT i
0023 20 CONTINUE ;
0024 CALL IBSEND (‘CD¥‘s=1,INSTR) ;
0025 CALL IBRECV (MESSAGr14,INSTR)
0026 CALL IBSEND (‘DC#‘r=1+INSTR)
0027 IFTR =1
0028 IEND = 25
_ 0029 IXSCL = INTGET (MESSAGsIPTRsIENDYOKsEOS)
3 0030 IF (.NOT.0K) GO TO 20
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; é 0032 IPTR e IPTR41
r 0033 1YSCL » INTOET (NESSAG/+IPTRsIEND+OKIEDS)
, . 0034 IF (.NOT,OK) GO YO 20 :
% ' 0034 XSCL s FLOAT (IXSCL) :
{ 5 0037 YSCL * FLOAT (1YSCL)

0038 XCORD = (XBCL-XKNST)/XRATIO
: 0039 YCORD s (YBCL-YKNST)/YRATIO ;
: 0040 RE TURN :
tk 0041 END
8 FORTRAN IV v02.5-2 Tue 10-Nov-81 01338149 PAGE 001 ]

0001 SUBROUTINE XAX (P1+P2+P3sP4sPSiP6+P?+PBIPY s XLABEL)

c 10-NOV-B81

Co00000¢¢0000000¢¢ SURROUTINE TO DRAW AN X AXIS AND LAREL IY
CeO000000400800000 ROUTINE TAKEN FROM AN HP-982%5 ROUTINE
CO00400048000080¢ URITTEN FOR THE CESBNA AIRCRAFY CO.

0002 COMMON /ADDRES/ INSTR
0003 COMMON /XYSCLP/ SCLP1+SCLP2+SCLP3+SCLPA
0004 BYTE ARRAY(10)+»XLAKEL(20)
0005 DATA ARRAY /108’ 7/
| COPOOEO00000000000 DEFINE AXES
_ 0006 P15 . L 18P9
‘ 0007 P11 .-, 1RP9
0008 Flé r 0, 3
‘ 0009 SCLPL = P4&-P73P3 :
' 0010 SCLF2 s P6+(FP1-P3)BP7 g
} 0011 HGHY . 40./P2 ,
| 0012 CALL CSI1Z (KGHT$2.,240.40.)
0013 CALL SCL (0.9FP1+0.,P2)
0014 XPLY e F3
0015 YPLT . Pa-P11
0016 CALL PLT(XPLY »YPLY 1)
0017 4 CONTINUE :
0018 10 FORMAT(1PE9.2) ;
0019 11 FORMAT(1F9.0)
0020 12 FORMATCIF9.1)
' 0021 13 FORMAT(1F9,2)
0022 14 FORMAT(IFS,3)
0023 ENCODE (9+10+1ARRAY(1)) P&+P14RPY
0024 IF (ABS(SCLP1).LT7.10000.AND.ARS(SCLPF2).LT.10000)
| «  ENCODE (9+11+ARRAY(1)) P6+PLARPY
0026 IF (ABS(SCLP1).LT.1000.,AND.ABS(SCLP2).LT.1000) ;
: »  ENCODE (9+32,ARRAY(1)) F6+P18%F7 ]
0028 IF (ARS(SCLP1).LT.100.AND.ARS(SCLF2).LT,100) ]
« ENCODE (9+113/ARRAY(1)) P6+PLLRP? '
0030 IF (ABS(SCLPF1).LT.10.AND.ABRS(SCLP2).,LT.10)

| . ENCODE (9¢14,ARRAY(1)) POSPLLRP?
COOeo08¢000800080¢0 MOVE NUMERIC LABEL TO FRONT OF ARRAY

0032 43 CONTINUE
: 0033 IF (ARRAY{1).NE.’ ‘) GO TO 4¢
003% DO 45 IC=1.9
0036 ARRAY(IC) = ARRAY(IC41)
: 0037 4S5 CONTINUE
0038 ARRAY(10) = ¢ '
0039 GO TO 43
0040 44 CONTINUE
COOO0000000000000 FIND THE LENGTH OF THE NUMERIC LABEL
0041 154V =9
0042 DO 666 1A=1,9
0043 IF (ARRAY(10-1A).EG.’ ‘) GO TO 666
0045 184V * 10- 1A

COS00000000008000¢ LEAVE LOOP EARLY
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0046 B0 T0 467
0047 666 CONTINUE
0048 667 CONTINUE
0049 P18 » 1Sav
COO000000008000000 CHANGE THE ABCII CHARACTER *0°* INTO *0°
0050 DO BEB JJU=1+9
0051 IF (ARRAY(JJ).EQ.‘0’) ARRAY(JJ) s ‘O’
0053 868 CONTINUE
3 0054 P17 .0,
- 0053 CALL PEN
2 0056 cw =(P18/2.4.25)
0057 CH . ,75%P9-,2F
00%8 CALL CPLT (CUsCH)
0059 CALL LBL (ARRAY)
0060 cY *-(P18/2.~.25)
0061 CH = ,25-,7S8P9
0062 CALL CPLT (CW:CH)
0063 3 CONTINUE
0044 P16 s P16+t
0065 P17 s P1741,
0066 IF (P36.LE.PS) CALL IPLT (0.,P11+2)
0048 IF (P316.,LE.PS) CALL IPLY (1:00.92)
0070 IF (F16,LE.PS) CALL IPLT (0.+1P15+2)
0072 IF (F17,L7.PB) GO TO 3
0074 IF (FP16.LE.FS) GO TO 4
COs000008000004000 WURITE AXES LABEL
0076 DELX ==, 58P
0077 DELY . 0,
. 0076 CALL IPLT (DELXs»DELYs1)
r 0079 DO & 1=1,20
0080 IF (XLABEL(21-1).EQG.’ ) GO YO0 5
‘ 0082 18AVE = 21-1
| 0083 G0 TO &
) 0084 S CONTINUE
| COOsE6408000000008¢ EXIT LOOP EARLY
008% 6 CONTINUE
0086 P17 = FLOAT(ISAVE)
0087 HB“T = 40.7:°2
‘ 0088 CALL CSIZ (HBHT¢2.2+0.+0.)
0089 cv »P17/2,
0090 CH = (1.758P9-,25)
0091 CALL CPLT (CWsCH)
0092 CALL LEL (XLAREL)
V 0093 IF (SCLP1.LT.SCLP2.AND.SCLP3.LT.SCLPA)
. CALL SCL(SCLP1+SCLP2+SCLP3+SCLPA)
009% RETURN
0096 END
]
1
»
FORTRAN 1V v02.5-2 Tue 10-Nov-81 01:40:58 PAGE 001
] 0001 SUBROUTINE YAX (Pl9P2oP3oPAoPS-vaP7-PBoP9oYLhBEL)
| 10-NOV-81
| ceoooeoooooooooooo SURROUTINE TO DRAW AN Y AXIS AND LABEL IT
- COsOOOOOESC008088 ROUTINE TAKEN FROM AN HP-9825 KOUTINE
COOSEOOESEE00¢8¢08 URITTEN FOR THE CESSNA AIRCRAFT CO.
0002 COMMON /ADDRES/ INSTR
0003 COMMON /XYSCLP/ SCLP1,SCLP2+SCLP3,5CLP4
3 0004 BYTE ARRAY(10)+YLABEL(20)
0005 DATA ARRAY /10%‘ ‘/
CoEe08408608004008 DEFINE AXES
0006 P10 =-,18P9
0007 F14 = .18P9
0008 P16 = 0.
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0009
0010
001}
0012
0013
0014
0013
0016
0017
0018
0019
0020
o021
0022
0023
0024
0029

0027
0029
0031

0033
0034
0036
0037
0038
0039
0040
0041

0042
0043
0044
0044

004?
0048
0049
0030
0051

0053
0054
0054
0057
0058
0039
0060
0061
0062
0063
0064
0065
0066
0047
0048
0049
0073
0073
0075
0077

0079
0080
0081
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Fte s 0.

SCLF3 s Po-F78kA
SCLPA = PO+(P2-PAISP?
HOHT " 40./F2

CALL CS8IZ (HGHT+2.2+0.+0.)
CALL SCL (0. 'P‘OOU IP:)

XPLY = P3-P10

YPLY s P4

CALL PLT (XPLTIYPLT»1)
4 CONTINUE

10 FORMAT(IPED.Q)
13 FORMAT(1F9,.0)
12 FORMAT(1IF9.1)
13 rORMAT(LIFS.2)
14 FORMAT(IF9.3)
ENCODE (9P+310+ARRAY (1)) PAOIPLIORF?
IF (ABS(SCLPI)LTY.10000.,AND,ABS(SCLPA),.LT,10000)
. ENCODE (9911 ,ARRAY (1)) POEPLASP?
IF (ABS(SCLP3I).LT,1000.,AND.ADS(SCLFA4),LT.1000)
. ENCODE (9+12+ARRAY (1)) PO+PLESF?
IF (ABS(SCLPI).LT,100.AND.ABS(SCLPA).LT.100)
. ENCODE (9+13+,ARRAY (1)) PO4PL1OSF?
IF (ABS(SCLP3).LY.10.AND,ABRS(SCLFPA).LT.10)
ENCODE (9+34+ARRAY(1)) PO+PL16RF?
000000000000000000 MOVE NUMERIC LABEL TO FRONT OF ARRAY
43 CONTINUE
IF (ARRAY(1).NE.,’ ‘) GO TO 44
10 45 1C=1,9
ARRAY(IC) = ARRAY(IC+))
43 CONTINUE
ARRAY(10) = '’
G0 YO 43
44 CONTINUE
CO0000000000000000 FIND THE LENGTH OF THE NUMERIC LABEL
I1SAV « 9
DO 666 1Am1.€
IF (ARRAY(10:-1A),.EQ.’ ‘) GO YO 666

15AV = 10-14
CO0002000000000000 [ EAVE LOOP EARLY
6D TO 667

666 CONTINUE

667 CONTINUE
P18 s ISAV
IF (P18.6G7.P19) P19=P18

COO80000000084000¢ CHANGE THE ASCII CHARACTER °*0* INTO *O°

DO 888 JJ=1.9
IF (ARRAY(JJ)JED.’0’) ARRAY(JJ) = ‘0’

888 CONTINUE

P17 =0,

CALL PEN

Cw = (P9R(F18/2.41.)=-P18/2.)
CH =,

CALL CPLT (CWsCH)
CALL LBL (ARRAY)

cu 2-(F10/2.4P92(P18/2.41.))
CH s .3
CALL CFLT (CWsCH)
3 CONTINUE
F16 = Pilé+t.
P17 = P17+41.,

IF (P16.LE.P3) CALL IPLYT (P10+0.92)

IF (P16,.LE.PS) CALL IPLT (0.r1.92)

IF (F16.LE.PDS) CALL IPLT (P14+0.,2)

IF (P17.LT.PB) GO TO 3

IF (P16.LE.PS) GO TO o
Ceoe00000000000438 URITE AXES LABEL

DELX = 0.

DELY ==~ ,58F5

CALL IPLT (DELXsDELY!1)
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0090
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P05 1+1,20
1F (YLABEL(21-1),EQ.’ ‘) GO YO S

I18AVE s 21-1
60 10 6
% CONTINUE _
COCOO000000¢000000 EXIT LDOF EARLY
6 CONTINUE
Fy7 = FLOAT(ISAVE)
Cw = PIR(P1I942.)¢.8
CH = 0,
CALL CPLY (CWsCH)
HGHY . 40,/F2
CALL CSIZ (HOBHT12.2+190.¢0.)
Cu w=-F172/2.
CH = 0,

CALL CPLY (CWsCH)

CALL LBL (YLABEL)

1F (BCLP1.LT.BCLP2.,AND.SCLF3.LT.BCLPA)
. CALL SCL(SCLFP1+8CLF2+8CLF3,BCLFA)
RETURN

END
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A.10 MINC TIMC HISTORY (CRT GRAPHICS)

Description: The SPLOT program is the executive for the CRT
graphics plotting routine. This program reads the measured and
predicted time histories #nd calls SCPLO™ ro display 200 time points
of data on the CRT.

Listing:

FORTRAN IV v02.%-2 Sun 20-Feb-682 03:318:38 PAGE 001

0001 PROOKAM SPLOT
Ceeoo PROGRAM TO PRODUCE SCREEN PLOTE OF LONGITUDRINAL
Cooos AND LATERAL-DIRECTIONAL STATE TIME HISTORIES

0002 COMMON /LABELSB/ ARRAY

0003 DIMENSION 2(7:200)0U(2+200)¢2ZP(7+200)
0004 LOGICAL LONGILATRIEXTRA»MORE

0009 BYTE ARRAY(B0) 9 »ANS/NAME(LS)

0006 DATA LONG+LATRIEXTRA/MORE /A% .FALBE./
00C? DATA TIME /0./

0008 baTA NAME(1S) /0/

0009 100 CONTINUVE
Croos ASK IF LONG hU70-SEOUENCE

0010 TYFE 1
0011 1 FORMAT(’$s10Xs ‘LONGITUDINAL AUTO SEQUENCE? (Y OR M)‘)
0012 ACCEPT 2+ ANS
0013 2 FORMAT(1A1)
0014 IF (ANS.EQ.°Y’) LONG = ,TRUE.
0016 IF (LONG) GO TO 3
Ceoe.s ASK IF LATK AUTO-SERUENCE
0018 TYPE o
0019 4 FORMAT(‘$‘ 210X+ ‘LATERAL-DIRECTIONAL AUTO SEQUENCE? (Y OR N)*)
0020 ACCEFT 2+ ANS
0021 IF (ANS.EG.’'Y’) LATR = .TPUE.
0023 IF (.NOT.LATR) GO TO 100
Coees OPEN INPUT DATA FILES
0028 3 CONTINUE
0026 TYPE S
0027 S FORMAT(’S$‘+10X» ‘ENTER THE MEABURED DATA FILE NAME: /)
0028 ACCEPT 6+ (NAME(I)sIm1)r14)
0029 6 FORMAT(14A1)
0030 OPEN (UNIT=1sNAME=NAME»TYFPE='OLD’ »ACCESSs‘SEQUENTIAL s
. READONLY + BUFFERCOUNT=2,FORM=*UNFORMATTED )
C.oseo CHECK FOR EXTRA DATA
0031 TYPE 8 =
0032 8 FORMAT(’$°,10Xs ‘DOES THE FILE CONTHIN EXTRA DATA? (Y OR N)*)
0033 ACCEPT 2+ANS
0034 IF (ANS.EQ.’'Y*) EXTRA = ,TRUE.
Ceses CLEAK OUT OLD DATA FILE NAME
0036 DO 10 Isi,14
0037 NAME(I) = ¢ ¢
0038 10 CONTINUE
0039 TYPE ?
0040 7 FORMAT(’'$‘,10X»"ENTER THE PREDICTED DATA FILE NAME: %)
0041 ACCEPT &1 (NAME(I) o Im1,14)
0042 OPEN (UNIT=2/NAME=NAME TYPEw‘OLD’ »ACCESS=‘SEQUENTIAL
. READONLY » BUFFERCGUNT«2,FORM= UNFORMATTED )
0043 25 CONTINUE
Cesee EMPTY ARRAYS
0044 DO 26 11=1,200
0049 DO 27 1J=1,7
0044 Z(IJe1D) = O,
0047 ZP(1JeI1) = O,
0048 27 CONTINUE
0049 UC1sI1) = 0,

199




T

.
EA

0078
0080
0081
0082

0083

00684
0089
0086
0087
0068

ST IR E RTINS S T EE R s T T

o~
e i en e

GE 1S

it PA
ORICI? LY

OF POCR QUA

V(2+11) = 0.
26 CONTINUE
Civee READ DATA INTO ARRAYS
DO 1000 J=1,200
JEND = U

IF (LONG) READL (3+END=I )00) ZCA1)22C1oe) 02200020 A 1DolUlLod)e

. AMSYANT7 1 AMB AN AN 0 ANL L
IF (LONG.ANJ.EXTRA) READ (3 +ENDS2000) 2(200)02(39)02(D0Jd)
. AMLIGANL 6 ANL 7
IF (LONG) U(2,J0) = 0,
IF (LATR) READ (1+END=2000) AMLIsAN2/ANIIANAIANS»Z (A1 J)12(20 )y
. (700102 20009010 d) U2, )
IF (LATR.ANDLEXTRA) READ (1.END=2000) AMI2sANLIIsAMIA»2(30d)
’ TR AY XL
1000 CONTINUE
Cioee BET MORE EQUAL TO TRUE
MORE = ,TRUE.,
2000 CONTINUL
Coves BET THE INITIAL CONDITIONS ON STATES
IF (TIME.NE.O.) GO TO 1988
DO 1999 Jei,?
ZP(Jrl) & (Z(Je1)42(J92))72,
IF(Jr2) & (2(Jed)42(Jr2))/2.
1999 CONTINUE
1968 CONTINUE
DO 2001 J=3y)JEND-1
READ (2) (ZP(1ArJ)r 1A=L)
2003 CONTINUE
Cosse FPLOY DATA
CALL SCPLOT(Z+2ZP+UsLONBILATR)
Ceose IF MORE I8 TRUE DISFLAY CHANGE PAPER
Ceoes AND GET KEADY FOR MORE DATA
IF (.NOT.MORE) GO YO 353%
TYPE 2528 "
2525 FORMAT('$’»10Xs»'MORE DATA ON FILE! (CONTINUE WHEN READY) ')
ACCEPT 2,ANS
Ceeee RESET MORE DATA FLAG
MORE = .FALSE.
Ceees INCREMENT THE TIME COUNTER BY 20, SEC
TIME = TIME+20,
G0 TO 2%
3538 CONTINUE
STOF
END

Subroutine SCPLOT

Description: The SCPLOT sukr~utine plots either a set of

longitudinal or lateral-directional time history traces.

Listing:
FORTRAN 1V vo2,5-2 Sun 28-Feb-82 03319313 PAGE 001
0001 SUKKOUTINE SCPLOT(Z+ZP+UsLONGILATR)
0002 COMMON /STATUS/ ISTAT(16)
0003 COMMON /FIVEA/ DATA:SAIN
0004 DIMENSION IARKAY(512)
0005 DIMENSION GAINC(9),GAINI(9) 1 GAIN2(S)
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0506
0007
0008

0009

0010
0011

0012
0013

0014
001¢
0017
0018
0019
0020
0022
0023
0024
0023

0026
0027
0028
0029
0031

0033
0034
0035
0036
0037
0038
0039

0040
0041
0043
00435
0047
0049
00350
0051
0052
0053
0054
0055
00546
0058

OO0 0000000

Coonn
Coses

421
411

422
402
c....

c.'..

110

CDOOI

130

TR T T
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DIMENSION Z(7,200)92P(7+200)9,U(2+200)
LOGICAL LONGILATE

BYTE ANS

THE REOUIRED SUBKOUTINES ARE:

PLOTSO, INITY AND ORAPH

DATA I8TAT /1680/

- _Q'Zﬂw

DATA GAINY /134.6+114.61143:2147,7128.6128:6+300.+143,2/,143,2/

UATA OAIND /7114.602:99343.2+95,5:¢28.613004025.9343.200./

JIARRAY(3) = O
1AKRRAY(3) » O

LONGITUDINAL
1. P1TCH KATE =~ 2% DEG/SEC
2. AIRSFPEED - 20 FY/SEC

3. ANOLE OF ATTACK - 20 DEG

A, FITCN ATTITUBE - 30 DEG

. PITCH KATE ACCEL. - 100 DEG/SECSS?2
6. LONGITUDINAL ACCEL. - .5 G

7. NORMAL ACCEL. - 20

8. ELEVATOR PSN. - 20 DEG

9. S 88  (BLANK)

LATERAL DIRECTIONAL

1. ROLL RATE - 2% DEG/SEC

2. YAW RATE - .5 DEG/SEC

3. SIDESLIP ANOLL - 20 LEG

4. BANK ANGLE - 60 DEG

5. ROLL KRATE ACCEL. - 100 DLEC/BECES?2
6. YAW RATE ACCEL. =~ 100 DEG/SECSS®2
7. LONGITUDINAL ACCEL. - .5 G

8. AILERON DEFLECTION - 20 DEG

9. RUDDEK DEFLECTION - 20 DEG

IF (LONG) GO TO 411

DO 421 =19

GAIN(I) = BAINI(D)

CONTINUE

CONTINUE

IF (LATR) GO T0 402

DO 422 1=1,9

GAIN(1) = BAIN2¢1)

CUNTINUE

CONTINUE

8ET UP DO LOOP

DO 2525 LL=1S

KT = LLE2-1

KD = LL®2

IF (KB.EQ.10) KE » ¢

IF (LONG.AND.LL.EQ.Z) GO YO 2529
CLEAR CRT AND FORM GRID FOR PLOTTING
CALL INIT

CALL PLOTSS(2,142432+84412089/,18TAT)
DO 110 Ku39235+50

CALL PLOTSS(4s1+K=1+15TAT)
CONTINUE

CAaLL PLOTSS (49102290 1ISTAT)

CALL PLUTSS(S5+0+1+18TAT)

DO 130 1=1,200

IF(KT.LT.B8) IARRAY(2%]) = Z(KT+]1)XBAIN(KT)+150
IF(KT.GE.B8) IARRAY(2%1) = U(KT=7»1)SBAIN(KT)+150
IF(KB.LT.8) IARRAY(2xI-1) » Z(KBsI)SCBAIN(KE)450
IF(KB.GE.B) IARRAY(2%1-1) = U(KE=7/,]1)8GAIN(KB)+50
CONTINUE

CALL PLOTTS5(9+20+2,18TAT)

CALL PLOTSS(12s9'% & 8 TIME HISTORIES % % % ‘', ISTAT)
CALL PLOTS5(9+¢50,4,1STAT)

CALL PLOTSS(12,9’ MEASURED DATA ’»ISTAT)

CALL GRAPH(A00+JARRAY)

PO 140 1=1,200

IF (KT.0E.8) GO 10 131

IARKAY (28]1) = ZP(KTyI)EBAIN(KT)I4150

201

S sl S " <




?
L

00%9
0060
0062
0063
0064
0069
0066
0067

0068
0069

0070
0072

0073
0074
0074
0078
0080
0082
0084
0086
08
0090
0093
0092
0093
0093
0097
0099
0101
0103
0109
0107
0109
0110
0111
0112
0113
0114
03119
0116
0117
0118
0119
0120
0121
0122
0123
0124
012%

0127
012¢

0130
0131
0132
0134
0136
0138
0140
0142
0144
0146
0148
01350
0151
01352
0153

131

132
140

cl.ll

610

601
602
603
604
509
606
607

608
640

coooo

499
Covone

710

ORICINAL PACE (3
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CONTINUE

IF (h§.0C.8) GO YO 132

TARKAY (281-1) = ZP(KBs1)S0AIN(KE) 950
CONTINUE

CONT INUE

CALL PLOTZS(9+50,4) IBTAT)

CALL PLOTSS(12+,‘ ESTINATED DATA’,ISTAT)
CALL ORAPH(400+ IARRAY)
CALL FLOTSE(9+50,4,18TAT)
CALL PLOTSS(12+0° Ck_WHEN KEADY ' +ISTAT)

- - e e e e = -

- . e s @ - - - . e s e ® e w e e o=

KFLAGY = 0

LONGITUDINAL LABELS

CALL FLOTSS5(9+50+6+ISTAT)
IF(KT.EQ.1) GO TD 601

IF(KY.EQ.2) GO YO 602

IF(KY.EQ.3) GO 1O 603

IF(KY,.EQ.4) GO TO 404

IF(KT.EQ.8) GO T0 60%

IF(KT.EQ. &) GO TO 6066

IF(KT.EG.?) GO0 TO 6407

IF(KY,EQ.8) GO TO 608

CONTINUE

KFLAGY = 1

Call PLOTSS(9:50+16,ISTAT)
IF(KB.EQ. 1) GO YO 601

IF(KB.EO.2) GO TO 602

IF(KK.EQ.3} GO 70 603

IF(KB.,ED.4) GO TO 604

IF(KB.,EG.3) GO YO 405

IF(hB.EQ.6) GO TO 406

IF(KB.EOQ.7) GO Y0 607

IF(KB.EO.B) GO TO 6086

CALL PLOTSS($2+»° O 4/~ 25 DEG/SEC
00 TO 640

CALL PLOTSO(12v9° V.  4/- 20 FEET/SEC
GO TO 640

CALL PLOTSS(1200’ ALPHA ¢/
00 TO 640

CALL PLOTSS5(1290’ THETA +/- 30 DEC
G0 TO 640

20 DEG

‘e18TAT)
‘+18TAT)
‘21BTAT)

‘2 18T7AT)

Cotl PLOTSS(12+9° O DOT 4/- 100 DEG/SECE82’»18TAT)

60 T0 440
CALL PLOTSS(312+9’ AX 4/- .5 G
60 T0 640

CALL PLOTSS(12+s' AN 4/- 2 8
GO TO 640

CALL PLOTSS(3290’ DE +/- 20 DEG
CONTINUE

IF (KFLAG1.E0.0) GO YL 610

G0 TO END OF LOOF

IF (LONG) GO TO 75%

CONTINUE

LATERAL DIRECTIONAL LABZLS
KFLAG2 = ¢

CALL PLOTSS(9+50+46+ISTAT)
1IF(KT.EQ.1) GO TO 701
IF(KT.EQR.2) BO TO 702
1F(KT.EQ.3) GO TO 703
IF(KT.EP.4) GO 7O 704
IF(KT.EQ.5) GO TO 70%
IF(KT.EQ.6) BO TO 706
IF(KT.EQ.7) GO TO 707
IF(KT.EQ.B) GO TO 708
IF(KT.EQ.9) GO TO 709
CONTINUE

KFLAG2 = 1

CALL PLOTSS(9+50+16+ISTAT)
1F(KB.EQ.1) GO TO 791
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01%% 1F(KK.ED.2) GO T0 702
0157 IF(KB.ED.3) GO TO 703
0159 IF(KB.EG.4) BO YO 7¢4
0161 IF (KB.EQ.S) GO TO 70%
0163 IF(KB.ED.6) GO YO 706
0163 1F(KB.EQ.7) GO YO 207
0167 IF(hK.ED.8) 0O TO 708
01649 IF(KB.EQ.¥) GO TO 709
01714 701 CALL PLOTSS(12¢9’ F  4/- 2% DEG/SEC
0172 G0 T0 740
0373 702 CALL PLOTSS(12s9’ K 4/- 2% DEG/SEC
0174 00 10 740
017% 703 CALL PLOTSS(12,0' BETA 4/~ 20 DEC
0176 G0 10 740
0177 704 CALL PLOTSS(312,v‘ PHI ¢/- 60 DEG
o178 80 10 740
0179 705 CALL PLOTSS5(12s+‘ P DOT 4/- 300 DEG/SECES2
01900 GO 10 740
o181 706 CALL PLOTSS(32,0’ K DOT 4/- 100 DEG/BECSS2
0182 GO TO 740
0183 707 CALL PLOTSS(12+0’ AY ¢/- .S G
0164 GO T0 740
0185 708 CALL PLOTS%(12.9’ DA 4/- 20 PEG
0186 GO 10 740
0187 709 CALL PLOTSS(12s¢° DKk 4/~ 20 DEG
0188 740 CONTINUE
0189 IF(KFLAG2.E0,0) GO TO 710
01%i 751 CONTINUE
0192 ACCEPT 1BOsANE
0193 180 FORMAT(AL!
0194 CALL INIT
Ceeve BOTTOM OF LOOP
0195 2525 CONTINUE
0196 CALL PLOTSS(2:512,14244432464,16TAT)
0197 CALL PLOTSS(0s-3+0/s18TAT)
0198 RETURN
0199 END
Subroutine INIT
Description: The INIT subrotv~ine initializes the common

block array /STATUS/ ISTAT(16) for use in the PLOT55 graphics

ORIGINAL £y o
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Sun 28-Feb-82 0331957

routines.
Listing:

FORTRAN IV v02,5-2
00014 SUBROUTINE 1%{7T
0002 COMMON/STATUS/ISTAT(16)
0003 DATA ISTAT/1689/
0004 CALL PLOTSS(13,72+218TAT)
0005 CALL PLOTSS(13+74»+18TAT)
0006 CALL PLOTSS(2+14522+418TAT)
0007 RETURN
0008 END
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Subroutine GRAPH

Description: The GRAPH subroutine plots the actual data to
the VT 105 CRT. It uses a MINC software package called PLOTS5S.

Listing:
FORTRAN IV v02.5-2 Sun 28-Feb-82 03:20:39 FABE 003
0001 SUBKOUTINE GRAPH(N)1ARRAY)
0002 COMMON/STATUS/ISTA™ (16)
0003 L AENSION 1ARRAY(5§2)
0004 NUMEER=ISTAT(8)/8
0005 CALL PLOTSS(7+0+0+1STAT)
0006 CALL PLOTSS(B+512+041I8TAT)
0007 CALL FLOTSS(2»1+4(NUMBER+1)%2, (NUNBER41)K109ISTAT)
0008 CALL PLOTSS5(3s-N»JARRAYSISTAT)
0009 CALL FLOTSS(1+1-NUNKER,»ISTAT)
0010 CALL PLOTSS5(9+10:1+18TAT)
0c11 END
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' A.11) MINC DATA TRANSFER (MINC TO MAINFRAME)

Description: This routine allows crude use of the MINC computer

-

as a smart terminal. It is used to transfer files to a mainframe

{ computer.

BT T T T ST (R TRy T .
B . Bt

Listing:

FORTRAN 1V vo2,5-2 Sun 03-Jan-82 11350146 PAGE 001

G TTpT—
w . P
o R ¥

0001 PROGRAMN RS232

Ceoss MINC PROGRAM TOD TALK TO THE HONEYWELL COMPUTER
Ceoes WRITTEN BY ROBERY CLARKE

0002 DIMENSION 1ADDK(4)
C.ovo DIMENSION CHARACTER ARRAYS FOR INPUT AND OUTPUT
0003 BYTE NAME(15)+SAVE(30000)sLINE(132) »CHARIN,CHAROT f
0004 LOGICALS1 RECEIV)NISKOT ;
C.ooo SET RECEIVE FLAG TO FALSE :
| 0005 DATA RECEIV /.FALSE./ ﬁ
| Covvos SET DISK OUTPUT FLAG TO FALSE :
, 0906 DATA DISKOT /.FALSE./
, Coves INITIALIZE ARKAYS
0007 DATA SAVE /30000%0/
; 0008 IATA NAME /15807
| 0009 DATA LINE /13280/
) Covse START PROGKAM
’ C.... THIS PROSRAM READS FROM SLUO
Cievv (300 BAUD, EVEN PARITY: 7 DATA & 2 STUP)
| Coves SET TT FOR SPECIAL READING
Coeoe SET BITS 12, 13, AND 14 OF JSM
Covev (NO LOCAL ECHO AND LOWER CASE INABLED)

)
E Ciees SET UP INTEGER ARRAY FOR DEFINING COMMUNICATION USING SLUO

0010 CALL IPOKEB (°4%5,112)
Cioo. SET BIT 6 OF JSW (NO WAIT FOR TT “NPUT)
0011 CALL IFDKEB ("44,064)

Ceevs TERMINAL 15 NOW SET UP TO READ IN ABNORHAL FORMAY

' Ceoos THE PROGRAM CAN GO OUT AND LOOK FOR A CHARACTER WITHOUT
C.evs GOING INTO A WAIT STATE IF ONE 18 UNAVAILABLE
Cieee ATTACH THE INPUT PORT AND CHECK FOR ERRORS

0012 4 CONTINUE

0013 1ERR = MTATCH(1)

0014 IF (IERR.NE.O) YYPE 998, JERR

0014 IF (IERR.NE.O) GO TO o

0018 998 FORMAT (‘ERROR IN SETTING UP PORTS ERROR NUMBER = ’,12)

0019 S CONTINUE

0020 . T1ADDR(1) = *50100

0021 IADDR(2) = 0

0022 1ADDR(3) = 0

0023 1ADDR(4) = 0

0024 1ERR = MYSET(1,1ADDR(1)) 3
I 0025 IF (1ERR.NE.O) TYPE 998, IERR ;
: 0027 IF (IERR.NE.O) GO YO S

0029, TYPE %y’ TERMINAL IS SET UP WITH NO ERRORS’

i : Cevss RS232 FORT IS SET UP (SLUO) WITH CORRECT BAUD RATE AND
Ceevs DATA COMMUNICATION PARAMETERS

Ceoss THE PURT IS ALSO SET UP TD SAMPLE WITHOUT GOING INTO
Coves WAIT STATES IF NO DATA HAS BEEN SENT

e
Tre—

. Ceveeeo TOP OF LOOP FOR DATA COMMUNICATION

= 0030 2525 CONTINUE

S | Ceess LOOK FOR KEYBOARD INPUT

: . 0034 1vaL = ITTINR()

\ i 0032 IF (IVAL.LT.0) GO TO 100 i
205
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0034 CHARIN s JVAL
1 Ci>ve CHECK FOR SPECIN! ACTION KEYS !“R! RECEIVE INPUY DATA) )
003% IF (IVAL.E0.18) RECEIV = ,TRUE.
0017 IF (IVAL.EQ.18) IBAVE = j
0039 1F (IVQL.EO.IB) TYPE 2001

0041 2001% FORHAT(' v/o'tttll HONEYWELL INPUT BUFFER OPENED 38888’/
‘$/yINPUT FILE NAME FOR HONEYMELL DATA FILE: )
0042 lF (IVAL.EO.18) ACCEPT 2002 (NAME(I)y»1si,s14)
0044 2002 FORMAT(14A)1)
C.... DOPEN OUTPUT FILE

v WF*N;

0043 IF (IVAL.EO,18) OPEN (UNIT=1sNAME®NAME, TYPEs'NEW’, ?
X . ACCESS='SEQUENTIAL‘ +FORN®‘FORMATTED o
1 BUFFERCOUNT«2/+DISPOSE=‘BAVE ' +RECORDSIZE=132)
- 0047 "IF (1vaL.E0.16) 60 YO 100
. Covew ("It MINC DIBK DUMP OF HONEYWELL DATA)
. 0049 IF (1VAL.EQ.4) RECEIV = ,FALSE.
.. 005 IF (IVAL.EG.4) TYPE 2003
0053 2003 FORMAT(’ ‘»/s’us88% HONEYWELL DATA RUFFER OUTPUT TO DISK Bxs&x’)
0054 IF (IVAL.EQ.4) DISKOT = ,TRUE.
0054 IF (1vaL.EG.4) GO TO 100 :
Coess (7T! MINC FILE OUTPUT TO HONEYNELL) ;
0060 TYPE 2004 ;
0061 2004 FORMAT(’ ‘+/¢'w8%88 MINC DATA FILE TO HONEYUELL SEREK’,/» 1

t

}

i 00358 IF (IVAL.NE.20) GO TO 2050 !
i ‘8’9 INPUT FILE NAME FOR MINC DATA FILE: ) .

! 0064 2007 CONTINUE

0062 ACCEP? 2002, (NAMEC(I)oI=1,14) :
2063 OPEN (UNIT=2,NAMESNAMETYPE='OLD ' 4
. ACCESS='SEQUENTIAL ' +FORN='FORMATTED E
. BUFFERCOUNT=1 »READONLY) ;

‘ Ceeve READ LINE FROM INPUT FILE
00465 READ(2+2005/,END=2009) (LINE(I)s1w1,132)

f 0066 2005 FORMAT(132A1) :
C.oeo FIND END OF LINE " ;
) 0047 PO 344 JU =1,132 ;
| 0068 ILEN = §33-1V :
| 0049 IF (LINEC(133-IU).NE.’ ‘) GO YO 345 ;
0071 344 CONTINUE ;
0072 345 CONTINUE ;
Coevs SEND LINE TO HONEYWELL :
C.vss BEND CR/LF TO HONEYWELL FIRST :
0073 1 = ITTOUR(10) :
0074 1 = HTOUT(1010) o
, 0075 1 = ITTOUR(13)
0076 1 = MTOUT(1+13)
Cooos SEND 15 BLANKS
0077 DO 66 IUe1s1S
0078 DO 47 1U2=1,200
0079 v s ABS(FLOAT(IU2)) :
0080 67 CONTINUE
0081 1 = M1OUT(1,32)
0082 66 CONTINUE
0083 DO 2006 Je=isILEN
C.... BUILD WAIT LOOP ]
00084 DO 2020 IWAIT=1,200
0083 v = ABS(FLOAT(I))
0084 2020 CONTINUE
0087 CHARIN = LINE(J)
0086 1 = ITTOUR(CHARIN)
0089 1 = MTOUT(1+CHARIN) ;
X 0090 2006 CONTINUE 4
0091 GO TO 2007 N
0092 2009 CONTINUE ;
Ceose END OF FILE IS FOUND \ ]
# Coeos CLOSE FILE ;
ey 0093 CLOSE (UNIT=2)
. Coees SEND LAST LINE OF INPUT TO WONEYMELL .
Ceveo SEND CR/LF TO MONEYWELL FIRST ;
0094 1 = ITTOUR(10)
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0099 1 s MTOUT(1+10)
0096 1 = ITTOUR(ID)
0097 1 = MTOUT(1+33)
0098 DO 2010 Jsiel
0099 DO 2021 IWAIT=1,200
0100 W = ARS(FLOAT(I))
0101 2021 CONTINUE
0102 CHARIN = LINE(J)
0103 1 * ITYOUR(CHARIN)
0104 1 = MTOUT(1,CHARIN)
010% 2010 CONTINUE
0106 80 YO 100
0107 2050 CONTINUE J
C. s 00 SENI‘ CN“R“CTER ’
0108 1 = ITTOUR(CHARIN)
: 0109 1 = MYOUT(1+CHARIN)
i C.eos NO KEYBOARD INPUT
0110 100 CONTINUE .
Ciose CHECK FOR MONEYWELL INPUY
0111 1 = MYIN(1+CHAROT,1)
Civee REMOVE LF FROM HONEYMWELL INPUY
0112 IF (CHAROT.EG.10) 1 = -} j
Ceves IF THERE WAS A CHARACTER WRITE IT TO THE TERMINAL 4
0114 IF (1.€0.0) I = ITTOUR(CHAROT)
, 0116 1F (CHAROT.EQ.13) 1 = ITTOUR(10) i
| Coeoe CHECK FOR SAVING HONEYMELL INPUT OR WRITING TO DISK
. Civss CHECK FOR DISK SAVE j
, 0118 1F (DISKOT) GO TO 200 ;
| C.vess CKECK FOR INPUT BAVING |
: 0120 IF ((I1.NE,06).0R,(.NOT.KECEIV)) GO TO 2525
| 0122 IF (CHAROT.GY.124) GO TO 2525
b 0124 1F ((CHAROT.LY.?.0R.CHAROT.GY,13).AND. (CHAROT,.LT.32)) GO TO 2925 ;
| 0126 SAVE(IBAVE) = CHAROT :
) 0127 ISAVE = ISAVE+L
| 0128 1F (CHAROT.EQ.13) SAVE(ISAVE) = 10 ;
0130 IF (CHAROT.EQ.13) ISAVE = ISAVE+1 .
| 0132 IF (1SAVE.GT.30000) DISKOT = ,TRUE.
0134 IF (.NOT.DISKOT) GO TO 2525

0136 200 CONTINUE
Ceove RESET DISK QUTPUT FLAG

0137 nISKOY = ,FALSE,
Ceses FIND LAST OF DATA
0138 ILAST = LEN(SAVE)
' Cooes INITIALIZE ILFOLDU (POINTER YO LAST CR/LF
0139 ILFOLD = )
0140 203 CONTINUE
0143 PO 201 IsILFOLDILASY
Civve FIND NEXT LF (END OF LINE)
0142 IF (SAVE(I).EQ.10) ILF =
0144 IF (SAVE(I).EQ.10) GO TO 202

0144 201 CONTINUE
Ceose MUST RE LAST LINE COULD END WITHOUT LF

0147 ILF = ILAST
0148 202 CONTINUE
0149 WRITE(1921) (SAVE(JJ) o JUSILFOLD ILF-2)
0150 21 FORMAT(132A1)
Ceeos RESEY ILFOLD TO NEW VALUE
’ 0151 ILFOLD = ILF+41
Covve- LOOF UNTIL SAVE RUFFER IS WKITTEN
01352 IF C(ILF.NE.ILAST) GO T0 203
- 0154 CLOSE (UNITe1l)
, ‘ 015%% sTOP 3
0156 END ;
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A.12) MINC DATA ERROR CORRECTION ca

Description: This program, FIXUP, is used to correct the measured

time history files for data errors.

Listing:

FORTRAN 1V vVo2.,%-2 Sun 07-Mpr~B82 02124103 PAGE 001

0001 PROGKAM FIXUP
c
C THIS FROGRAM 1S USED TO CORRECY DATA ERRORS OM THE MMLE
c INFUT DATA FILES
8
C S % %X % % %5 % %% &8 X KB C XK ST R EE R SRS K SR ;
c ¥ MEASURED STATES! | § |
C s LONG: G» Ve ALPy» THA» ODOY,» A-Xs» AND A-1 ¥ :
c ? LATR! Fy» Ry BTA» PH1y» PDOT, RDOT» AND A-Y » ;
[ ¥ | ] :
c * ROBERT CLARKE 18-FEB-82 3
c L] 1) :
c $ %2 XK & % % % 3 XK X K %5 KK S S XS KX EY SRS XX }
c .

0002 BINENSION 2(®)

c NOTE! FOR THIS FPROGRAM 2(8) = U(1) AND Z(9) = U(2)

0003 LOGICAL®Y LONG'LATRI/EXTRA

0004 BYTE INAME (13)9ANS

0005 DATA LONGILATR'EXTRA /73%,FALSE./

0006 DATA INAME(1D) /C/

0007 DATA VALUE+IFOINT /70.90/

0008 DATA ZLLIMIZULIN /0400./

0009 DATA 1STML 70/ ;
c 1
CXERYRBXNEEREXRANEX INPUT USER DEFINED SETUP DATA k.

0010 2000 CONTINUE 2

0011 TYFE 3000 s

0012 3000 FORMAT(/////+' 210Xy ‘'Indicste ture of runt’, ;

1 /v’ "910Xe‘1f Lonsitudinasl ture ‘L%’
2 /v’ “210Xe‘]If Lateral-directional tuere °D*’,
3 /v'$’¢10Xy ‘Select Run Ture! °)

0013 ACCEPTY 100+ ANS )

0014 100 FORMAT(AL)

001% IF (ANS.EQ.‘L‘) LONG = ,TRUE. 4

0017 IF (ANS.EQ.'D’) LATR = .TRUE. 1

0019 IF (.NOY,(LONG.,OR.LATR)) TYPE 3001 .

0021 3001 FORMAT (10X 'WRONG ANSWER’)

0022 IF (JNOV.(LONG.OR.LATR)} GO TO 2000
Coakus ke sksnnxexsxs ATTACH INFUT DATA FILE
CXRRERRRRAFSRKRENERE CHECK ON EXTRA DATA

0024 TYFE 3004

002% 3004 FORMAT('$/+10%Xs‘Extra data? (Y OR N)¢ ) . ;

0026 ACCEFT 100+ ANS ;

0027 IF (ANS.EQ.’Y’) EXTRA = ,TRUE., E
CEERXEXsRsuxsxxxs¥ ENTER NAME OF DATA FILE WITH FLIGHY TEST DATA

002¢ TYPE 3006

0030 30046 FORMAT(/»/'8/9»10X%Xy ‘Enter file name containing messured dats! ‘)

0031 ACCEFT 101 »(INAMNEC(IARC)»1ABC=1+14)

0032 101 FORMAT(14A41)

0033 OFEN(UNIT=4 ) NAME=INAME »TYPE=‘OLD ' yACCESS='SEQUENTIAL

1 FORMs ' UNFORMATTED ' yREADONLY s RUFFERCOUNTY=QD)

Crexxsxxssursrnssss ATTACH QUTPUT DATA FILE
Crasxasassssasanxs ENTER NANE OF DATA FILE FOR FLIGHT TEST DATA

0034 TYPE 3008
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0033
0014
0037

006
003y

0040
0041

0042
0043

0044
0045
0046
047

0048

0057
0059
0060
0062

0064
00469
0047
o068
0070
0071
¢073
0074
0076
0077

0079
0080

0082

0084
0086

0088
0089y

0090
0091
0092

ORICINAL PACE 1S
OF POOR QUALITY

3008 FORMAT(/+'8'210Xs'Enter file name containing outeut date! ‘)
ACCEFT 3103+ (INAME(]IARC)s JIABCaL )Y A)
OFEN(UN]IT=I,NAME=S INAME» TYPE='NEW' 1 ACCEES='SEQUENTIAL '+

1 FORMs ‘UNFORMATTED y BUFFERCOUNT=2)
Caxnpuxusnxasnsssy STARTING ITERATION LOOF
Cruaxxrsnssusssrnsss OFET CHANNEL NUMBER TO CHECK FOR BAD DATA

TYFE 3010
3010 FORMAT(/9° ‘+10Xs'DNats which is susract will be ouerried.
1 /v’ “910Xs'Chaises can be marde when thew are reauested, '’
c /v’ 910Xy 'No dats can be chansed to exactly ~ero.’
3 /7' 910Xy ’Enter the channel number to check (1-9)! ‘)

ACCEFRT 3011, INUNM
JO13 FORMAT(110)
Craxssrexsndsdrrexsy GEY NUMBER OF DATA FOINTS TO NOT WKRITE TO OUTPUT
1YPE 3020 :
3020 FORMAT(/+ '8 910X ;
1 ‘knter the number of data mroants to shir writing to outrut! ‘) E
ACCEFT 3011y 1S1M)

ISTART = JSIM1+}
998 CONTINUE
IFOINY = IPOINT+1

Cravexssanisxsnskss READ IN MEASURED RESPONSES FROM DATA FILE
Ceoxxsxnwnsenssrsns READ IN LONGIVUDINAL DATA
IF (LONG) READCAYENDRI000) Z(4)»2(1)92(7)22(6)92(B)

1 AMSrAMT7 1 AMNBrANT»ANI0 AN L

IF (LONG.ANL.EXT1RA) READ(AENL=1000) Z(2)92(T)»2(8),
1 ANLS»AMI S ANLY
(%) = 0,

Caxpxuxsxekxrixnkssx READ IN LATERAL DIRECTIONAL DATA
IF (LATR) READ(4,END=1000) AML+AM2/ANI s ANA»ANS 1 2(4A)

1 2C1)92(2)902(2)92(B)22(9) ‘;
IF (LATRK,AND,EXTRA) READCA,END=1000) AM12,AM13,AN14,
1 2(3)92(5)02(6) :

CRexxxxxixxsxxkxkkx SKIP OVER DATA NOW
1IF (IFOINT.LT.ISTART) TYPE 3021, IPOINT
3021 FORMAT¢’ 'y 'SKIPFING DATA} TIME POINT = ’,16)
IF (IFPOINWT.LY.ISTART) GO 70 998
CEERXXXARRAKEXRAXNE FRINT OUT DATA
IF ((ZCINUM), BT ZULIM).OR (ZCINUM) LT ZLLIM)Y)
1 TYFPE 3012/+IPOINT«Z(INUM) '
3012 FORMATC 8’ 'TINE FPOINI = ‘9160’ VALUE = ’»F12.6¢’ CHANGE! ‘)
IF (CZCIHUM) LT ZULTIM) SAND . (ZCINUM) LGT.ZLLINY)
1 TYHFE 3014/,1F0INT»Z(INUM)
3014 FORMAT(’ ‘+'TIME POINT = ‘160’ VALUE s ‘»F12.%)
IF CCZCINUM) W GT ZULIM) ORC(ZCINUM) LLT.ZLLIM)) ACCEPT 3013sVALUE
3013 FORMRT(F10.1)
IF (VALUE.NE.O.) Z(INUM) = VALUE .
Crxxeruscxsnxkssxxx SET 2 UPPER AND LOWER ERKOR LIMITS

ZULIM = ZOINUM)IXL,2 “,
IF (ZCINUMYLLT.0.) ZULIM = 2(INUM)B0.8
LLIM = Z(INUM)®O.B :

1F (ZCINUM) LT 0.) ZLLIN = Z(INUM)IEL.2
Ceexexgrssrnnenrsss RESEYT VALUE TO ZENKRO
VALUE = 0,0 :
CEEXRRKXERXXEXXXEES WRITE OUT LONGITUDINAL DATA f
IF C(LONG) MRITE(3I) 2(a4)92¢1)02(7)92¢6)+2(8)» i
1 AMb1AN7 ¢y ANBIANG 1 AMLI0,AML Y E
IF (LONG.AND.EXTYRA) WRITE(3I) Z(2)22(3)22(S)» :
1 AMISsAMLI&ANL7 b
CHEXESAKRRXERXRRXER WRITE OUT LATERAL DIRECTIONAL DATA
IF (LATR) WRITE(3) AM1,AM2AN3IAMA AMNS 1 2(A)
1 Z(3Y92(7)02(2)072(B)»2(9)
IF (LATR.AND.EXTRA) WRITE(I) AMI2,AN13,AMLA,
Z(I3)»2(S)r2¢6)

1
GO TO 998
1000 CONTINUE
Crysxsxsssxsssxxsxx CLOSE OUTPUT DATA FILE
CLOSE(UNIT=3,DISPOSE="SAVE’)
STOP
END
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A.13) MINC SUMMARY DERIVATIVE OUTPUT

Description: The SUMMARY program is used for the plotting of
derivative output as a function of 1lift coefficient. These plots

are used to show trends in derivative predictions.

Listing:
FORTRAN IV vo2,%5-2 Mon 22-Feb-82 00134304 PAGE 001}
0001 FROGKAM SUMARY
Cives BURROUTINE TO DO MARD COPY FLOTS OF COEFFICIENT DATA
0002 COMNMON /ADDRES/ INSTR
0003 RYTE ANS+MESSAG(4)+LAREL(25)
0004 DATA LAREL 72583 ‘/
000% DATA MESSAG 7'V o’8' 900’970’9440/
0004 DATA DGR /%57.3/
Ceves SET UP PLOTTER
0007 CALL #SC (95)
0008 CALL FCLR
Cives ASN FOR PLOTTER SPEED
0009 TYPE 103
0010 103 FORMAT(’8’»'Inrut the rlotter sreed in ca/sec (31-25)! ')
0011 ACCEPY 104.,1SPD
0012 104 FORMAT(IY)
Cevee ENCODE SFPEED FOR OUTPUT YO FLOTTER
0013 ENCODE (22,1001 ,MESSAG(3)) I8PD

0014 1001 FORMAT(ID)
Covse CHANGE ENCODED BLANKS BACK 1O 2EROS

001% IF (MESSAG(3).EQ.’ ‘) MESBAG(3)='0’
Coeses SEND SFPEED TO PLOTTER
0017 CALL IBSEND (MESSAG:S+INSTK)

Civse YOP OF LOOP
0018 1000 CONTINUE

0019 CALL PEN
Cesee GET QUADRANY FOR PLOTY
0020 TYFE 1095
0021 105 FORMAY('8’y 'Inrut the auadrant for the rlot (1-4)% ‘)
0022 ACCEPY 104,100
Cives GET MULTIPLICATION FACTOR FOR CRAMER RAO ROUNDS
0023 TYPE 200 :
0024 200 FORMAT(’8‘s‘Input the Cramer Rao bound multirlicstion fector! ‘)
002% ACCEPT 201,FACY

0026 201 FORMAT(F10.0)
Coees DEFINE F1 AND P2 FOR PLOT

0027 IF (IQD.EQ.1) CALL IBSEND(’IP 6000+4700,10000+770045‘v~1+INSTR)
0029 IF (IGD.EQG.2) CALL IBSEND(’IP 1000:,4700,5000,77004 ' +~1+INSTR)
0031 IF (1QD.EQ.3) CALL IBSENDC(’IP 1000+1200:5000+42005 9=-1+INSTR)
0033 IF (I0OD.EG.4) CALL IBSEND('IP 46000+,1200+10000¢42003%°+~-1+INSTR)
Ciees BET INFORMATION FOR AXIS OF FLOY
0013 TYPE 106
0036 106 FORMAT( ‘e ‘'»Inrut the label for the v-axis (ur to 20 char)! ‘)
0037 ACCEPT 107+ (LABEL(I)¢1=1,20)
0038 107 FORMAT(20A})
003¢ TYPE 108
0040 108 FORMAT(‘S s ’Inrut the minisua value for the w-axis! ')
0041 ACCEPT 20192YMIN
0042 TYPE 110
0043 110 FORMAT(’S’s'1Inrut the asxiaus value for the w-sxis! ')
0044 ACCEPT 201, YNAX :
004% YINC = (YMAX-YMIN)/10.
°°°6 CALL XAX(Sn .‘ol .10'0. "' '000'0025!20 o-l-o
. ‘LIFT COEFFICIENT )
0047 CALL YAX(S,9¢30.93:90.930,0,YMIN/YINC»S.v~1./LABEL)
210
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0048

0049
0050
0051
00352
0053

00% 4
0053

0087

00358
0059
0040
0061
0042
0063
00644
0065

0046
0047
0069
0071
0073
0075
0076
0077
0078
0079
00680
0083
0082
0083
0064

0085
0086
008

[

Ceane

800

Cooen
Cooss

SET P
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LOTYER LIMITS

CALL LIMIO. 22,92 YNINsYHAX)

LOOP

AND PLOT DATA

CONTINUE

TYPE
FORMA
ACCEP

2 FORMA

MULTIY
BOUND
IF («(
FLOT

CALL

DRaW
81ZE

ro 8o
ANG

X

CALL
CONTI
CAaLL
PRAW
COMPU
DELY

111

T(‘’8°0’Input CLy values § bound (in mercent,

T 112+ CLoVALUE » BOUND
T(3F10.0)
FLY BOUND BY FACTOR
» ROUNDSFACY
CL.EQ.0.) .AND.(VALUE.EQ.0.)) GO 1O 999
DATA
FLY(CLsVALUE$1)
SYMBOL
s 0,02%
O 1=1,361»18
= FLOAT(1)/DGK
= §12Exc1.)8COB(ANG)
= SIZES(YNAX~YMIN)SSIN(ANG)
PLYCCL4XoVALUE4Y»~-2)
NUE
FEN
BOUNDS
TE UPPER ROUND
= (ROUNDSVALUE/100.)

IF (VALUE.BE.0.) UPPER = VALUE4SIZES(YMAX-YMIN)

IF (VALUE.LT.0.) UFFER

VALUE~-SIZEX(YMAX=YMIN)

-
IF (VALUE.GE.O.) ALOWER = VALUE-SIZES(YMAX-YMIN)
-

IF (VALUE.LT.0.,) ALOUWER

CaLl
CaLL
CaLL

" CALL

c..'.
999

CALL
CALL
CALL
CALL
CAaLL
GO TO
DONE
CONTI1
60 70
END

VALUE4+STZES (YMAX-YNIN)
PLT(CLIUPPER» ¢1)
PLT(CL»VALUE4DELT42)
PLT(CL-SIZErVALUE4DELT,42)
PLY(CLASIZE,VALUE4DELT,42)
PLY(CLsALOWER141)
PLT(CL+VALUE=-DELTs¢2)
PLY(CL-SIZEsVALUE-DELT/42)
FLT(CL4SIZEVALUE-DELT/42)
PEN

997

MITK FLOT GO UP AND REPEAT
NUE

1000

211
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APPENDIX B

MMLE (NEWTON) TEST CASE

This appendix contains the computer output and comparison
plots for the MMLE test case A from NASA TND-7831. The comparison
is good with the differences of final weighted error (Our 5.7576 x
10"2 ve NASA's 5.890 x 10-2) attributed to floating point accuracy
(Our 32 bit vs NASA's 60 bit real numbers). The overall derivatives
and Crameér-Rao bounds are compared in Table B.l below. Figure B.1
shows the time history plots. The dashed lines are the predicted
time histories, and the solid lines the measured time histories.

Table B.1 Comparison of MMLE Test Case Results*

RASA KU-FRL HALE
L, -1.015 x 1070 (9.0) -1.2814 x 1070 (5.8)
L 2,466 x 10°  (8.5) 2.6643 x 10° (8.3
L, -2.432 x 107 (0.6 -2.4328 x 167 (0.6)
L 1.667 % 30" 2.9 1.4622 x 2070 (2.9
A
L 1.787 x 100 (2.2) 1.7807 x 107 2.1
R
L 4,002 x 107 1.7 4.1006 x 1071 (1.7)
N, 4.683 x 107 (162.4) 6.1063 x 107 (100.1)
N -1.516 x 107 (10.8) -1.2918 x 1070 (12.9)
Ng 1.290 x 10° (0.8) 1.0243 x 10° (0.9)
¥, 5.062 x 107} (6.3) 6.7616 x 1071 (4.6)
A
¥, -2.125 x 10°  (1.8) ~1.9165 x 107 (1.9)
R
¥ -7.583 x 1070 (7.6) -3.2595 x 1070 (17.2)
stna, | 1.026 x 1070 (0.8) 1.1360 x 107 (0.7
Y, ~4.670 x 1072 (1.2) -4.6683 x 1072 (1.1)
¥, 2.753 x 1073 (33.2, 2.7210 2 10”7 (33.2)
A
-2 -
Y, 1.594 x 107°  (6.4) 1.5015 x 1072 (6.3)
R
¥, -3.035 x 107> (6.9) -3.0605 x 107> (7.4)
b -8.423 x 1072 (o) -8.5449 x 1070 (22.1)
s 0.5179 0.5217
bias
5»1.- -0.02582 ~0.0259
%b‘.. -0.004472 =0.0047

[ ]
Cransdr-Rao bound as s psrcentage of eazh derivative is shown in
parentheses folloving the derivative.
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APPENDIX C

TRANSFORMATION OF AXES SYSTEMS

This appendix shows the correlation between several axes

systems.

Much information contained in this section is taken directly
from Reference 6, which deals in depth with the problem of the

different axes systems used in airplane analysis.

S e T R T TR 4 s
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»

+6R (produces a negative yaw)
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§ 4= (6

AL+ GAR)
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Note: All direccions are shown positive

Figure C.1 Body Axes System Used in This Report
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There are primarily five axes systems used in airplane analvsis,

These are described here.

1) Body Axes

"The orthogonal body-axes system is fixed within the vehicle
with the X-axis along the longitudinal center line of the body, the

Y-axis normal to the plane of symmetry, and the Z~axis in the plane

of symmetry. This is the axes system about which aircraft instruments

are usually mounted. It: main advantage in motion calculations is
that vehicle moments of ina2rtia about the axes are constant, so that
the I terms can be omitted irom the equations of motion. It is the
logical system to which to refer velocities, accelerations, and
stability and control parameters in the study of aircraft handling
qualities because the pilot's orientation with respect to this frame

is fixed."" (This 4is the axes system used in this nepont.)
2) Principal Axes

"The principal axes are an orthogonal body-fixed system for
which the products of inertia are zero. The X and Z principal axes
lie in the plane of symmetry; the angle between the X body axis and
the X principal axes is usually small so that in many cases the body

*
axes can be assumed to coincide with the principal axes."

*»
From Reference 6.
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3 3) Flight Stability Axes

s e it sl

"The f£light stability axes (some:imes referred to as vehicle
stability axes) are an orthogonal body-axes system fixed to the

vehicle, the X~axes of which is alined with the relative wind vector

[T L g S S

when the vehicle is in a steady-state trim condition but then rotates

"
TS TR T

with the vehicle after a disturbance as the vehicle changes angle of
| attack. This system is preferred in many stability studies because,
as with other body~fixed axes, the moments of inertia about the axes
; remain constant and also because the motions defined are primarily

*
those about the flight path rather than about body reference lines."

(This 48 the axes system used in Reference 25.)

4) Wind-Tunnel Stability Axes ;

“"The wind=-tunnel stability axes are the system about which most

wind-tunnel data are obtained. For this system the X-axis is in the

- et

same horizontal plane as the relative wind at all times . . . . The

angle a between the X-axis of this system and the X-body axes is vari-

i dandiatt e o RS T

able. (It is a constant a4 for the flight stability axes.) This

| means that vehicle moments of inertia about the X-axis change. It

also means that additional terms are required in the transformation
equations for static-stability derivatives and for u,v,w derivatives
when data are transferred to or from the wind axes or the wind-tunnel

%
stability axes."

*
From Reference 6.
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5) Wind Axes

"The wind axes are the system generally used in calculating
motions of the vehicle as a point mass. The X-axis for this system
is alined with the relative wind at all times so that vehicle moments
of inertia about this axis change. As with the wind-tunnel stability

axes, additional terms . . . are required in the transformation to or

from the wind axes and either the body, principal, or flight stability

T e

axes, since the angle . . . between the X wind axis and the X-axis of

either of these systems is variable. Also, since the lateral angle . . .
between the X-axes is variable, there are additional terms . . . required
in the transformations for some of the lateral derivatives between the ,

*
wind axes and either of the other axes systems."

The correlation between these axes systems is perhaps best sum-

marized by Table C.1l.

Table C.1 Designation of Force and Moment Coefficients - f
for Different Axes Systems¥*

Coefficients for axes system -
Component Body or Flight Wind-tunnel | . .
principal stability stability
X-axis force Cx or -CA Cx,s -CD -CD
Y-axis force CY CY,s CY Cc
Z-axis force Cz or -CN CZ,s -CL -CL
X-axis moment (roll) Cz Cﬂ,s Cl,wt Cz,w
Y-axis moment (pitch) Cm Cm,s cm,wt Cm,w
- n
Z-axis moment (yaw) Cn ‘n.s Cn,wt cn,w
*
From Reference 6.
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Transformation from the flight stability axes (as used in Ref-
erence 22) to the body axes used in this report involves accounting
for the steady~state angle of attack (al). The following equation
takes care of this by correcting the inertias. This is the only

change required.

- 1 p- - pa -y
2 2 - 2
Ixx,s cos“ay sin ay (~)sin ay 0 Ixx
2 2 2
Izz,s sin ay cos ay sin oy 0 Izz
N 1,2 2 [c.1]
Ixz,s Esin ay (-)isin ay cos“ay 0 Ixz
I . 0 0 0 1l 1
h— yy' -J o -J o yy and

NOTE: "s" denotes stability axes; no subscript denotes body axes.

NASA Langley (Reference 4) and NASA Dryden (References 5, 16~19)
both use the body axes system. They both, however, use different
designations. NASA Langley uses the X, Y, 2, 2, m, n designation;
NASA Dryden, the A, Y, N, £, m, n designation. The parameters will
be presented in the X, Y, Z, 2, m, n system in this report. Table

B.2 shows the correlation between both these systems.

The symbols (i.e., Za', etc.) in the definition column of Table
C.2 are those as predicted by the MMLE "BONES" program. For conversion
from normal stability parameters (as per Reference 25) to these state

vector derivatives, the reader is referred back to Tables 5.2 and 5.3.

For rigorous conversion between the various axes systems, the

reader is referred to Reference 6.
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Table C.2 Comparison of Non-Dimensional Derivatives

LONGITUDINAL
KU=FRL
NASA Langley NASA Dryden
DEFINITION
designation designation
z"' uUl
c, ' -C, '
Z N -
a a ql S
Zu‘ mUl
L] - *
Czu CNu _—
9
2 ! Uy
c ' -C, E‘c
Z N a s
E,c E,c 1
1]
c e 20 mU1
Lc No 51 S
M'1
c c ! a _vv
mo mu qQ Sc
FY
M 2U1 I
c ' c ! _L.—ﬂ
] o - =2
q q 9 Sc
1]

c ! c ! Mu U1 Ivv
o m -
13 u q1 Sc

L
MG Iyy
c c ! _E,c
B i 3, s¢
E,c E,c 1
M'1
c ' c_ ' e
] m - -
[] [} q1 Sc
X'm
c, ' -C. !
xo Au 9 S
L}
o xu uUl
Au q, S
9
1]
X6 m
-Cc. —Eic
Ay q, S
E,c N
xo' m
-l 1]
CAO = s
9

AL,

i R
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LATERAL-DIRECTIONAL
KU=FRL
NASA-Langley/
=Dryden
designation Definition
L'2! U
CL f xx_ 1
p qISb
L
c Lr ZIxx Ul
T e
lr qISb
L
c LB Ixx
2 -
§ qlsb
L}
L6 Ixx
c, ' A
6A qle
L
LG Ixx
c, R
GR q Sb
1]
c , Ye mUl
y -
8 9y S
Y6 ' mUl
c. ! A
y -
6A 9 s
1
Y6 mU1
c ' R
Yoo q s
L}
c ! N 201 1zz
- 2
™p q, sb
)
c_ ' B T
Py EIsz
L
c “B Izz
n -
[ QISb
NG ) Izz
c ! A
n -
5A QISb
*
Né Izz
C ' R "
n -
6R qle
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