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ABSTRACT

DEVELOPMENT OF A SIMPLE, SELF-CONTAINED
FLIGHT TEST DATA ACQUISITION SYSTEM

This report describes work done under a continuing program to
develop a simple, self-contained flight tast data acquisition system.
In the past, instrumenting an rirplane for flight testing has taken
a great deal of time and money. With recent advances in sensor and
microprocessor technology, a simple, low-cost system could be developed
which would be applicable to general aviation airplanes.

This system was conceived to obtain performance and stability
characteristics of airplanes. The design criteria for the system
were that it be ersy to install, self-contained, and simple; that
it require no special/difficult flight techniques; and that it be
aprlicable to gencral zviation airplanes and low in cost,

The system developed meets these criteria for doing lontitudinal
and lateral stability analysis. The package consists of three modules.
These are 1) microprocessor contrcller and data acquisition module,

2) transducer module, and 3) power supply module. The system is easy
to install and occupies space in the cabin or baggage compartment of
the airplane. All transducers are contained in these modules except
the total pressure tube, static pressure air temperature transducer,
and control position transducers.

The data reduction technique used was the NASA-developed MMLE
program. This has been placed on a microcomputer, and all data reduc-
tion is done on the microcomputer. This greatly reduces the cost of
the data reduction. Also, when compared with the analogue recording
techniques, still being used, there has been a large improvement in
the accuracy of results.

The flight testing program undertaken has proven both the flight
testing hardware and the data reduction method to be applicable to
the current field of general aviation airplanes.

This report describes the instrumentation system developed,

the data reduction method used, and important results of the flight
test program.
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LIST OF SYMBOLS

All parometers in this report are referenced to a system of

body axes as shown in Figure 1.1,
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Mean aerodynamic chord

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

Variation of body A coefficient
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Variation of body A coefficient
with speed

Variation of body A coefficient
with elevator or canard angle

Nondimensional longitudinal force
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Drag force coefficient
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_Figure 1.1 Body axes system used in this report
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1. INTRODUCTION

This report describes work completed during the second phase
of a continuing program sponsored by the NASA Dryden Flight Research
Ccntcr.* This program was accomplished during the period January
21, 1979, through February 15, 1981, The program encompassas the
developrwnt of a simple, self-contained flight test data acquisition

system. To date the program has consisted of two phases:

PHASE 1

* A literature survey of flight testing methods (presented
in Reference 1).

* The development and testing of a proof-of-concept system
capable of longitudinal stability analysigs (presented in

Reference 2),

PHASE II
* Development and testing of a asystem capable of longi-

tudinal and lateral stability analysis,

This report describes in detail the system concepts selected,
as w:ll as results of the flight test program used to show the

validity of these concepts, as of the completion of Phase II.

The purpose of this project, and the design criteria developed
are contained in Chapter 2. The literature survey (Reference 1)

has been used as a primary data base for establishment of these

*Funding provided under NASA Grant NSG 4C19 (FRL/CRINC 4070).



criteria. Other inputs have come from talks with personnel in the

general aviation industry and of NASA Dryden Flight Research Center.

Chapter 3 describes the hardwvare selected and manufactured to

meet the design requirements.

The instrumentation package employs transducers to allow
both longitudinal and lateral stability analysis of general aviation
type airplanes, although it can easily encompass no;t other types
of airplanes. Due to the nature of the data reduction method
utilized, a minimum number of high-accuracy transducers are required.
Data from the transducers are recorded using an on-board micro-
processor and digital cassette recorder. This has proven a simple,

reliable method to obtain accurate flight data.

The system has been designed to allow it to be placed in the
aircraft with a minimum amount of aircraft modification. A recharge-
able battery pack was selected for airborne power to reduce the
number of airplane modifications required. This has allowed total
isolation from the aircraft electrical systemn, which simplifies
installation, enhances esafety, and eliminates many electrical noise
problems in the transducer signals. Thi transducers are all con-

tained in one module, except for the following:

\

total pressure probe,

temperature probe,

static presasura probe, and

control position transducers.
A minimum of installation is also required for these devices, as

they are literally "sticky-taped" to the airframe.



Presented in Chapter 4 is an evaluation procedure used to
select a ground-based data reduction computer. Due to the extsnsive
mathematical procedure used for data analysis, a powerful, high~level
language microcomputer is required. The evaluation method uscd is
described here, as well as the computer selected and used for this

progranm.

The total flight tasting process is included as Chapter 5.
Discussed are the various computer programs and operating techniques
developed. The heart of this system is the Modified Maximum Likelihood
Estimation (MMLE) method which has beer used for data reduction. The

mathemat.cs of this technique are included as Section 5.6.

The flight test program used for system development is included
in Chapter 6. Tests have bLeen performed using the KU—FRL* Cessna 172
airplane (shown in Figure 1l.1). The type of flight test maneuver
required is discussed, and cesults of the actual flight testing are

presented.

A flight test program was conductrd at Cessna Aircraft to evaluate
the spin properties of their model 172 airplane. The data management
portion of the KU-~-FRL system was usei( in conjunction with Cessna-supplied
transducers for data acquisition and analysis. This program is described

in Chapter 7.

Conclusions to be drawn as a result of the work carried out
under this program, and recommendations for further work are included

in Chapzers 8 and 9.

*
KU-FRL = University of Kansas Flight Research Laboratory.
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Figure 1.1 Experimental configuration of the test airplane.

References, and reports describing this project are presentead

in Chapter 10.

Appendix A includes descriptions of all programs required for

system operation.

There appears to be some confusion over the many reference axes
svstems used in airplamne analysis. Included in the list of symbols
is Figure i.1, which explicitly defines the axes system used in this
report. Appendix B is included to allow conversion of results in

this report to several other standard axes definitions.



The system constructed under this program has proven under
flight test the validity of the concept selected for longitudinal
and lateral stability analysis. Throughout this flight test program,
using the Cessna 172 airplane, the acquisition package performed

reliably.



PRECEDING PAGE BLANK NOT FILMED
2. PURPOSE OF PROJECT

Flight testing has always required a high degree of complex
instrumentation to get accurate results. This, in the past, and
still evident today, has taken a great deal of time and money to
equip each individual flight test artizle. Traditional systems
are placed on aircraft on an individual basis, utilizing what is
available at that time, coupled with the specific requirements of
a particular test program. This has never really led to ildeal or
totally thought-out systems, and normally results in high costs

or in too much time being required for instrumenting the airplane.

With the accurate instrumentation available today, and with the
recent advances in microcomputer technology, it was seen that an
dccurate, multipurpose data acquisition system could be devaloped.

The system described here has been developed to do just that,
The basis for design of this system is as laid out here.

EASE OF INSTALLATION - This has been a2 major design consideration.
If possible, NO permanent modification should be done to the airplane.
The system must be universally easy to install and should require a
minimum of ipestallation time and no special procedures. This factor

includes calibration of the system installed on the airplanc.

SELF-CONTAINED -~ The system should be totally self contained.
This should include all data sources, data recording methods, power

requirements and data reduction techniques.



SIMPLE - The system must be simple in concept and easy to use,
The need for complex instrumentation, difficult calibration, and

specialized operator knowleidge must be kept to a mimimum,

FLIGHT TESTING -~ The system should not require any specialized

piioting techniques to obtain accurate results.

CLASS OF AIRCRAFT =~ The system to be developed is primarily
applicable to the general aviation type airplane. This criterion
does not restrict the methods and thecries, but i: does define the

requirements for the transducer ranges and accuracies.

RESULTS ~ The system is aimed at stability and performance
parameter ldentification, but it must permit adaptation to other

test requirements.

COSTS - The system should meet all of the above requirements,
yet reduce the expenditure required for the instrumentation system

as compared with current methods.

The system described in this report has been developed to prove

that the concepts selected meet the above design requirements.



3. INSTRUMENTATION SYSTEM

The system described and constructed under this phasa meets
the objectives stated in Chapter 2. The instrumentation system
can be broken up into four parts:

1) Data Management;
2) Traasducers;
3) Power Supply;

4) Pilot Control.

The package is shown in the block diagram of Figure 3.1. The
system is used in two forms: airborne for recording of flight data
(Figures 3.2 and 3.3), and the ground-based portion for data trans-

fer to the data reduction computer (Figures 3.4 and 3.5).

Installation of this system 1s straightforward and requires
no permanent modifications to the airplane. The major modules are
shown iastalled in the KU-FRL's Cessna 172 in Figures 3.6 and 3.7.
The other components are shown installed on the airplane as they
are described in Section 3.2, It is seen that the major modules
are essentlally strapped into the cabin compartment. The transducer
module does require a more rigid attachment and is, therefore, held

firmly in place by clamping it to the seat tracks.

Following is a detailed description of the instrumentation

system, as well as the trade-offs considered in its design.
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Figure 3.1 Overall system block diagram
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COMPUTER
MODULE

S TRANSDUCER
& MODULE

G D TL0T CONTROL ket
B CONSOLE o
- % V - y :

WEIGHTS

BATTERY MODULE 60.5 (1b.)
COMPUTER MODULE 34.5
TRANSDUCER MODULE 325D
CONTROL POSITION TRANSDUCERS * 1.5
PITOT PROBE * 012
TEMPERATURE PROBE * 0.2
PILOT CONTROL CONSOLE 1.0
MISCELLANEOUS (cables,clamps,etz.)* 20

TOTAL: 132.4

*not shown

Figure 3.2 Major components of the airborne system
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Figure 3.3 Block diagram of airborne system
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Figure 3.4 Data transfer system

;ST?E“EP‘R AIM 65 =< — = = =1 GROUND
: COMPUTER POWER
4. SUPPLY
|
I
TEAC ' _
| || EXPANSION BOARD KEYBOARD
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INTERFACE AUDIO TAPE
(program)
L
"
TELEPHONE
0
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GROUND BASED DATA REDUCTION COMPUTER ~<— - — CONTROL

Figure 3.5 Block diagram of data transfer system
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Figure 3.6 Battery and computer module installation

Figure 3.7 Transducer module installation
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3.1 Data Management

It was decided to use a microprocessor controlled data management
system, Using a commercially available computer simplified the design
task, as well as reducing overall system complexity and cost. Also
with this type of controller, versatility is easily achieved, especially
if programs are stored on cassette tape rather than in computer hard-
ware, The trade-offs considered prior to selecting this data manage-
ment system were those of analog vs digital data storage, and airborne
recording vs telemetry. Following is discussion of these trade-offs

and a detailed description of the system constructed.

In the past, most on-board systems made use of analog recording,
due primarily to the high cost and complexity of digital systems.
In recent years, however, progress has been made in the digital fleld,
resulting in small, inexpensive, and reliable digital devices, most
available as solid-state integrated circuits. The recent advances
in digital electronics technology have reduced both the complexity
and cost. Coupling this with the lower likelihood of error in
digital systems, it was decided to use a totally digital system for

this package.

In the past, telemetry has been a much-used means of transmitting
data to be recorded on the ground. Telemetry has an important place
in aircraft flight testing, specifically in high-risk operations
(such as flutter testing, spin testing, etc.). Its major disadvantages
are the requirement of a ground station, and the associated high cost

and complexity. Telemetry, however, has been primarily used in the

15



past, ilue to the large sice, complexity, and inaccuracies of the
older recording media. Many improvements have been made in this
regard with the introduction of small, reliable cartridge and
cassette recording systems. This improvement is largely attributed
to the recent advances in sciid state electronics technology. For
this system, on-board recording, making use of a digital cassette

recorder, has been chosen.

The heart of the unit constructed is a Rockwell AIM 65 micro-
computer. This is coupled through a Rockwell expansion interface
to the other components. The other tw> major components of the
airborne package's recording system are the Datel MDAS-16 multi-
plexer and analog-to-digital converter, the TEAC MT2-02 digital
cassette tape transport, and R8232* interfacing port. These are

shown in the block diagram of Figure 3.8.

The AIM=65 is an interactive single board computer using an
8~bit 6502 microprocessor. Contained on the computer board is 4K
bytes of memory, as well as a monitor and symbolic assembler.

(An 8K BASIC programming ROM** is also available for this computer.,)
A 20 character display, 20 column thermal printer and alphanumeric
keyboard allow the user to interact with the computer. Two appli-
cation connectors increase the computer's versatility. Omne allows
interfacing to audio cassette recorder and other computer terminals.

The second allows adding an expansion iaterface which facilitates

*
RS232 = gerial interfacing standard.

Rk
ROM = read only memory.
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Figure 3.8 Computer module block diagram

T(. GROUND
COrMPUTER
INTERFACE

additional features to be adapted to the standard computer.

These features provide an easy=-to-use Data Management Controller,

The user is able to easily program the computer using the

symbolic assembler and monitor functions provided. Programs

presently are stored on tbe audio cassette recorder.

additional ROM slots on the computer, or the addition of a ROM

board on the expansion interface would allow regularly used

programs to be permanently placed in the system,

the MDAS-16, to the cransducer package.

The AIM=-65 is co’

Using the

d, through the expansion board, by use of

The MDAS-16 is a l6-channel

multiplexer coupled with a 12-bit analog-to-digital converter.

This unit has the capability of addressing channels as desired



\ ' | '
SLACK AND w'”j"'-thurn;J
(either randomly or sequentially), using a microprocessor controller.
Voltage input ranges can be selected (-5 volt to +5 volt was chosen
for this syrtem). The unit has a 50 KHz through-put rate with 20 y.
sec access time per channel. The MDAS~16 i{s shown {n Figures 3.9

and 3.10. The MDAS-16 does require calibration. This procedure

i{s described in detail in Reference 3.

l'he other major component of the data acquisition system
is the TEAC tape transport (see Figure 3.11). This unit is a
low-cost magnetic tape unit designed specifically for digital

applications. It makes use of standard audioc type cassette tapes

for data storage. All interfacing required is included in the

Figure 3.9 MDAS-16 data acquisition card
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package. Input requirements are TTL*-conpntiblc; and the tape unit

requires only control signals, provided by the AIM-65 microcomputec,
and parallel data input. All detailed control functions required

by the tape unit are handled on board by the unit for both recording
and playback. Only simple control signals are required to initiate

the various functions.

The data management system is also used for data playback and
transfer to the ground-based data reduction computer. It was decided
to use the same recorder and computer system for playback of data
and in-flight recordiny;. This avoids possible problems due to mis-
match of tape drives and also reduces overall system costs., An
interface system compatible with standard computer RS232 ports was
designed and constructed. A hard wire connection, or use of a modem
through the telephone can thus be utilized. This type of interface
allows data transfer to virtually any computer., A program on the
AIM-65 controls the TEAC tape transport and sends the data over
the line to tha other computer, Once all the data are on the
other computer, the Rockwell system is no longer required in the
data reduction process. (See Chapter 5 for a complete description

of the data reduction process.)
3.2 Transducers

At the outset of this _ ngram, it was decided to keep the

number of containers in the total system to a minimum. Thus, most

transducers, as well as their required signal conditioning, are

*
TTL = Transistor-Transistor-Logic: Electrical standard.
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contained in the transducer module. This module contains all
filtering, all voltage regulation, and the transducer pallet.

It was not possible to place all transducers in this module, as
measurements such as control positions and outside air conditions
were required to be measured. Following is8 a description of the
methods used for selecting transducers required, as well as

descriptions of the actual equipment selected.

The primary input to aid in the selection of the parameters
to be measured was the literature describing the data reduction
methods to be used (References 4-20). The transducers discussed
in the references above are summarired in Table 3.1l. Discussion
with personnel at NASA, Dryden Flight Research Center, was the
secondary input for transducer selection. The transducers selected
allow optimal use of the data reduction technique considered
(basically a maximum likelihood parameter estimation method; see

Chapter 5 for a detailed description of this method).

The literature (References 4-17 and 20) was also used as the
primary reference for selection of transducer accuracies required.
The results are summarized in Table 3.2. The transducer ranges
were selected after discussion with the general aviation manu-
facturers (the secondary reference), and consideration of the

performance characteristics of this class of airplane.

The ranges and accuracies required for the various cransducers

selected are summarized in Table 3.3.
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Table 3.1 Transducers used in various flight test programs
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TABLE 3.2 Transducer accuracies used in various flight test programs

Y]
- o
7 &
$ 398 g R E:
L] z ‘H
T M AR T
s ™ & @ ) =K @0
A.x .001 g 002 g .005 g .002 g
Ay .02 g or ,002 g
Az 02 g 2 % .002 g
) 1/2 ° .2° or .5°
¢ 1/2 ° 2 % .5°
P .15°/sec «2°/sec .5° /sec
3
q .02°/sed .15°/sec or S .5° /sec
0
-
o o
r .15°/sec 2 % g .3° /sec
Ud
)
[ L] e
G.E .4 .2 - .So
o
-] -]
GA 4 or .5
62 4° 2 2 .5°
T 2° F 2° F
P -1 m 10 ft 10 ft
S 160 ft
PD 5 knots 2 knots 2 knots
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Table 3.3 Transducer Accuracy and Range Used

Symbnl Sensor Accuracy Range

Ay longitudinal acceleration .002 g tl g

Ay lateral acceleration .002 g 0.5 g

AN normal acceleration .002 g -l.5gtoé4 g
0 pitch angle 0.5° £30°

¢ roll angle 0.5° +30°

p pitch rate 0.5°/sec +50°/sac

q roll rate 0.5°/sec +50°/sec

r yaw rate 0.5°/sec +50°/sec

GE elevater position 0.5°

GA aileron position 0.5°

SR rudder position 0.5°

T temperature * 2°F -65 to +120°F
PS static pressure * 10 feet 0 to 25K feet
PD dynamic pressure * 2 knots 40 to 150 knots

7

*
Indicates transducers used to define initial and final conditions.

During a specific maneuver, T, PS and PD need only be measured

at the start and finish to define the initial and final conditious.

The other 11 channels require measurement throughout the maneuver

to determine the dynamic characteristics and analyze stability and

performance properties of the airplane.

To select the data acquisition rate required, the following

factors must be considered:

- Minimum rate must be higher than the undamped natural frequency

of the airplane to be tested.

- Minimum rate must be high enough to avoid time skewing of

the data points.

- Minimum rate must be as low as possible to allow economy in

the recording media and data reduction process.
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In data analysis, to obtain reasouable representations of the

o we e, s o w7

frequency response, an acquisition rate of at least five times the :
undamped natural frequency should be used (Reference 21, Volume 1,

Chapter 6). In the class of aircraft considered for this instru-

mentation system, the natural frequencies are of the following order

(from Reference 22):

Wy 0.5 - 1.0 Hz
SP
W 0.01 -~ 0.03 Hz
%p
w 0.25 - 0.60 Hz.
"p

Therefore, the maximum frequency (wn ) requires an acquisition rate of
SP
1.0 x 5 = 5 samples/sec.

This is the minimum data requirement.

From References 12 and 14 and discussion with the authors it
was determined that an acquisition rate of 100/sec is required to
avoid time skewing problems. From the practical applications of
the maximum likelihood estimation method, this rate (100/sec) also
results in an excess of data that unnecessarily increases the com=-

putation time and costs. %

Using a computer=-controlled acquisition system allows scanning
of the transducers as rapidly as possible (20 u sec/channel, 220

*%
sec total ), and then waiting until the next data point is required

*

10 samples/sec was chosen for the KU-FRL system, as this then definitely
meets the minimum data requirement, This rate also seems to be somewhat
of an acceptable industry standard.

*%
Values for the KU-FRL system.

FE S
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i
(0.1 sec later ). These data are temporarily stored in memory and
then output to the TEAC tape. This technique allows a high scanning

rate to avoid time skewing between channels (equivalent to 4545/sec

*
and a low overall acquisition rate (10/sec ) to provide ecoromy

and still satisfy the minimum data requ.rement.

The transducers were primarily mounted on one pallet. This is

shown in Figure 3.12. It was possible to include most transducers
on one pallet with the exception of the

- pitot tube,

- temperature probe,

- static cone, and

- control position tran

ROLL AND PITCH ATTITUDE GYRO

FORWARD
—_———

AXIS RATE
GYRO

PACKAGE
STATIC AND

DYNAMIC PRESSURE

TRANSDUCER
: 8 : .
.. b S %
///(, l \\\——-LONUITUDINAL ACCELEROMETER
LATERAL —=*
ACCELEROMETER NORMAL ACCELEROMETER
Figure 3.12 Transducer pallet
; -

Values for the KU-FRL system.



The pallet, contained within che transducer module, was mounted
as closa to the center of gravity of the airplane as possible.
In this flight test program the transducer module has been clamped

to the seat tracks of the Cessna 172, in the copilots's position.

Following are descriptions of the individual transducers used

in this program.
3.2.1 Accelerometers

The accelerometers used in this package are of the force feedback
(or closed loop) type. This type of accelerometer derives its measure-
ment from determining the force required to maintain a mass at a zero
location. This technique reduces the errors caused by mass displacement
and also does not rely on springs (and their associated inaccuracies)
as do the displacement (or open loop) type accelerometers. The dis-
advantage to the force feedback acceleroimeter is its relatively high

cost.

It is essential to note that linear (as opposed to vibration)

accelerometers be used for this type of package.

The accelerometers chosen ire manufactured by Schaevitz Engi-
neering. Their specifications are shown in Figure 3.13. These ac-
celerometers are intended for the measurement of linear accelerations
such as required for guidance control systems, or vehicle ride analysis.

Both a precision sensor and electronics are integrated into the ac-
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Specifications LSB Linear SB Series
at 20°C
Nominasl Nominal
Natural Output
Range Frequency impedance
9 Hz kitohms e rriciees O
T o wase 1 1o 15 e
z 025 50
. [E8E 70 10 ==
* 1.0 1 s
+ 20 11 25
” 1 AT
*+10.0 140 2.5 or cEmteA
£20.0 160 5 Mkt heeutrin
=50.0 200 ] W // t30—— rn,,.
: 7 .
Input Voltsge 218V DC nominal "e . - H i .
4 =
input Current 10 mA DC maximum (6mA OC average) | “ ’ :i
. l 4 D14 THRY
Pull-Range Open- el 490 | 19 i (2) noLLY
Circuit Output Vollage %50V DC toMAl . T sereny
Damping Ratlo 0.8 typical (0.3 to 1.0 on request §.
amping Ra typical ( quest) i l mg.
Linearity (Notes 1 & 2) 20.05% of full scale output l e
Hysteresis (Note 2) 0.02% of full scale | l L T

Resolution (Note 2)

Cross-Axis Sensitivity
(Note 3)

Sensitive Axls to
Case Alignment

Noise Output
Operating Temperature
Storage Temperature

Thermal Coefficient
of Sensitivity

Thermal Coslficient
of Bias

Shock Survival
Weight

Figure 3.13

0.0005% of full scale

=0.002 g per g up to =10 g range,
inclusive
%0.005 g per g over =10 g range

Less than 0.1% of (ull scale
=4

SmV rms maximum

~40°C to +95°C

-55°C to +105°C

0.02% per °C

0.002% per °C
100g —-11ms
3oz

Schaevitz Engineering LSB series acceleromet
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celerometer case. Interfacing is relatively simple, requiring only a
DC input voltage, and then a measurement of the DC voltage output,

corresponding to the acceleration sensed.

3.2.2 Filtering

The response characteristics of the accelerometers were such

that they picked up the aircraft vibration caused by the engine.

The graph of Figure 3.14 shows the airframe vibration charac-
teristics (measured using the accelerometers as transducers, and
observing the output on an oscilloscope) as a function of engine
speed. It is obvious from these curves that the vibration is
cauced by the engine and is a function of the engine speed. Also
of note is the fact that all the vibration is at a frequency above

40 Hz.

A low pass filter with a cutoff frequency at 10 Hz would elim-
inate this vibration from the measurement signal. Using a two-pole,
active filter with a response as shown in Figure 3.15 virtually elim-
inated this unwanted vibrational noise, yet leaves the desired measure-
ment (occurring in the order of 1 Hz) essentially unchangéd. (The
measurements of the AN accelerometer are presented as filtered and

unfiltered measurements in Figure 3.16 to show this.)

In general, as was the case with this instrumentation package
and the Cessna installation (see Chapter 7), only the accelerometers

required any filtering.
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One drawback of filtering signals is the introduction of a
phase shift due to the filter. To counter this problem, all signals
should be filtered the same amount, thus eliminating the problems

of the phase shift.

3.2.3 Acttitude Gyro

Both roll attitude and pitch attitude are obtained from a
Humphrey VG-24 vertical gyroscope. Full specifications for this
gyro are shown in Figure 3.17. This is a DC gyro, with potentiom-
eters for determining the measurement (28 volt DC rsed for the
motor, *5 volt DC used for potentiometer excitation). This gyro

has operated reliably during both phases of this program,

3.2.4 Rate Gyros

A three-axis DC/DC rate gyro package was used for roll-, pitch-,
and yaw-rate measurement., The advantage of using a three-axis
package rather than three separate gyros is that alignment for orthog-

onality vpon installation is eliminated. Of course, failure of a

single gyro will require the entire package to be removed for repair.

The gyros selected are of the displacement type (or open circuit).
Closed circuit (or integrating gyros) will provide better accuracy;
however, cost of these is approximately 10 times higher. The accu-
racy of a good quality displacement type gyro will meet the require-
ment (see Tables 3.2 and 3.3), especially considering the type of

power input used (free of oscillations or any high frequencies).
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SPECIFICATIONS
MANGE = MECUANICAL PYTCH: £60° minimue ENVIRONMENTAL CONDITIONS
ROLLt 360° cemtimueus VISRATION vertical accuracy of £2.0° shall
= ELECTRICAL PITCMI260°, 22.5° be maincainsd during vibration of
ROLL: 290°, 23.0° 0,01 inch D.A., 5 to 65 Hsj 2g, 63
ouTrY Potentiomater output to 500 Ms.
STATIC TRROR SAND PITCH:21.25% of full scale st SHOCK 15 ; 11 msaci all axes
0° expanding linearly to :2.08% ACCELERATION - NON OPERATING 30 g; 1 min; vercical axis

of full scale at 80°
R0LL:20.8)% of full ecsle at
0° expanding Linearly to ¢1.67%
of full scale st %0°

~ OPERATING

TEMPERATURE - OPERATING

RESISTANCE 1500 100 ohms - STORAGE
CONTACT RESISTANCE ? ohms maxisus at 20 mA ALTITUDE

RESOLUTION 0.2% of full scale maxisum SEA WATER DIMMERSION
POVIR DISSIPATION 1 watt at +183% °? HMIDLITY

WIPER CURRENT 10 aA saxisus

ELECTRICAL REQUIREMENTS SALT SPRAY

SPIN MOTOR

VOLTACE 26 to 32 voles OC SAND AND DUST
CURRENT « STARTING 4.5 A ssximum at 130 volts DC ruNGUS

for 2.5 seconds EXPLOSION PROOF

~ RUNNING 1 A saxisus ac 30 volts OC
ERECTION
VOLTAGE 26 to 3% volts OC RADIO NOISE INTZRFERENCE
CURRENT 100 sA maximum intermittsat SEAVICE LIFE
PERFORMANCE SHELF LIFE

SPIN MOTOR TIMNE TO SPEED INSULATED RESISTANCE
TIME TO ERRECT FROM MOTOR OFF
NORMAL OPERATING ERECTION RATE
VERTICAL ACCURACY

FREE DRIFT RATE

$ minuces maximum

vithin 0.5° {n 9 minutes

2 to 9 °/minuts after ) sin.
vithin 0.5° of true vertical
0.5%/min. nominal; rested on
$3 1/2° Scorsby 6 min. run
alternating

WEICHT
SEALING

Figure 3.17 Humphrey VG-24 vertical gyroscope
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10 g; 1 min;applisd in pitch or roll
axis shall not produce & drift of
grester than 10 */min.

=63 to +165 °r

-80 to +185 °F

ses level to 40000 (¢

3 fc for 3 hr,

to 932 including condensacion for
240 hes.

a8 encountered on shipbosrd or st
coastal regions

as encountered in desert regions
externsl surfaces non-nutritive
shall not produce an explosion
when operated in a fuel vapor rich

ares
MIL-1-6181; paragraph 4.3.1 & 4,3.2
100 hrs’ ainiaus

3 yrs sinieus

20 megohms minimum ac 100 voles DC
wotor circuit exempt

3.0 1b, maximum

shall not leak under vacuse equival-
ent to 40000 fec,




The gyros selected are manufactured by Northrop. Voltage input
required is 28 volts DC, and output voltage is from -5 to +5 volts DC.
The gyros are Northrop G5 subminiature rate sensors. The gyro package

specifications are included in Figure 3.18.

3.2.5 Control Position Transducers

Linear displacement transducers manufactured by Space-Age

Control, Inc., were used to measure elevator position. This trans-
ducer is depicted in Figure 3.19. Due to the small size of this
unit, it was decided to place it externally on the airframe. These

transducers are installed as shown in Figures 3.20.

A novel technique for attaching the control position trzusducer
(as well as the total pressure tube and temperature probe) has been
used., Double-sided foam tape attaches the external devices onto the
airframe. The mounting technique is depicted in Figure 3.21. The
mounting method was first tested in the KU-FRL subsoiic wind tunnel
for wind speeds up to 119 mph. The tests in the tunnel were run
for periods of up to 4 hours, with no degradation in rigidity of the
mount (see Reference 23), The method has proven to give excellent
results in the flight test program. The tape used is 3M number 4265
neoprene foam, the properties of which are included in the table

on Figure 3.21.

It was anticipated that the mounting locatioms for the control
position transducers would result in non-linear calibration curves.

However, the calibration curves appeared to have a linear character
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Weight

Outline dimensicas

Powar input

Input voltage limits

Full-scale output

Output impedonce

Output load resistance

Ripple

Zero rate setting

Input range
(roll/pitch/yaw)

Maximum input rate

Outpul voltage

(at overrange limits)

Output stabilicy

(input voltage variations)

Repeatabilitcy

Threshold

Resolution

Hysterisis

Operating temperature
Temperature sensitivity

.. PTQ7H-12-10P
/ . (BENDIX)
P )3
n - RS § AX
2 . L2 *.d’!’
[ ' gy ,
! has e : '
o 80 - L 1,968 === - ‘
| TRT TTRER T e
p——— 3,73 § -
2.0 1b. (max) Warm up time

3.75 x 3.75 x 2.13 4in
15 w.(max) (31 vde)

Motor acceleration time
Gimble deflection angle

28 £3vde Acceleration sensitivity
£5 vde Linear

5000 ohas (max) Angular

500K ohms (nominal) Linearity

25 av.peak-peak(max)

$1/2 2 78 Service life
50%/sec Insulation resistance
Damping ratio
600°/sec Natural frequency
+7 vde Environments
Shock
1/2 % FsS. Vibration
Storage temperature
1 % FS. Radio interferenca
0.01 */sec
0.01 */sec
0.1 */sec
0 - 160 °F

2aro output 1% FS/100°F
Scale Factor 13X F$/100°F

Figure 3.18 Northrop 3 ~ axis rate sensor
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10 ain
30 sec (max)
£2° typical

0.05 */sec/g 2

0.08 */sec/rad/sec

1/2 % PS, 0-1/2 scale
2-X FS, 1/2 - PS

100 hr(typical 14000 hr)
10 megohws (min),50 vde
0.5 to 0.9

35 Hz (min)

250g peak sawtooth, 5 msec
0.1 g /Hz, 20-2000 Hz

~65 - 200 °F

MIL-I-8161D
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SERIES 160
MODEL DASH RANGE RESOLUTION
NO. NO. 0 TO (INCHES) INCHES
160 — 161 2 0.0033

Potentiometer life, 1-turn units. 1,000,000 cycles
3-turn units, 600,000 cycles
or 900 hours at rated power

Cable static tension at zero extension 10-16-0z

Op. temp., -850F to +255°0F

Resistance, 1000} - Other “esistances avail-

able on special oraer are

5, 10, 20, 50, 100, 200,
500, [ZK 5K, 10K, & 20K.
45K (3 turn only), 50K and
100K (1 turn only)

Standard pots are used unless otherwise specified.

Specials are available on special order only.
Standard Special
Resistance +3% +1%
Linearity (3 turn) +0.25% +0.20%
Linearity (1 turn) +0.5% +0.35%

Max. current at 1559F (ambient) is 31.6 milliamps

Max. voltage across coil is 31.6 volts

Power rating, 1.0 watts at 1550F derated to

0.0 watts at 255°F

Insulation resistance, 1000 megohms min. at
500 vDC

1000 voits RMS min. at
60 CPS

Dielectric strength,

Figure 3.19

SAC Linear Displacement Trans-
ducers (LDT) consist of an extension
cable, spirally wound on a spring-
loaded rewind drum, which is coupled
to a precision, wire-wound, rotary
potentiometer. The cable end is at-
tached to the obiect whose movements
are to be monitored. As the cable is
extended or retracted, the cable drum
rotates the potentiometer wiper, vary-
ing the voltage at the wiper tap (No.
2) of the potentiometer. The voltage
may be measured to reflect the posi-
tion, direction, or rate of motion
of the object attached to the cable.

Space Age Controls linear displacement transducer
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RUDDER
TRANSDUCER

Figure 3.20(c) Rudder and elevator control position transducers

DEVICE TO BE MOUNTED

ALUMINUM MOUNTING

i T, vt et

SURFACE ON AIRPLANEJA

3M #4265 -DOUBLE COATED NEOPRENE FOAM TAPE

~lightly sand surface of airplane Adhesive A-20 Firm Acrylic
Thickness 3/64 in.
Tensile 60 psi

-clean with isopropyl alcohol

-surface must be room temperature during attatchment Static Shear 66 psi

-fair with duct tape Temp max. 225 °F

Temp min -20 °F

Figure 3.21 Mounting technique for external devices
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(linear regression correlation coefficient of between 0.9976 and 0.9998)

for the mounting locations used.

3.2.6 Static and Dynamic Pressure Transducer

A B&D Instruments Company 2504 series transducer (see Figure
3.22) was used for the static and dynamic pressure measurement.
This device includes its own signal conditioning and converts
the pressures to electrical signals utilizing semiconductor pressure
transducers. Semiconductor transducers are largely affected by the
ambient temperature; the B&D unit allows for this by heating the case

and maintaining a constant temperature.

The pitot tube was designed and constructed according to
Reference 24, (See Figure 3.23.) The pitot tube is attached to
the underside of the wing (see Figures 3.24) using the foam tape
method shown in F.gure 3.21. The pitot tube allows a high angularity
of the flow and still provides true readings. The distance from the
wing is such that the tube is out of the boundary layer and thus
provides a true total pressure reading as long as the pitet tube
axis is close to the direction of airflow (£15°), The tube is
mounted along the wing, halfway between the propeller arc and the
wing tip (see Figure 3.25). This location minimizes flow effects

due to the propeller slip stream and the wing tip vortices.

For the accurate measurement of static pressure, a trailing
static cone is recommended (see Reference 25). Initial flights

showed difficulty in deploymznt of the static cone after takeoff.
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Figure 3.23 Pitot tube
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Figure 3.24(b) Pitot tube mounted on airplane
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Figure 3.25 Pitot tube mounting location

The cone has not been used and is not essential if only stability
analysis is performed. The airplane static system is sufficient for
stability analysis; however, a more accurate method would be required

for any performance testing.

3.2.7 Temperature Transducer

An Analog Devices Company Semiconductor temperature transducer
was used for measurement of air temperature. Specifications are
shown in Figure 3.26. The transducer is mounted in a probe, as
shown in Figure 3.27. The temperature probe is mounted the same
way as the pitot tube, using the double-sided tape method. The
temperature prote is shown mounted on the airplane in Figures 3.28.

he location of the probe is identical to that of the pitot tube, but
on the opposite wing.
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Model ADS90M Absolute error (rated range)
Absolute Maximum Ratings No external adjustment 21,7°C max
Forward voltage +hé v +25°C calib ervor = 0 £1.0°C max
Reverse voltage =20 v Nonlinearity £3.0°C max
Breakdown voltage(to case) $200 v Repeatability £0.1°C max
Rated temperature range =55°C to +150°C Long term drift £0.1°C/month max
Storage temperature «65°C to +155°C | Currant noise 40 pAVHz
Laad temperature(soldering)+300°C Power supply rejection
PowerSupply +v <V <+5v 0.5uA/v
Operating voltage range +4v to +30v +5v <Vs <+15v 0.2uA/v
Output +15v <Vs <+30v 0.1¥Alv
Nominal current (+25°C)  298.2 uA Case isolation 10'* ohms
Nominal temp. coefficient 1luA/°C Effective shunt capacitancelOOpF
Calibrution error (+23°C) $0.5°C max Turn on time 20 us
Reverse bias leskage
(reverse voltage =10 v) 10 pA

Figure 3.26 Temperature transducer specifications
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Figure 3.27 Temperature probe
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Figure 3.28(a) Temperature probe mounted on airplane

Figure 3.28(b) Temperature probe mounted on airplane
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The trandsucers selected have shown that the basic decisions
regarding specific transducers, ranges and accuracies were correct.
They have all proved reliable, with no failures encountered; and
none required any specialized signal conditioning or difficult

calibration procedures.

3.3 Power Supply

There were two options considered for supplying power to this

instrumente~ion syste=:

1) Tap off the aircraft electrical system, or

2) Carry a separate battery piackage on the flight,

Considering option one, using the aircraft power system, offered
several advantages. These were reduction in gize of the instrumentation
system, and no limited usage time due to battery rundown. It was real-
ized, however, that there are several voltage standards on the current
general aviation fleet. This would therefore require either a complex
voltage control system or several systems to account for the various
voltages available in the airplanes to be con.idered. Coupled with
this is the high cost of voltage couversion systems. Also, modification
would then be required to the airplane's electrical system to install

the instrumentation package.

It was decided to explore the second option. A suitable re-
chargeable battery was found, manufactured by Eagle-Picher. These
lead acid batteries are sealed, rechargeable, and maintenance free.
A typical discharge curve is shown in Figure 3.29. These batteries

when used in a deep cyclic regime (i.e., removing 50-100% of the
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battery rated capacity prior to recharge) have a recharge time of
12 to 20 hours. They have an expected lifetime of 100 to 150 complete
charge/discharge cycles, with longer life expectancy when less than

100% depth of disacharge is used. These batteries can also be used

e

in any position. The c¢' -t of these batteries is such that several

battery packs could be purchased for less than the price of one regu-

lated voltage divider required if the airplane electrical system were

used.,

TYPICAL VOLTAGE CHARACTERISTICS AT VARIOUS RATES OF DISCHARGE (70°F) :

g
3

1.6 a4 1 70

1.0 ]

10 20 30 40 SO 60 2 3 4 6 1S 30 350 60 2 4 6 10 20

SECONDS I MINUTES I HOURS

DISCHARGE TIME

*Te Determine Discherge Rate of Verious Batteries Muitiply Reted Cepecity (C) by fester shown:
for enample «— The rete et which en cight empere hour bettery must be discharged te yield o
wssful ten hours equals .096C or 096 x 8 AN, = .77 amperes.

Figure 3.29 Battery discharge curve
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Another advantage of a battery system is stability of the voltage
supplied to the system. This advantage stems from two conditions.
One is the fact that no external loads are cn the power supply; thus,
the power being used is steady and unchanging. Second is the fact
that no ripple or noise will be in the power supplied. With a ship-
supplied system, ripple will be present in the voltage system due to
the means of supplying power (from the generator or alternator sys-
tems). This steady voltage supply, and the lack of ripple when the
batteries are used, vesults in transducers being able to normally

exceed their advertised specifications.

The voltages required for the complete on-board data acquisition
system are shown in Table 3.4. Batteries were selected to match the
power requirements at the various voltages. The - "ring schematic,
as well as the gspecifications of the batteries selected, are shown in
Figure 3.30. The batteries allow a minimum of 3 hours running time
between recharge. (The 12-volt battery supplying the TEAC tape drive

is discharged first.)

The biggest disadvantage when batteries are used is that ot
weight. The battery module, complete, weighs 60.5 lbs. This is
the heaviest component in the entire system (see the “-=ble of
Figure 3.2). Total weight of the entire instrumentation system
including all cables is 132.4 1bs. This system weight 1is not a

problem for the majority of general aviation airplanes.

46



Table 3.4 Power Requirements fo Data Acquisition Package

BATTERY VOLTAGE REGULATED VOLTAGE REQUTREMENT
+36 +28 Heater(Ps,FD)
Gyro motors(6,¢,p,q,r)
+2 +
4 15 Accelerometers(Ax,AY,AN)
Filters, MDAS-16
+12 TEAC tape drive
+12 +5,3 Ps and PD reference voltage
+5 Potenticmeters
(84858518, 48)
AIM 65 computer
Temperature transducer
-12 -5 Potentiometers
(6 ’¢’GE)6A’6R)
=24 -15 Accelerometers(Ax.AY,AN)
Filters, MDAS-~16
+36V +24V +12V ‘_"’T,“_D -12v -24V
+ - + - + - + - + -
12v8 12V15 12v20 12v1.5 12v1.5
* * * * *
(1.24) (1.44) (24) (200mA) (200mA)
* maximum current requirement
, NOMINAL CAPACITY DIMENSIONS (INCHES)
BATTERY | NOMINAL TO WEIGHT
NUMBER VOLTAGE 120 HR |10 HR |5 HR | 1 HR | LENGTH|WIDTH |HEIGHT |TERMINAL| (LB)
CF12v20 12 20,0]19.0 17,5 |12.5] 6.51 ) 4.91 | 6.53 | 6.75 16.2
CF12V15 12 15,0 14.5 (13.0| 9.0 | 7.22 | 3.34 | 6.50 | 6.75 12.8
CF12v8 12 8.0l 7.717.0| 5.0| 6.00 | 4.00 | 3.75 | 3.97 { 7.0
CF12V1.5 12 1.5 1.4 1.3] 0.9 7.02 | 1.33 | 2.40 [ 2.69 | 1.9

Figure 3.30 Battery module schematic and specifications
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3.4 Pilot Control

The pilot controls the instrumentation system using a box which
can be placed on the seat beside him (see Figure 3.31). The control
box performs essentially the same f..nction as the ground keyboard,
the switches on the box replacing the keys (which are really just

momentary contact switches). The controls are described below.

3.4.1 System Control

This consgists of three switches.

First is the "INITIALIZE" tape switch. This is a momentary
contact switch which is used only after insertion of a fresh data

tape. Thi: function prepares the data cassette to accept data.

Second, the "RUN/STBY" toggle switch is used to control when:
data is being recorded. In the STBY position the system is non-
active., In the RUN position, data is recorded. There are two
of these switches, one of which is located on the pilot control

wheel and the other, on the pilot control box.

Third is the "REWIND" switch. This is used at the end of a
cassette or flight. Activation of this switch places an "end"

mark on the data tape and rewinds the tape.

3.4.2 Transducer Readout Control

A high-impedance analog voltmeter is provided to the pilot

so that he can observe a particular transducer as he requires.

The meter's installation is shown in Figure 3.32. A rotary switch
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Figure 3.31 Pilot control console
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Figure 3.32 Transducer monitor
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(on the pilot control console) controls the signal which is observed.

This feature is also used to verify that all transducers are

operating correctly prior to a test flight,

.
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4. GROUND COMPUTER SYS1%M

The MMLE* data reduction process descrited in this report
requires a powerful computer capable of being programmed in a high
level language. Phase I (Reference 2) pointed out the requirement
for a computer system operating under a compiled language. This re-
quirement is due to the lengthy execution times associated with in-
terpretive languages. (A Hewlett Packard 9825 was used in Phase I,
programmed in interpretive Basic.) This chapter presents a bench-
mark process which has been used to evaluate the capability of the
computer systems to perform the data reduction tasks. Also, a de-

scription of the selected computer is presented.

A two-step evaluation process was used. The first program
in this process, the INTEGER SPEED ROUTINE, is short aad easy to
implement and gives a ball-park speed estimate. Secondly, the
FLOATING POINT SPEED ROUTINE is a lengthier program, more closely
resembling the operations performed in the MMLE process. These

programs are described below.

4,1 Integer Speed Routine

This is a short, easy-to-implement program giving a rough bench-
mark of the operating speed of computers. The idea for this routine
was originally conceived in Reference 25. A listing is presented
in Table 4.1. The program does not realistically reflect the MMLE

data reduction process, but it can be easily implemented in virtually

*
MMLE = Modified Maximum Likelihood Estimation (see Chapter 5).

51



=

Table 4.1 Integer Speed Routine
(Fortran Listing)

10 DO 100 M=5,10000,2
20 I=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

any  language on most cemputers in little time. This increases the
ease with which a benchmark can be run and gives a ball park estimate
of a computer's speed performance. The results of this speed compari-

son are presented in Table 4.2,

For evaluation of this data, it was assumed that once through
this program was equal to two iterations of the MMLE routine. There~
fore, to obtair the desired data reduction time through MMLE of
5=-20 minutes, the Integer Speed Routine needs to run at 2-8 minutes
on an acceptable_computer. From Table 4.2 it is seen that all accept-
able computers had both a compiler, which compiled down to machine
code, and a floating point hardware package. Also, all acceptable
computers were either using 16-bit microprocessors or could be con-
sidered main frame machines. 1t was obvious that current 8-bit
microcomputers would not be capable of performing the data reduction
task in any reasonable time frame. This is evident by the fact
that the AIM-65 (using a 6502, 8-bit microprocessor) could not meet

the speed requirements even in assembly language.
This study narrowed the number of acceptable machines considerably.
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Table 4.2 Integer Speed Comparison

K
Bl qls 3
: g2 2
8 E s §
& MACHINE LANGUAGE -] E HRS:MIN:SEC | 2
AIM 65 BASIC (PRINTER OUTPUT) * 4: L4t 44
ASSEMBLY (LED OUTPUT) 0: 23: 36
) ASSEMBLY (PRINTER OUTPUT) 0: 33: 40
= TRS 80 LEVEL I BASIC * 7: 12: 27
= LEVEL II BASIC * 6: 31: 10
o ASSEMBLY 0: 21: S5
" FORTRAN * 0: S4: 18
@® MODEL 7L BASIC * 3: 15: 00
APPLE 11 INTEGER BASIC * 2: 24: 31
FLOATING POINT BASIC * 3: 563 .23
TERAC 8510 PASCAL (COMPILE TO P CODE) * * 0: 30: 35
TEKTRONIX (4052) BASIC * 1: 23: 00
HP 9825 BASIC * 1: 41: 17
HP 1000 FORTRAN RTE IV B (CRT OUTPUT) * * 0: 01: 23 v/
g (NO OUTPUT) * * 0: 00: 48 v/
3] FORTRAN RTEM (CRT OUTPUT) * * 0: 00: 57 v/
£ " (NO OUTPUT) * * 0: 00: 44 v/
= IBM SERIES I FORTRAN (NO OUTPUT) * * 0: 01: 30 v/
= " (PRINTER OUTPUT) # * 0: 04: 30 v/
$ PDP 11/34% FORTRAN (RSX 11 M) (CRT OUTPUT) " * 0: 07: 10 v/
- (PRINTER OUTPUT) * * 0: 11: 20
MINC 11/23 FORTRAN RT11-1V (CRT OUTPUT) * * 0: 03: 16 v
(DISC OUTPUT) " * 0: 03: 29 v
FORTRAN RT11-IV PLUS (CRT OUTPUT) " * 0: 03: 10 v
(DISC OUTPUT) * * 0: 03: 00 v/
HONEYWELL 60/66 FOKTRAN * * : 00: 44 %
> W PL/1 * * 0: 02: 13 v/
~'£ CDC CYBER 70 FORTRAN (NON OPTIMIZED) * * 0: 00: 39 v/
b fa FORTRAN (OPTIMIZED) * * 0: 00: 37 v
IBM 370-148 PL/1 (OPTIMIZED) " * 0: 01: 19 Y/

*
The PDP 11/34 was operating in a multi-user mode. Its performance is cstimated to
approximately 2-3 times faster than the 11/23 series computer in single-user mode.

4.2 Floating Point Speed Routine

To more closely resemble the MMLE data reduction process, yet

still use a simple-to-implement program, the routine shown in Table 4.3

was developed. The program is made up of floating point matrix

mathematics, which is what MMLE primarily contaias.
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10
20
30
40
50
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

Tahle 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=1,20
DO 200 Jw1,20
2(1,J)=0
A(1,J)=F*I*]J
B(I,J)=F*I
C(I,J)=F*J
D(I,J)=F
T(I,J)=0
CONTINUE
DO 300 I=1,20
DO 300 J=1,20
DO 300 K=1,20
T(lpJ)'T(I:J)+(A(IvK)*B(K'J))
E(I,J)=E(I,J)+(E(I,K)*D(K,J))
CONTINUE
DO 400 I=1,20
DO 400 J=1,20
E(I,J)=E(I,J)+T(I,J)
PRINT,"E="
DO 100 I=1,20
DO 100 J=1,20
PRINT,E(I,J)
CONTINUE
PRINT M
STOP
END.

The program approximates one iteration of the MMLE method.

This is indicated by the 48 minute run time on the Hewlett Packard

9825, which requires approximately 50 minutes to perform one iteration

of the MMLE program. In order to deem a computer acceptable for the

MMLE process, it must be able to complete the floating point speed

routine in the order of 1-5 minutes. It was decided that an MMLE

execution time of 5-20 minutes would be acceptable (assuming 5 iter-

ations).
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The results of this test are-presented in Table 4.4.

that the 16-bit machines tested, operating in compiled Fortran, meet

the speed requirement.

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
(DISC OUTPUT) 2:07
IBM SERIES 1 (DISC OUTPUT) 0:58
MINC 11/03 (DISC OUTPUT) 5:35
MINC 11/23 (DISC OUTPUT) 4:00

4.3 Description of System

The results of the benchmark evaluation left several computers

that were deemed acceptable. To select the best machine for the

KU-FRL requirements, the following factors were also considered:

Memory expansion capability

Floating Point Hardware available
RS232 ports/IEEE 488 ports* installed
CRT Graphics capability

Hard/Flexible disc storage
Programming lanquages available

Users group existing

Delivery

Cost

%
Industry interfacing standards
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*
Evaluating the acceptable computers, the DEC MINC 11/03 computer

was selected as best meeting the requirements. A description follows.

The MINC 11/03 is shown in Figure 4.1. The block disgram of

Figure 4.2 shows the basic features and some of the options available.

The computer uses a 16-bit DEC LSI 11/03 processor, capable of
addressing 64K bytes of memory, and contains a floating point hardware

package, 4 RS232 ports.'and an IEEE 488 port.

Data and program storage is handled using the dual RX02 flexible
disc drives. These use 8" flexible discs, 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 as allowing graphical representation of the flight test

res:lts.

The RS232 ports are used for input and ouptut of the data.
Four are provided. One is used for the VT 105 terminal, two are
configured to allow data transfer from the Rockwell AIM-65, and

one is used to control a hard copy printer,

The 1EEE 488 port allows ease of interfacing to many industry
standard components. Planned future use of this port is for a
hard copy plotter for analysis and report quality plots of flight

test data.

*
DEC = Digital Equipment Corporation.
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ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Figure 4.1 Digital Equipment Corp. MINC 11/03 computer
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" VT103
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“RT1Y ¢l [el |al |al [o] |12 |[E -
*RSX-11S {RHENE ARG R SYSTEN
| 11| lo| [o] k| |[2 - SOF TMARE
+DECnet/RT11 | (Al [A] 6] |¢ B E MINC BASIC
*DECnet /RSX11 | [L| |L Pl |ul |k=|COMPUTER
0| (1 ol |[s
«FOR:RAN IV | [o] (1] [u| [N R |
*MULTI-USER [(u] M| [T] |P 1
BASIC 1 Pl [u 8 * RX02
*FOCAL ul 1 DUAL DRIVE
~*MACRO 1 ([ DISKETTES
ASSENBLER
CRERCRRCR{onY

*Options available (not on KU-FRL system)
#*Installed on KU-FRL system

Figure 4.2 Block diagram of MINC 11/03 computer



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 vas determined necessary to perform the data reduction task

as indicated in Sections 4.1 and 4.2.

The MINC computer has been found capable of performing the
function intended. The MMLE process takes approximately 20 minutes

for 5 iterations, which is close to the prediction of Section 4.2.

It is recommended that a hard copy nrinter and plotter be
added to the standard MINC to make it a complete data analysis

aystem,
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5. DATA REDUCTION METHOD

This chapter describes the data analysis procedures used for
longitudinal and lateral stability analysis. The overall method

is best depicted via the flow chart shown in Figure 5.1

For this phase the system described in Chapter 3 was used for
airborne data acquisition. The KU-FRL's DEC-MINC 11/03 microcom~
puter was used for all further data processing. This computer is
described in detail in Chapter 4. Segmenting the various data re-
duction programs into the blocks as shown in Figure 5.1 aliowed

effective data analysis.

This section describes theoretical aspects of the computer
programs used. Flow charts and program listings are included as

Appendix A.

5.1 Data Acquisition

This program is used as part of the airborne data recordi=g
system. It is written on the AIM~65 in machine level language to
allow rapid execution. The program controls the MDAS-16 module,
as well as the TEAC cassette recorder. (See Appendix A.l for flow-

chart and listing.)

The program has three control inputs, which are located on
the pilot control console. The first is the "INITIALIZE" tape
button. This is used for getting the data cassette ready to record

the signals. It is used only once per data cassette. This command
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AIM 65
& e
MINC 11/03

TRANSFER DATA
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COMPUTER
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CONVERSION

Y

QUICK LOOK
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ENGINEERING
CONVERSION

Y

REDUCE DATA
USING MMLE
METHOD

Y

PLOT RESULTS

Figure 5.1 Data processing flow chart
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SR

rewinds the tape (if required), advances the tape past the beginning

of the tape hole, and then writes a beginning-of-tape file mark.

Second, the "RUN/STBY" toggle switch is used to control the
recording of data. Placing this switch in the RUN position begins
the data recordiig process. The computer then sends control to the
MDAS to sample the PD’ PS and T channels. These are sampled 10 times
each and then output to the TEAC cassette drive in one block. The
program then runs through the other channels (AX’ Ay, AN' 8, ¢, P,
q, r, GE’ GA, GR). These data are temporarily stored in computer
memory. After a total of 0.1 seconds has elapsed, the computer then
samples these channels again and also temporarily stores them in
mewmory. After 10 such time points are in the computer memory, the
AIM-65 outputs this to the TEAC in one block; and the process ccn-
tinues until the "RUN/STBY" switch is placed in STBY. Then the

computer samples the P PS and T channels agair and outputs these

D’
to the tape. After this the system idles, waiting for the next command.
To reduce the possibility of error, the hignest order bits on
the measurement channels are recorded twice., This is easily done,

as the analog-to-digital conversion comes out as a 12-bit word,
available as a tri-state output. The AIM-65 operates on the basis
of 8-bit words; therefore, the 4 highest order bits of the data are
recorded twice, resulting in two 8-bit words. These higher order

bits are cnmpared on readback as a means of error checking.

Third, the "REWIND" switch causes an end-of-tape mark to be

written cu the cassetie and then rewinds the tape back to the start.
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This program also keeps track of the run number, which is output

at the beginning of each run to the cassatte.

5.2 Transfer Data to Ground Based Computer

This operation requires both the AIM-65 znd MINC 11/03 and a
program for each to allow the two to be coupled. A standard RS232
serial interface is available on both computers. The data can be

transferred across telephone lines 1f desired.

The data, before being tragsferred from the AIM-65, 18 checked
for errors. This is done by comparing the high order bits, which
have been recorded twice. A running total of any errors is kept
and printed out by the AIM-65 on its display printer. Errors have
not been significant in number, and therefore no correction is made.
All errors to date have been caused by pour quality data cassettes.,
Using the qualified cassettes (see Table 5.1 and Reference 27)

no data errors have been found in the flight data.

Table 5.1 Qualified Data Cassettes

Manufacturer Type Part N¢

3 Scotch 834A/1-300
TDK Data Cassette HR-850 90C
MAXELL Data Cassette M=90

BASF Digital Power Typing Cassetie 52346

(Qualified as per Reference 27)
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The AIM-65 program is shown in Appendix A.2; and the MINC 11/03
program, in Appendix A.3. These program3 are used to trancfer the
flight data from the TEAC cassette tape to the MINC 11/03 disc. In
this mode the AIM=-65 keyboard is used for controlling the data transfer
off of itself. The MINC 11/03 program loads the transferred data into

its memory and then transfers this data to the data disc.

5.3 Engineering Conversion

The first step in the actual data analysis procedure is con-
verting the raw data bits into their corresponding engineering
units. The process involved first converts the bit pattern of
each measurement to the voltage representation. (See Reference 3
for detailed explsnation of this process.) Then, utilizing the
particular transducer calibration curve, this voltage representation
is converted to the units of the actual motion measured. Resulting
from this, then, is the transducer measurement in the correct en-

gi. 2ering unit., (See Appendix A.4 for program list’ng.)

This two-step process i1s presently required due to the cali-
bration process utilized in this phas«. Currently, transducers
are excited using known inputs; and the transducer response is
measured using a voltmeter. A suggested improvement in this
process is to bypass the voltmeter, using the digital recording
system in the calibration process. This improvement is planned
o be implemented upon construction of ti:e calibration rig sug-

gested in Chapter 9.
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5.4 Quick=Look Plots

The next step in the data analsys procedure is making the quick-
look plots. The program of Appendix A.5 is used to do this. Basically
this program plots the transducer outputs (uncorrected for C.G. loca~-
tion, etc.) on the graphics CRT. This is a rapid means of determining
the portion of the recorded data that has the proper aircraft modes
excited and is thus suitable for further analysis. Operator inter-
action has been minimized to reduce the overall time required for

this step.

5.5 Detaiied Engineering Conversion

This program is used to do a rigorous conversion of the data
into the form required for the MMLE technique. Accounted for in
this procedure are accurate transducer calibrations and instrument

position corrections.

The first step in the instrument position correction process
.s to account for the misalignment between the transducers and the
aircraft body axis. Secondly a correction must be applied tc correct
for the distance from the transducer center of gravity to the air-
plane center of gravity. The following equations are used. (See

Reference 28 for a more rigorous presentation.)

O = O ~ 8
Pg * Py cos (8p) + ry sin (68) [5.1(a)]
ry = =Py sin (81) + r) cos (GI)
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U, TR Ry Ty

_ i 3 .\ ¥ ) Z
AXB AxM cos (eI) ANM sin (eI) + (rB2 + qnz)'g - (pq = ¥) e (pr + q) 2
- * )-( 2 2 ? , ° 2 *
- + — + -— . - -_— .
Ay Thy - (PaE T Gr B2+ - ar - p) g (5.1(®)]
- R hd i M ? 2
ANB AXM sin (8,) + ANM cos (8) + (pr - @) g+ (ar +p) = - (p? + q2) 2

where
B indicates Body axis at airplane center of gravity
M indicates as Measured by transducer
I indicates as Installed wrt Body axis at airplane center of gravity
This step also involved checking for and correcting any obvious
data errors. If any filtering of unwauted noise is required, it
would also be done at this stage; however, none¢ has been needed
to date. The quick-look plots are used as the major aid in this

process,

A program listing is contained in Appendix A.6.

5.6 Modified Maximum Likelihood Estimator

The flight data were processed through the Modified Maximum
Likelihood Estimator (MMLE) developed by MASA (see Referexcus 12-16).
This technique has been used by NASA for over 12 years. A simplified
program (NASA Dryden "BONES" version of MMLE) has been placed on
the MINC 11/03 computer. The actual program listings are included
in Appendix A.7. Described here is the theory used in this tech-

nique, and some of the assumptions made for the KU-FRL version.

* L] - » .
Where p, q, and r are required, these are determined by digitally
differentiating the p, q, and r measurements.
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5.6.1 Parameter Estimation

The MMLE estimator is an iterative process that determines
the coefficients of a given set of linear equations describing the
motion of the aircraft. It does this by comparing the differenca
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 the differences as determined

above, The flow chart below shows the MMLE concept.

Turbulence* Noise*
Control Test Measured
___input aircraft response
- Estimated
Mathematical model
of aircraft response>.®
———pe  (State estimator)
Response
error
Newton- Maximum
Balakrishnan | liketihood
computational cost
aloorithm functional
\ “
- Maximum likelihood
estimate of
l aircraft parameters
ﬁNot Modeled. ¢

Figure 5.2 Maximum likelihood estimation concept
(from Reference 13)
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5.6.2 Mathematical Model

The mathematical model used to describe the airplane 1is
derived from the small perturbation equations of motion (see Ref-

*
erence 22), These are shown here explicitly, in the non-dimensional

form.
- for longitudinal (from Reference 22, Equation 6.1):

.
mu = - mglcosy

- '] U
LS+ 26 ) B 4 (Cp 42, ) - (G- C a6
u 1 1 x x 1 a 1 8
u 1 E
m(w - U,q) = ~ mg0sind, + q,5{=(C, + 2C, ) %~ (c. +C Ja-~¢c X--¢c L _c s} [5.2(a))
1 179 T L, Dy Ly 20) T "L 20 L6! E
Q = 3,5¢ + L v e 8,
Iyyq - qlSc((Cmu 2ca‘) v, + (C'r + zc‘r ) U + c.uo + c‘T a + c-& 20, + C-q 2"1 0-6 6=)
u 1 a E

- for lateral (from Reference 22, Equation 6.2):

Y - 3 pb_ Ib_
m(v + Ulr) mgocono1 + qls(CyBB + Cy 50 + Cy 20 + Cy 6A + Cy SR)
p 1 1 § §
A R
o- --- E_b__ EL 5.2(b)]
lxxp Ixzr qISb(Cz 8 + C‘ 2U + Cl 2U + Cl 6A + Cl 6R) [
B ] 1 T 1 § §
A R
1 el pb L1
Izzr [xzp q1Sb (Cn B+ Cn 8+ Cn 2U + Cn U + Cn 6A + cn 6R)
8 T8 P 1 4 1 6A GR

Using the definitions shown in Table 5.2, Equations [5.2] can

be converted to the dimensional form shown below.

- for longitudinal (from Reference 22, Equation 6.72):

u= - gecosel + qu + XTuu + xua + xGEGE

w-U;q==-g0sin6, + Zu+ 2 a +2ea+2q+2, §
1 1 u ] a q SE E (5.3(a)]

Le

§

- Muu + MTuu + Maa + MTau + M&a + qu + M E6E

*The derivatives in Reference 22 are for the stability axes system.
See Appendix B for conversion to the Body axes used in this report.
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Table 5.2(a)

Longitudinal Dimensional Stability Derivatives *

.qlS(CD + ZCD )
" mul sec
qls(CT + 2CT )
x, X -1
xT - mU (sec ™)
u 1
XQ - o (ft sec °)
'qlsch "
X = E (ft sec ©)
GE m
qls(cL + ZCL )
Z = - 2 (sec-l)
u mU
1
qls(cLol + CDl) i
Za = - - (ft sec ©)
qISCL&c -
Z& - - T (ft sec )
1
qlscL c N
zq - - -Emul (ft sec )
qISCLG -
7 = E (ft sec ©)
SE m
q]_Sc(Cmu + Zle) , o 1
Mu = S (ft = sec )
yy 1
q,8c(cC + ZC“T )
MT - 1 uu L (ft 1 sec-l)
u yy 1l

qlsccm
M o= <
a I
yy
qISchT
Mp =3
a yy
a QR2
qISc Cm-
e
yy 1l
= eR2
qlSc Cm
M
21 U
q yy 1
qlsch
M =
§ I
E yy

)

(sec”

(sec™ )

(sec-l)

)

(sec”

(sec-z)

* from Reference 22, Table 6.3, page 413
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Table 5.2(b)

Lateral-Directional Dimensional Stability Derivatives

q,SC
1"vg -2
Y, = (ft sec
8
EISbcy
Y = —»=R (£t sec-l)
P ZmU1
EISbc
r -
Yr 50 (ft sec
q,SC
1 yGA (ft sec )
Y -
GA m
q,SC
1 yéR (ft sec °)
YS = m
R
EISbcz
L, = (sec™?)
8 L
alsb2c2
L= 2T_1U,; (sec ™)
515b2c2
T -1
L = (sec )
r ZIxxUl

q15b016
L, = A (sec-z)
§ I
A XX
qleCz5
LG - T R (sec-z)
R XX
qISan -
NB - (sec 7)
2z
qleCnT
B -b
NT -3 (sec )
8 zz
- 2
qlsb Cn )
N = —— (sec ™)
P ZIzzul
s 2
qle Cnr )
Nr = =3 (sec )
z'1l
qISbC“G
NG =—3 A (sec‘z)
A 22
qleCn6
N, = R (sec-z)
§ I
R z2z

* from Reference 22, Table 6.8, page 445




- for le 2ral (from Reference 22, Equation 6.141):

v+ Ulr - g¢coaal +Y B8+ Ypp + Yrr + Y GA + Y6 GR

B A R

§

I
. Xz °
P - I T LBB + Lpp + er + LGAGA + LGRGR [5.3(b)]

1
] xz .
r-——p=NB+N. B+Np+Nr+N. § +N. 3§
Izz 8 TB p r GA A GR R
Using the concept of state variable theory (see Reference 22),

Equation [5.3] can be written in the following form:

[R] {x(t)} = [A] {x(t)} + [B] {u(t)} [5.4]
where
{x(t)} = state vector
[R] = gcceleration transformation matrix

[A] = gtability matrix

[B] = control matrix

{u(t)}

control vector.

Equation 5.4 can be written more explicitly in the form which

follows:

- for longitudinal (where [R] = identity matrix):

o ] 'H‘ M' M' M? ] rq 1 r M, M. ' M' 7
q q u a (] § § o -
E c s
E
' ' - ' ' *
. U 0 X xa g cos (81) U KGE xsc xo
dc “lz +vu * S¢ (5.5(a)]
a FL__Z:: A 2! F_.ET sin (91) cos (01) a z,' z,' z!
l - a u a 1 a 65 6C Q
1
] cos (9) O 0 0 8 0 0 8! -
S = - o . 0-

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

r ﬂ o T P 1 - ' 1
L; L Li 0.0 P La' LB' Ly . -
A [ 4 s
A
4 n* N' N! 0.0 r N' N,' N'
4 r 8 [ 8 ]
mi| | bl 5 | 15.5(0)]
8 un(aI) -coo(ul) Y; -ul; coo(el)co-(ol) 8 16; Yc; Y;
1
() 1.0 col(él)tm(ol) 0.0 0.0 ] 0.0 0.0 0; L ‘
O e od b o e -

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

To allow determination of states other than the ones contained

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

{y(t)} = [—é—] {x(t)} + [—-g—] {u(e)} + {-%-} * {5.6]
where
{y(t)} = computed observation vector
[G] = obgservation matrix
[H] = observation matrix
{v} = variable bias vector,

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

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

measured observation vector, shown here:

{z(6)} = {y(e)} + {n(e)} " (5.7]

where

{z(t)} = measured observation vector » {8, ¢, p, q, T, Ay, AY’

Ag Sg» 840 g Py Ppy T

{n(t)} = measured noise vector.

From the terms of Equatiomns {5.4], [5.6], {5.7], the vector

*From Reference 16
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Table 5.3(a) Longitudinal, Dimensional State Vector Stability lMerivatives

Z +U
q 1 -1
“;'Mq‘*ﬂ& W =2 =M +My (sec ) X! = longitudinal accelcucion
equation bias (ft sec )
Me Z _ - Z +U
M'-\( +MT+ o (ftlse 1) \ _3_.__&:1,01'
l'z' "1 - Z&
Me 2 2 z
M mM +M, e (sec™ ) 7' -t (t‘t-l)
a o Ta Ul-Za u ”1‘2& Uy
-M+g 8in(8,) cos(d,) -
1 Zy " U-zz * U, (sec )
1 "a 1
M- ZG
— @ O ¢ -2 -g sin(el)cos(¢l)z-gsin(el)cos(¢1)
M M +———="1— (sec ")
GE ) U,-2 U,-2 U
yC E,c a 1" % “1 -1+
* (sec ™)
Mé = pitching moment equation bias
(sec-z) Zg ZG
-1
. ot ke —E (e
Xy = X, + Xy (sec ™) E,e U1 1

u

-2
' -
xa Xa (ft sec )

(ft e:ec-2

Zé = normal acceleration equation

_1)*

bias (sec

éé = pitch rate equation bias (sec-l)

* 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.

-f.
- - -M '
q q
a 'l
de a 1
;9_ cos(¢l)

M' M' O | [0 —H' M,/ M'1
u q 5g 8, ©
' v

X, X -cos(8))g i, X‘S'E xa'c X

zZ' 2' - 4 '

e a Sin(el)cos(¢1)ul a Z ZG' Z;

E c

0 0 0 9 0 0 6

-l -J -‘ o-

Note: With the approximations above, Equation [5.5(a)] is rewritten as;
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Table 5.3(b) Lateral, Dimensional State Vector Stability Derivatives

Pr——p—

Lé -1, (sec™l) Ng' = N, (sec-z)
A A
-1
' n -
Lr Lr (sec ) NG' - NG (sec 2)
. -1 r r
LB - La (sec 7) -1
N!' = N_+N. (sec )
-2 8 B TB
LG' = L (sec °)
Ao A Yg 1
, -2 Yé -7 (sec )
LG - LG (sec ) 1
r r
1 Ys
1 A 1
' - -
Nr Nr (sec ) .
6t -1
Y5' -5 (sec ™)
r 1
Yé = lateral acceleration equation bias (sec-l)
$6 = roll rate equation bias (sec-l)
' =2, *
L, = rolling moment equation bias (sec )
Né = yawing moment equation bias (sec-z)

*

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.

1.0 - ‘i& 0 0
XX

L -4
- -I—"- 1.0 0 0

z2

[R] = for I_ =05 [R] = identity matrix

0 0 1.0 O
0 0 0 1
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Table 5.4 Matrices Used in Observation equation
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{c} = £([A], [B], [G], [RH], {v]}) (5.8]
(where f indicates "s& function of") is defined as the vector of
unknowns. It is this vector that the MMLE method estimates.
MMLE determines the unknowns ({c¢}) by minimizing the cost function

given by:

1 T + *
J = T J; {z(t) ~y(t)} [D] {=2(t) - y(t)} dt [5.9]

(T, t: indicates time)
or approximately in the discrete case:
1 t *
J = _(-l:l-T)' 1% {zi - yi} [D] {zi - yi} At [5.10]

(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 describe 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 vector of unknowns, {c}, and the
first and second gradients of the cost fuactional, J, with respect

to the vector of unknowns, {c}. The equation
- - 2 -1 + %
{c}, = {ed,; - (Vg 33" (v, I} [5.11]

(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:

*From Reference 16

& -
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(vJ) = =2 }tj‘,{ -y 1 v (z, -y " [5.12] l
¢ TNT &t TN PR y '
N N ;
(v23) == 1;lvcfz,1 y b D1V (z, -y }+55 i;l{z1 y,} [D193{z, ~y,}

[5.13]
* »
The Baiakrishnan modification makes use of the fact that the
term Vifzi - yi} approaches zero with convergence and is thus

neglected. The expression for the second gradient becomes:

N “
(vgJ} - Tv'z"f Elvc{zi - yi}+[D]Vc{zi -y} ‘ (5.14])

After several iterations the cost function converges near some
small value. At this point the parameters of Equation [5.5] have
been modified to obtain their most likely value which results in

the best fit of the measured states,
5.6.3 Assumptions Used in Data Reduction

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

computer,

Initial estimates of the derivatives in Equation [5.5] were
obtained using the analytical methods of Reference 22. Although
the MMLE technique does not require accurate knowledge of these

derivatives, this procedure does speed convergence.

The MMLE program usually uses a modified least squares method

for the first iteration to estimate the derivatives, as an aid to

*From Reference 16
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speed convergence. This, however, requires measurement of most

of the states indicated in [5.5]. The instrumentation package

uses only a minimum of tvansducers, and all cthe states required

for this least squares estimate are not measured. Using the least
squares procedure would result in divergence of the first iteration.
Therefore, the least squares estimate was not used, which did slow

convergence of the derivatives,

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. Further analysis into

this factor will iandicate 1its optimum value for best convergence.

The weighting matrix, [D], of Equation [5.9]), was chosen after
analysis of the instrumentation error magnitudes. The first run
through the MMLE program, with measurements from this instrumentation
package, provided a weighted error for each measurement state. As
suggested in Reference 16, the values for the weighting 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.

5.7 Time History Plotting

The MMLE reduction method not only produces the estimates for
the derivatives, but also calculates the estimated time history for
the various states. This is stored on the data disc by the MMLE

program. The programs presented in Appendix A.8 retrieve both the
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predicted time histories and the measured time histories and plot
them togethier on the graphics CRT. These graphs of the flight
tast maneuver are the visual indicition of the goodness of the

predicted airplane derivatives,

As is evident from the many programs provided, the final
results of a flight test maneuver are obtained only after a multi-
step procedure. This is primarily due to the nature of the methods
being used in aircraft flight testing, as well as the limitations of

computer technology being used.
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6. KU-FRL FLIGHT TEST PROGRAIf

Two series of flight tests have been conducted using the KU-FRL
Cessna 172. The first series, cord ‘ted under Phase I, is presented
in Reference 2. Presinted here ;| . the basic concepts of the type

of flight maneuvers required, and results of the Phase II test program.

6.1 Flight Test Maneuver

Traditional flight testing methods have utilized primarily steady-
state flight paths for data collection. This was due mostly to the
data acquisition systems available. Unfortunately, this required
highly trained and competent test pilot to obtain realistic and wvalu-

able results.

With the current transducer and acquisition system technology
available, flight testing need no longer rely on steady-state maneu-
vers to allow accurate state measurement. This development has re-

sulted in the newer flight testing metnods utilizing dynamic maneuvers.

When techniques such as the MMLE are used, the literature (Ref-
erence 29) indicates that the nature of the maneuver is not critical
to determine the aircraft characteristics. What is important when
using these techniques is to ensure that the proper aircraft modes
have been excited. For example, a longitudinal maneuver should excite
both the short=reriod and phugoid rodes of the airplane. This reali-
zation (i.e., non=critical flight path) liads to the possibility of
using lesser qualified pilots and still obta.ning accurate results.
All testing done on this program has been don¢ by a pilot who had no

previous flight test experience.
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The control inputs presented in the traces of Chapter 6.2
are typical of the type of maneuver required. Several frequencies
are excited, which tends to increase the validity of the results
obtained. Also the total energy input is approximately symmetrical.
In other words, the motion produced in one direction is offset by

the motion produced in the opposite direction a short time later.

6.2 Results of Flight Test Program

Presented here are results of the Phase II flight test program.

All flights were done at the conditions of Table 6.1.*

Table 6.1 Cessna 172 Flight Test Conditions

Wing area (S) 174 fe2
Wing span (b) 35.8 ft
Inertias*
I, | 1029 slug ft?
I, 1891 slug ft?
Iy 1092 slug ft?
Mass (m) 59.46 slug
Weight 1913 1b
Center of Gravity (Body Station) 41.3 inch
Mean chord (c) 4.9 ft
Speed (Ul) 176 ft/sec
Dynamic Pressure (31) 33.69 1lb/ft?
Altitude 3000 ft

The plots following show the absence of noise in the measurement,

as well as the typical maneuver required.

*
Estimated by Reference 30
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The fit of the estimated states compared to the actual states
in the longitudinal maneuvers is good (Figures 6.1-6.3). The only
state that is »ff ~onsistently is the Ax term, which appears to be
affected by a phase shift. The cause of this phase shift has not

been determined.

The estimated parameters have been compared with the analytical
methods of Reference 22 and with flight test results obtained by
NASA Langley on & Cessna 172 (Reference 30)., This correlation is
shown in Table 6.2 for the longitudinal maneuvers. It is seen that
there is good correlation between some derivatives, but not between
others. The best correlation appears to be with the one of run 23B,
in which the speed derivatives have been held constant for the MMLE
analysis.* This would tend to be the predicted result due to the
mismatch in the Ax term, which is a major contributor to the speed

prediction.

The lateral maneuvers are presented in Figures 6.4-6.6; and the
correlation of derivatives, in Table 6.3. The fit of the measured
and predicted states is again reasonable. Run 1l has the best fit
as well as the overall best fit to the parameters. Again, however,
the predicted coefficients are not within acceptable limits. The

cause of this is not known.

Observing the rudder trace on Figure 6.6, what appears to be

rudder float is evident (especially between 10 sec and 12 sec).

*
This is the same procedure performed by NASA Langley, which makes no
attempt to predict any speed derivatives.
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Table 6.2 Comparison of Results, Longitudinal

STICK FIXED: ALASPEED 176 fc/ese (120 WPR)

il e w-n, wes .- JPR PY VS, TVE R
Gress
Veight 1913 1848 160
(1b)
e
Canter of
Gravity
(Bedy station, 4.3 42,3 40.3
inghes)
Tlight No. 19/10/80
fus Ne. 23A 238 S1A
(Pig. 6.1) | (Pig. 6.2) | (Fig. 6.3)
C. ' (13%) (32) (29%) (%)
q «21,84 -18.72 =24,77 19,34 ~17.60
C! ' CONSTANT NOT
'} 0.093 [} 0,097 PREDICTED 0o
C. ! (20%) (17%) (282) (6% 7]
] 0,543 «0.36) =0,4%0 =0,678 «0.890
C‘ ' CONSTANT NOT .
('} =0,095 =0,100 =0.046 PREDICTED -0.100
¢:x ' . (27%) L] (712)
) =1.403 0.688 =-1,450 0,54 0.196
Cz ' COMSTANT NoT
("} =0.003 =0.006 0,003 PREDICTED 0
Cz ' (1%) (13%) (9%) (12%)
[ ] =-5.198 -4.534 -4,775 =-5.22 -4.600
Ca ' 1713 (172) (17%) (142)
6' «0.933 «0.927 =0.932 =-1.118 1.280
c, ; NOT
6' ) 0,364 =-0,303 -0.350 PREUICTED =~0.060
c; ' (28%) * (60%) (7%)
6! =0.514 0,021 ~0.161 0,402 =0.430

( ) As compared with NASA Langley results.
Weong sign.

1 Refarence 30, Table IV, page 28, Maximum Likelihood Method,
average of the two runs at Full Trim.

2 Sea Appendix B for conversion to the Body axes system used
in cthis report.

3 Reference 22, Airplana A, page %90,

C, ' has a large C,. component which cannot be predicted.
q a
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Table 6.3 Comparison of Results, Lateral

STICK FPIXED: AIRSPEED 176 fu/esv (120 )PN)

Retimation RASA AMALYTICALZ )
Meched w-FaL s LANGLEY ! 02 r
Groas
Weight 1913 1848 2160
(1)
Ceater of
Gravity
(Sody station, 4.3 42,3 40.3
inches)
Might No. 23/10/80 19/10/80
Rua Wo. 11 26c F3TY
(Pig. 6.4) [(Pig. 6.3) | rig. 6.6)
¢, ' (15%) (8%) (242) (22)
’ -0.402 -0.498 «0.351 =0.461 ~0.470
c, ' (1e%) * (833) (26%)
r 0.062 -0.108 0,139 0.076 0,096
¢, ' (343) (9%) (34%) (20%)
(] ~0,049 ~0,067 ~0.034 -0.074 =0.089
c, ' ¢1)) (300%) (212) (s22)
P -0.062 =0,419 -0.076 -0,063 -0.030
c,' (14%) (126%) (26%) (3%)
e 0.109 «,261 «0,071 -0.096 «0.099
c, ' (16%) (822) (16%) (482)
) 0.037 0.008 0.037 0.044 0,065
c, (2%) (20%) (25%) (47%)
Yy «0.335 «0.464 -0.439 -0.582 -0.310
c, ' x) (1%) (1%) (1%)
N 0.208 0.207 0.208 0.206 0.178
c, ' (102) (1000%) (1308) '
8, 0.009 0.128 0.023 0.010 «0.083
¢, ' wor
8, -0.046 «0.050 -0.063 PREDICTED 0
c, ' (1502) * . (275%)
8y 0.010 -0.039 -0,164 0.004 0.01%
c, ° (23%) (70%) (13%) 271%)
8 -0.040 -0.088 -0.038 -0.052 -0.066
¢, ' 9713) 27%) » (105%)
8y 0.003 0.066 ~G.481 0.091 0.187

() As compared vith NASA Langley rcsuics.
* Wrong sign.
1 Refersnce 30, Table VII, p. 32, case 34.

2 See Appendix B for conversion to the Body axes system used
in this report.

3 Reference 22, Airplane A, page 590.
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This maneuver was performed by holding the rudder pedals fixed,
yat a float of 2°=3° is seen in the rudder. This magnitude of
input could affect the parameters determined. This effect is
due to a sec:nd order control surface term introduced by this

float but not predicted by the MMLE mcthematical model.

It is suggested that further work be done to evaluate whether
this is the case, and perhaps to include control surface float
into the mathematical representation. The effect of control surface
float can be determined by varying the tension of the cable which

moves the surface.

-m w = RARRARAAAN o o = = -

Possible problems that could be responsible for the differences
in parametear prediction are listed here:

- Calibration of transducers. It is suggested that part of the
error in parameters is due to inaccuracies in transducer calibration.
- Uniqueness. It has not yet been determined if the methods

such as MMLE have a unique solution. The possibility does exist
of more than one solution to any given maneuver.
- Control surface float. No attempt was made in this flight
test program tc ensure a minimum of float of the control surfaces.
It is suggested that cable tensions be tigzhtened to allowable maximums

prior to flight testing.

90

o e . - o S T T e




. e

7. CESSNA FLIGHT TEST PROGRAM

The versatility of this flight test package was demonstrated
in a spin test program conducted by Cessna Aircraft. In this
program the KU-FRL provided the data management portion of the
instrumentation system described in this report. Cessna supplied
the instrumencation and the airplane. A block diagram of this

installation is shown in Figure 7.1

7.1 Instrumentation

The purpose of this program was to investigate the spin char-
acteristics of Cessna's latest model 172 airplane. To do this,
Cessna approached the KU~FRL as to the applicability of the instru-
mentation system for this type of test., After initial evaluation
it was decided that the measurements described in Table 7.1 would
be required. It was apparent that the‘KU-FRL transducer package
was unable to meet these needs; however, the data management

portion of the package would be able to.

The airplane used in this program is shown in Figure 7.2.
The external modifications to the airplane include a spin chute

as well as right-hand and left-hand wing tip booms.

The spin chute was added for safety reasons. A device for
deploying the chute is provided to the pilot, allowing him to re~
trieve the airplane from an unrecoverable spin. Also a release
mechanism is provided to release the chute after deployment and

spin recovery. The pilot also wears a parachute in the event the
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Figure 7.1 Block diagram of Cessna spin test installation
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Table 7.1 Cessna Spin Test Measurement Requirements

SYMBOL TKANSDUCER RANGE

S o ELEVATOR POSITION FULL TRAVEL

6 ATLERON POSITION FULL TRAVEL

5. RUDDER POSITION FULL TRAVEL

P ROLL RATE £360 °/snc

q PITCH RATE +360 °/sec

r YAW RATE +360 °/sec

A, NORMAL ACCELERATION -3 to +5 g

A, LATERAL ACCELERATION 3 g

ay ANGLE OF ATTACK LEFT HAND -20 to +80 °

ap ANGLE OF ATTACK RIGHT HAND -20 to +80 °

BL SIDESLIP ANCLE LEFT HAND £45 °

Be SIDESI.1P ANGLE RIGHT HAND £45 °

KTAS, TRUE AIRSPEED LEFT HAND 20 to 180 knots
KTAS TRUE AIRSPEED RIGHT HAND 20 to 180 knots
' PRESSURE ALTITUDE 0 to 15000 ft

Figure 7.2 Cessna spin test airplane
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spin chute does not deploy or will not re

leave the airplane in safety.

The right-hand and left-hand wing tip booms are shown in
more detail in Figures 7.3. The booms utilize a flow direction
and airspeed sensor (described in detail ‘n Reference 31). This
sensor allows deterw:ination of the airspeed, angle of attack, and
angle of sideslip (as shown in Figures 7.3). A probe is included
on each wing tip to allow determining th2 true properties of the
spin. The axis of a spin is generally not at the center of gravity
of the airplane. (In the Cl172 it appears to be ahead of the
center of gravity.) Providing both left-hand and right-hand measure-
ments allows determining where this spin axis is by using the dif-

ferences between the measurements from each side.

Figure 7.3(a) Cessna wing tip booms (supplied by NASA Langley)
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Figure 7.3(c) Cessna wing tip booms (supplied by NASA Langley)
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Inside the airplane cockpit the Cessna inertial reference
transducers (p, q, r, A'. Ay) were mounted on the sensor pallet
as shown in Figure 7.4. As can be seen, the KU-FRL power supply
system was usad in this installation. This was necessary to provide
power for the computer and was also utilized to provide powe: for
some of the transducers. Figure 7.1 shows the power sources used

for the specific dvices.

The KU-FRL data management compucer is shown installed in the

Cessna airplane in Figure 7.5.

A chase airplane was used in this flight test program. This
was for safety purposes to provide an outside observer who could
warn the pilot of the spin test airplane (over the communications
radio) of any unexpected problems. Also, a video camera was carried

onboard the chase airplane to record the spin visually.

7.2 Data Reduction

Data analysis for this spin program was done by Cessna on
their Hewlett Packard 9825 microcomputer. Data was transferred
from the KU-FRL system to the Cessna computer, using the standard
RS232 ports on each machine (see Appendix A.9 for Hewlett Packard
9825 programs). After transfer, the data was plotted on Cessna's
computer using the program in Appendix A.9. Figures 7.6 present
the traces of several of the spins. It can be seen that the data

recorded produce results capable of analysis.

96



ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Figure 7.4 Cessna spin test instrumentacion installation

Figure 7.5 Cessna spin test computer installation
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7.3 Results of Spin Program

The results of the spin program, from the aspect of this report,
show the adaptability of the KU-FRL-designed data management system.
The versatility specifically designed into this portion of the system
allows virtually any l6-channel instrumentation combination to pro-
vide the measurements. Also shown is the feasibility of using dif-
ferent data reduction computers by tgc use of the standard RS232 port

for data transfer.

No real problems were encountered by Cessna personnel in using
the data management system, even though none of them had any extensive

microcomputer experience.
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8. CONCLUSIONS ’

The flight test system designed and evaluated under this program

has met the objectives outlined in Chapter 2. The system

This system

is easy to install,

is virtually self contained,

is simple in operation,

requires no complex flight maneuvers,

is applicable to general aviation airplanes,

is capable of longitudinal and lateral stability analysis, and
is low in cost.

has shown that the technology used is capable of the taska

to be performed.

In the data reduction method all the derivatives contained in

Equation [S%.

5] can be determined. The method also allows determining

any combination of these derivatives. It must be noted that these

are the state vector dimensional derivatives which can be converted

to the normally accept.ed stability derivatives (as per Reference 22)

using Tables 5.2 and 5.3.

Areas have been discovered where further work is required.

A comprehensive list is included in Chapter 9.
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9. RECOMMENDATIONS FOR PHASE III

————

Four areas have been suggested throughout this report for im-
provement of the KU-FRL instrumentation system. These are summarized

here.

9.1 Equipment

- Equipment is required for accurate transducer calibration.
A pendulum arrangement as per Reference 32 is suggested as an excel-

lent means of calibrating the transducers.

- Size reduction of equipment is suggested. To allow easier
placement in aircraft, the size of the system could be reduced sig-
nificantly, especially if the number of packages is increased to

form more efficient space utilization.

9.2 (Calibration

- All transducers should be calibrated as a sys’.em. Using the
actual data acquisition package for transducer calibration is sug-
gested as a means to reduce calibration errors. This should be done

in conjunction with the calibration pendulum of 9.1 above.

9.3 Data Reduction

- Refinements are required to the current MMLE ''BONES" program

to simplify its use and add to the versatility.

- Further study is suggested to allow Performance analysis
(i.e., Drag Polar) of the test airplane. Methods similar to those

of References 4-11, 13, and 18 seem to provide promising sclutions.
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- Some of the features of the latest version of MMLE (Reference
33) should be added. Specifically, the Cramer-Rao bounds addition,

and the correction for center of gravity offsets can be added directly

into the MMLE program,

- The addition of the acceleration transformation matrix ([R] of

Equation [5.4]) to the MMLE program should be explored.

- Determine the validity of the prediction of a and 8 by

comparing with measured values.

9.4 Effect of Control Surface Float

- The effect of control surface cable tension should be evalu-

ated to determine the influence this has on the parameters predicted.

9.5 Proof-of-Test Capability

- Tests are recommended in other general aviation airplanes
to demonstrate the system's adaptability. Recommended are tests
on a high performance, single-engine retractable, and on a light-

to-medium, twin-engine airplane.

-~ The tests suggested above would also aid in providing further
insight into the possible "Uniqueness'" problem. This should be a
definite area of research, to validate the MMLE (or similar) con-

cepts.
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APPENDIX A

PROGRAMS

This appendix includes descriptions, flow charts, and listings

of the computer programs required by this flight test systen.

A.l1 Data Acquisition (AIM-65)
A.2 Data Transfer (AIM-65)
A.3 Data Receive (MINC 11/03)
A.4 Engineering Conversion (MINC 11/03)
A.5 Quick Look Plots (MINC 11/03)
A.6 Detailed Engineering Conversion (MINC 11/03)
A.7 MMLE BONES Routines (MINC 11/03)
.1) MMLE Set-Up
.2) Main MMLE Programs
.3) MMLE Output Format
A.8 Time History Plotting (MINC 11/03)
A.9 Cessna Programs
.1l) Data Acquisition
.2) Data Readback
.3) Data Receive

.4) Data Plotting
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A.l)

DATA ACQUISITION PROGRAM PRECEDING PAGE BLANK NOT FILMED

Description: This program, which runs on the AIM 65, collects
and saves the measured state time histories. The information is
collected and stored on the cassette tape in onc-second real-time
blocks. The data for each channel is coded as two binary eight-bit
words totalling sixteen bits. The first word holds the eight most
significant bits. The second word holds the four most significant
bits and the four least significant bits, This gives a redundancy
check of the highest order bits.

Flowchart:

i INITIALIZE DATA TAPE
[RON SWITCH
[___ON

i

SAMPLE START
DATA
& QUTPUT TO TAPE
(3 CHANNE'S)
*60 u St

SAMPLE

ONE TINE

1 POINT

& STORE IN MEMORY
(11 CHANNELS)
*220 y SEC

1

WAIT FOR
0.1 SEC

- @
YES

OUTPUT
MEMORY
T0
TEAC TAPE
DRIVE
(ISEC OF DATA)

YES __/MORE
DATA

NO

SAMPLE END
DATA
& OUTPUT TO TAPE
i3 CHANNELS)
“60 u SEC
]
WAIT FOR SEWIND

- NEW
COMMAND TAPE

20 u sec
betvaen
successive
channels
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RNCNT=0
BLKCNT=2
BUFCNT=4
IBUF=3
OBUFe?
CNT=9
BUF1=$200
Ur2=3300
KDDRA2=5A481
KDDRB2=$A483
KDRA2=$A480
KDRB2=$A482
DBR=$9008
WDC=$9009
CDR=$900A
MDRO=$9008
CSR=$900C
ESR=$900D
ISR=3900F
MDR1=$900F
WRT=$C1
WTM=$C2
ERA=5C3
SLE=$C9
REWs$CA
NRDY=$10
FPT=504
DA=$20
DBRE=$40
CCE=$80
UDRB=54000
UATK=$A008
UTER=$A00E
UT1L=$A004
UT1CH=$A005
UT2L=$A008
UT2H=$A009
UIFR=$A00D
BIT5=$20
LOADKe$EF
RECK=$8F
CLOSEK=3$DF
TIMElH=$27
TIME1L=$10

PROGRAM LISTING

$DATA ACQUTSITION
U

*=$040C
LDA 4§92
STA MDRO
LDA 11

STA RNCNT
LDA #0

STA RNCNT+1
LDA #$FF
STA KDDRA2

LDA #0
$TA XDDRB2
STA KDRA2
LDA #$CO
STA UACR
START

LDA #812
STA XDRO
LDA IREW
JSR COMD
LDA #REV
JSR COMD
MAIN

JSR GKEY
P #LOADK
BNE MAIN
LDA fREUW
JSR CoMD
LDA #sLE
JSR COMD
MAIN2

JSR GKEY
O SRECK
BEQ RECORD
CMP #CLOSEK
BNE MAIN2
CLOSE

LDA AWTM
JSR COMD
LDA fWTM
JSR COMD
LDX N2
CLOSEL

LDA #ERA
JSR COMD
DEX

BNE CLOSEl
JMP START
RECORD
LDA #0

STA 1BUF
STA OBUF
LDA #>BUF1
STA IBUP+1
LDA #>BUF2
STA OBUF+1
JSR ENDREC
LDA #>INT
STA $A405
LDA #<INT
STA $A404
LDA #3C0O
STA UIER
LDA #<$C34E
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STA UT1L
LDA #>CIE
STA UTLCH
CLt

LbA #0

STA BLKCNT
STA BLKCNT+1
REC1

JSR SUAP
JSR WRITE
REC2

JSR GKEY
QP IEcK
BNE RECX
LDA BUFCNT
o #220
BNE REC2
INC BLKCNT
3NT REC1
INC BLKCNT+1
JHP RECL
RECX

LDA BUFCNT
ae 4220
BNE RECX
LDA 4340
STA UIER
JSR SWAP
INC BLKCNT
BNE RECX1
INC BLKCNT+1
RECX1

JSR WRITE
JSR ENDREC
JSR SWAP
LDA #S$FF
STA BLKCNT
STA BLKCNT+1L
JSR WRITE
INC RNCNT
BNE RECX2
INC RNCNT+1
RICX2

JMP MAIN2



PROGRAM LISTING (continued)

RTY WAIT
LDA KDRB2 JSR WAITX
™A WATTX
LDA ¢TIMEIL RTS
STA UT2L
LDA #TIMELH WRITE
$TA UT2H LDA ESR
OKEYL LDA #224
LDA UIFR STA WDC
AND #BITS LDA #WRT
3EQ GKEYL STA CDR
PLA LDA RNCNT
OfF KDRB2 JSR WWORD
BNE GKEY LDA RNCNT41
KTS JSR WWORD
LDA BLKCNT
JSR WWORD
S&“’ LDA BLKCNT+1
ToA ron JSR WWORD
oty LDY #0
LDA CSR WRITEL
AND #NRDY LDA (OBUF),Y
JSR WWORD
BNE COMD1 ™
"f:: 253& BNE WRITEL
WRITE2
PLA
STA CDR Jie CoMD2
COMD2 AP
LDA ISR
pred et m OBUF+1
::g CoMp2 LDA TBUF+1
_ . STA OBUF+1
- PLA
ENDREC STA IBUF+1
LDY #0 LDA #0
ENDR1 STA BUFCNT
LDX #10 RTS
LDA $8000
JSR WALT oRD
ENDR2 A
LDA $9001 WORDL
JSR WAIT LDA TSR
DEX
AND #DBRE
:‘;; ’j‘;"" BEQ WWORD1
PLA
ENDR3 STA DBR
LDA $8001 s
JSR WAIT
LDA $8002
STA (IBUF),Y
INY
LDA $8003
STA (IBUF),Y
INY
DEX
BNE ENDR3
CPY #220
BNE ENDR1
RTS
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INT

PHA
LDA UDRB

BPL INTEX
TIA

PHA

LDY BUFCNT
LDA 11

STA CNT

LDA $8000
JSR WAIT
1Loop

LDA $8002
STA (IBUF),Y
LDA $8001 v
Y

LDA $8003
STA (IBUP),Y
INY

DEC CNT

BNE ILOOP
STY BUFCNT
PLA
TAY

INTEX

LDA UTLL
PLA

RT1

END



A.2) DATA TRANSFER PRECEDING PAGE BLANK NOT FILMED

Description: This program allows the AIM 65 to read the
information stored in the DATA ACQUISITION program. The information
is passed to the MINC 11/03 computer using the RS 232 port.

Flowchart:

REWIND
TAPE

a

ENTER
RUN #

,{

ENTER #
OF BLOCKS

]

CHECK DATA
FOR ERRORS

Y

OUTPUT DATA
THRU RS 232

BLOCK THIS

YES

NO
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PROGRAM LISTING

{DATA RECOVERY
RNCNT=0
BLKCNT=2
VRUNe4
VBLK=3
CNT=6
MWr1e$200
DBR=$9008
WDC»$9009
CDR=$900A
MDRO=$9008
CSR=$900C
ESR=$900D
1SR=3900L
MDR1=$900F
SLP=3$C8
RDL=$Cé
REW=$CA
NRDY=$10
TDRE=$02
CR=$0D
SCR=$9006
SDR=$9007
LOADC=$4C
READC=$52
CLOSEC=343
INALL=$E993
NUMA®$EALS
READMSEIIC
OUTALL=$E9BC
OUTPUT=S$EITA
UTIL=$A004
UTICH=$A005
UACR=$A00B
*=$300
cCE
»BYTE $80
DA
BYTE $20
MO
.BYTE CR,'TAPE ERROR’',$AQ

MRUN
.BYTE CR,'WHICH RUN NUMBER',S$BF

MBLK
.BYTE CR,'HOW MANY BLOCKS',S$BF

MEND

.BYTE CR,'LAST BLOu. HIS RU',SC
MINV

+BYTE CR,'INVALID COMMAN',$C4
MERR1

.BYTE CR,'FILE MARK FOUN',$Cé4
MRNCNT

.BYTE CR,'RUN NUMBER',$A0
MERROR

.BYTE CR,'DATA ERROR',SBF
TEMPO

.BYTE $00

*= 5400

RESETB

LDA #892

.STA MDRO

LDA #$CO

STA UACR

LDA #3568 ; $68=300BAUD
+$34=600
;$1A=1200
+ $0D=2400

"STA UTIL

LDA #0

STA UTACH
LDA #1811
EOR #SFP
STA SCR

MAIN

JSX GCOM
Qe #LOADC
BEQ MAIN2
JSR INVAL
JMP MAIN
MAIN2

LDA /812
STA MDRO
LDA /REW
JSR COMDA
LDA #SLP
JSR COMDA
MATICD

JSR GCOM
CMP #READC
BEQ READ
CMP CLOSEC
JSR TLVAL
JHMP MAINI

cLost

LDA #REW

JSR COMDA
LDA #REW

JSR COMDA
JMP MAIN

READ

LDY #MRUN-MO
JSR MESS

JSR GCNT

CMP 40

BEQ CLOSE
STA VRUN
READ1

JSR RBLK

BCS CLosE
LDA BLKCNT
ORA BLKCNT+1
BIE READ]
LLYY #MRNCNT-MO
JSR MESS

LDA RNCNT
JSR NUMA
READ3

LDA RNCNT
C4P VRUN
BCC READ1
BEQ READ2
LDA #REW
JSR COMDA
LDA #SLP
JSR COMDA
JMP READL
READ2

LDY #MBLK-MO
JSR MESS
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JSR Gewr

CHP #0

SEQ CLOSE

STA VBLK
}CHANGE TO NOPS
iTO TRANSMIT COUNTS

SENDB

JMP SENDBIL

LDA RNONT

JSR SEMD

LDA RNCNT+1

JSR SEND

LDA BLKCNT

JSR SEND

LDA BLKCNT+1

JSR SEND

SENDBL

LX ¢0

CNVT

LDA BUFl, X  ;COMPARE HICH BITS
AND #3F0

STA TEMPO

X

LDA BUFL,X

AND #3870

CMP TEMPO

BEQ CNVTL

JSR PFIX {IF BAD FIX HERE
QIvVTl

DEX

LDA BUF1,X  ;CONVERT TO PRINTABLE
SEC s CHARACTERS

ROR BUF1,X

LSR BUF1,X

AND #$3

CLS

ROL A

ROL
ROL
ROL
STA
INX
LDA BUFL,X
AND #$OF
ORA TEMPO
ORA #8340
STA BUF1,X
INX

CPX #22¢,
BNE CNVT
LDY #0
SENDB2

LDA BUF1,Y
JSR SEND
INY

CPY 9220
BNE SENDB2
LDA BLKCNT
CMP #$FF
BNE SENDB3

g>>>

CMP BLKCNT+1

BEQ ERD

SENDBJ

DEC VBLK

BNE SENDBS5 ’
SENDB4

LDY #MBLK-MO




JSR MESS
JSR GCNT
cr 40

BEQ cLOSEl
STA VLK
SENDRS

JSR RBLK
S LLosEL
JMP SENDB
CcLosE>

JMP CLOSY
EHD

LDY #MEND-MO
JSR MESS
JMP MAING

GCOM

JSR READM
JSR QUTALL
RTS

T L T

INVAL

LDY #MINV=-MO
JSR MESS
RTS

GCNT

LDA #0
STA CNT
GCNT1

JSR INALL
JSR DPACK
BCC GCNT1
LDA CNT

ADG CNT

STA CNT

ADC CNT
STA CNT

SEND

PHA

SENDL

LDA SCR
#ND #TDRE
BNE SENDL
PLA

Lor sy ;CHG FOR KNOWN CHAR

STA SDR
RTS

RBLK

LDA CSR
AND #NRDY
BNE RBLK
LDA #224
STA WDC
LDA /RDL
STA CDR
JSR RWORL
BCS RBLK2
STA RNCNT
JSR RWORD
BCS RBLK2
STA RNCNT+L
JSR RWORD
BCS RBLXK2
STA BLKCNT
JSR RWORD
BCS RBLK2
STA BLKCNT+1
LoY #0
RBLKL

JSR RWORD
BCS RBLK2
STA BUF1,Y
INY

CPY #220
BNE RBLK1
JMP COMDA2.
RBLK2

JMP COMDA4

BEQ COMDA2
COMDA%

LDA CSR
PHA

AND #2

BEQ COMDAS
LDY #MERRL-MD
JSR MESS
PLA

SEC

RTS

COMDAS

PLA
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AND #4881
BNE COMDA)
CLC

’Ifi

COMDAJ
LDY #MM0-MO
MA

JSR MESS
PLA

JSR NUMA
LDA ESR
JSR NUMA

CLC

RTS

RWORD

LDA ISR
BIT CCE
BNE RWORD2
BIT DA
BEQ RWORD
LDA DBR

CLC
RTS
RWORD2
SEC
RTS

FIxX

LDY #MERROR-MO
JSR MESS

RTS

*=$700

LUA #$CO
STA UACR
LDA #8689
STA UTIL
LDA #$00
STA UTICH
JMP RESETB

END

$INITIAL SET UP
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0001

0002

0003
0004
0003
0006
0007
0008
0009
0010
0011
0012
0013
0014
0013
00ié
0017
0018
0019

0020
o021
0022
0023
0024
0023
0026
0020

0029
0030
0031
0032
003
0034
0039
0036
0037
0038
0039
0040
0041
0042

0043
0044
0045
0046
0047
0048

o

PRECEDING PAGE BLANK NOT FILMED

A.3) DATA RECEIVE

Description: This program accepts raw data from the
AIM 65. This raw, formatted data is collected in files
to be used in the ENGINEERING CONVERSION routine.

Program listing

PROGRAN AININ

AIN TO MINC PROGRANM
WRITTEN BY MARK A MOSSER

This prosras ineruts data from *he AIN = 45 throush SLU-1
88 characters (22 st & time ) to Pill & 600 X 22 character
srrav . Whein full this arrav is outruted to the user
srecified file.,

DIMENSION IADDR (4)sIDATA(4600,22)»ICHAR(22)

[ 2] o000 O000

TYPE 8/,’THIS PROGRAHM READS 22 CHARACTER WORDS FROM SLUL
TYPE 8+'TINE AND PLACES THESE WORDS ON A FILE’
TYPE 8o’ *
TYPE 7
7 FORMAT (‘ WHAT IS THE NAME OF YOUR OUTPUT FILE ?°/)
CALL ASSION (L1yr=-1/NEW)
TYPE %187 I WILL ATTACH SLU 1’
IERR=MTATCH(2)
TYPE 990, IERR
144 | FORMAT (‘IERR = ‘+12)
TYPE %+’'NEXT I WILL SET IT UP FOR READING’
IADDR(1) = °30010
IADDR(2) -~ O
IADDR(3) = 0
IADDR(4) = O
IERR = MTSET(2,IADDR(1))
TYPE 998+ IERR

TYPE %+ 'NOW YOU HAVE 2 CHOICES . STOP OR READ IN DATA’
10 TYPE %¢+’1 ®» READ IN DATA '’

TYPE %+'2 = STOP’

TYPE %y’ SWHICH 7/

ACCEPT S»IFCTY
S FORMAT (I1)

IF (IFCTY .GT. 2) GOTO 10

GOTO (100,200),IFCY

100 TYPE &' READ FUNCTION’
DO 110 I=1,600
00 120 J=1,22
IERR = MTIN(2/)ICHAR(J) 1)
IDATA(L,J)SICHAR(J)
120 CONTINUE
TYPE %+’COUNT = I
110 CONTINUE
TYPE %+'WAIT FOR DISK QUTPUT’
DO 135 K=1,600
WRITE (1,169) (IDATA(K,L)iL=1,22)
169 FORMAT (22A1)
133 CONTINUE
GOTO 10

Cc 8v0P

200 TYPE 8+ 'STOPPING’
TYPE %,’DETATCH INPUT PORT’
IERR = MTDTCH(2)
TYPE 998+ 1ERR
sTOP
END
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0004
0002
0003
0004
000S
0004
0007
0008
0009
0010

0011
0012

0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026

0027
00206
0029
0030
0032
0033
0034
0034
0037
0038
0040
0041
0042
0044
0043
0044
0047

PRECEDING PAGE BLANK NOT FILMED

A.4) ENGINEERING CONVERSION

Description: This process presently uses two programs

which run seperately. The first routine, AIMCNV, converts
the raw coded AIM 65 data to voltages. The AIMCNV program
makes use of a macro assembly language routine ( CONVRT)

which performs the bit manipulations necessavy to turn the
AIM 65 coded data into a form useable by the MINC Fortran

programs.The second routine ,EGRCNV, converts the voltages

into engineering units.

o000

aamono No

109

150
119
100
c
c
c

209

210
300

Program listing:

AIN TO VOLT CONVERSION PROGRAM
IT MUST BE LINKED TO CONVRT TO UWORK

PROGRAM AIHCNV

DIMENSION INC22)VOLT(11),IVOLT(11)

TYPE %+’ AIM FORMAT TO VOLT CONVERSION /

TYPE %+’ INSERT A DATA DISKETTE’

TYPE %0’ dhat is the full name of the INPUT file?’
TYPE %

CALL ASSIGN(1,+,~1sRDD)

TYPE %9’ What is the full name of the OUTPUT file?’
TYPE 3

CALL ASSIGN (2ss=1/NEW)

TYPE %y’ How manv SECONDS8 (10 time m»ts) do wou want?’
ACCEPT s,NUM

convert this mess

RUN=NUNX10

DO 190 I=1,NUM

READ (1,109+,END=s300) (INC(J)9sJm1,22)
FORMAT(22A1)

DO 150 K=si,11

KHa(K%2) -]}

Kl.siK%2

CALL CONVRTC(INCKH) » INCKL) ¢ IVOLT(K))
VOLT(K)=IVOLT(K) /16
VOLT(K)=(VOLT(X)%.,002435632861)+.06330029324
WRITE (2/,119) (VOLT(J)rJdmirll)
FORMAT (11F12.9)

TYPE %9’ COUNT=’,I

CONTINUE

Here is the series of auostions

TYPE %¢’ More in this file?’

ACCEPT 209+NORY

FORMAT(AL)

IF (NORY .EQ. ‘Y’) GOTO 20

TYPE %v' Another QUTPUT file from this INPUT file?’
ACCEPT 209»NORY

IF (NORY .EQ. ‘Y’) GOTO 210

TYPE %+’ Another INPUT file in this OQUTPUT file?’
ACCEPT 209 NDRY

IF (NORY ,EQ. ‘Y‘) GOTO 310

TYPE %’ Are wou done?’

ACCEPT 209+NORY

If (NORY .EQ. ‘N’) GOTO 9

GOTO %00

CALL CLOSE()

6OTO 10

TYPE x,’ END OF INPUT FILE ERROR’
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0048 310 CALL CLOSE(2)

0049 TYPE 8¢’ What is the next INPUY file nsae?’
0080 TYPE &
0031 CALL ASBSION(L:0~1,RDO)
0032 8070 20
0083 300 TYPE &’ 000DBYE’
0034 sToP
00338 END
+TITLE CONVRY
+8DTTL CONVERSION ROUTINE
+OLOBL CONVRT
CONVRT! CLC
CLR R1
BIC 0177700,02(RS) IPEEL OFF 18T 2 BIVS
BIC 0177700,84(RS) 10F THE ARCS
MOV Q2(RS)HRL IPUT NHIGH 4 PITS INTO R1
ASH R} ISHIFTY LEFT ¢
ADD R4(RS) 1 JADD IN LOU ¢ BITS
MoV R1+Q4(RS) IPLACE IN RESULT ARG
ROL Q6(RS)
ROL Q6(RS) IROTATE LEFT o
ROL Q4(RS)
ROL Q6(RS)
\f AR Che Q6(RS)»8100000 ISEE IF POSITIVE OR NEGATIVE
L L) ¢ NEGA
POS? com Q4(RS) JPOSITIVE NUMBERS ARE 1'S COMPLIMENTED
AD? QO(RS) v 01} I THEN ADD
RTS rC ) DONE
NEGA? NEO Q6(RS) INSOATIVE 6’8 ARE 2’2 COMPLINMENTED
RTS8 rC
+END
0003 PROGRAN EGRCNV
c
C Volt to Enaineering Units cunversion prosram
C Bv Mark A, MNosser Dec. 1980
c
0002 COMMON VOLTS(12911)+ENG(10s11)
0003 10 TYPE %y’ Volts to Ensineering Uniis conversion’
0004 TYPE %+’ INSERT DATA DISK *
0003 TYPE &' What is the full name of vour INPUT file?’
0006 TYPE x
0007 CALL ASSIGN(1.+-1,RDO)
0008 TYPE 8¢’ What is the full name of vour OUTPUT file?’
0009 TYPE
0010 CALL ASSICGN(2ys=-1,NEW)
inerut first bDlock (T.PdiPs) rconvert § outeut
0011} READC(1/,109) C((VOLTS(JrK) Kwiv13)9Julel0)
0012 109 FORMAT(11F12.9)
0013 CALL TOTPSD(T,P8,FPD)
0014 119 FORMAT(3EL12.4)
00135 READ (1+20M)C(VOLTS(JeK) v Kmi)i1)cJUm1910)
0014 CALL VTOEGR
0017 100 REAR(1+109/ENDu3I00+/ERR®1000) (CVOLTS(JIK)sK®ly11)9JImiy10)
0018 NRITE (2,129)((ENG(JeK)»Kugri2)oJm1r10)
0019 9 FORMAT(11E12.4)
0020 L. VTCEGR
0021 GOTO0 1090
LOCP EXITED BY EOF IN READ
0022 00 WRITE (2,119) T+P3.PD
0023 CALL TOTPSD(TPSsPD)
0024 MRITE (2+119) TP8.PD
0028 CALL CLOBE(1)
0026 CALL CLOSE(2)
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0027

TYPE 8»' ANOTHER FILEY °

0020 ACCEPTY 777,N0RY
002y 77?7 FORNAT(AL)
0030 IFC NORY .£Q., ‘Y’) 00T0 10
0032 6oT0o SO0 i
¢
¢ ernon 5
0033 1000 TYPE %' ERROR IN READ’
0034 3500 sTOP
0038 END
c
c tubroutine TOYPSD
c This subroutine converts the data to T (teaserpture)
g PS (static rressure) § PD (dvnaaic rressure)
0001 SUBROUTINE TOYPSD(TPS.PD)
0002 COMMON VOLIS(10+11)+ENG(10,11)
09703 1122
0004 JJi=3
000S T=0
0004 PS=0
0007 PD=O
[
c Loor to fill TPS8,PD
[
0008 113 TeT4YOLTB(ILJd)
000? NNTNNESY
0010 IF (JJ .LE. 11) GOTO 21
00t2 JJelJi-11
0013 IleIlet
0014 1 PD=PDIVOLTS(IIyJI)
00193 NELINL 3
0014 IF (JJ .LE, 11) GOTO 3%
0018 Jdwii-11
0019 Ilalltl
0020 31 PS=PSVOLTS(IINID)
0021 JJaJJe3
0022 IF (JJ .LE. 11) 0OTO it
0024 I# (1l .EQ, 10) GOTO 101
0026 JJsJdJ-11
0027 [I=I14}
0028 G0TO 11
c Averasie T.PDyPS
c
0029 101 Te7/20
0030 PD=PD/20
0031 P8=P8/20
c
c Convert to ensineerinsg units
Cc
0032 Ta((((28087)-487)-273.14)8(9/3))¢32
0033 IF(PD .LE. 4.324) GOTO 204 .
0033 FDeddS8.47-¢1434.418FD) ;
0036 GOTO 214 3
0037 206 PD=2448,58~(530.68PD) j
0038 214 IF (PS ,LE. 2.303) GOTO 226 ;
0040 PS®(12919.,8968P8)~-197%54.521 ;
0041 GOTO 134 i
0042 226 FPEu(9451.7962PS)-11767.,49 ,
0043 234 CONTINUE i
0044 RETURN 3
0045 END 5
]

14 AN S yrs e b
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0001
0002
0003
0004
0003
0004
0007
0008
0009
0010
0011
0012
0013
0014
00135
0014
0017

o000 O00

>
~N

102

Sudbroutine VTOEGR

This sudbroutine converts the data from volts to ensineerina
units. It then reorders them as follows!
thetararAzrAxrdel takrrhirrrAvsrrdeltaArdel taR

SUBROUTINE VTOEGR

COMMON VOLTS8(10011)9ENG(10v11)

DO 102 IA=1,10
ENG(IArL)m(VOLTS(IA,?)8,2111)4,00738
ENG(IAI2)®=((VOLTS(IA:4)+4,001)/.09988)/57.3
ENG(IA»3)=((VOLTS(IA»S)+.002)/1,001)~-1,0
ENG(IA»4)=(VOLTS{IA»3)=~,002)/2.499
ENG(IA»S)=(VOLTS(TAr110)86.2442.4)/57.3
ENG(IA»48)=(VOLTS(IA»2)X,3117)+4.01342
ENG(IA»7)==((VOLTS(IA+8)+.0035)/.,09933)/%57.3
ENG(IA»8)=VOLTS(IA»4)/10.027
ENG(IA+9)a=((VOLTB8(IA»7)~-,011)/,10134)/52.3
ENG(IAr10)=m(~C(VOLTB(IA»11)%4,73091)+,55548)/57,3
ENG(IAY11)=((VOLTB(IA»1)%7,52045)+8.20487)/57.3
CONTINUE

RETURN

END
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A.5) QUICK LOOK PLOTS

Description: The QUICK LOOK PLOT program is used as an
aid in choosing appropriate flight data for further analysis.
The routine collects the engineering units data and plots it
on a graphics CRT terminal.

Program listing:

g I SR SR SR B B AR BN BN BN IR BN B BN B 2 B B B Bn B |
] 4
C % NAIN PROCRAN FOR PLOTTING MMLE DATA 3
C = s
C & USE FOLLOWING SUBROUTINES TO LINK ! &
C % INIT.PLOTSS:FOUR'GRID»GRAPH. ]
C 28 X XXETRXE X XS X XXX B XX
c
0001 COMMON/SYATUS/1ISTAT(14)
0002 DIMENSION IARRAY(S12)oHHC(191)9DATA(240,11)
0003 COMMON /F.VE/ Ki11K2¢/K3sK4sN
0004 COMMON/FIVEA/ DATA
0003 BYTE YES:NO»ANS)NAME(1S)
c
0004 DATA YESeNO /'Y’ s 'N’/
0007 DATA ISTAT/16%0/
0008 1 CONTINUE
c . * * * + . . . . L ] k] * * i) k] ] 1 % ] ]
0009 CALL INIT
c
0010 TYPE S
001t S FORMAT(’ TYPE IN NAME OF FILE WITH MEASURED DATA'/)
0012 28 FORMAT(14AY)
0013 ACCEPT 25+ (NAME(I)rI=1,14)
0014 OFEN(UNIT=2, NANE=NANE » TYPE='0OLD‘ yACCESSs’'SEQUENTIAL ' »
1 READONLY »FORM='UNFORMATTED ')
0013 DO 26 Is=1,14
0014 NAME(I) =* ¢
0017 26 CONTINUE
0018 TYPE &
0019 & FORMAT(’ TYPE IN NUMBER OF TIME POINTS’/)
0020 READ(S»?) N
0021 ? FORMAT(IY)
c
c * . . . . 1] [ [ [ L ] [ . L ] . . 1] L] 1] L] L ]
c READ IN DATA FROM FILE
0022 DO 21 Is=1,N
0023 READ(2) (HH(Ks1)9K=1y11)
0024 99 CONTINUE
0028 DO 21 Jsiril
0026 DATACI v J)=HH(Jr2)
0027 2 CONTINUE
c
c . . * . . . . .
c
0028 223 CONTINUE
0029 CALL INIT
0030 22 FORMAT(11E12.4)
0031 24 FORMAT(AL)
c
c . . L ] [ ] . L] . . . . . L) . . L] (] [ L] L] .
c
0032 CALL GRID(S00,45%5)
c
033 101t CONTINUE
0034 CALL FOUR(1)
0033 CALL FOUR(2)
0034 CALL FOUR(I)
c
c . L ] . L] . . [ ]
Cc

125



0037 TYPE S)

0038 31 FORMAT(’ DO YOU WANT TO TAKE ANOTHER LOOK AT THE DATAP(Y/N)‘)

003¢ READ(S,24) ANS

0040 IF(ANS.EQ.YES) GO TO 223

0042 TYPE 32

0043 82 FORMAT(’ DO YOU WANT TO LOOK AT ANOTHER DATA FILET(Y/N)‘)

0044 READ(S,24) ANS

0043 CaLL CLOSE(2)

0044 IF(ANB.EG.YES) GO TO
c
c . L ] L L ] . L ] ’ . ’ L] . L[] * 1] [ ] 'v‘
c ‘

0048 CALL PLOTSS(2+312:14244432464018TAT)

0049 CALL PLOTSS(0r-150,I8TAT)

0030 RETURN

0031 END

0001 SUDROUTINE INIT

0002 COMMON/STATUS/ISTAT(14)

0003 DATA ISTAT/16%0/

0004 CALL PLOTSS(13+72++I8TAT)

0005 CALL PLOTSS(13+74++ISTAT)

0006 CALL PLOTSS(2,1+512+0ISTAT)

0007 RETURN

0008 END

0001} SUBROQUTYINE FOUR(NZ)
c
C X XXX X XL XXX XX E 2R KX Z XX
c % THIB SUBROUTINE UWILL DISPLAY FOUR VARIABLES ON &
c 8 THE CRY EVERY TIME IT IS CALLED FROM THE MAIN
c & PROGRANM, %
[of 2 3 2 XX XXX KRR XXX R E X XX
c

0002 COMMON/STATUS/ISTAT(14)

0003 INTEGER IARRAY(512)

0004 DIMENSION DATA(240,1%)

0008 COMMON /FIVE/ K1eK2:K3I2K4AWN

0004 INTEGER GAIN(11)

0007 COMMON/FIVEA/ DATA

0008 DATA GAIN/150+90039+15792285¢75,90/,157+90,225,225/
c . L] [ ] L] L ] . L ] . . (] . L] . . . L] . . .
c

0009 IF(NZ.EQ.2,) GO TO S2

0011 c IF(NZ.EQ.3,) GO TO $3

0013 Ki = 3

0014 KQ = 2

0015 K3 = 1

0014 K4 = S

0017 GO TO S4

0018 S2 CONTINUE

0019 Kt = 9

0020 K2 = 11t

0021 K3 = 4

0022 K4 = §

0023 GO TO 5S4

0024 S3 CONTINUE

002S Ki = 8

0024 K2 = 7

0027 K3 = §

0028 K4 = 10

0029 Sa CONTINUE
c

0030 D0 41 Kmsi,N

0031 IARRAY(22K) = DATA(KIK1)E.S729SKGAIN(KL) +4S

0032 IARRAY(22K~1) =DATA(NIK)XR,S729SRGAIN(K)+90

0033 4% CONTINUE

0034 CALL GRAPH(22N/sLARRAY)

126



c L . . L] . * . L] L] * . . . . L . . . . .
0038 DO 42 KX=1,N
0034 IARRAY(28K) = DATA(KIKI)E.S729580AIN(K3I) +439
0037 IARRAY(23K=-1) = DATA(KIR4)E.5729358GAIN(KA)+180
0038 42 CONTINUE
003y c CALL GRAPH(28N» IARRAY)
c . . [ ] . . . * . . L] . L] L L] . L L] L] . L] .
c
0040 CALL PLOTSS(9,25,1,ISTAT)
0041 CALL PLOTSS(12+» 3%% QUICK LOOK DATA PLOTS 288, ISTAT)
c
0042 IF(NZ.EQ.1.,) GO TO 31
0044 IF(NZ,E0.2,) GO TO 32
0046 IF(NZ.EQ.3.,) GO TO 33
0048 31 CONTINUE
0049 CALL PLOTSS(9+50+4,18TAT)
0030 CALL PLOTSS(12,9 ELEVATOR POSN, 20 DEG. ‘s ISTAT)
0031 CALL PLOTSS(9:50+8/,18TAT)
0052 CALL PLOTSS(12+»‘PITCH ATTITUDE, 30 DEG.',»ISTAT)
0083 CALL PLOTSS(9+50,13/18TAT)
0054 CALL PLOTSS(12+9’PITCH RATE» 50 DEG/SEC.‘»ISTAT)
00SS CALL PLOTSS(9+50917+18TAT)
00356 CALL PLOTSS(12,»’'NORMAL ACCEL.» 2 G.’»ISTAT)
c
0037 G0 TO 34
0058 32 CONTINUE
0039 CALL PLOTSS(9,50,4/,ISTAT)
0040 CALL PLOTSS(12,9’ELEVATOR POSN.» 20 DEG.',»ISTAT)
0061 CALL PLOTSS(9+50+80ISTAT)
0062 CALL PLOTSS(12»+'LONGITUDINAL ACCEL.» 3 G’»ISTAT)
0063 CALL PLOTSS(9+50+13+ISTAT)
0064 CALL PLOTSS(12»+'RUDDER POSN.,» 20 DEG. ‘2 ISTAT)
0045 CALL PLOTSS(9+50917»ISTAT)
0064 CALL PLOTSS(12+¢'YAN RATE» 50 DEG/SEC.’»ISTAT)
0047 GO TO 34
0068 33 CONTINUE
00649 CALL PLOTSS(9+50+4,ISTAT)
0070 CALL PLOTSS(12s¢’AILERON POSN.» 20 DEG.’'r»ISTAT)
0071 CALL PLOTSS(9+50,8+ISTAT) '
0072 CALL PLOTSS(12+»’BANK ANGLE,» 60 DEG. ‘2 ISTAT)
0073 CALL PLOTSS(9+S0+13,18TAT)
0074 CALL PLOTSS(12s+'ROLL RATE, 50 DEG/SEC.’sISTAT)
0075 CALL PLOTSS(9+50,17,1STAT)
0074 CALL PLOTSS(12,+’LATERAL ACCEL.» .S G.’sISTAT)
0077 34 CONTINUE
0078 CALL PLOTSS(990+20,ISTAT)
0079 DO t J=1,5000
0080 DAMMY= COS(435)
0081 1 CONTINUE
00682 RETURN
0083 END
0001 SUBROUTINE GRID(IDX.IDY)
0002 COMMON/S8TATUS/ISTAT(14)
0003 CALL PLOTSS(2,14512,,ISTAT)
0004 CALL PLOTSS(9+000+ISTAT)
0003 CALL PLOTSS5(10s»»ISTAT)
0004 CALL PLOTSS(2,1432+4649+1I8TAT)
0007 DG 3 I=1,512,1DX
0008 3 CALL PLOTSS(S»I-1,1,1ISTAT)
0009 DO 4 I=1,236,1IDY
0010 4 CALL PLOTSS(4¢1+I-1»ISTAT)
0011 RETURN
0012 END
0001 SUBROUTINE GRAPH(N» IARRAY)
0002 COMMON/STATUS/ISTAT(14)
0002 DIMENSION IARRAY(S12)
0004 NUMBER=ISTAT(8)/8
0005 CALL PLOTSS(7,0+0+ISTAT)
0006 CALL PLOTSS(8+512,0,ISTAT)
0007 CALL PLOTSS(2+1+(NUMBER+1)%2, (NUMBER+1)%X10,ISTAT)
0008 CALL PLOYSS(3s-NsIARRAY,ISTAT)
0009 CALL PLOTSS(1+1-NUMBER»+ISTAT)
0010 CALL PLOT33(9,10+1,ISTAT)
0011 END
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-

0001

0002
0003
0004
000S
00046

0007
0008

0009

0010
0011
0012
0013

0014
0015
0016
0017
0010
0019
0020

0021
0022
0023
0024
00235
0026
0027
0028
0029

0030
0031
0032

0033
0034
0035
0036
0037

0038
0039
0040
0041
0042
0043
0044

00435

A.6) DETAILED ENGINEERING CONVERSION

PRECECING PAGE BLANK NOT FILMED

Description: The CRINST program performs the detailed

corrections for instrument offsets from the body axes. Biases

on the accelerometers are also removed in the corrections.

c....

c..OO
c....

c.."

c.'.'

c'OOO

10

Program listing:

PROGRAN CRINST

PROGRAM TO MODIFY THE RAW ENGINEERINOG

DATA FOR INSTRUMENT CORRECTIONS

THAI MEASURED FROM BODY TO INST AXES

XBAR» YBAR» AND ZDAR FROM BODY TO INST AYES

BYTE NAME(1S)

DIMENSION FI(11)oFIMIC11)sFIPL(11)9DATA(S00,11)

DATA DOR+G /57.29578,32.174/

DATA THAI /-~5.69%6/

DATA XBAR)YBARsZDAR /40.052+41.179941.630/
TRANSBUCER POSTIONS RECALCULATED ON 4-FEB-81

FORMAT(14A)
FORMAT(I10+8F12.4)

SET LAST BYTE OF CHARACTER STRING TO NULL

NAME(1S5)=0

ENTER THE FILE NAME FOR THE DATA TO BE CORRECTED

FORMAT(’ ENTER THE FILE NAME FOR THE RAW ENGINEERING DATA’»/)

TYPE 10
ACCEPY 4»(NAME(I)»I=1,14)

OPEN(UNIT=1,NAME=NAME » TYPE='OLD’ yACCESS=’SEQUENTIAL»
READONLY »FORMN=’FORMAYTED’ yRECORDSIZE=132)
Ceeoe ENTER THE FILE NAME FOR THE DATA YO BE SAVED ON

Ceesvs CLEAR OUT OLD FILENAME

DO 22 I=1,14
NAME(I )=’

22 CONTINUE

20 FORMAT(”

Co....READ

TYPE 20
ACCEPT 4y (NAME(I)»In1,14)

OPENC(UNIT=2,)NAME=NAME » TYPE='NEW’ »yACCESS='SEQUENTIAL

FORM=’UNFORMATTED »
BUFFERCOUNT=2)

DATA FROM HP DATA FILE

ENTER THE FILE NAME TO HOLD THE CONVERYED DATA’»/)

28 FORMAT(’ ENTER THE NUMBER OF TIME POINTS TO BE CORRECTED’»/)

29
30

i1
c....

35

c...'

cooo-

c.'..

TYPE 28
FORMAT(110)
ACCEPT 29+ 1END
FORMAT(11E12.4)
DO 31 I=1,IEND

READ(1/,30) (DATA(I+J)vJU=1s1l)

CONTINUE
CLOSE(UNIT=1)

TRANSFER FIRST TWO DATA POINTS

DO 35 I=1,11
FIM1CI)=DATA(L,I)
CONTINUE

CORRECT FOR SIGN ERRORS IN CALIBRATIONS

FINEC 4)m=FIM1( 4)
FIMLC 8)==-FIMLI( &)
FIN1( 8)==FINM1( B)
FIM1C ?)s-FINML1( 9)
FIM1(11)==FIML1(11)

CORRECT FOR GYRO MISALINEMENT

COSTHI=COS(THAL/DGR)
SINTHI=SINCTHAI/DGR)
FIM1(1)=sFIN1(1)-THAI/DGR

PI= FIML1(7)XCOSTHI+FIML(?)XSINTHI
RI==FIM1(7)XSINTHI4FIM1(9)XCOSTHI

FIN1(7)=P]
FIM1(9?)=RI

WRITE THESE VALUES TO THE OUTPUT FILE

WRITE(2)(FIMI(I)»I=ty11)

129



Coseo TRANSFER NEXT DATA POINT

0044 " DO 36 Ie1r11
0047 FI(I) =PATA(2,1)
0048 36 CONTINUE
Coeeo CORRECT FOR SION ERRORS IN CALIBRATIONS
0049 FIC 4) s=FIC 4)
0050 FIC &) s=FI( &)
0051 FIC 8) o-FI( 8
0052 FIC 9) s-FIC 9)
00S3 FI(11) ==FI(11)
Ceees ADD CORRECTION FOR OYRO MISALINEMENT
0034 FIC(1)eF1(1)=THAI/DOR
00SS PIs FI(7)SCOBTHIFI(Y)SSINTHI
0056 KI=-FI(7)SSINTHI4+FI(9)SCOSTHI
0057 FI1(7)ePl
0058 FI(9)eRI
Coves PRINT OUT AVERAGE VALUES FOK THI1 AND PHIL
0059 THAL=C(FINEC1)4FIC1))/2,)8DOR
0060 PHILs((FINL(&)4FL(4))/2,)8DOR
0061 40 FORMAT(’ THAL C(IN DEG) ® ‘»F12.6s° PHI1 (IN DEG) = 9F12.6)
0062 TYPE 40, THAL,PHIL
0063 KOUNT=2
0064 COSTHASCOS ( THAL/DGR)
0045 SINTHA=SINCTHAL/DOR)
0064 COSPHI=COS(PHIL/DOR)
0067 SINPHI=SINC(PHIL/DGR)
Ceoss START CORRECTION LOOP
0048 S0 C/NTINUE
0069 KOUNT=KOUNT+1
Coves IF KOUNT IS GREATER THAN IEND GO TO 1000
0070 IF (KOUNT.GT.IEND)GO TO 1000
feves TRANFER NEXT TIHE POINT
0072 DO 37 Isistl
0073 FIP1(I)=DATACKOUNT, D)
0074 37 CONTINUE
Covos CORRECT FOR SIGN ERRORS IN CALIBRATION
0073 FIPL1¢( 4)u=FIPL( &)
0076 FIPL( 6)m=FIP1( &)
0077 FIPL1( 8)s=FIP1( 8)
0078 FIPI( 9)u=FIP1( 9)
0079 FIPL(11)m=FIP1(11)
Coves CORRECT FOR MISALINEMENT ANGLE
0000 FIPL1(1)=FIP1(1)~-THAI/DGR
0081 PIe FIP1(?7)%COSTHI+FIP1(9)8SINTHI
0082 RI=-FIP1(7)SSINTHI+FIP119)8COSTHI
0083 FIP1(?7)=P]
0084 FIPL(9)=R]
Covee BET AN BACK TO ORIGINAL SIGNAL
0085 FIC(3) =F1(3)41.00
Cooes CONMPUTE PDOT» GDOTy» AND RDOT
0086 PDUT =(FIP1(7)=FINM1¢(72))/0.2
0087 QDOT =(FIP1(2)-FIN1(2))/0.2
0088 RDOT =(FIP1(9)=FIM1(9))/0.2
- C.ooo CORRECT ACCELERATIONS FOR OFFSET
0089 P =F1(7)
0090 a oFI(2)
0091 R sFI(9)
0092 AXPY =FI(A)XCOBTHI
0093 AXP2 SFI(3)SSINTHI
0094 AXP3 = (RER+Q%Q)XXDPAR/G
0093 AXP4 =(P2G-RDOT)XYBAR/G
0096 AXPS s(PSR+ODOT)IXZBAR/G
0097 AXFIX =AXPL1=-AXPR+AXPI-AXPA-AXPS
098 AX sAXFIX
0099 AY  wFI(8) - (PSQ4RDOT) XXBAR/G+ (PSP +RER) KYBAR/G
. -(QSR~-PDOT) $ZPAR/ G
0100 AZ  ®-FI(A)SSINTHI-FI(3)%COSTHI-(PER-QDOT)XXBAR/G
. -(QER+PDOT) BYBAR/ G+ (PSP +QXQ) K ZBAR/G
0101 FI(3) ==A2
0102 FIC4) = AX
0103 FI(8) x AY
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N

0104
0108
0104

0102
(2] ]

0107
0110
0111
0112
0113
0114

0143

0134
0117

c....

c....
c....

c..‘.

100

1000
Coooo

c...;

CORRECT FOR ACCELEROMEYER BIAS
FI(3) sFI(3)-COSTHASCOSPH]
FICA) oFI(4)-SINTHA

FICO) sFI(8)+COSTHARSINPHI
URITE VALUES ON OUTPUT

TYPE OUT KOUNTER

TYPE S,KOUNT
WRITEC(2)IFI(I)olmlrtl)

BUCKET DRIOGADE VALUES THRU TINME
DO 100 I=3,i

FINICI)®FI(])

FICI) s=FIPI(D)

CONT1UE

60 70 SO

CONTINUE

TRANSFER LAST DATA POINT
WRITE(2)(FI(I)rI=mirll)

CLOSE DAYA FILE

sToP

END
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0901

0002
0003
0004
0005
00046
0007
0008
0009

0010
0011
0012
0013
0014
0015
0016
0017
0018

0019
0020
0021
0022
0023
0024
0025
0026
0027
0020

0029
0030
0031
0032
0034

0036

Ty e T TR R T e
— — - “

PRECEDING PAGE BLANK NOT FILMED

A.7) MMLE BONES ROUTINES

This appendix describes the MMLE programs. The first
program required is the one that sets up the input matrices,
as wvell as defining for the MMLE program which parameters
it is to estimate. The MMLE programs, as well as their
output format is also presented.

A.7.1) MMLE SETUP

Description: The setup program is an interactive
program which sets up the input data for the MMLE BONES
routine. Non-dimensional derivatives, geometric, and inertia
data are input and used to form the initial estimate to
the MMLE program.

Program listing:

PROGRAM SETUP

Ceoes THIS PROGRAM SETS UP THE DATA USED IN DONES MNLE.

Ceoes DIMENSIONAL DERIVATIVES ARE BUILT UP FROM NON-DIMENSIONAL

Coeee INPUT DATA AND AIRPLANE GEOMETRIC DATA,

Cseso DEFAULT VALUES (IF THEY EXIST) ARE SHOWN AFTER EACH QUESTION.
DINENSION A(S+4)9B(Sr4)1AA(S14)1BB(S+4),AP(B824)9BP(B8,3)
DIMENSION ZEROC(A)»BIAB(4)¢D1(7+7)

DOUBLE PRECISION CASE!TEMP
BYTE BANNER(4,80)
DATA VALUE» IVALUEsAAsBBrAP+BP/0,+0920%0,+20%0.+32%0.924%0./
DATA Di1»BIAS/ZERD/749%0.94%0,.9450./
DATA CASE,TEMP/' ‘! '/
DATA BANNER/320%’ ‘/
Cises SET DEFAULT VALUES

NN =200
ITR =10
MZ -?
HAPR =0

HH 20,10
EPS =0,0
TIME =0.0
ALPHA =0.0
XLA =1,0

Coees UNIT 1 WILL BE THE FILE NUMBER OF THE FILE FOR
Ceeos THE DATA DISK WHICH IS ASSUMED ON DY1:
Ceeee OPEN UNIT 1
2 FORMAT(B0AL)
9 FORMAT(’ ENTER A BANNER OF UP TO FOUR LINES.’)
TYPE 9
1 FORMAT(’ ENTER LINE: ‘»11)
DO 3 I=1,4
TYPE 101
ACCEPT 2, (BANNER(I,J)rJ=1,00)
3 CONTINUE
10 CONTINUE
30 FORMAT(’ ENTER °*LONG® OR °*LATR® FOR THE TYPE OF CASE’r/»
. ’ 70 BE SET UP,’)
TYPE 30
40 FORMAT(1AB)
ACCEPT 40,CASE

IFC(CABE.EQ.'LONG')OPEN (UNIT=1,NAME=’DY1:MMLELO.DAT’yTYPE=’NEW'

. RECORDSIZE=?4» INITIALSIZE=S0, L ISPOSE='SAVE’)

IF(CASE.EQ. ‘LATR’)YOPEN (UNIT=1,NAME=’DY1!MMLELD.DAT’/»TYPE='NEUW’,

. RECORDSIZE=94» INITIALSIZE=50,DISPGRE=‘SAVE’)
IF((CASE.NE. 'LONG’),AND,(CASE.NE. "LATR’,)G0 TO 10
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0033

0039
0040
0041
0042
0043

0043
0044

0047
0040
0049
0051
0082

0083
0034
00353
0087
0050

0039
0040
0061
0062
0064
006S

0066
0047
0040
0070
0071
0072
0073
0074
0076
0077
0078
0079
0080
0082
0083
0084
008s
0086
0088
0089
0090
0091
0092
0094
0093
00946
0097
0098
0099
0100

0101

0102
0103
0104
0103
0106
vio?
0108
0109
0110

c...’
cl...
30

40
41

70

80

0

100

110

120

130

140

141

150
160
c.."
170

100

190

ERROR TRAP IF RESPONCE 18 NOT °*LONG® OR °‘LATR®

PASIC DATA FOR EITHER LONGITUDINAL OR LATERAL-DIRECTYIONAL CASE
FORMAT(’ ENTER THL NUMBER OF DATA POINTS YO BE PROCESSED.‘»/
. ‘ (DEFAULY 18 2000 ")

TYPE SO

FORNAT(2F10.0)
FORNAT(113)

ACCEPT 610 IVALUE
IFCIVALUE.GT.O)NNSIVALUE

IVALUE=O

FORMAT(’ ENTER THE NUMBER OF ITERATIONS TO BE FPERFORNMED. '’/
. ‘¢ (DEFAULT I8 10)’)

TYPE 70

ACCEPT 41, IVALUE

IF (IVALUE.GT.0) ITR®IVALUE

IVALUE=0

FORMAT(’ ENTER THE NUMBER OF ODSERVATIONS.' /.

. * (DEFAULT I8 7))

TYPE 80

ACCEPT 61+ IVALUE

IF (CIVALUE.OT.0)NZ=IVALUE

IVALUE®0

FORMAT(’ ENTER THE CONTROL NUMBER FOR THE APRORI OPTION.’s/»
. * (DEFAULT IS O) WHICH IS NO APRORI VALUES)’)
TYPE 90

ACCEPT 61+ IVALUE

NAPR =0

IF ( IVALUE . NE .. 0) HAPR= TVALUE

IVALUE=0

FORMAT(’ ENTER THE DELTA TIME INCREMENT.’//»
. * (DEFAULT I8 0.10))

TYPE 100

ACCEPT 60+VALUE

IF (VALUE.OT .0, ) HHSVALUE

VALUE =0,

FORMAT(‘ ENTER THE VALUE FOR EPS.‘s/»’ (DEFAULT IS 0.0)°)
TYPE 110

ACCEPT 60+VALUE

IF(VALUE.GT.0.)EPS=VALUE

VALUE =0.

FORMAT(’ ENTER THE VALUE FOR TIME.’+/»’ (DEFAULT I8 0.0)°)
TYPE 120

ACCEPT 60+ VALUE

IF (VALUE.BT.0.) TINE=VALUE

VALUE =0. ,

FORMAT(‘ ENTER THE VALUE FOR ALPHA.’s/¢’ (DEF:ULT I8 0.0)°)
TYPE 130

ACCEPT 60+VALUE

IF (VALUE.GT.0.)ALPHASVALUE

VALUE =0,

FORMAT(‘ ENTER THE VALUE FOR XLA.‘¢/s’ (DEFAULT IS 1,0)°)
TYPE 140

ACCEPT 60+VALUE

IF (VALUE .87 .0. ) XLA=VALUE

DO 141 I=1,4

WRITE(1+2) (BANNER(T1J) 9 J=1180)

CONTINUE

WRITE(1+150)Niss ITRIHZs HAPR
WRITE(19160)HHIEPBs TINE s ALPHA L XLA

FORMAT(7110)

FORMAT(BF10.4)

ENTER THE MASS AND GEOMETRIC DATA

FORMAT(‘ ENTER THE AIRPLANE WEIGHT. (IN LBS))

TYPE 170

ACCEPT 60/ MEIGHT

ANG8 sWEIGHT/32.174

FORMAT(’ ENTER THE AIRPLANE WING AREA., (IN FTx32)’)
TYPE 180

ACCEPT 6098

FORMAT(’ ENTER THE AIRPLANE CBAR. (IN FT)*)

TYPE 190

ACCEPT 40,CBAR
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o111
0112
0113
0114
0119
0314

0117
0110
0120
0121
0122

0123
0124
0123
0124

0127

0128
0129

0130
0131
0132
0133
0134

0133
0134
0137
0138

013
0140
0141
0142
0143
0143
0144
0147
0140
0549
01350

0131
01352

0153
0154
0183
0156
0137
0158
0159
0160
0161

0162
01464
0146

0167
0168
01469
0170
0171
0172
0173
0174
0173
0176
0177
0178

193 FORMAT(’ EMTER THE VING SPAN. (IN FT)’)
TYPE 198
ACCEPT 40,8PAN
200 FORMAT(' ENTER THE ALTITUDE OF THE FLIOHMT/RUN. (IN FT)‘)
TYPE 200
ACCEPY 60+M
Ceose COMPUTE ATHOSPHERIC CONDITIONS FROM APPROXIMATE RELATIONS
TA 23518.7-H30,003%8
IF(TA.LT . 590.)TA=390,
PA 22116,22%(1,-0,00000487848H)8385,2332
RHO sPA/(1714.3468TA)
AVEL "49,02380RT(TA)
Ceoos ENTER THE STEADY-STATE FLIOGHT CONDITIONS
210 FORNAT(’ ENTER THE STEADY STATE VELOCITY, (IN FT/SEC)‘)
TYPE 210
ACCEPT 40,01
cLt =2 . SUEIOHT/ (RNOSULISULISS)
Ceess ASSUNE L/D OF 10,
(43 sCL1/10,
Ceses ASSUNE CXT1=CDI
CXT1 =CD1
220 FORMAT(’ ENTER THE STEADY STATE THETA. (IN DEG)’¢/»
. ‘ (DEFAULT I8 0.0)%)
DGR «57.29878
TYPE 220
ACCEPT 60+THA
THA sTHA/DOR
230 FORMAT(’ ENTER THE STEADY STATE _ “NK ANGLE. (IN DEG)’»/»
. * C(DEFAULT I8 0.0))
TYPE 230
ACCEPT 40,PHI
PHI sPHI/DOR

240 FORMAT(’ ENTER THE STEADY STATE ANGLE OF ATTACK, (IN DEO)‘'s/5

. ‘ (DEFAULT I8 THETA)')
TYPE 240

VALUE =0,

ALP sTHASDOR

ACCEPT 60,VALUE

IF{VALUE .NE .0, )ALPSVALUE
ALP wALP/DGR
SINALP=SIN(ALP)
COSALP=COS(ALP)
SINTHASSIN(THA)
COSTHA=COS (THA)
SINPHI=SIN(PHI)

COSPHI=COS(PHI)
TANTHA=SINTHA/COSTHA
Ceeeo ENTER THE INERTIAL DATA
260 FORMAT(’ ENTER IYYB. (IN SLUGRFTEX2)’)
TYPE 240
ACCEPT 460,ALY
270 FORMAT(’ ENTER IXXB., (IN BLUGRFTE%2)’)
TYFE 270
ACCEPT 60+AIX
280 FORMAT(’ ENTER IZZB. (IN SLUGSFTE32)’)
TYPE 280
ACCEPT 409412
Ceveo SPLIT FOR CASES
IF(CASE.EQ. 'LONG’)G0 TO 300
IF(CASE.EQ.’LATR")GO TO 300
sTOP
Ceoeo LONRITUDINAL CASE
300 CONTINUE
310 FORMAT(’ ENTER CDUr 0 OR 1. ’)
TYPE 310
311 FORMAT(’ ( 1 IF THIS IS A VARIABLE} O OTHERWISE )’)
TYPE 311
ACCEPY 40+CDUYAA(2+2)
320 FORMAT(’ ENTER CXTU.’)
TYPE 320
ACCEPT 60,CXTU
330 FORMAT(‘’ ENTER CBAs 0 OR 1.7)
TYPE 330
ACCEPT 60+sCDArAAC2:3)
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017y 340 FORMAT(’ ENTER CDDE,» O OR &.')

0180 TYPE 340
018} ACCEPT 60+CDBE/BD(2,1)
0182 3850 FORMAT(’ ENTER CLU» O OR 1.°)
0183 TYPE 350
0104 ACCEPTY 40/CLUVAA(S/2)
o108 360 FORNAT(’ ENTEX CLA» O CR 1.")
0184 TYPE 340
0107 ACCEPT 60,CLAYAA(I»D)
0108 370 FORMAY(’ ENTER CLDE» O OR 1.,)
0109 TYPE 370
0190 ACCEPT 40+CLDEDD 3:1)
o191 300 FORMAT(’ ENTER CMAD. )
0192 TYPE 380
0193 ACCEPT 60+CHAD
0194 390 FORNAT(’ ENTER CNHO» O OR 1.’)
0193 TYPE 390
01946 ACCEPT 40+,CHOrAA(LY1)
0197 400 FORMAT(’ ENTER CHU,» O OR 1.’)
o198 TYPE 400
0199 ACCEPT 40,CHUsAALL,2)
0200 410 FORMAT(’ ENTER CHNTU.')
0201 TYPE 410
0202 ACCEPY 40.CHTV
0203 420 FORMAT(’ ENTER CNA» O OR 1.')
0204 TYPE 420
0208 ACCEPY 40,CHA»AA(1,3)
0204 430 FORMAT(’ ENTER CMTA.’)
0207 TYPE 430
0208 ACCEPT 40,CHTA
0209 440 FORMAT(’ ENTER CMDE, O OR 1.')
0210 TYPE 440
0211 ACCEPT 60+CHDE/PB(1,1)
Cieoo DEFINE DIMENSIONAL DERIVATIVES
0212 a1 s RHOSULBUL1/2,0
0213 XU s Q1888(CXTU+2,.3CXT1-CDU-2,8CD1)/(ANSSSUL)
0214 XA s=031388(CDA-CL1)/ANSS
0213 XDE =-Q1388CDDE/ANSS
0214 4l s=0188x(CLU+2.3CL1)/ (ANESEULRUYL)
0217 ZA =-0138%(CLA+CD1)/(ANSSEUL)
0218 IDE »=01588CLDE/ (ANSSRUL)
0219 ANO o Q1%SECPARKCPDARS(CHADCHMA) /(2.8ATYRUL)
0220 ANU = Q188XCBARX(CHMU+CHTU)/(AIYSUL)
o221 ANA s Q13SXCDARR(CHA+CNTA) /ALY
0222 AMDE = O1383CBARSCMDE/ALY
Ceoes DEFINE A MATRIX ELEMENTS
0223 AlL1r1)sAND
0224 A(102)sAMY
0223 Alle3)sAMA
0224 A(1+4)=0,0
0227 AC2,1)m20,0
0228 A(2+2)=XU
0229 A(2+3)=XA
0230 A(2+4)=~COSTHAR32.174
0231 A(3r1)=1,0
0232 A(3y2)m82U
0233 A(393)ZA
0234 A(3,4)=-SINTHARCOSPHIR32.174/U1
0233 A(4,1)=CO8PHI
0234 A(4,2)20.0
0237 A(4,3)=0,0
0238 4(4+4)=0,0
Ceees DEFINE B MATRIX ELEMENTS
0239 B(1y1)=ANDE
0240 B(1+2)=0,0
0241 B(1,3)=0,0
0242 B(2:1)nXDE
0243 B(2,2)=0,0
0244 §(2,3)=0.0
02435 B(3r1)=2DE
0246 B(3+,2)=0.0
0247 B(3:3)=0.0
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0249
0249
02350

0231
0252
0253
0234

02SS
0254
023%7
0238
02359
0240
0241

0262
0263
0244
0243
0266
0267
0268
0269
0270

0271

0272
0273
0274
0273
0276
0277
0278
0279
0280
0281
0282
0283
0284
02R%
02848
0287
0288
0289
0290
0291
0292
0293
0294
0293
0296
0297
0298
0299
0300

0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312

0313

c'.O.
c....

c....

c.l..

- 460
450

c..t.

:0000

480
470

490
c'."

c....

500

S10

St

320

330

340

550

340

570

380

590

400

410

620

430

B(4,1)90.,0

B(4+2)s0,0

B(4,3)=0.,0

ALL ELEMENTS OF THE AA MATRIX ARE DEFINED
DEFINE ADDITIONAL ELENENTS OF THE DD MATRIX
BD(1,3)m1,0

BB(2,3)%1.0

PB(3,3)=1,0

BD(4,3)01 .0

DEFINE AP MATRIX (ASSUMED ORDER OF THE OBSERVATION VECTOR I8!
Qr» Ur ALPHA» THETA,» ODOV: AX~AXBIAS: AND AN=-ANBIAS) )
DO 450 I=1,3

D0 440 Js=i,4

AP(Ly»J)=1.0

CONTINUE

CONTINUVE

AP(602)=1,0/32.174 .
AP(7¢3)8=U1/32.174

DEFINE BP MATRIX (ASSUMED ORDER OF TNE CONTROL VECTOR I8!
DEr BIAS)

DO 470 I=1,$

DO 480 J=1,3

BP(1vJ)=1,0

CONTINUE

CONTINUE

DO 490 I=1,3

BP(6+1)=1,0/32,174
BP(7,1)m=U1/32.174

CONTINUE

SKIP LATERAL DIRECTIONAL INPUT CASE
G0 TQ 700

LATERAL DIRECTIONAL CaASE

CONTINUE

FORMAT(’ ENTER CLP» © OR 1.7)

TYPE S10

FORMAT(’ ( 1 IF THIS VARIES» 0 OTHERWISE )‘)
TYPE 511

ACCEPT 640+sCLPrAACL1y1)

FORMAT(’ ENTER CLR» 0 OR 1.)

TYPE 3520

ACCEPT 60,CLR»AA(1,2)

FORMAT(’ ENTER CLBr 0 OR 1.°)

TYPE %30

ACCEPT 60+CLBrAACL1,3)

FORMAT(’ ENTER CLDA» O OR 1.’)

TYPE 540

ACCEPT 60,CLDA»BB(1,1)

FORMAT(’ ENTER CLDR» O OR 1.’)

TYPE S50

ACCEPT 60,CLIRyBB(1+2)

FORMAT(’ ENTER CNPy» 0 OR 1.7)

TYPE 360

ACCEPT 60+,CNPsAA(2+1)

FORMAT(’ ENTER CNR» 0 OR 1.7)

TYPE 570

ACCEPT 60+CNRyAA2:2)

FORMAT(’ ENTER CNBy» 0 OR 3.")

TYPE 580

ACCEPT 60,CNByAA(2,3)

FORMAT(’ ENTER CNDA¢ O OR 1.)

TYPE $90

ACCEPT 60,CNDAYBB(2,1)
FORMAT(’ ENTER CNDRs 0 OR 1.’)
TYPE 600

ACCEPT 40+CNDR»BB(2,2)
FORMAT(’ ENTER CYBr 9 OR 1.")
TYPE 610

ACCEPT 40+CYBrAA(3+3)

FORMAT(’ ENTER CYDA» 0 OR 1.’)
TYPE 620

ACCEPT 40,CYDAYBB(3,1)
FORMAT(’ ENTER CYDR» O OR 1.’)
TYPE 630

ACCEPT 460+CYDR»BB(3,2)
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Coven g!?l“! DINENSIONAL DERIVATIVES

0314 ® RHOBULIBUL/2.0
0318 e s Q1SS3SPANSEPANSCLP/(2.8A1XSUL)
0314 BLR = Q1S88SPANSSPANSCLR/(2.8A1X2UL)
0317 e ® Q1888SPANSCLD/AIX
0318 BNP s Q18GRBPANSSPANRCNP/(2,.8A123UL)
0319 BNR = Q18GUSPANSSPANSCNR/ (2. 8A123UL)
0320 BND s Q18SESPANSCNB/ALZ
0321 v = Q1883CYD/ (AN~%3UY)
0322 DA = QLESBEPANSCLLA/AIX
0323 ULDR = Q18SSSPANSCLDR/ALX
0324 BNDA = Q13S83SPANSCNDA/ALZ
0323 BNDR = Q318SSSPANSCNDR/ALZ
0326 YDA s Q1888SPANSCYDA/ (ANSSSUL)
0327 YOR - 01'.'.'&“!0708/(0"8.!01)
Ceeoe DEFINE A MATRIX ELEMENTS
0320 AlLr1)eBLP
032¢ A(1:,2)8BLR
0330 A(2:3)eBLD
0338 A(L1+4)=0,0
0332 A(203)aBNP
0333 A(202)=BNR
0334 A(2,3)=BNB
0338 A(2+14)20,C
0336 A(3e1)sSINALP
0337 A(3+2)==COSALP
0338 A(3,3)=YD
033¢ A(3,4)m32,1743COSTHARCOSPHIZUY
0340 Al4ary1)e=1,0
0341 A(492)=COSPHIRTANTHA
0342 A(4,3)=0,0
0343 Al4,4)=0,0
Ceeos DEFINE B MATRIX ELEMENTS
0344 B{1r,1)=BLDA
0343 B{1,2)=RLDR
0344 B(1:,3)=0,0
0347 8(2/,1)=BNDA
0348 B(2,2)sBNDR
0349 B(2+3)20,0
0350 B(3s1)eYDA
0331 B(3,2)=VYDR
0352 8(3+3)=0.0
0333 D(4r1)=0.0
0334 B(4r)2)=0,0
0333 B(4:3)=0.,0
Cov . ALL ELEMENTS OF THE AA MATRIX ARE DEFINED
Ceovc DEFINE ADDITIONAL ELEMENTS OF THE BB MATRIX
0334 BB(1,3)=i,0
0357 BB(2+32)=1.0
0358 BB(3+3)=1:0
0359 BB(4,3)=1,0
Ceeee DEFINE AP MATRIX (ABSUMED ORBER OF THE OBSERVATION VECTOR 18!
Ceves Pr Re BETA» PHI» PDOT» RDOT» AND AY-AYBIAS)
0360 DO 630 I=1,6
0361 DO 4660 Jmi,4
0362 AP(I»J)=1,0

0363 660 CONTIRUE

0364 450 CONTINUE

0363 AP(7,3)mU1/32.174
Ce. « DEFINE AP NATRIX (ASSUMED ORDER OF TME CONTROL VECTOR IS!
Cosee DA» DRy AND "‘9)

0366 DO 670 1=1.6
03487 DO 680 J=1,3
0348 BP(1+J)=1.0

0349 680 CONTINUE

0370 470 CONTINUE

0371 DO 490 I=1,3
0372 BP(7+1)=U1/32.174
0373 690 CUNTINUE

0374 700 CONTINUE

0375 Hu =3
0376 Nz 54
0377 Ny n?

Ceese ECHO DATA BACK
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037¢

037¢

0380
0382
0384

0385
0386

0387

03ge
0389
0390
0391
0I%Y
0393
0374
0393
0396
0397
0398
0399
0400
0401
0402
0403
0404
0405
0406
04027
0408

0409

0410
0411

710 FORNAY(' AIRPLANE INPUT DATA’s/»

NING AREA
WEIGNHT
NING SPAN
CBAR
AIRSPEED
DENSITY
ALPHAL
THETAL
PHIL

Ivy

IXx

122

CLe

cot

cxTi

.o-ooococcooooo

PR N TR R YR SR N GNP N VR SR SR

C(IN
(IN
(IN
C(IN
C(IN
CIN
(IN
(IN
CIN
C(IN
(IN
CIN

. AIZ,CLL/CDL,CXTH

Coees SPLIT FOR CASES

IF(CABE.EQ.’'LONG’)GO0 TO 7S50
IF(CASE.EQ.‘LATR’)G0 TO 830

svoP
Cesoo LONGITUDINAL CASE

FYssd)

Los)

LAR)

FT)

FY/8EC)
SLUG/FTR%3)
RAD)

RAD)

RAD)
SLUGKFTREQ)
SLUGSFTRR2)
SLUORFTXR2)

‘oF12.49/
‘oF12.40/s
" oF12:.40/
‘oF12:40/»
‘oF12.40/y
‘oF12:.40/»
"F12:.40/
‘oF12440/
toF12.40/
"oF12:40/
‘oF12440/
‘oF12:.40/»
‘oF12.407/
‘oFL12.40/
8 yF12:40/7)

YPE 710+8 UEICHTo»SPANICBARIUL+RHOYALP» THAIPHI /ALY ALIXy

Cevos WRITE OUTPUT TO DISPLAYe GET WEIGHTING FACTORS: AND FINISH FILE

7350 CONTINUE
760 FORMAT('’
‘ ChV ‘oFB.4y’

CchaA ‘oFB.40’
CbDE ‘+F8.4y°
CLy la I I
CLA ‘oFB.4y’
CLDE ‘oF8.4y’
CHU "Fao."

cHa ‘rFB.4r’
CHA ‘oFB. 40’
CMDE ‘oFB.4y’

e ® o o o o o ® o o e
“ % 2% A s A aw N

CXTU ‘yFBedr/y

CNAD ‘'F8.4r0/

LONGITUDINAL

DERIVATIVES' ¢/
XU ‘oFB.40/

XA "oF8.40/
XDE ‘2FBed0 />
b1} ‘F8.40/
Ih ‘F8.40/
ZDE ‘oFB.40/
MU ‘eF8.M0 /)y

na ‘sFB.40/
NA ‘yFB.40/»
MDE 11 IXIYZZZR)

TYPE 780+CDUsXUsCXTUPCDA» XA+CDDE»XDE)CLUYZUSCLAYZA»
CLDE»ZDE»CMU+AMUCMAD+CHQr»AMQ s CMA»AMA»CHDE » AMDE

Coves GE] THE WEIGHTING MATRIX DIAGONAL VALUES

770 FORMAT(’ ENTER THE WEIGHTING FACTOR FOR

TYPE 770
ACCEPT 60+D1(101)

780 FORMAT(’ ENTER THE

TYPE 780
ACCEPT 40+D1(2,2)

790.FORMAT(’ ENTER THE

TYPE 790
ACCEPT 460+D1(3:3)

800 FORMAT(’ ENTER THE

TYPE 800
ACCEPT 40+D1(4»4)

810 FORMAT(’ ENTER THE

TYPE 810
ACCEPT 460+01(35,5)

820 FORMAT(’ ENTER THE

TYPE 8290
ACCEPT 60¢D1(6+4)

830 FORMAT(’ ENTER THE

TYPE 830
ACCEPT 60+D1(7+7)

WEIGHTING FACTOR FOR

WEIGHTING FACTOR FOR

WEIGHYING FACTOR FOR

WEIGHTING FACTOR FOR

WEIGHTIMNG FACTOR FOR

WEIGHTING FACTOR FCR

Coees SKIP PAST LATERAL DIRECTIONAL CASE

GO TO 9S50

Cevee LATERAL DIRECTIONAL CASE

Coess WRITE OUTPUT TO DISPLAY,

850 CONTINUE

840 FORMAT(’
+/ CYB ‘oFB.4y’
+«’ CYDA ‘F8.4y’
+* CYDR ‘2FB. 4y’
+’ CLB ‘9FB.4y’
«f CLP ‘oFB.4y’
o' CLR "FB."'
+' CLDA ‘vF8.4y’

Q)

VELOCITY.")

ALPHA,. ')

THETA. ")

apor.’)

AX.’)

AN.’)

GET WEIGHTING FACTORS» AND FINISH FILE

LATERAL DIRECTIONAL DERIVATIVES’+/»
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Yh ‘2FB.44/
YDA ‘FB.4v /)y
YDR ‘2FB.40/y
LB ‘IFB.av/y
LP ‘oFB.40 /)
LR ‘WFBiar/y
LDA ‘tFB.40/
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0412

0412
0414
0413
0416
0417
0418
0419
0420
0421
0422
0423
0424
0423
0426
0427
0420
0429
0430
0431
0432
0433
0434

0433
0434
0437
0438
0439
0440
0441
0442
0443
0444
0443
0446
0447
0440
0449
0450
0451
04352
0433
04354
0433
0434
0457
0458
04359
0460
0461
0442
0443
04464
0463
0444
0447
0448

800

80

200

910

920

930

30
c....
240
1160

?70

980

1000

1010

1020

1030

1040

* CLDR i FX TN
‘ CND WF0.4y
* CNP *oF8. 4’
* CNR ‘oFB.4y’
! CNDA “oF8.40’
* CNDR ‘oFB.4y’

LDR ‘oF8.40/
ND 14 I XY
NP 14 X Iy
NR "'.o.'/i
NDA F8.40/
NDR *F8.40/777)

TYPE 860:CYBoYBsCYDAIYDAICYDR ) YDR+CLByBLBICLP»BLPICLR/BLR.
CLDA'BLDA»CLDRoBLDRICNB' BNDsCNP» LNP»CNRIBNRsCNDAY

BNDA+CNDR » BNDR

BET THE WEIOGHTING MATRIX DIAGONAL VALUES
FORMAT(’ ENTER THE WEIONTING FACTOR FOK

TYPE 870
ACCEPT 40+D1:1+1)

FORMAT(’ ENTER THE WEIGNTING FACTOR FOR

TYPE 680
ACCEPT 460,D1(292)

FORMAT (' ENTER THE MEIGHTING FACTOR FOR

TYPE 890
ACCEPT 40+D1(3+3)

FORMAT(’ ENTER THE WEIGHTING FACTOR FOR

TYPE 900
ACCEPT 40+D1(404)

FORMAT( ' ENTER THE WEIGHTING FACTOR FOR

TYPE ?10
ACCEPY 60+D1(S5,S)

FORMAT(’ ENTER THE WEIGHTING FACTOR FuR

TYPE 920
ACCEPT 40+D1(6+4)

FORMAT(’ ENTER THE WEIGHTING FACTOR FOR

TYPE 930
ACCEPT 60,D1(7+7)
CONTINUE
WRITE MATRICES TO FILE
FORMAT(2110)
FORMAT(?2F12.6)
WRITE(1+960)4,4
DO 970 [I=1,4
WRITEC1v1160)CACTI»J)rd=1r4)
CONTINUE
HRITE(19960)4,MU
D0 980 I=1,4
WRITE(1+1160)(B(IrJ)rdulrsNU)
CONTINUE
WRITE(1,960)4,4
0O 1000 I=1+4
WRITE(101160)CAA(TJ)rJI=1r4)
CONTINUE
WKITE(12960)4,MU
DO 1010 I=1,4
WRITEC(1+1160)(BB(IsJ)rdmlrMU)
CONTINUE
WRITE(1+960)7,4
D0 1020 [=},?
WRITE(191160)(AP(TIrJ)rJnlrd)
CONTINUE
WRITE(1+960)7 MU
DO 1030 I=1,7
WRITE(1,1160)(BP(I2J)rdml Nl
CONTINUE
URITE(1+960)7.7
DO 1040 I=i,?
WRITE(1,21260)(DL (s J)rdmte?)
CONTINUE
NRITEC1+11460)(ZERO(I)rIs1r4)
WRITE(1,1180)(BIAS(I?rIn1+4)
STOP

END
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A.7.2) MAIN MMLE PROGRAMS

Description: The main program of the MMLE BONES routines
acts as a controller in calling the subroutines as needed.
Initially, it reads the input data for the starting conditions
of the test case. If all states are measured a least squares
process is used to compute the initial estimate of the derivatives.
If the states are not completely measured this feature must
be skipped over or errors in the solution of updates to the
coefficients will result.

Flowchart:

START

COMPUTE TRANSITION AND OBSERVATION
MATRICES AND INITIALIZE ITERATION
2

[SET INITIAL CONDITIONS FOR MANEUVER ]

1

ADD CONTRIBUTIONS FOR THIS TIME
POINT TO THE FIRST AND SECOND
GRADIENTS

SAVE THE
PREDICTED
DATA

]

YES

LAST
TIME POINT
N MANFUVER]}

NO

SOLVE SYSTEM AND UPDATE
COEFFICIENTS

NO

STOP
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0001

0002

0003

0004
0003
0004
0007
0008
0009
0010

0011
0012

0013
0014

0015
00146
0017
0018

0019

L R L e e s R e e N e A e e R R e M e R N e N N e R e N e N )

3511
3512

Projjram listing:

PROORAN MNAIN
12233382ttt ifit it ediidisqdtsda sttty

S EXBEEEEXEESEEEEEEEEEEEEEEXERXXTN
BONES - FRL

MAIN PROGRAN OF THE MAXIMUM LIKELIHOOD ESTIMATOR

TECHNIQUEs (MMLE). THIS PROGRAM I8 DERIVED FRONM

THE °BONES® PROGRAM THAT WAS ORIGINALLY DEVELOPED

BY NASA. THE FOLLOWING SUBROUTINES ARE REQUIRED

FOR THE OPERATION OF THIS PROGRAM ¢

GIRLs EAT» CRAMER, SPIT1, REDUCEs» MULTY,» OUTPUT

ADD» MAKE, ZOT,» LOAD» LOAD1» SPIT» SOLVE» AND

DIAGIN.

THE OUTPUT OF THE PROGRAM IS TWO FILES THAT

CONTAINS THE MATRICES CA) AND (BJ FOR EACH

ITERATION AND THE ESTIMATED TIME RESPONSES

RESPECTIVELY, 8EE THE SPECIFIC INSTRUCTIONS

OF THIS PROGRAM FOR FURTHER INFORMATION

CONCERNING THE INPUT AND OPERATION OF THIS MMLE

PROGRAM.,

THIS MODIFIED °*BONES® PROGRAM WAS WRITTEN BY!
ALEX KOTBABASIS

DATE 22-NOV-80

('EFE XXX EEY R N R R R XX N L& 8 X J
F'EXXEEEXXEZIEIEESEIE VSN R R R N XK X B X ]

2252 XEXXE T EEXE ST R X

NEWTON-RAPHSON METHMOD FOR OBTAINING STABILITY DERIVATIVES
LONG?! ALPHAy Q» V» THETA» ANy GDOT,» AX
L=D ¢ P» Ry BETA» PHI» PDOT, RDOT» AY

COMMON MAX MAYMAMIMAT»ZrUsD2/EL»APHI»DUM/PHIL»D1+AsBrAAYBB,
BJIvXJI»BUMIFBeXTL1+ZERC'DS4+DDArEIXTX,CCCrBIASY
IZE+IBIAS»ICXLAYAPRYMAPRIXTA» JKMM e XTSy AP »BP

COMMON HH)ENNoMX s MUMX»RBr IA» JKsNBoEPSsPDBy I »MUMXL»

2
3
2 TRACEyKvIJsTIMEyRDBoMXPYL o JKMo LM TT o JKMML»
3
A

2
3

& W=

ALPHAINNML Y MZoJoKJoBDrLLILINNs MUY MUXIENIPPrAAAYKMIFAC)
ITRoNI s XT2y XTIy MZML

COMMON/MATAB/ALX s BLXPERX

COMMON/CONST/ KABCsKCDF

COMMON/TRNSFR/ XL(300+7)

DIMENSION ALX(20+10)sBLX(205,10)9ERX(10910)

DIMENSION XTS(2%5),APR(25)

DIMENSION AP(8:4)y BP{893)y XTA(A)

DIMENSION Z(7+3)+U(3+3)+D2(¢(7)»DDA(S+»4)1BIAS(S)sAPHI(S,4))
XT1C7)sPHIL(S+4)9D1(807)2A(S+4)sB(S514)0AA(Ss4),
BB(Se4)sBJII(2594)9XJL(2597)8UM(28,23)9PB(23),
DUM(2S+4) vy XT2(7)»2ZERO(S) 1 DSA(S+4) 9 XTI(7)

BYTE INAME(13)+COMNT(80/4)

COMMON/ANSUWER/ KBUGG

BYTE LOG,DIRyANS
DATA LOG+DIR/‘L’»'D’/

TYPE 3511

FORMAT(////77/77/77+20X+’% & X THE MMLE PROGRAM X% X %°//)
TYPE 33512
FORMAT(10X» ' THINGS YOU HAVE TO KNOW TO RUN THIS PROGRAM:'»/

»10Xs‘1.1S IT A LOGITUDINAL OR A LATERAL DIRACTIONAL RUN?‘.»
/7+10Xs‘2,NAME OF FILE WITH INITIAL CONDITIONS.‘/
»10Xs '3, NAME OF FILE WITH MEASURED DATA.‘/

110X, ’4,H0UW TO DESIGNATE OQUTPUT FILES.’////)
TYPE 3513
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0020 3813 FORMAT(/////+10Xs°INDICATE TYPE OF RUN!’s/

1 »10Xs’IF LONGITUDINAL TYPE *L’csevee’0/
2 130Xe‘IF LATERAL~-DIRECTIONAL TYPE °*D°.osess’9/
c 3 »10Xs ‘SELECT RUN!‘)
0021 READ(S+3334) ANS
0022 8514 FORMAT(AL)
c
0023 S CONTINUE
0024 83 CONTINUE
0023 NI = 23
0024 XXXX = 1,0
0027 MAX = 3
0028 HA = 4
0029 nZ =7
c
c

C ATTACH DATA FILE CONTAINING MATRICES AND INT. CONSTANTS.
0030 TYPE 119
003% 119 FORMATC(//910Xs "ENTER DATA FILE NAME WITH INITIAL CONDITIONS:'»
1 /910X» AND MATRICES Ar Br AA» APy ETC.')
0032 128 FORMAT(14A1)

0033 ACCEPT 128» (INAME(IABC)¢IABC=1,14)
0034 INAME(15)=0
0035 OPEN(UNIT=2/)NAMESINAME»TYPE='OLD’»ACCESS='8EQUENTIAL»
1 READONLY»FORM='FORMATTED ‘' »RECORDSIZE=132)
C CLEAR OUT OLD FILE NAME
00346 DO 127,IABC~1,14
0037 INAMECIABC)=’
0038 127 CONTINUE
c

0039 1700 FORMAT(10X»10E12.4)
0040 3777 FORMAT(12X»7110)
0041 3700 FORMAT(12X+8F10.4)
0043 700 FORMAT(BF10.,4)
0044 777 FORMAT(7110)

0043 1010 FORMAT(10E12.4)
0046 1011 FORMAT(IZ»9E12.4)
0047 1012 FORMAT(12E12.4)

0048 FACT = 1,0
0049 BLANC = 0.0

C READ COMMENTS FROM INPUT FILE (4 LINES OF 80 CHARACTERS)
00350 READ(2,1301) ((COMNT(I»J)rI=1,80),J=1,4)

0051 1301 FORMAT(80A1)
C READ STATMENTS

0082 READ(2,777) NNoITRyMZ)»MAPR
0053 READ(2,700) HH,EPSs» TINE,)ALPHA»XLA
C LOAD MATRICES :
0054 ENN = NN
0035% KCDF = NN
00546 KABC = ITR
0057 CALL LOAD(4,A»BrAA¢BB)
0058 MAX = 8
0039 MA = 7
00460 CALL LOAD(3+AP»BP¢D1,D1)
c
c . . . . . . * * * . . L] . . A4 . .
c
c
0061 MAX = $
0062 MA = 4
0063 NNM1 = NN-1
0064 MU = B(MAXs2)+ .01
0065 nX = AC(MAX»2)+ .01
C READ IN ZEROS’ AND JIASES.
c
0066 READ (29700) (ZEROCI)»I=1,MX)s» (BIASC(IA)sIA=1)NX)
c
€ e e e - -—-e- - - - - - - - .- - - .- - - -
c
0067 CLOSE(UNIT=2)
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0048
0049
9070
0071
0072
0073
0074

0073
0074
0077

0078
0079
0080
o008

0082
0083

0004
00835
0084
0087
0068
ooey
0090

0091

0092

0093
0094
0093
0096
0097
0698
0099
0100
0101

0502
0103
0104
01035
0104
0107

0108
2109

o110
o111

0112

NXPL » NX ¢
MINE = NZ -
HUX = MU ¢ WX
MUMX = MUBNX
NUMNXE =« MUMX ¢ 1
YY s 0.0

XX = 31,0

C ADD DIASES AND ZEROS’

49

o0on

=000 00 0000

??

663
261

176

664

263
178

c
C ENTER NAME OF DAT

c

139
c

DO 49 Iwui,NX

XT4¢1) = 0,0

XTI(1) = 0.0

XX = XX + ZEROCI) + BIAS(I)
XX = XX

DO 48 J=i,MU

YY 5 YY & AACL2J) 4 BB(IJ)

XX = XX ¢ AA(L»J) ¢ BD(IvJ)

YY = YY ¢ AA(IoNX)
XX = XX + AACTI»MX)

JKNM = YY ¢ ,01
JKN = XX ¢ .01

JKNML = JKH - 1§
SUN(NI»L) = JKM
SUM(NI»2) = JKM
MAX = NI

HA = NI

INITIALIZE MATRICES TO ZERO

CALL ZOT(BUM)

SELECT APRIORI OPTION THRU MAPR.

IF(MAPR) 176+178+177

READ IN APRIORI MATRIX

DO 261 1IB=1,yJKM

DO 663 IA=1)JKM
SUM(IDrIA)=0.0
CONTINUE

DO 261 1A=1,JKM
SUMCIBr»IA)=SUNCIBYIA)
APR(IB) = SUM(IB,1B)
G0 TO 178

CONTINUE

DO 664 IA=1,JKMNM1
APR(IA)=0,0

CONTINUE

DO 243 IA=1sJKM
APR(IA) = APRCIAISFACT
CONTINUE

TYPE 139
FORHAT(//7910Xs ‘ENTER FILE NAM

A FILE WITH MEASURED FLIGHT TEST DATA

€ CONTAINING THE MEASURED DATA’)

C ATTACH STATHMENT FOR FILE CONTAINING MEASURED DATA

c

1

ACCEPT 128, (INAME(IABC),IABC=
OPEN(UNIT=4yNAME=INAME »TYPES"’
FORM='UNFORMATTED' yREADO

C REWIND TAPE

c

REWIND 4
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0113

0114
0113

0114
0117
o118

o119
0120
0121

0122
0123
0124
012%
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136

0137
2138
0139
0140
0141
0142
0143

0144
V1435
0144

0147
0148

0149
0150
0151
01352
01353
0154
0133
0154

aoao0n000n

1302

1303
1304

1329

1326
c
1305

1306
1307
1309
c
c

1421
1407

703

READ IN DATA AND PRINT OUT INITIAL CONDITIONS
BIASES AND ZERO’S

FORMAT(’= = = = = = = © @ = = = ® = @« « = = = = = = = =« =’y

1 ey

FORNA?(Z’QX:'. L 2 XNITI.L CONDU!QNS I S & |

FORMAT (10X, ‘NUMBER OF DATA POINTS ! ‘e I3s

3 BXo 'MAXIMUMN NUMBER OF ITERATIONS ! ‘I3

2 /030X 'DATA SAMPLING INTERVAL ¢ ‘oF10. 4y

3 SXe’FIRST DATA POINT AT TIKME ¢ ‘9F10.4»

4 /910Xy ‘DIAGONAL MULTIPLYING FACTOR &t ‘»F30.4y

S SX¢ 'NUMDER OF STATES ¢ ‘91307)
FORMAT(30X»'DIAGONAL ELEMENTS OF THE WEIGNTING MATRIX D13’»/
1 SXe7F13:30/)

FORMAT(/»10X+ ‘EBTIMATES OF THE CAJ AND (9] MATRICES’»/)
FORMAT (30X s’ INITIAL INPUY MATRICES CAJ AND CBJ,‘»/»

1 10Xs’A STAR (%) FOLLOWING THE VALUE OF A MATRIX'¢/»
2 10X¢ ‘ELEMENT INDICATES THAT THE RESPECTIVE DERIVATIVE'»/,»
3 10X+ ‘I8 NOT ESTIMATED BY THE MMLE METHOD.'/)

FORHAT(/9310Xs ‘STABILITY MATRIX CAJ’)
FORMATC(/+»10X»'CONTROL MATRIX CDJ1‘)
FORMAT(10X» ITERATION’+13»’ WAS COMPLETED’/)
PRINT OUT INPUT DATA

PRINT 1302

DO 1407 J=1,4

PRINT 1421, (COMNT(I J)eI=1,80)
FORMAT(10X»80A1)

CONTINUE

PRINTY 1302

PRINT 1303

PRINT 13049 NNsITR/HHsTINE»XLAIMZ
PRINT 1302

PRINT 703

FORMAT(/»10X0’ZEROS AND BIASES‘)
PRINTY 1700y (ZERO(I)y»I=1sMX)
PRINT 1700y (BIAS(IA)sIA=1,MX)
PRINT 132S8»(DL1(IBCDsIBCD)yIBCD=1,7)
PRINT 1302

C SET MAX AND MA TO CAJ) AND (B] DIMENSIONS

OoO0O000000

0

(o X v I

272

277
274

NAX=S

MA =4

PRINT 1305

PRINT 1304

CALL SPIT1(ArAAr1)
PRINT 1307

CALL SPIT1(BsBB»1)

STARTING ITERATION LOOP

TT = TIME = HH
DO 1 LM=1,NN
TT = TT + HH

UcMu»1) = 1.0
CONTINUE

DO 272 1A =1,NI

XT3(IA) = 0.0

PB(IA) = 0.0

[2E =1

DQ 276 IA=1sMX
IF(ZERG(IA)I277+276+277
IZE = IZE + 1

CONTINUE
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c
c - e @ ® @ @ ® ® ® W W W W @ W W W W W W ™ W W W W W -
c
g MAIN LOOP FOR °INT® NUMBER OF ITERATIONS
0157 c DO 12 LL = 1,ITR
C REVUIND TAPE FOR EVERY ITERATION STEP
c
0158 REWIND 4
c
0159 TYPE 345, LL
01640 345  FORNAT(//‘ NUMBER OF ITERATION PRESENTLY COMPUTED t’,13,//)
c
0161 HAX = S
0162 NA = 4
0143 DO 31 JK ®1,S
0144 DO 31 IK=1,4
0168 KT = IK$AR(IK-1)
0164 ALX(KTsLL) = ACJIK,IK)
0147 BLX(KTILL) = BCJKsIK)
016 31 CONTINUE
c
c
c CALL SPECIAL MATRIX OUTPUT ROUTINE
c
0169 IFC(LL.EQ.1) GO TO 1308
0171 PRINT 1324
0172 PRINT 1306
0173 CALL SPIT1(AsAAILL)
0174 PRINT 1307
0175 CALL SPIT1(ByBBsLL)
0176 1308 CONTINUE
c
c
0177 MAX = S '
0178 HAT = §
0179 MAN = 4
0180 CALL EAT (ArHH/PHIL)APHI/DS4,DDA)
0101 UC3s1) = 1.0
c
c
0182 U(392) = 1.0
0193 U(3,3) = 1.0
0184 XJI(NIs1) = JKM
0185 XJI(NIs2) = MX .
0186 BJI(NIs1) = JKM
0187 BJI(NI2) = MX
0188 BUM(NIs1) = JKM
0189 SUM(NIs2) = JKM
0190 . HA = NI
C INITIALIZE AND READ DATA FROM TAPE
c
0191 DO 778 IJK=1,JKM
0192 DO 778 JKL=1,IJK
0193 778 SUM(IJKsJKL) = 0.0
0194 MAX = NI
0198 CALL ZOT(XJI)
c
C READ IN THE FIRST TWO SERIES OF MEASURED DATA
C FROM THE DATA TAPE.
c
c
0196 XT1(3) = 0.0
0197 XT2(3) = 0.0
0193 XT1{S) = 0.0
0199 XT2(S) = 0.0
0200 XT1(8) = 0.0
0201 XT2¢4) = 0.0
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c
0202 c KBUGO = §
0203 IF(ANS.EQ.LO0) OG0 TO 2012
c
c
0203 READ (4) DXYoDXYoDXYrDPXYsDXYIXTI(A) o XTLC(L) o XTL(7)9XYL(2)
H UCLe8)rU(201)
0206 READ (4) DXYrDXYsDXYrDXYrDXYIXT2¢A) o XT2(1) o XT2(7)9XT2(2)»
1 UC192)9UC2,2}
c
c
0207 60 TO 2013
0208 2012 CONTINUE
0209 X71¢2) = 0.4,
0210 X72(2) = 0,0
0211 X74(3) = 0,0
0212 XT72¢(3) = 0.0
0213 XT1¢(S) = 0.0
0214 XT2(S) = 0.0
0213 U¢2,1) = 0.0
0216 U(2,2) = 0.0
c
0217 KBUGG = 0,0
c
0218 READ (A) XT1CA) o XTLCL) o XTL1C(7) o XT1¢6)rU(L93)9DXYsDXYIDXY
1 DXY»DXY o DXY
c
0219 READ (4) XT2(4) o XT2(1) 9 XT2(7) o XT2¢6)0UC192)9DXYsDXY9DXY)»
c 1 DXYsDXY»DXY
0220 §013 CONTINUE
c
0221 IC = 0.0
0222 DO S1 Ist,MX
0223 St XJICJIKMPI) = XT2(D)
0224 IF(LL=1) 641635064
0229 64 DO 66 lA=1,MX
0226 IF(ZEROCTIA)IE7166067
0227 &7 IC = IC + 1
0228 XTI(IA) s XT3IC(IA) ¢+ PBP(JKM-12E + IC)
0229 XT1C(IA) = XTIC(IA) ¢ XTIC(IA)
¢ 30 XJICUKMrIA) 3 XJIC(IKMoIA) ¢ XTIC(IA)
031 XT2¢(1A) = XJI(JKMsIA)
0232 44 CONTINUE
0233 IC = 0.0
c
C ADD BIASES
c
0234 DO 166 IA=1,MX
0238 IF(BIAS(IA))167+146460167
0236 167 IC = IC + 1
0237 XTA4(IA) = XTA(IA) + FB(JKMM4IC)
0238 XT1C(IA) = XTI1(IA) - XTA(IA)
0239 XT2(IA) = XT2(IA) - XTA(IA)
0240 XJICIKMrIA) = XT2(1A)

0241 146 CONTINUE
0242 465 CONTINUE

c
C MAIN MMLE LOOP

c
0243 DO 260 IA=1,JKMM
0244 XTSC(IA) = XTS(IA)+PB(IA)
0243 260 CONTINUE
02446 DO 13 lA=1,M2Z
0247 D2(IA) = 0.0
0248 Z(IAv1) = XT1(1A)
0249 2(1A,2) = XT2(IA)
02%0 13 CONTINUE
0251 IC =0.0

€ ZERO SPLIT
0252 DO 62 Is=1,MX
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0233
0254
0235
0234
0287
0238
023

0260
0241

02642
02463
0244
0263
0264
0247

0248
0269
0270

0271
0272
0273
0274
0273
0276
0277
0278
0279
0280
0201
0202
0203
02084
0203
0286
0287
o200
0289

43

AW OO0

266

NoaOO

22
23

19

18
12

IF(ZERO(1))63+62163

IC = IC+1

XJICJKN=-IZE + 1Co1) = 1.C
CONTINUE

CaLL OIRL

HAX = NI

MA = NI

QUTPUT OF ITERATION LOOP

DO 323 IA=1,JKN

SUNCIAYIA) = SUN(IArIA)SXLA

CALL SPIT(SUM)
SUMCNI 1) = JKH-1
SUM(NI 2) = JKN-1
PRINT 1309,LL

PRINT 1302

IFCLL=ITR) 269+248/,240
CALL CRAMER(MU NXsMZINI)
CALL SPIT(SUM)

CALL OUTPUT

PRINT 1302

sTOP

CONTINUE

CALL SOLVE(SUM,PR)

NB = BUN(NI,1) ¢ 0,08

IJd = 0,0

DO 18 I=1,MX

DO 21 Js=i,MU
IF(BD(1+J))22121022

I = IJ 1

BCIvJd) = B(I»J) ¢ PB(1J)
CONTINUE

DO 18 Jst,MX
IFCAA(I»J))19018019

1 s 1) ¢+ 1

Al(Lrd) = A(Lvd) 4 PB(IJ)
CONTINUE

CONTINUE

GO 70 83

RETURN

END
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0001
0002

0003

0004
00035
0006

0007
0008

0009
0010
0011
0012

0013
0014
0013
0016
0017

Subroutine GIRL

Description: Subroutine GIRL performs the parameter
identification.
Important variables;

SUM Contains the second gradient in lower triangular and
diagonal locations and off-diagonal a priori weighting
in upper triangular. Diagonal a priori weightings are
stored in APR. The first gradient appears as an extra
column in SUM (the JKM column)

XJI1 Vc(z1 - yi)
PHIL eAF

APHI /5F A€ at

Z,U measurad values of observations and controls
XT1,XT2 computed values for observations

XT3 variable initial conditions on states

XT4 variable bias on the observations other than states

XT5 difference between estimated coefficients and the a priori
values

PB  solution vector for the change in the estimates of the
coefficients

MX number of states

MZ number of observations

Subroutine listing;

SUBROUTINE GIRL
COMMON MAX MArMAMIMAT 1ZoUsD2+EL1 v APHI »DUMIPHIL 1DIvAIBrAAIBRY

1 BJUIoXJIsSUMIPBIXTL»ZERCIDS4+DDAIEVXTXs»CCCHBIAS,

2 IZEvIBIAS»IC/ XLA»APRYMAPR XT4» JKNMe XTS» APy BF
COMMON HHIENN s NX»MUNXoRBr IA» JKoNBIEPS/PDB» I»MUNXL,

1 TRACE /Ko IJvTIHE/RDBIMXPL s JKMo LMo TT 9o JKMML»

2 ALPHA'NNNL o MZ 9 JoKJoDDILL oL /NN MUY MUX I ENIPP rAAA

3 KMoFAC»ITRoNI o XT2 XTI ) MZML

DIMENSION AP(8+4)»BP(893)rXT4L4)

DIMUNSION XTS(2%)+APR(2Y)

DIMENSION Z(7+3)+Ui3¢3)0D2(7)eDDA(S+4)+»DIAS(S) 1APHI(Sr»4)>
1 XT1(2)9sPHIL(S14)9D1(897)9A(S14)sB(Sr4)91AA(Sr4),
2 BB(Ss4)1BJI(2594) 1 XJI(2597)98UN(25+25),FB(29)
3 BUMC2S94) 9 XT2¢7)»ZERO(S) o DSA(S+4) 9 XTI(?)

COMMON/ANSWER/ KBUGS
COMMON/EQDATA/ ANPT

DIMENSION XL(300,7)

COMMON/TRNSFR/ XL

COMMON/HATAB/ ALX»BLX?+ERX

DIMENSION ALX(20+10)sBLX(20010)sERX(10+10)

. . L] L] . . . . L] . L] L] L] ] . L] * L] . . . L]

c

777 FORMAT(7110)

606 FORMAT(10Xr10E12.4)
1011 FORMAT(I3»9E12.4)
1012 FORMAT(12E12.4)

ANPT=FLOAT(NNM1)+1.,0
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C TINE LOOP
0018 TT =» TINE ¢ MH
001¢ DO 41 I=2,NNNM2
0020 TYT = JT ¢ HH
0021 D0 28 JKs=i,JKM
0022 DO 28 JeNXPL,MZ
0023 28 XJItJKsJ) ®» 0,0
0024 DO 170 IA = 1,MX
002% 170 XJICJIKMeIA) = XT2(IA)
! c
g READ MEASURED DATA FROM DATA FILE
[ - - e wm e m e mm e .w e mw ... . . =
c
0024 IF(KBUGO.EQ.0.0) GO TO 3071t
c
0020 READCA) DXYoDXYoDXYsDXY9DXY92Z(493)9ZC193)92¢7+3)02(203)» '
1 UC1e3)oU(2,3)
0029 (343 = 0.0
0030 2(S»3) = 0,0
00314 2(6+3) = 0,0
c
0032 GO TO 3011
0033 3071 CONTINUE
c
% LONGITUDINAL
0034 READC(A) Z2(493)9Z(193)02(793)92(693)92UCL+3)9DXYsDXYsDXYDXY,
1 DXYDXY
c
c
003S 2(2+3) = 0.0
0036 2(S,3) = 0.0
0037 2(3+3) = 0.0
0038 c Uc2,3) = 0.0
c ] . . . [ ] [ ] (] L] [}
0039 301%f CONTINUE
c
c
0040 DO 171 IA=1,MX
0041 171 ZCIAL3) = Z(IA»3)-XTA(IA)
0042 HAX = NI
0043 MA = 4§
0044 CALL ZOT(BJI)
0043 JK = 0
00446 DO 44 J=i1,MX
0047 DO A3 Ksi,MU
0048 BUICIKMr ) = BIT(JIKH2»J)4BCJrK)BC(UCK»3)+U(KP2))80.5
0049 IF(BB(JrK))AT»4T,4T
00350 4% JK = JK $1
00351 XJICIKyJEMX) & U(K»2)BBP (JHNXK)
0052 BJICJUKIJ) =0, SR (U(KI2)4+U(Ks1))
0053 43 CONTINUE
0034 DO 44 K = 1,MX
005S IFCAA(JIK) )46044+46
0056 46 JK = UK ¢ 1
0057 IF(LL=1)454,4
0088 2 CONTINUE
0089 BJICJUKeJ)® 0.SB(Z(K»2)4+Z(Krt))
0060 XJIC(JIKsJ#MX) = Z(Ke2)KAP CJ+NX 1K)
0061 GO TO 44
0062 4 CONTINUE
00463 BJUICJKeJ) = (XT2(K) 4 XT1(K))%0.5
0064 XJICIKp J4MX) s XT2(K)RAP(J+MX2K)
0065 44 CONTINUE
0066 MAX = NI
0067 MA = 4
0048 HAM = 4
00L? HAT = §
0070 XJI(NI,2) = M)
0071 CALL MULT(XJIPHIL,»XJI,DUN)
0072 CALL MULT(BJIsAPHI,DUM,DUM)
0073 CALL ADD(1.0+DUM»1.09XJL9XJI)
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0074 XJI(NI,2) = 2
0073 IBIAS = 0,0
0074 DO 162 IA = 1,MX
0077 IF(BIAS(IA))163+162+163
0078 143 IBIAS = IDIAS ¢+ 1
0079 DO 179 IB=1,NZ
0080 173 XJICJIKMNEIDIASIID) = 0.0
0081 XJICJKNN+IBIAS,IA) = 1.0
0082 1462 CONTINUE
0083 JKMML = JKN ~1
0o0a4 DO 7 JK = 21,JKMM
0085 DO 7 L = MXP1:M2Z
0084 DO 7 K = 1,MX
0087 RJICIKIL) & XJTCIRIL) ¢ ACL=MXsK)BXJI(IKIK)RAP (L ¢K)
00ge 7 CONTINUE
0089 DO 9 L =MXP1/MZ
0090 XJICIKMIL) = 0.0
0091 b0 8 Ks=i,MU
0092 XJI(IKMoL) = XJTCIKMPL)#B(L-MX 1K) XUCK» 3)XBP (LK
0093 8 CONTINUE
0094 DO 9 Xs1)MX
1099 XJICJIKMeL) = XJTC(IEMoL) $ACL=-MX2K)NXJT (JIKMIK)RXAP (LK)
VI96 9 CONTINUE
0097 00 3 J=1/,MZ
0098 XTi(J) = XT2¢Jd)
0099 XT2(J) = XJIC(JKM»J)
0100 XJI(JIKM»J) = Z(Jr3)~XT2¢J)
o101 3 CONTINUE
0102 DO 27 Kmsyi,M2Z
0103 D2(K) = D2(K) + XJI(JKM/K)X%2
0104 27 CONTINUE
0105 MAX = NI
0106 HA = 7
0107 81 CONTINUE
c PRINTS OUT TIME HISTORIES
c TYPE 606» (XT2(IA)»1A=1+27),TT
0198 IFCLL.LT.ITR) GO TO 80
0110 DO 1013 IK=1,7
o111 XL(IoIK) = XT2(IK)

0112 101 CONTINUE
0113 80 CONTINUE

0114 DO 91 J=1,JUKM
0113 DO 9?1 IAd=JyJKHM
0116 DO 92 K=i,MZ

0117 @92 SUM(IA4rd) = SUMCIA»I4XIICIA»K)XDL{KIK)XXII(IK)
0118 91t CONTINUE

0119 00 69 IA=1,MZ
0120 Z(1As1) = Z(1A0 )
0121 &9 Z(IAr2) = Z(IAs3)
0122 UCtrt) = U(1,2)
0123 U(2,1) = UC2,2)
0124 Uile2) = U(Ls3)
0125 U(292) = U293}
0126 41 CONTINUE
c
0127 PRINT 607 SUM(JKM» JKM)
0128 607 FORMAT(/+10Xs'WEIGHTED ZRROR SUM = ‘»F12.,4)
c TYPE 60&» SUMCJKM»JKM)
0129 KAX = 8
0130 HA = 7
c CALL SPIT(D1)
0131 PRINT 408
0132 408 FORMAT(/,10Xs’WEIGHTED ERRORS:‘s/)
0133 PRINT 604+ (D2(IAYXD1(IAIIA) rIAZL I NZ)
0134 TYPE 606+ (D2(IA)sIA=1sMZ)
0135 DO 2101 IA=1,MZ
0134 ERX(IAsLL) = D2(IA)
0137 2101 CONTINUE
0138 DO 888 IJK = 1JKM
0139 988  SUM(IJK,)JKN) = SUNC(JKM,IJK)
0140 IF (MAPR) 180,181,180

0141 180 DO 182 IB=1,JKM
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0142
0143
0L44
0143
0144
0147
0148
¢149
0150
01351

182
1681
331

SUMCIBy JKM) ==XTS(IB)IAPRCIB)+SUMCIBIJKNM)
SUNCIBIIB) = SUNMCIBIIB)+AFR(ID)

IsNt = IB-1

DG 1682 IA =1,IBM1

SUM(TBIIA) = BUMCIB/IA) ¢ BUM(IANIB)
CONTINUE

FORMAT (/77 END OF ITERATION ‘//)
TYPE 3531

RETURN

END

0001

0002
0003

0004
0005
0006
0007
0008

0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
00627
0028

O0O00GOOODONOONO0

o000

o0

(5]

Subroutine EAT
Description: Subroutine EAT computes eAAtand fgt eAt

using the Taylor series expansion to ten terms. These are
returned as PHI1 and APHIl respectively.

subroutine listing:
SUBROUTINE EAT (AsT1PHIIAPNI»A2+A3)

THIS SUBROUTINE COMPUTES THE TRANSITION MATRIX
AND IT’'S INTEGKAL USING A TAYLOR SERIES EXPANSION
TO 10 TERMS.

A = STABILITY MATRIX

T = DELTA TIME INCREMENT

PHI s TRANSITION MATRIX

APHI = INTEGRAL OF THE TRANSITION MATRIX
A2 = DUMMY MATRIX

A3 = DUMMY MATRIX

- E e - e W = e m e = W W m oW W™ owm w @ = o owm W e T -

COMMON MAXsMAX1oMIX1 MiX
DIMENSION AC1)/PHIC1)9oA2(1)»APHI(, »A3(1)

CALLS MULTIPLICATION AND ADDITION SUBROUTINES

MAX2 o MAXX2

Il = A(MNAX)

JJ = A(MAX2)
PHI(MARX) = A(NAX)
PHI(NMAX2) = A(HAX)

INITIALIZE 70 ZERO AND CREATE NEW MATRICES

CALL ZOT(PHI)

CALL MAKE(APHIIPHI)

CALL MAKE(A3s+PHI)

MI = -MAX

DO 1 I=i,II

MI = MI+MAX

MII = MI+I

PHI(MI+I) = 1.0

CONTINUE

CALL MAKE(A2:)PHI)

0 L J x.o

DO 2 I=1,10

BB = I

G = GxT/BB

CALL ADD(1.+APHI»GrA21APHI)
CALL MULT(A»A20A21A3)
CALL ADD(1.+PHI»GrA2/PKI)
CONTINUE

no 10 I=t.l1I

DO 10 Jmi,I
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0029 JI = (I-1)8MAX$J
- 0030 1J = (J=1)8MAXS]
0031 TEMP = PHI(IJ)

0032 PHI(IJ) s PHI(JID)
0033 PHICJI) = TEMNP

0034 TENP = APHI(IJ)
003% APHI(IJ) = APHI(JID)

0034 10 APHIC(JI) = TEMNP

e

Ep—

c CALL SPIT(PHI)
c CALL SPIT(APHI)
0037 RETURN
0o3e END
Subroutine ZOT
Description: Subroutine ZOT intializes the elements of
a matrix to zero.
Subroutine listing:
0001 SUBROUTINE ZOT(X)
c
c - W @ W w e W e W e @ e owm W e W W wm @ W = -
c THIS SUBROUTINE SETS ALL ELEMENTS OF A MATRIX
c 10 ZERO.
c
c X $ MATRIX TO BE ZEROED
c S - - . - o=
c
0002 COMMON MAX»MAX1 o MIX1sMIX
0003 DIMENSION X(1)
c
0004 MAX2 = MAX % 2
0005 IIM1 = X(MAX) =1,0
0006 JUN1 = X(MAX2) -1,0
0007 LEND = JJMLKMAX+]
0008 DO 1 L=1+LEND»MAX
0009 KEND = L + IINM1
0010 DO i KsL,KEND
0011 1 X(K) = 0,0
0012 RETURN
0013 END
Subroutine LOAD
Description: Subroutine LOAD loads matrices from the
input file.
Subroutine fisting:
0001 SUBROUTINE LOAD (NvAsB»sC»sD)
c
(4 B T T - -
¢ THIS SUBROUTINE LOADS MATRICES AsBsC AND D FROM
c AN INPUT FILE. THE VARIABLE N SPECIFIES THE NUMBER
c OF MATRICES TO BE LOADED.
c --------------------------
c
0002 REAL A(1)»B(17+C(1)sD(1)
c
0003 Cacl LOAD1CA)
0004 IF(N.LT.2) RETURN
0006 CALL LDAD1(B)
0007 IF(N.LT.3) RETURN
0009 CALL LDAD1(C)
0010 IF(N.LT.4) RETURN
0012 CALL LOADL(D)
0013 RETURN
0014 END
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Subroutine LOAD1
Description: Subroutine LOAD1 actually loads the matrix
from the input file.

Subroutine listing:

SUBROUTINE LOADLI(A)
C ROUTINE CALLED BY LOAD LOADS MATRIX A FROM FILE
c

COMMON MAX
REAL A(1)
READ(2,100) IXsJJ
100 FORMAT(8X»12+110)
KE =(JJ=-1)BMAX
DO 10 [=1,II
KEND = I+KE .

10 READ(2,1001) (A(K) »K=I,KEND»MAX) i
ACMAX) = II ?
ACHAXE2) = JJ

1001 FORMAT(BF12.6)

RETURN
END

0001

0002
0003

0004
0003
0006
0007
0008
0009
0010
0011
0012
0013
2014
0013
0016

Subroutine ADD
Description: Subroutine ADD adds scalar mulciples ¢f
two matrices, Z=g X + h Y.

Subroutine listing:

SUBROUTINE ADD (GsXeHrYs2)

c
c - e e e w m....e~ .- - - .- ==
c THIS SUBROUTINE ADDS SCALAR MULTIPLES OF TuWO
c MATRICCS AS FOLLOWS!
c
c CZ) = G¥CX1 4 Hx(Y) WITH ¢ G = 1,0
c ( NO CHECKING IS MADE FOR MATRIX COMPATIBILITY )
C = =« = = - e e e Emem e ... == - - - - - -
c N
COMMON MAX MAX1,MIX1/MIX
DIMENSION X(1)sY(1),Z(1)
c

MAX2 = MAX % 2
I1 = X(MAX)
JJ = X(MAX2)
JEND = (JJ-1)XMAX+HL
IIM1 = II-1
DO 53 J=1,JEND»HAX
KEND = J4+IIMY
DO 53 K=JyKEND

53 Z(K) = X(K)+HXY(K)
Z(MAX) = X(MAX)
Z(MAK2) = X(MAX2)
RETURN
END
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Subroutine MAKE

Description:

Y into X.

Subroutine listing:

Subroutine MAKE moves a copy of the matrix

0003 SUBROUTINE MAKE(X»Y)
c
[4 - .- . e ® e W e e Em® e w® e ®™ e e e =® = w
c FHIS SUBRCUTINE GEMNERATES A MATRIX X THAT I8
c A COPY OF MATRIX Y.
c
c X ¢ NEW MATRIX» COPY OF Y
c Y : MATRIX TO BE COPIED
c_ - W E m W m Em @ e W e o om W W m oW @ oW % om ™ w oW
c
0002 COMMON MAX s MAX1,MIXS s MIX
0003 DIMENSION X(1)eY(1)
c
0004 NAX2 = MAXE2
0005 IINE = Y(MAX) =1,
0006 JUHL = Y(MAX2) -1,
0007 LEND = JJM1EBNAX +1
0008 DO 1 L=1sLENDIHAX
0009 KEND = L+IINMI1
0010 DO 1 K=LsKEND
oo11 1 X(K) = Y(K)
0012 X(MAX) = Y(MAX)
0013 X(MAX2) = Y(MAXD)
0014 RETURN
0015 END
Subroutine MULT
Descripticn: Subroutine MULT coumputes the matrix product
»C = A B. The matrix C can not be the same as matrix A or B.
Subroutine listing:
0001 SUBROUTINE MULT (ArBeCoD}
C HMULTIPLIES A AND B AND PUTS THE PRODUCT
C IN C AND D (USING SUB.MAKE) '
c
0002 COMMON MAX s MAX1¢MIX1sMIX
0003 DIMENSION AC1)¢B(1)sC(1)sD(1)
C . L] . . . ? L] . .
0004 MAXZ = MAX%2
000S MIX2 = MIXX2
0006 IT = ACMAX)
0007 JJ = A(MAX2)
0008 KK = B(MIX2)
0009 JE = (JJ=-1)%MAX
0010 KE = (KK=1)&MAX
0011 30 20 I=1sX1
0012 KEND = KE+I
0013 JEND = JE+I
0014 L=
0015 DO 20 K=I,KEND/MAX
0016 D(K) = 0.0
0017 JB = L
C INITIALIZATION LOGP
0018 DO 10 J=I>JENDsMAX
0019 D(K) = ACJIRB(JIB)$D(K)
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16 JB = JB ¢+ 1

0021 20 L= L ¢+ MIX
5922 DIMAX) = A(MAX)
9023 D(MAX2) = D(MIX2)
C CopPY D INTO C
0024 CALL MAKE(C,D)
0029 RETURN
0026 END
Subroutine SPIT
Description: Subroutine SPIT prints out a marix.
Subroutine listing:
0001 SUBROUTINE SPIT(X)
c
c BUBROUTINE USED FOR THE PRINTOUT OF MATRICES
c
c T
c
0002 COMMON MAX»MAXL o MIX19MIX
0003 DIMENSION X(1)
0004 300 FORMAT(13X,’ DIMENSION ‘,8Xs13+‘ BY ‘+I3)
0005 101  FORMAT(12X»10E12.4)
c
0006 HAX2 = MAXX2
0007 II = X(MAX)
0008 JJ = X{(MAX2)
0009 PRINT 100y II»JJ
0010 KE = (JJ=1)8MAX
co1s D0 1 I=1,II
0012 KEND = I4KE
0013 1 PRINT 101y (X(K)sKsI)KENDsMAX)
0014 RETURN
0015 END
Subroutine SPIT1
Description: Subroutine SPIT1 prints out the A and B
matrices with "*" 's to show which of the parameters have
been allowed to vary.
Subroutine listing:
0001 - SUBROUTINE SPIT1(XsXX,KI)
c
c SUBROUTINE USED FOR THE PRINTOUT OF MATRICES
c
c . e - e e e e mm e e e ae ... -
c
0002 COMMON MAX:MAX1/)MIX1/MIX
0003 BIMENSION X(1)sXX(1)
0004 BYTE CHAR(4)
0005 100 FORMAT(10X,’DIMENSION ‘»13s’ BY‘sI3)
0004 101 FORMAT(10X+S(PE12.4,A1))
c
c
0007 HAX2 = MAXX2
0008 II = X(MAX)
0009 JJ = X(MAX2)
0010 PRINT 100s II,JJ
0011 KE = (J.i-1)XMAX
0012 DO 1 I=1,II
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0013 KEND = I4KE ]
0014 DO 2 KsI,KENDsMAX
0013 CHAR((K=1)/MAX+$L )’ *
0014 IF(XXCK) cEQ. 0. )CHAR((K-T)/NAXS1)m’'R"
ooi1e 2 CONTINUE
0019 1 PRINT 101+ ((X(K)sCHARC(K=1)/MAX$1)) KoL+ KENDsNAX)
0020 RETURN
0021 END
]
! Subroutine SOLVE
Description: Subroutine SOLVE solves the system of linear
equations, A x = b where A is symmetrical. Only the lower
triangular and diagonal elements of A are used. The b vector
ig assumed to be stored in the N+l column of A, where N is the
dimension of the system.
Subroutine listing:
0001 SUBROUTINE SOLVE(A»X)
c
C SOLVES SYSTEM AX = B WHERE A SYMMETRIC MATRIX
C AND B A MATRIX IN N+1 COLUMN OF A
c
0002 REAL A(25,25)+X(2%)
0003 CALL REDUCE(A)
0004 N = A(25,1)
0005 NM1 = N-1
0006 NP1 = N+1 .
C MULTIPLY MATRICESs» (L) X (B) ., . .
0007 DO 70 I=2,N
0008 X(I) = ACIINPL)
0009 IML = I-1
0010 DO 70 J=1,IM1
0011 70 XCI) = XCI)$ACI»JIBA(IINPL)
€ MULTIPLY BY (DI
c
0012 ACLINPL) = ACLINPL)/ACL01)
0013 DO 80 I=2,N
0014 B0 ACIINPL) = X(I)/ACIND)
C MULTIPLY BY (LX) TO FORM (LX)X(DI)X(L)X(B)
c
0015 DO 90 I=1,NM1
0016 X(I) = ACIsNP1)
0017 IP1 = I+
0018 DO 90 J=IP1,N
0019 90 X(I) = XCI)4ACIIIIKACIINPL)
0020 X(N) = ACNeNP1)
c
0021 RETURN
0022 END

-
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Subroutine DIAGIN
Description: Subroutine DIAGIN obtains the diagonal

elements of the inverse of a symmetric matrix.

Subroutine listing:

0001 SUBROUTINE DIAGIN(A)
c
C FIND DIAGONAL ELEMENTS OF A INVERSE FOR SYMMETRIC A
c
0002 REAL A(25,29%)
0003 CALL REDUCE(A)
0004 N = A(2301)
000S NMI = N-i
0006 DO 90 I=i,NM1
0007 TACID) = 1,0/ACI0 1) .
0008 IP1 = 141
0009 DO 90 J=IP1,N
0010 90 AlIr1) =ACT I)4ACIIIRR2/A(J0 D)
0011 A(N'N) = 1,0/7A(N/N)
0012 RETURN
0013 END

Subroutine REDUCE
Description: Subroutine REDUCE factors a symmetric
matrix A by Cholesky's matrix decomposition.

Subroutine listing:
0001 SUBROUTINE REDUCE(A)

C REDUCES SYMMETRIC MATRIX A STORED IN LOWER TRIANGULAR LOCATIONS

C TO THE FORM (LIDX(D)X(LIX) WHERE L IS A LOWER TRINGULAR MATRIX
C WITH UNITY DIAGONAL TERMS, P IS A DIGONAL MATRIX, I DENOTES
C INVERSE AND ® TRANSPOSE.
c
C  m e e e e e e e e e e e e e e e .. [
c

0002 REAL A(25,25)

0003 N = A(25s1)

0004 NM1 = N-1
C MAIN DO LOOP

0003 DO 20 K=1,KM1

0006 KP1 = K+1

0007 KM1 = K-1

0008 AKKI = 1,0/A(K/K)
c

0009 DO 20 I=KP1,sN

0010 AKKIK = ACIsK)BAKKI

0011 DO 10 J=IsN

0012 10 ACrI) = ACJrI)-AKKIKEACJ9K)

0013 ACT,K) ==AKKIK

0014 IF(KM1.EQ.0.0) GO TO 20

00164 DO 1S5 J=1,KH1

0017 15 AlIrJd) = A(IrJ)~AKKIKXA(K,J)

o018 20 CONTINUE
c
C (L) IS NOW STORED IN LOWER TRIANGULAR PART OF (A)
C EXCEPY OF MATRIX DIAGONALs WHICH CONTAINS D

0019 RETURN

0020 END
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Subroutine CRAMER
Description: Subroutine CRAMER computes tlie confidence

levels of the estimated derivatives.

Subroutine listing:

SUBROUTINE CRAMER(MU»MXsMZ/NI)

. e E e B e @ e e Eeme E e e S W oW om oW e e = o=

THIS SUBROUTINE COMFUTES THE CRAMER-RAD BOUNDS
ALSO KNOWN AS THE CONFIDENCE LEVELS OF THE
ESTIMATED DERIVATIVES.

MU = NUMBER OF CONTROL INPUTS

MX = NUMBER OF STATES

M2 = NUMBER OF OBSERVATIONS

NI = MAX. NUMBRER OF UNKNOWNS (235)

COMMON MAX»MA»MAMIMAT»ZsUrsD2/EL1»APHI»DUMIPHIL+D1+A»BrAAYBBY

1 BJIsXJI+SUMePBeXTLrZERO/DS4vDD4IE,XVXsCCCrLIAS)

2 I1ZE»IBIASIICIXLAsAPR I MAFRy XT49 JKMMo XTSs AP » BP

COMMON /EQDATA/ ANPT

DIMENSION AC(Z94)/yBC(Tr4)

DIMEHSION XTS(25):APR(2S)

DIMENSION AF(B8r4)9BP(B+3)9XT4(4)

DIMENSION Z(7»3)sU(393)+D2(7)»DDACS+4)+/BIAS(S)»APHI(S,4)
XTL(2)oPHIL(S04)9DL1(Bs7)rA(S14) v R(Sr4)»AA(S14)
BB(ZSr4)9BJI(285,4) 9 XJI(2F97)98UN(25+25)9PB(25),
DUMC2504) 9 XT2(7)+ZERO(S) v DSA(T14) ¢ XT3(7)

[Z WS N o

NORMALLY THE APRIORI CONTRIBUTION TO HESSIAN IS SUBTRACTED
FOR THIS COMPUTATIUN BUT THIS ROUTINE ASSUMES NO APRIORI
OPTIONS ARE BEING USED AND HENSE THERE ARE NO CONTRIBUTIONS

AC(3r1) = MX
AC(3+2) = MX
BC(3,1) = MX
BC(5:,2) = MU
JKMM1 = SUM(NIs1) 4+ 1,01

STORE WEIGHTED ERROR SUM IN ERRSUM
ERRSUM = SUM(JKMML1/,»JKMML1)/ANPT

OBTAIN DIAGONAL ELEMENTS OF INVERSE
CALL DIAGIN(SUM)
COMPUTE CRAMER-RAO BOUNDS

WTS = 0.0

0n 1 I=1,M2

IF(DIC(I»I).NE,O,0) WTS = WTS + 1.0
CONTINUE

COE./'F = ERRSUM/UTS

PRINT 10+ERRSUMyCOEFF,UTS

FORMAT(’ ERRSUM = ' yF12.4+’ COEFF = ‘yF12.49' WTS = ‘»F12.4)
L =0

DO 2 I=1,MX

DO 3 J=1.MU

BC(I«J) = 0,0

IF(BB(I+J).,NE.1,) GO TO 3

L = L+t

BC(IsJ) = SQRT(ABS(SUM(L,L))XCOEFF)
CONTINUE
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0032 DO 4 Jmi:MX
0033 AC(I¢d) » O
‘0034 IFCAACT I J)«NEoL1,) GO TO o
0036 LestL#r
0037 AC(IsJ) = SORT(ABS(SUM(LL))SCOEFF)
0038 4 CONTINUE
003y 2 CONTINUE
0040 HAX = S
0041 PRINT &
0042 4 FORMAT(’ AC MATRIX’)
0043 CALL SPIT(AC)
0044 PRINT 7
0045 7 FORMAT(’ BC MATRIX')
0046 CALL SPIT(DC)
0047 RFTURN
0048 END
Subroutine OUTPUT
Descripcion: Subroutine OUTPUT provides the output of
time histories and matrices to user defined files for later
plotting.
Subroutine listing:
0001 SUBROUTINE OUTPUTY
c - . e e ee e ae e e e - w .= =
c THIS SUDROUTINE WILL PROVIDE MMLE RESULTS
c IN A FILE TO BE SPECIFIED BY THE USER.
c THE FILE WILL CONTAIN INFORMATION ABOUT
c YHE MATRICES A AND B AT EACH ITERATION.
c -, e m e e e ... e ® .. e"® .=
c
0002 COMMON/MATAB/ ALX»BLX
0003 COMMON/TRNSFR/ XL
0004 COMMON/CONST/ ITRsNN
000% BYTE INAME(1S)
0006 DIMENSION ALX(20+10),BLX(20,10)
0007 DIMENSION XL(300¢7)
c
c
0008 TYPE 10
0009 10 FORMAT(/’ ENTER FILE NAME FOR OUTPUT OF MMLE MATRICES’/»‘%’)
0010 ACCEPT 11, (INAME(IAB)»1AB=1/,14)
0011 11 FORMAT (14A1)
0012 INAME(15) =0
0013 OPENCUNIT=2,NAME=INAME » TYPE=’NEW’ yACCESS=SEQUENTIAL ' »
1 FORM=’FORMATTED’ » BUFFERCOUNT=2)
c e 0 & 6 & 0 & & 6 8 4+ & & 0 &+ 2 " v 2 2 e
0014 35 FORMAT(10E12,.4)
0015 40 FORMAT (' &%% MATRIX A %3%’/)
0016 SO FORMAT(’ %3%% MATRIX B %% ‘/)
0017 40 FORMAT(’ ITERATION .os ‘912¢/)
0018 70 FORMAT(//»’ ESTIMATED TIME RESPONSES’//)
0019 DO 130 I=1,ITR
0020 WRITE(2,60) I
0021 WRITE(2+40)
0022 DO 30 Jsisl4s4
0023 WRITE(2+3%5) (ALX(J-14Kr1)sK=1,4)
0024 30 CONTINUE
002S WRITE(2,50)
0024 DO 131 J=1,14r4
0027 WRITE(2+3%5) (BLX(J=14KrI)sK=1,3)
0028 131  CONTINUE
0029 130 CONTINUE
COODOOOOOOCO
0030 CALL CLOSE(2)
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0031
0032

0033
0034

0035
0036
0037
0039
003?
0040

c
00

330

TYPE 80

FORMAT(/’ TYPE IN FILE THAT WILL CONTAIN',

1 ‘ LAST INERATION TIME RESPONSES.’'/»’'3’)

ACCEPT 115 (INANE(IAB)/IAD=],14)
OPEN(UNITo3oNAME=INAMNE TYPEs=‘NEW’ »ACCESS='SEQUENTIAL ',
1 FORM= 'UNFORMATTED’ + BUFFERCOUNTS2)

DO 330 N=2,NN

WRITE(3) (XL(NvI)oIm1,?7)
CONTINUE

WRITE(3)

RETURN

END
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A.7.,3) MMLE OUTPUT FORMAT

Following is af example and description of the MMLE output,
Longitudinal:

KU FRL BONES WNLE RESULYS

CESSNA 172 LONGITUDINAL CAPL
3000, FY ALY, AT 1764, FPS ALZGPEDD
FLIGHY 19/10/80 RUN 2}

- - e e W e e e e ® B E T @R W e ® e e e W (W W e S S e e B e e ® & ® * e w® e " = e e =

+ ¢ o o o o o INITIAL CONDITIONS . ¢ o« & + 4

NUMBER OF DATA POINTS !¢ 240 NAXINUN NUMBER OF ITERATIONS ¢ ’
DATA SANPLING INTERVAL ¢ 0.,1000 FIRSY DATA POINT AT TINK ¢ 0.,0000
DIAGANAL NULTIPLYING FACTOR ¢ 1.,0000 NUNBER OF STATES ! ?

ZEROS AND DIASES
0.0000£400 0.0000€400 0.0000£400 0.0000€400
0.0000€400 0:.0000E400 0.,0000E+00 0.0000€+400
DIAOONAL ELEMENTS OF THE WEIOWTING MATRIX D1t
100,000 0.000 0.000 700,000 0.009 40.000 3,000

- . . e e s w e e e e e e = = - . e W e e E e e e * B e w e w e e Em e e 8 e ® e ® & ® e ®

INITIAL INPUT MATRICES CA) AND (D).

A STAR (3) FOLLOWING THE VALUE OF A MATRIX
ELEMENT INDICATES THAT THE RESPECTIVE DERIVATIVE
I8 NOT ESTIMAYED BY THE MMLE MErMOD.

STABILITY MATRIX CA)

DIMENSION 4 BY 4 1
~0.5843E401 0.0000€4008 ~0,2130€402 0.0000E400%
0,0000€4008 0,0000E4008 O0.1934E402 -0.3214E£4022
0.1000E4+018 0.0000E4008 -0.2%393E401 -0.4540E~-028
0.,9993€4008 0.0000E400%8 0,0000€4008 0,0000E400%

CONTROL MATRIX (B)

DIMENSION 4 Y 3 2
-0.3063E402 0.0000E+008 0.0000E400
~0.5915E401 0.0000€4008 0.,0000£400
-0.2409€400 0.,0000E+4008 0,0000€400

0.0000E4008% 0.0000E4+008 0.0000€+00

WEIGHTED ERROR SUN = 2197421.2500
WEIGHTED ERKOKS!

0.1481E404 0.0000E+00 0.,0000E400 0.2193E407 0.0000E400 0.1147€402 0,2308E+404
ITERATION | WAS COMPLETED

- e O e e e w e e e = = - .- e ey e Em e e e s e ® e e e ® > = ® = P I R S

! [ 7 2 r ' ' oﬁ
[ ] ] L] [}
Hq Hu "d Ho "6! HGC “o
1 1] 1]
0 x:‘ x; -g cos (01) xds X; X5
¢
4t % K
~ 2! z! A—— six (8,) cos (4,) z,' z,' 2
U1 Za u a U1 Za 1 1 6E 6c o
cos (¢,) O 0 0 0 0 8
L 1 4 - o

*(4,0,,8,A4,4)
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Lateral:

KU FAL DONES MMLE RESULTS

CESSNA 172 LATERAL-DIRECTIONAL CASE

3000, FT. ALT., AT 174, FPS AIRSPEED

FLIGHT 19/10/80 RUN 48

e o o s 0 o o INITIAL CONBITIONS & o o+ o+ + + o

NUMDER OF DATA POINTS ¢ 140 NAXINUN NUMBER OF ITERATIONS ! ’
DATA SANPLING INTERVAL 0.1000 FIRST DATA POINT AT TINC ¢ 0.0000
DIANONAL MULTIPLYING FACTOR ! 1.0000 NUMBER OF STATES ! ?

P W e B B B e B e ee® e e ® ® ® ® B W e W ® e P E e me T " e O e % e e e " ® e ® ® »

ZEROS AND BIASES
0.0000€400 0.00008400 0.00008400 0.0000£400
0.,0000£400 0,0000E400 0.0000€400 0.0000£400
DIAGCONAL ELEMENTS OF THE WEIGHTING WMATRIX Dt}
40,500 40.000 0.000 150,000 0.000 ©.000 100,000

INITIAL INPUT AATRICES CA) AND (D).

A STAR (8) FOLLOVING THE VALUE OF A NATRIX
ELEMENT INDICATES THAT THE RESPECTIVE DERIVATIVE
I8 NOT ESTINATED BY THE MNLE METHOD.

STABILITY MATRIX CA)

DINENSION 4 BY 4

=0.,9749€401 0.17*1E4+01 -~0,1813€402 0.,0000E+00x
~0.3306E400 -0.1117€+401 0.7214E¢01 0.0000E4008
0,3943E-018 -0,9992E4008 -0.1737€400 0,1027E+00x
0.1000€¢018 0,3744E-018 0,0000€+008 0.,0000£+4008

CONTROL MATRIX (3)

DINENSION 4 BY 3 2
0.3630E402  0.2998:.01  0,0000€+00
<0.5882€401 ~0.7291E401  0,0000E+00
0,0000£+400 0.3730£+401 0.0000E+00
0.,0000E£4008 0.,0000E+002 0.0000E+400

WEIGHTED ERROR SUN =  520135.3201

WEIGHTED ERRORS!

0.2387E€403 0.8692E403 0,0000E400 O0,1239E+05 0.0000E400 0.0000E4+00 0.3IBS2E+0S 3

ITERATION 1 WAS COMPLETED

l PL' L' L' 0 o 1 2 i L} [} L
. L L L
r
] 8 6A dr (]
N! N' N! 0.0 N,' N,' N!
P r 8 cA sr °
lin(ol) -con(u\,ﬁ) Y; -U‘{ cou(el)cu(ol) Yc; Ya; Y",
1.0 cos(¢,)tan(8,) 0.0 0.0 . Q0 ¢
X 1 1 J L0 [+] 0.0 00
3 o
(P’r’89¢’ﬁor’AY)
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Goo1
0002
0003
0004
0005
0006
0007
0008
0009
0010

0011
0012

2¢ 3
0014

00195
0016

R EEE——————

PRECEDING PAGE BLANK NOT FILMED
A.8) TIME HISTORY PLOTTING

Deegcription: The PLOTO3 program collects the time histories
of both the actual inflight measurements, and the predicted
states of the MMLE BONES program. These are then plotted on
the graphics CRT terminal. This process allows the user to
observe the fit to the measured states. For hard copy plots
the time histories are transfered to the KU~-FRL's Hewlett
Packard computer.

Program listing:

LEE BN BN BN BN B BN BN BN BN BN BN AR 2N BN BN BN B

s
]
THIS PROGRAM CAN BE USED YO PLOY s
MEASURED AND ESTIMATED DATA. ]
DATE 18-NOV-80 L
THE REQUIRED SUBROUTINES ARE! ¥
PLOTSS,INIT AND GRAPH. LINK A8 ]
FOLLOUWS ¢ PLOTSHAIN/PLOTSS LI Ty X
GRAPH (CK)., X
2 XXX EEKEEEELETEE XX S X

OoOOIOOO0O0O000
R R X R R R X N N 1

COMMON/STATUS/ISTAT(14)

DIMENSION IARRAY(S512)rHH(?+1) RUATA(240,9)/EDATAC240,9)
DINTNSION GAIN(?)»GAINI(9)»BAIN2(9)

COMMON/FIVEA/ DATA/,GAIN

BYTE YESsNO/ANS1 /LOGsDIRIANB2yNAME(1D)

DATA LOGDIR /‘L’»'D’/

DATA YES/NO /'Y’s’N’/

DATA ISTAT/16%0/

DATA GAINL/114.6,214,69143.2/47:7¢57.35s57.30100.9143.2,143,2/
DATA GAIN2/114,492.5+143,:29/95.5¢57.3+100,923,9143.2+0./

c
c - - w e e w = e @ w® e e = = - - e = e w - o=
c
TYPE 1
1 FORMAT(//.//" HELLO00000 .« v svss’1////y
1’ THIS IS A PLOTTING PROGKAM USEDL TO PLOT'/,
2° WEASURED VERSUS ESTIMATED TIME WISTORIES'//»
3 INSTRUCTIONS: ‘/,
4 i+ TYPE IN TYPE OF MANOEUVRE.'/s
5 2, TYPE IN NUMBER OF TIME POINTS N (0-250).°/,
6 3. INDICATE NAME OF FILE CONTAINING MEASURED DATA.'/»
7 4, INDICATE NAME OF FILE CONTAINING ESTIMATED DATA.’/»
8’ S. WHEN DATA IS PLOTTED HIT °*CR* TO CONTINUE.'/,
9, 60 Goon LUCKO...IO. ALEX‘//)
c
c
C
TYPE 301
301  FORMAT(’ INDICATE TYPE OF MANGEUVRE:‘/
1 v’ *L® FOR LONGITUDINAL'/
2 »¢ °D* FOR LATERAL DIRECTIONAL'/)

READ(5,302) ANS1
02 FORMAT (A1)

3
c
c
c
c READ IN NUMBER CF TIME POINTS
c
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0017
0018
0019
0020

0021
0022

0043
0074
0023
0026

0027
0028
0029

0030
0031
0032

0034

0035
00346
0037
0038
039
0040

0041
0042
0043
0044

0043
0044
0047
0048

0049
06350

0051
0052

0053
0034
0033
0056
0057
0058
0059
0060
0061

0062
0063

a»a000

anon

FORMAT(IZ)

FORMAT(’ TYPE IN NUMBER OF TIME POINT’/)
TYPE 20

READ(S,»10) N

READ DATA FILE WITH MEASURED DATA

TYPE 30
FORMAT(’ TYPE IN NAME OF DATA FILE WITH MEASURED DATA’/)

NAME(1S) = 0

FORMAT(14A1)

ACCEPT 31y (NAME(I)sIm=1,14)
OPEN(UNIT=2yNAMESNAME TYPE= QLY yACCESS='SEQUENTIAL ' »
1 READONLY +FORM=‘UNFORMATTED *)

DO 32 Is1,14

NAME(I) =’ 7

CONTINUE

FORMAT(12E12.4)
DO SO I=1,N
IF(ANE1.EQ.LOG) GO TO 310

READ(2) DMY»DMY o DMY»DMY»DMY  HHC(A4r 1) o HHC(1e1) 2 HH(7 01 )
1 HHC201) o HH(B2 1) s HH(90 L)

HH(391) = 0.0

HH(S»1) = 0,0

HH(691) = 0,0

GO T0 311t

CONTINUE

READ(2) HHCA»1)sHHC(L o 1) rHH(7 1) 2 HH(&91) sHH(B 1) s DMY
1 DMYDMY »DMY s DMY » DMY
HH(2,1) = 0,0

HH(3,»1) = 0,0

HH(S»1) = 0.0

HH(9:1) = 0,0

COMTINUE

DO SO0 J=1,9

RDATA(I»J) = HH(Js 1)

CONTINUE

TYPE 40

FORMAT(’ TYPE IN NAME OF DATA FILE WITH ESTIMATED DATA’/)

" ACCEPT 31, (NAME(I)s»I={s14)

OPEN(UNIT=3)NAME=NAME» TYPE='OLD’ »yACCESS='SEQUENTIAL v
1 READONLY FORM="UNFORMATTED )
DC 81 K=5,14

HAME(I) =’ ¢

CONTINUE

FORMAT(12X99€12.4)

DO 80 K=1,N=-2

READ(I) (HH(L»1)yL=1» 7

DO 80 J=i,?

EDATA(K+2,J) = HH(J»1)

CONTINUE

DO 399 J=1,7
EDATA(L»J) = 0.0
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0044
00483

00646
0067
0049
0049
0070
0071
0072

0073
0074

0079
0077
0078

0079
0080
0082
0083

0084

0085
0086
0087
0088
0089
0090
0091
0092
0094
0095
0096
0097
0098
0100
0101
0102
0103

EDATA(2+J) = 0,0
399 CONTINUE

DO S00 Isi,»N

EDATA(I»8)=0,0

EDATA(I»?)=0,.0
S00  CONTINUE

IARRAY (%) =» ¢

IARRAY (D) = O
113 CONTINUE

c - e h e e e ee ... e ... . ... - -

c
TYPE 100
100 FORMAT(’ % & 8 SELECT VARIABLES % % %'///)
c CONGITUGIANAL CASE
IF(ANSB1,EQ.DIR) GO TO 102
TYPE 90
90 FORMAT (/' VARIABLE

1 1+ PITCH RATE =~
2’ 2. AIRSPEED -

RANGE +/='//»

3’ 3. ANGLE OF ATTACK - 20 DEG
4’ 4, PITCH ATTITUBE - 30 DEG’/»
50 DEG/SEC*%2’/,

5’ 8. PITCA RATE ACCEL., -
6’ 6. LONGITUDINAL ACCEL.
7‘ 7. NORMAL ACCEL, -

8’ 8. ELEVATOR PSN. - 20 DEG

9 9 K xx (BLANK) ' //
LATERAL DIRECTIONAL

-0 00

02 CONTINUE
IF(ANS1.EQ.LOG) GO TO 103
TYPE 91

)

o3
2

50 DEG/SEC’/»
20 FT/8EC‘/»

)

G "
G ‘7

Iy

91 FORMAT(/‘ VARIABLE RANGE +/=~‘//»
1’ 1, ROLL RATE ~ 25 DEG/SEC‘/»
2’ 2. YAW RATE =~ 2T DEG/SEC’/»
3’ 3. SIDESLIP ANGLE - 20 DEG'/»

4’ 4, BANK ANGLE

- 60 DEG'/,

5’ S+ ROLL RATE ACCEL. - 50O DEG/SEC%%x2‘/,
6° 4. YAMW RATE ACCEL. -~ 50 DEG/SECX%2’'/,

7 7+ LCNGITUDINAL ACCEL,

'3

G’/

8’ 8. AILERON DEFLECTION - 20 DEG'/»
20 DEG'//)

9’ 9. RUDDER DEFLECTION -

03 CONTINUE
TYPE 11

- =000

ACCEPT %,KT
TYPE 12

1 FORMAT(’ INDICATE VARIABLE NO.

12 FORMAT(’ INDICATE VARIABLE NO.

ACCEFT %,KB
105 CONTINUE
IF(ANS1.20.L0G) GO TO 411
DO 421 I=1.9
BAINCI) = GAINI(I)
421 CONTINUE
411 CONTINUE
IF(ANS1,.EQ.DIR) 30 TO 402
DO 422 I=1,9
GAINCI) = GAIN2(I)
422 CONTINUE
402 CONTINUE
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0104
0103
0106
0107
o108
0109
0110

ot11
01.2
0113
0114
0113
0116
0117
0118
0119
0120
01214
0122
0123
0124
0129
0126

01237
(P
0129

0130

0132

0133
0134
0136
0138
0140
0142
0144
0146
0148

0150
0151

0132
01353
0155
01357
0159
0161
0143
01635
0167

0149
0170

aonon

110

aon0ono0n00n

130

140

oo

o000 O o000

610

401

CLEAR CRT AND FORM GRID FOR PLOTTING

CALL INIT

CALL PLOTSS(2+1424324644128/,918TAT)

DO 110 K=1,235+50

CALL PLOTSS(4s1sK=1+18TAT)
CONTINUE

CALL PLOTS3I(4010229¢18TAT)
CALL PLOTSS(S+0r1,ISTAT)

FORM THE MEASURED AND ESTIMATED RESPNSES

DO 130 I=1,N

IARRAY (2%1) = RDATA(I,KT)SGAINC(KT)+150
IARRAY (2%81-1) = RDATA(I/KB)XGAIN(KB)+350

CONTINUE
CALL PLCTrSS(9+,20+2,1I8STAT)

CALL PLOTSS(12s0'%x & & TIME HISTORIES % % %8 /H»ISTAT)

CALL PLOTSS(9+,5004+18TAT)

CALL PLOT39(12¢»’ MEASURED DATA ‘»ISTAT)

CALL GRAPH(2%N»IARRAY)
DO 140 I=isN

IARRAY(2%1) = EDATA(IsKTI)XGAINI(KT)+130
IARRAY(2%I-1) = EDATA(I+KB)SGAIN(KB)+50

CONTINUE
CALL PLOTSS(9+50+49ISTAT)

CALL PLOTSS(12vy’ ESTIMATED DATA’»ISTAT)

CALL GRAPH(2ENsIARRAY)

- . e e e ® ® e e ® ® wm e wm W™ oW @ w wm e -

CALL PLOTSS(9+50+44I3TAT)
CALL PLOTST(129»"
KFLAG = 1

IFC(ANS1.EQ.DIR) B0 TO 499
KFLAGY = %
LONGITUDINAL LABELS

CALL PLOTEIZ(9+50+65ISTAT)
IF(KT.EQ.1) GO TO 401
IF(KT.EQ.2) GO TO 502
IF(KT.EQ.,3) G0 TQ 403
IF(KT.EQ.4) GO 70 604
IF(KT.EQ-S) GO TO 40%
IF(KT.EQ.4) GG TO 406
IF(KT.EQ.7) GO TO 607
IF(KT.EQ.8) GO TO 408

COi- TINUE
KFLAGL = 1

CALL PLOTSS(9+509169ISTAT)
IF(KB.EQ.1) GO TO 601
IF(KB.EQ.2) GO TO 692
IF(KB.EG.3) GO TO 403
IF(KB.EG.4) GO TO 604
IF(KB.EQ.5) B0 TO 605
IF(KB.EQ.4) GO T:i 406
IF(KB.EQ.?) GO TO 407
IF(KB.EQ.8) GO TO 408

‘2 ISTAT)

CALL PLOTSS(12,9’ @ +/- 25 DEG/SEC

GO TO 440
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0171
0172
0173
0174
017S
0176
0177
0178
0179
0180
0181
0182
0163

0164
0185

0187

0188

0189

0190
0171
0193
0195
0197
0179
0201
0203
020535
0207

0209
0210

0211
0212
0214
0216
02138
0220
0222
0224
0226
0228

0230
0234
0232
0233
0234
023°
0226
0237
c238
0239
0240
024
0242
0243
0244
0245
0244

602
603
404
403
606
607
608
640

707
708
709

CALL PLOTSS(12+9’ V 4/~ 20 FEET/SEC

G0 70 440
CALL PLOTSS(1200”
60 TO 640
CALL PLOTSS(12sy’
60 TO 440
CALL PLOTSS (1200’
G0 TO 4640
CALL PLOTSS(12yr’
G0 TO 440
CALL PLOTSS(1249’
GO TO 440
CALL PLOTSS (1200’

CONTINUE

ALPHA ¢/- 20 DEO
THETA ¢/~ 30 DEG

‘2 ISTAT)
‘2 I8TAT)
‘2 ISTAT)

Q@ DOT 4/~ 50 DEG/SECEX2’,ISTAT)

AX +/- .56
AN +/- 2 0

DE +/- 20 DEG

IF(KFLAG1.,EQ.0) GO TO 610

GO 10 751

CONTINUE

LATERAL DIRECTIONAL LABELS

KFLAG2 = 0

CALL PLOTSS(9+50+6¢ISTAT)

IF(KT.EQ.1) GO TO
IF(KT.,EQ.2) GO TO
IF(KT.EQ.3) GO TO
IF(KT.EQ.4) GO YO
IF(KT.EQ.%) GO TO
IF(KT.EN.6) GO 7O
IF(KT.EQ.?7) GO TO
IF(KT.EQ.8) GO TO
IF(KT.EQ.9?) GO TO

CONTINUE
KFLAG2 =

701
702
703
704
705
706
707
708
709

CALL PLOTSS(9+50,169ISTAT)

IF(KB.E@,1) GO TO
iIF(KB.EQ.2) GO TO
IF(KB.EQ.3) GO 7O
IF(KB.EQ.4) GO TO
IF(KB.EQ.S) GO 7O
IF(KB.EQ.6) GO YO
IF(KB.EQ.7) GO TO
IF(KB.EQ.8) GO TO
IF(KB.EQ.9) GO TO

CALL PLOTSS(12yy’
G0 TO 740
CALL PLOTSS(12yy’
GO TO 740
CALL PLOTSS(12y,y "
GO TO 740
CALL PLOTSS(12s¢°
GG TO 740
CALL FLOTSS(1240’
60 TQ 740
CALL PLOTSS(120y’
GO 70 740
CALL PLOTS3(12yy’
80 TO 740
CALL PLOTSS(12s,°
GO T0 740
CALL PLOTSS(12sy’

701
702
703
704
709
706
707
708
709

P +/- 25 DEG/SEC

R +/- 2T DEG/SEC

BETA +/- 20 DEG

PHI +/- 40 DEG

P DOT ¢/~ S0 DEG/SECk%2

R DOT
AY +/- .5 G

DA +/- 20 DEG
DR +/- 20 DEG

169

+/- 50 DEG/SECX%2

‘1 ISTAT)
‘v IBTAT)
‘+ISTAT)

‘2 ISTAT)
'+ ISTAT)
‘2 ISTAT)
"2 ISTAT)
’+ISTAT)
2 ISTAT)
‘»ISTAT)
‘HyISTAT)
‘2 ISTAT)



o000 NOOO

0247 49 CONTINUE
0248 IF(KFLAG2.EQ.0) GO TO 710
LOGIC FOR GENERATING NEW PLOTS8 END TERMINATING
0250 73t CONTINUE
0231 READ(S,180) KR
0252 180 FORMAT(12)
0253 CALL INIT
c
c
0254 TYPE 210
02%35 210 FORMAT("’ DO YOU WANT TO REPLACE TOP PLOT? (Y/N)’/)
0254 READ(S,220) ANS2
0257 220 FORMAT(AL)
0258 IF(ANS2.EQ.NO) KFLAG = 0
0260 IF(ANS2.EQ.NO) GO TO 230
c
0262 TYPE 100
0263 IF(ANS1.EQ.LOG) TYPE 90
02695 IF(ANS1.EQ.DIR) TYPE 91
0267 TYPE 240
0268 240 FORMAT(’ INDICATE NEW VARIABLE NUMBER
0269 ACCEPT X»KT
0270 230 CONTINUE
0271 TYPE 309
0272 309 FORMAT (' DO YOU WANT TO REPLACE BOTTOM PLOTT (Y/N)’'/)
0273 READ(S+220) ANS2
0274 IF(ANS2,EQ.NO) GO TO 400
0276 TYPE 320
0277 320 FORMAT(’ INDICATE NEW VARIABLE NUMBER’/)
0278 ACCEPT x/KB
0279 GO TO 10S
0280 400 CONTINUE
0281 IF(KFLAG.EQ.0.) GO TO 410
0283 60 TO 109
0284 410 CONTINUE
c
e e e e e e e e e e e e et oeeo-.- -
c
0285 CALL PLOTSS(XrS12,/14244+432464/91STAT)
02846 CALL PLOTSS(0s~1,0+ISTAT)
0287 RETURN
0268 END
0001 SUBROUTINE INIT
0002 COMMON/STATUS/ISTAT(14)
0003 DATA ISTAT/16%0/
00C4 CALL PLOTSS(13,72,¢I87AT)
0005 CALL PLOTYS5(13,74»/+ISTAT)
0006 CALL PLOTSS(2,14312+,I8TAT)
0007 RETURN
0008 END
0001 SUBROUTINE GRAPH(N»IARRAY)
0002 CONNON/STATUS/ISTAT(14)
0003 DIMENSION 1ARRAY(S512)
0004 NUMBER=ISTAT(8)/8
0005 CALL PLOTSS(7+0+0,ISTAT)
0006 CALL PLOTSS(8+512+0/,ISTAT)
0007 CALL PLOTSS(2y1+(NUHMBER+1)%X2y (NUMBER+1)Xi0yISTAT)
0008 CALL PLOTSS5(Ss~N» IARRAY,ISTAT)
0009 CALL PLOTSS(1»1-NUMBER+ISTAT)
0010 CALL PLOTSS(9+10+2+ISTAT)
0011 END
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! A.9) CESSNA PROGRAMS .

This appendix contains listings of the programs used in the

Cessna spin test program.
A.9.1) DATA ACQUISITION

Description: This is an assembly language program for the
AIM 65. The program is essentially the same as the one of Appendix
A.l, the differences being
- no start and end data is taken;
- Channels 0-14 are sampled continuously every 0.1 secs
when the "RUN/STBY" switch is on RUN;
- data is output to the TEAC tape drive every 0.5 secs.

Program listing:
:DATA ACQUISITION

RNCNT=0 *=$0400 DEX
BLKCNT=2 LDA #§92 BNE CLOSEL
BUFCNT=4 STA MDRO JMP START
IBUF=5 LDA #1 RECORD
OBUF=7 STA RNCNT LDA #0
CNT=9 LDA #0 STA IBUF
BUF1=$200 STA RNCNT+1 STA OBUF
BUF2=$300 LDA #$FF LUA #>BUF1
KDDRA2=$A481 STA KDDRA2 STA IBUF+1
KDDRB2=$A483 LDA #0 LDA #>BUF2
KDRA2=$A480 STA XDDRB2 STA OBUF+1
KDRB2=$A482 STA KDRA2 LDA #>INT
DBR=$9008 LDA #$CO STA $ALOS
WDC=$9009 STA UACR LDA #<INT
CDR=$900A START STA $A404
MDRO=$9008 LDA #$12 LDA #$C0
CSR=$990C STA MDRO STA UIER
ESR=$900D LDA #PEW LDA #<$SC34E
ISR=$900E JSR COMD STA UTLL
MDR1=$900F LDA #REW LDA #>C34E
WRT=$C1 JSR COMD STA UT1CH
WIM=$C2 MAIN CLZ
ERA=$C3 JSR GKEY LDA #0
SLE=$C9 CM? LOADK STA BLKCNT
REW=$CA BN¥ 404 STA BLKCNT+1

NRDY=$10 LDA RN REC1
FPT=$04 JSR Comt JSR SWAP
DA=$20 LDA #SLE JSR WRITE
DBRE=$40 JSR COMD REC2
CCE=$80 MAIN2 JSR GKEY
UDRB=$A000 JSR GKEY CMP #RECK
UACR=$A0CB CMP #RECK BNE RECX
ULER=$A00E BEQ RECORD LDA BUFCNT
UT1L=$A004 CMP #CLOSEK CMP #150
UT1CH=$A005 BNE MAIN2 BNE REC2
UT2L=$A008 CLOSE INC BLKCNT
UT" d=$A009 LDA #WTM BNE REC1
UVIFR=$A00D JSR COMD INC BLKCNT+1
BITS=$20 LDA #WTM JMP REC1
LOADK=$EF JSR COMD RECX
RECK=$BF LDX #12 LDA BUFCNT
CLOSEK=$DF CLOSEL CMP #15G
TIMELlH=$27 LDA #ERA BNE RECX
TIME1L=$10 JSR COMD LDA #$40
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STA UIER
JSR SWAP
LDA #$FF
STA BLKCNT
STA BLKCNT+1
JSR WRITE
INC RNCNT
BNE RECX2
INC RNCNT+1
RECX2

JMP MAIN2

GKEY

LDA KDRB2
PHA

LDA #TIMELL
STA UT2L
LDA #TIMELIH
STA UT2H
GKEY1

LDA UIFR
AND #BITS
BEQ GKEYl
PLA

CMP KDRB2
BNE GKEY
RTS

COMD
PHA

LDA ESR
CoMDL

LDA CSR
AND #NRDY
BNE COMD1
LDA CSR
AND /FPT
BNE COMD1
PLA

STA CDR
COMD2

LDA ISR
AND #ICCE
BEQ COMD2
RTS

WAIT

JSR WAITX
WAITX

RTS

WRITE

LDA ESR
LDA #154
STA +DC

LDA #WRT
STA CDR
LDA RNCNT
JSR WWORD
LDA RNCNT+1
JSR WWORD
LDA BLKCNT
JSR WWORD
LDA BLKCNT+1
JSR WWORD
LDY #0
WRITELl

LDA (OBUF),Y
JSR WWORD
INY

CPY #150
BNE WRITEl
WRITE2

JMP COMD2

SWAP

LDA OBUF+l
PHA

LDA IBUF+1
STA OBUF+1
PLA

STA IBUF+l
LDA #0

STA BUFCNT
RTS

WWORD

PHA
WWORDL
LDA ISR
AND #DBRE
BEQ WWORD1
PLA

STA DBR
RTS

INT

PHA

LDA UDRB
BPL INUEX
TYA

PHA

LDY BUFCNT
LDA #15
STA CNT
LDA $8000
JOR WALT
I' ooP

LDA $8002
STA (IBUF),Y
LDA $8001

LDA $8003
STA (IBUF),Y

DEC CNT
BNE ILOOP
STY BUFCNT
PLA
TAY

INTEX
LDA UTLL
PLA
RTI

END

A.9.2) DATA READBACK

Description:

This program is used to read the data off the

AIM 65 system's tape drive to be sent to the ground-based system.

The vrogram is similar to the one of Appendix A.2, the differer.ces

being

- no error checking is done by the AIM 65;

- all 12 BITS of recorded data zre transferred just as they

have been recorded.
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Program listing:

s DATA RECOVERY
RNCNT=0
BLKCNT=2
VRUN=4
VBLK=3
CNT=6
BUF1=$200
DBR=$9008
‘WDC=$9009
CDR=$900A
MDRO=$90038
CSR=$900C
ESR=5§900D
ISR=$900E
MDR1=$900F
SL.P=§C8
RDL=$C4
REW=$CA
NRDY=$10
TDRE=$02
LR=$0D
SCR=$9006
SDR=$9007
LOADC=$4C
READC=$52
CLOSEC=$43
INALL=$E993
NUMA=SEA4G
READM=$E93C
OUTALL=$E9BC
OUTPUT=SE97A
UTIL=$A004
UTICH=$A005
UACR=$A00B

P

*=$300

CCE

«BYTE $80

DA

+BYTE $20

MO

+BYTE CR,'TAPE ERROR',$A0
MRUN

+BYTE CR,'WHICH RUN NUMBER',$BF
MBLK

+BYTE CR, 'HOW MANY BLOCKS', $BF
MEND

+BYTE CR,'LAST BLOCK THIS RU',S$C

MINV
,BYTE CR, 'INVALID COMMAN',S$C4
MERR1

.BYTE CR,'FILE MARK FOUN',$C4
MRNCNT

+BYTE CR, 'RUN NUMBER', $A0

. i 2 e o i o

*=5400

RESETB

LDA #$92

STA MDRO

LDA #$CO

STA UACR

LDA #$68 ; $68=300BAUD
+$34=600
;$1A=1200
+ $0D=2400

STA UT1L
LDA #0

STA UTLCH
LDA #3511
EOR #SFF
STA SCR

MAIN
JSR GCOM
CMP #LOADC
BEQ MAIN2
JSR INVAL
JMP MAIN
MAIN2

LDA #$12
STA MDRO
LDA #REW
JSR COMDA
LDA #SLP
JSR COMDA
MAIN3

JSR GCOM
CMP #READC
BEQ READ
CMP CLOSEC
BEQ CLOSE
JSR INVAL
JMP MAIN3

CLOSE

LDA #REW
JSR COMDA
LDA #REW
JSR COMDA
JMP MAIN

READ
LDY #MRUN-MO
JSR MESS

JSR GCNT

CMP #10

BEQ CLOSE

STA VRUN

READL

JSR RBLK

BCS CLOSE

LDA BLKCNT
ORA BLKCNT+1
BNE READ3

LDY #MRNCNT-MO
JSR MESS

LDA RNCNT
JSR NUMA

READ3

LDA RNCNT
CMP VRUN

BCC READL
BEQ READ2
LDA #REW

JSR COMDA
LDA #SLP

JSR COMDA

JMP READL

READ2

LDY #MBLX-MO

JSR MESS

JSR GCNT

CMP #0

PEQ CLOSE

S1A VBLK
+ CHANGE TO NOPS
3 TO TRANSMIT COUNTS

SENDB

JMP SENDBL

LDA RNCNT

JSR SEND

LDA RNCNT+1

JSR SEND

LDA BLKCNT

JSR SEND

LDA BLKCNT+1
JSR SEND
SENDB1

LDY #0
SENDB2

LDA BUF1,Y
JSR SEND
INY

CPY 1160
BNE SENDB2
LDA BLNONT
CMP #$FF
BNE SENDB}

CMP BLKCNT4/
BEQ END
SENDBR3

DEC VBLK
BNE SENDBS
SENDB4

LDY #MBLK-MO
JSR MESS
JSR GCNT
CMP #0

BEQ CLOSEl
STA VBLK
SENDB5

JSR RBLK
BCC SENDB
CLOSEL

JMP CLOSE
END

LDY #MEND-MO
JSR MESS
JMP MAIN3
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MESS

LDA MO,Y
PHA

AND #S7F
JSR OUTPUT
INY

PLA

BPL MESS
RTS

GCOM

JSR READM
JSR OUTALL
RTS

RTS

JSR INALL
JSR DPACK
BCC GCNT1
LDA CNT
RTS

DPACK

cMP #'0'
BCC RSPAC
CMP #83A
BCS RSPAC
AND #$OF
PHA

LDA CNT
ASL A

ASL A

CLC

ADC CNT
ASL A
STA CNT
PLA

CLC

ADC CNT
STA CNT
CLC

RTS
RSPAC
SEC

RTS

SEND

PHA

SEND1

LDA SCR
AND #TDRE
BNE SEND1
PLA

EOR #$FF
STA 3DR
RTS

RBLK

LDA CSR
AND /INRDY
BNE RBLK

LDA #164
STA WDC
LDA #RDL
STA CDR

JSR RWORD
BCS RBLK2
STA RNCNT
JSR RWORD
BCS RBLK2
STA RNCNT+1
JSR RWORD

BCS RBLK2
STA BLKCNT
JSR RWORD
BCS RBLK2
STA BLKCNT+1
LDY #0
RBLK1

JSR RWORD
BCS RBLK2
STA BUF1,Y
INY

CPY #160
BNE RBLK1
JMP COMDA2
RBLK2

JMP CUMDA4
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COMDA

PHA

LDA ESR
COMDAL.

LDA CSR
AND #NRDY
BNE COMDAL
PLA

STA CDR
COMDA2

LDA ISR
AND CCE
BEQ COMDA2
COMDA4

LDA CSR
PHA

AND #2

BEQ COMDAS
LDY ¥MERR1-MO
JSR MESS
PLA

SEC

RTS

COMDAS

PLA

AND #$81
BNE COMDA3
CLC

RTS

COMDAJ

LDY #MO-MO
PHA

JSR MESS
PLA

JSR NUMA
LDA ESR
JSR NUMA

CLC

- .-

BIT CCE
BNE RWORD2
BIT DA
BEQ RWORD
LDA DBR

CLC
RTS
RWORD2
SEC
RTS
END



baame

A.9.3) DATA RECEIVE .

Description: This program is written on the Hewlett Packard

9825 of Cessna Aircraft Company. The program receives data from

its RS232 port. The program is the same as the one of Appendix A.3

of

0t
11
21
St
A
S
&
71

9

10t
11
12
13
14
13
161
17:
18!
19
20
21
a2
2l
24
25
261
27
28
29
30
I
321
331
34
351
361
37
38
39
40:
41
42
43
44,
43
461
47
481
49
$0:
S
L]
53!
54
55

Reference 2.
Program listing:

"CUMP. TERMINAL WITH CONTROL KEYS AND AUTO FUNCTIONS trk0;file3":
fnt 1,c1,2;1+]1
sfq 2
11+4Q
wtc Q,1
wtb Q,37
0+47;14K
wtc Q,0
dim L$(3106),C(0:2%5),D80(300,30]1,A8(80),Q8(100)
if H=1;""aLs
9sb “ctring"”
oni Q,"in"
eir Q,4
buf "in",L$,1
tfr @,"%in",1 .
on key "KEY"
"1S5":14Ff Flg73trk Ojcfqg 738fq &
if flgb;for L=y to 203;for Nst to 70;num(DSIL,N,NI)+P;uwtb Q,P
if flgbéjchar(P)4AS(Z+1+42,2)
if flabjdsp AsIimax(1,len(As)-31) ,max(32,len(AS))]);next N;0+4Z;wtb Q,13
if flgb;next L;cfqg 6;38fq 7
gto 16
“KEY"tkey+C;if C=0;kret
{f C=66 or C319438fq9 9;04C  kret
i7 f199 and CI{CJi)64 and CICI(90;wtb Q,CICl-64;cfqg ?;kret
if f19%9;dsp "NOT A VALID CONTROL KEY*,CIC)licfqg 9;0+C;krat
if ZI=79;134C
Lf CIC)=1008;3fq 7;04C;kret
if CIC)=1001;6fg 2;09C;04J;19K kret
if C(CI=1000;cfq 230+ krat
wtb Q,CICIPschar(P)+ASIZ+142,2])
dep Aslmax(l,len(A8)~31) ,Max(32,1en(AS)))
if CICI=13;" "4A9;04Z;dsp AS
kret
"in":
if Flg2;Le01,1)4Q8(K, K] K+19K dup (J+1)/S
if £192 and K=31;N801,301408(T+1);T+19T;319K;" “4Qs
buf "in*
if Cs7 or C=135;9ub "break”
eir Q,‘
tfr Q,"1in",1
iret
*string”:
for I=1 to 58
I+CL1)
next I
for I=78 to 87
1-30~CLI)
next I
for [=88 to 96
32+CII)
next I
for In97 to 122
I+Ct1)
next I
for I=123 to 1795
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“uet!

7
S6
9
68
611
(Y-
631
(Y
[3-1)
[T Y]
671
68
(1 A
70
71
721
73¢
74:
791t
76
771
761
79
80:
B81:
82:
831
84:
as:
861
87:
861
a9
90:
?1:
31

T gL

next I

for In176 te 189

I-1442C(1)

next I

for I=106 teo 224

32+0CL11)

next I

feor 1m225 te 230

nunichar(l=-160)) CI1)

next I

134C(141);10+C(138)

for I=206 to 216

I-188+CLI]

next I

604C[1721;3123+4CL123);94C(24);3242(7)
A79CLA7ICT173)3404CLANIICT160)3414CLA139CT169);9290(2223;3624CL174)
1019C(9614CL224) 5 125+C1125)9C[253);43+CLA3)14CL171);45+C145]1+C1173)
27+4CL6T1CL193];63+C(63)
64-C(183);91+C(184);93+C(18S)
IPHCI1761;09CL20)+C1148)614CL611+C(169)
S94CI5914C{187);58+C1911,46+CI(B31+4CL216);7+C1714C(135)
1001+CI(761+C1220);1000CI78)+C(219);10102C(74]-C(218]
10094CL731C1218);,10084C(72])+C1217)

444C(21719C(89)

ret

*break”ibuf "in"jeir Q,4

wte Q,1;wtb Q,8jwait 200;wth Q3,37 ;utc Q,0

wtc Q,1jwtb Q,37jwtc Q,0

ret

end

for Im1 t0 S

wrt 706,D%(1,1,301,1

next 1

for I=1 to 200

glp Del(lljwait SO0 next Ijstp
6

.

A09

.4) DATA PLOTTING

Description: This program is used by the Hewlett Packard

9825 computer of Cessna Aircraft Company to convert and plot out

the
7.6

0
11

-
3
4
S:
3]
7
8:
9
10
11
123
13
14:
153
16
17

flight test results. (Sample plots are presented as Figures
.)

Program listing:

“FNG UNITS8 CON (quick look data plt) trki;file 6":igto “START";04Y+2
“CON":1Z+14Z

for K=l to 29 by 2;num(DSLI ,K1)+Ujnum(DSL] ,K+11)4V
(K=1)/2+1H

shf(U,-4)+U band(V,15)4Viier(U,V)U

if bit(i1,U;i0r(U,-4096)9U

. 06528-,002427983UMIH]

naxt K;ret

“START"17064R

dim F(21,D81300,30),MI15]

dim AL15,50],A8(20]

ent "FIRST POSTION OF DYNAMIC DATA?",r5,"LAST POSITION OF DYNAMIC",ré

10r%5/241F111310rb/249F12);Fxd

ent "TRK & TEMP DATA " ,T;if flgi3;qgto +4
ent "FILE &?"%,F

dsp “"tape CONTINUE";stp

trk T;ldf F,Ds

“C*:0+D4rB8+B3cfqg 1,2
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F———

T SRR RRE R,

181 ent "START TINF X AXIB*,rO0jent "CONTINUE AT TIME®,ro®

191 4f ((FL2)-FL11)/10+r8+r11))308;,d3p "TOO DIG DYNAMIC®,ri11; wait 7008;gte 11
20t dap “Mount B size paper and CONTINUE";stp

2lt fut jwurt 705,°0P % red 705,,r2,r3,r4,rSr4=r29r2;rS=-r3+r3

2§| it r;:;ssso or r2¢155%0 or r3)%650 or r3(P5S0 beepidep “check R1=-P2°;s1p
231 psc

24 if FL2)=-FL11)S0}FL234D;FL1)+494F{2]

251 gte #2

26: i€ F(2))D;D+F(2)

271 for I=1 to 15 fer Jul te S0;0+AL1,J);next Jjnext I

231 fmt 1,2,76.1;Ffnt 2,2¢4.1,F6.0,¢5.1
29: fmt 3, AL=R BPTA-L AL-L q r
301 fmt 4, TAB-L TAB-R Az Ay Hp BTA-R*"
311 "wrt R+, Jjurt R+ 4%,

32: for laF(1] to FI2);[-Fl1)+1ir}
33: gsb “CON"

34: “cal Alphes =~ RH":=,9656+22,5313M4(114Al1,r1)

391 'cal Beta - LH":,4739-12.03M(214A(2,r1)

36t “cal Alpha - LH"1-1,377~25.7185M(31+A(3,r1]

371 “cal q“110,043+72,0222M(4)A4,r1)

381 “"cal r"11.81735-39.960BM(S)+A(S,r1)

39: "cal P 1=3,0776-57,2163ML6)+AL6,r1)

40: “cal da"i1.57%99+4,13373M{71-,1511IN(714A(7,r1)

411 "cal dr":1~,45125+10.09035M(B81A(8,r1)

A2 “cal) de*1-7,12932+7,35987M(914A(9,r1)

43: "cal TAS - LH":1-2,31826+1135,913M(10)4A010,r1)

441 "cal TAB = RH":-,9575%+119,69424abs(MI111)4A(11,r1)

45: if ML11)<0 and noct FlQis.1rt1erQerN+B;sfqg 2

A61 "col Az"110MC12)4A012,r1)

47: “"cal Ay 110MI1319A113,r1)

40: "cal Hp*i-1000+5000MC14] AL14,r1]

491 “cal Beta - RH";=1,0342+12.4306H115)4A11%,;r1)

S0: “for Jetl tn 11jwrt R+.1,ALT,r1) naxt J*y

311 "wrt R+.2,A012,r1),AL13,r11 ,AL14,,r1),A015,P1)";

521 if flg2;sfo 1

53: dsp I/10;next I

S4: pen

581 for Is=st te 15;jmp 1

Y01 W$CL ~%,/¢,~200,000;Q10 *1J

%7: scl -48,30,-2%50,2303910 +14

SA: scl -4,72,-480,480;9t0 +13

%9: scl -48,30,-2200,200;gt0 +12

601 scl -4,72,-3300,1000;9t0 +11

61t scl -4,72,-4400,4003910 +10

621 scl -4,72,-20,460;9t0 +9

631 scl -4,72,-140,340;q9t0 +8

64t scl -4,72,-80,400;9t0 +7

65: gcl -48,30,-660,3005gt0 +6 .

661 scl —-48,30,-920,440; 9t0 +3

67: scl -4,72,~30,18;9t0 +4

48: 1cl -48,30,-7.5,16.5;g9t0 +3

69! scl -48,30,-2000,46000;9t10 +2

70: scl -48,30,-200,380;qt0 +1

711 5047 ;for I=S0 to 1 by -1;dsp A(I,J]},J

721 if ALT1,J)=0;J~14Z;next J

73: pend 2

74: For J=1 to Z;plt ,1J4pr0+4rB9ré6,Al1,T)

75: if ré=Bjpen® 3 wrt 70%,%UC99,0,8,0,-16,0,8,-99%;penjcplt -1,0;pend 2
76: next Jipen;dsp J

77: next I

78: pen$

791 i€ DIO;FI2)1+14F(1);if DIFL2];FL11+494F(2];5+rB9r8;gt0 26

80: 04Y=+Z;gto 11

#224683

4 da dr de”,2
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APPENDIX B

TRANSFORMATION OF AXES SYSTEMS

This appendix shows the correlation between several axes

systems.

Much information contained in this section is taken directly
from Reference 28, which deals in depth with the protlem of the

different axes systems used in airplane analysis.

PRECEDING PAGE BLANK NOT FILMED
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There are primarily five axes systems used in airplane analysis.

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. 1Its main advantage in motion calculations is
that vehicle moments of inertia about the axes are constant, so that
the I terms can be omitted from the equations of motion. It 1is 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

*x ., , .
is fixed."  (This L& the axes Aystem uded Ain this repont.)
2) Principal Axes

"The principal axes are an orthogons) body-~fixed system for
which the products of inertia are z »>. Jhe X and Z principal axes
lie in the plane of symmetry; ~~ =2~ 3le between the X body exis and
the X principal axes is usual - -1l so that in many cases the body

*
axes can be assumed to coincide with the principal axes."

*
From Reference 28.
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3) Flight Stability Axes

"The flight stability axes (sometimes referred to as vehicle
stability axes) are an orthogonal body-axes system fixed tc¢ the
vehicle, the X-axes of which is alined with the relative wind vector
when the vehicle is in a steady-state trim condition but then rotates
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 prime~ily
those about the flight path rather than about body reference lines."*

(This 48 the axes system uded in Reference 22.)
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-gxis is in the
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-
able. (It is a constant ) 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 2%,

~-3
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S) 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 wi!*h the relative wind at all times so that vehicle moments
of inertia nbout 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
axes, since the angle . . . between the X wind axis and the X-axis o’
either of these systeams is variable. Also, since the lateral agla . . .
between the X-axes is variable, there are additional terms . . . ' quired
in the transformations for some of the lateral derivatives between the

*
wind gxes and either of the other axes systems."

The correlation between these axes systems is perhaps best sum~

marized by Table B.1l.

Table B.l Designation of Force and Moment Coefficients
for Diffcrent Axes Systems*

Coefficients for axes system -~
Component Body or Flight Wind-tunnel | ..
principal stability stability
X-axis force Cx or -CA Cx’8 -CD -CD
Y-axis force CY CY,s CY CC
Z-axis force Cz or -CN CZ,s --CL -CL
X-1xis moment (roll) ¢, Cz,s CZ,wt Cz,w
Y-axis moment (pitch) Cm Cm,s Cm,wt Cm,w
Z-axis moment (yaw) Cc, Cn,s Cn,wt Cn,w

*
From Reference 28.
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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 (ol). The following equation
takes care of this by correcting the inertias. This is the only

change required.

o . - - -
2 2 - 2
Ixx.s cosa, sin Ay (=)sin ay 0 Lex
2 2 2
Izz,a sin ay cos“a, sin @y 0 Izz
R RS 1 in2 2 (8.1}
Ixs,s isin ay (-)isin a; cos“ay 0 Ixz
1 s 0 0 0 1l 1
N YY» _ L 1L yy _

NOTE: "s'" denotes stability axes; no subscript denotes body axes.

NASA Langley (Reference 30) and NASA Dryden (References 12-16)
both use the body axes system. They both, however, use different
designatinns. NASA Langley uses the X, Y, Z, £, m, n designation;
NASA Dryden, the A, Y, N, 2, m, n designation. The parameters will
be presented in the X, Y, Z, %, m, n systum in this report. Table

B.2 shows the correlation between both these systems.

The symbols (i.e., ZG', etc.) in the definition column of Table
B.2 are those as prodicted by the MMLE '"BONES" program. For conversion
from normal stability parameters (as per Reference 22) 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 28.
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Table B.2 Comparison of Non-Dimennional Derivatives
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