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FOREWORD

The research described in this report was prepared by Honeywell Inc,,
Minneapolis, Minnesota 55413, under Air Force Contract ¥#33615-75-C-3046.
It was initiated under the AFFDL task number 82190221, '""Optimal Control

of Flexible Aircraft, ' project number 8219, 'Stability and Control of
Aerospace Vehicles." This work was directed by the Control Criteria
Branch (FGC), Flight Control Division of the Air Force Flight Dynamics
Laboratory, and was administered by Mr, Charles R, Stockdale of the
Control Criteria Branch., Special thanks to Mr, Robert C. Schwanz of '

FGC and Mr. Gary Grimes of ASD/ADDP for their continued support toward

this contract.

The technical work reported in this volume was conducted by the Research
Department at the Systems and Research Center of Honeywell Inc.

Dr, A. F. Konar was the Honeywell Program Manager and the principal
investigator on this contract, He was assisted by Mr. C. R. Stone,

Dr. J. K. Mahesh, and Miss M. Hank., This report covers work from

April 1975 to April 1976,

The work under this contract was reported in three volumes entitled,

"Active Control Synthesis for Flexible Vehicles, "
Volume I. KONPACT Theoretical Description

Volume II. KONPACT Program Listing

Volume III. KONPACT User's Manual
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SECTION I

INTRODUCTION

The general objective of this study is to develop techniques and tools
necessary for rapid design of an active control system for aircraft with
lightly damped structural modes. The synthesis techniques provided here
are aimed at reducing the engineering man-hours presently required for flight
control system design, thus effecting a cost reduction. Improvements in the
fatigue life, ride qualities and/or handling qualities of military aircraft

are sought by ccntrolling the lightly damped modes and thus improving

their mission perforinance.

The present scope of this study is to develop programs to interface

the level 2.01.00 FLEXSTAB computer program system with existing

Air Force-owned optimal control computer programs. These programs
represent advanced computational techniques required to perform quantita-

tive analysis of multisurface control systems. The resulting interface

program system is called "KONPACT - Computer Programs for Active
Control Technology.' Working together with FLEXSTAB, KONPACT :

provides the capability to model, synthesize, analyze, and design automatic

control systems, It can also be used as a stand-alone program,

The work performed under this contract is reported in three volumes:

Volume 1. KONPACT Theoretical Description and Demonstration
Volume II. KONPACT Program Listing
Volume [II. KONPACT User's Manual




This document reports the user's information needed to execute KONPACT.

It also contains two C-5A demonstration examples and results,

The purposes of including these demonstration examples are first to document
the input data and resulting output that are required to design the C-5A
handling quality controller and the C-5A Active Load Distribution Control

System using the FLEXSTAB C-5A model. This model is documented in
References 8, 9 and 11; the designed controllers are discussed in Reference 4.

The second purpose is to provide concrete examples ot the inputs that are
required to execute KONPACT, A majority of the input options available
to the user to execute KOMPACT are contained in these examples. In
addition, the resulting outputs from the KONPACT input deck setups are
displayed to familiarize the user with the output formats. It must be

""vehicle model' and ' vehicle' are used

noted that in this report the terms
interchangeably; both terms refer to the mathematical models generated
from the level 2,01,00 FLEYSTAB linear systems analysis program

(Reference 1),

Section II presents briefly the description of KONPACT programs. A short
description of the design process is presented first for completeness.
Subsequently, a general description of input cards to execute KONPACT is

given,

In Section III the program execution procedui-e for the modeling program
(KONPACT-1) is described. The formats of the input data deck and printed

outputs are also described in detail.




In Section IV the program execution procedure for the design program
(KONPACT-2) is described. The formats of the input data deck and printed

outputs are also described.

Section V contains the demonstration example for the handling quality
design for the C-5A FLEXSTAB vehicle model. The deck set-up and the

printed results are displayed, and the results are discussed,

Section VI contains the demonstration example for the ALDCS controller
design for the C-5A FLEXSTAB vehicle model, The deck set-up is displayed,

and the final results are discussed.

The analytical techniques and algorithms used in KONPACT are described
in Volume I. Volume I also demonstrates how these techniques are

applied to flexible aircraft control system designs.

Documentation of KONPACT was beyond the scope of this contract. To aid
the user, the listings of source programs which implement the mathematical

analysis and models presented in Volume I arélgiven in Volume II,

ST T e R
et e S
A b

-




SECTION 1I

DESCRIPTION OF KONPACT PROGRAM

INTRODUCTION

KONPACT is a system of computer programs developed by Honeywell
under Air Force Contract No. F33615-75-C-3046. KONPACT uses the
state space approach for modeling flight control systems, and it designs
the controllers using optimal control methodology. KONPACT interfaces
with the linear systems analysis (LSA) program of the Level 2 FLEXSTAB
Program system developed by Boeing under Air Force Contract No,
F33615-72-C~-1172 (Reference 1). KONPACT can also be used as a stand-

alone program,

KONPACT operates on CDC 6000 and CDC 7000 series computers and
can be easily modified tc operate on other computers, KONPACT has

been written in Extended Fortran IV language,

In this section, the design process is reviewed and motivation is given
for developing KONPACT program, A general description of KONPACT
program is presented in terms of overlay organization and information

flow., The in_put cards for KONPACT are also described.

SR




REVIEW OF DESIGN PROCESS

Basically, optimal control design of flight control systems involves
two major steps. The first step is to obtain the state space description
of the flight control system. The second step is to obtain optimal

feedback gains via the optimal control methods.

The flight control system consists of the basic vehicle, sensor equations,
load equations, actuator dynamics, controller specifications, Wagner-
Kussner dynamics, etc. Level 2 FLEXSTAB calculates the basic vehicle
model, sensor equations, and load equations. The remaining dynamics
of the flight control system are input by the user, and the KONPACT

program combines and calculates the flight control system model.

The optimal state feedback gains are computed using the DIAK program,
and the feedback gains are reduced to gains only on specified measure-

ments using the FFOC program,

OVERLAY ORGANIZATION

KONPACT consists of two programs: a modeling program (KONPACT-1)
and a design program (KONPACT-2). KONPACT-1 interfaces with
FLEXSTAB through the LSA program to obtain the vehicle model and
augments the specified dynamics to obtain the state space description

(quadruple data) of the flight control system. These data are utilized by
KONPACT-2 (which contains the subprograms DIAK and FFOC that are

described in Reference 2)in the design of the optimal feedback gains, Also
KONPACT-2 interfaces with FLEXSTAB through the LSA program to

evaluate the performance of the above-designed optimal flight control system,

1
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Table 1 provides a brief description of programs KONPACT-1 and
KONPACT-2 and their subprograms. The interface between KONPACT

and the LSA program is illustrated in Figure 1% The overlay struciure of the
KONPACT-1 program is illustrated in Figure 2, It consists of a main
overlay and five primary overlays (Reference 3). The overlay structure

of the KONPACT-2 program is illustrated in Figure 3, It consists of a main

overlay and three primary overlays.

Table 1, KONPACT Program Descriptions

PROGRAM SUBPROGRAM DESCRIPTION
KONPACT-1 State space modeling progr.m
STAMK1 Obtains state space model from LSA

simulator deck data

STAMK2 Obtains state space model from transfer
function data

STAMKS Obtains state space model from quadruple
data and interconnection data

STAMK4 Obtains state space model from simulation
equations (user written)

CONDK Modifies the state space model by scaling,
shuffling, truncating,and residualizing
the system variables

KONPACT-2 Optimal design program
DATAK Prepares data for DIAK, FFOC and LSA
programs
DIAK Designs full state feedback optimal controllers
FFOC Designs reduced state (pragtical) feedback

optimal controllers

* [llustrations start at page No, 75
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INFORMATION FLOW

The normal sequence for obtaining an overall state space model of a flight

control system using the modeling program (KONPACT-1) is as follows:

e The vehicle model is obtained by using either the STAMKI1 (for
L.SA data) or STAMK4 (for other types of vehicle data) subprograms.

® The actuator, sensor, controller, implicit and explicit models
are obtained by using either the STAMK2 (with transfer function
input data) or STAMKS3 (with quadruple input data) subprograms.

e The subsystems defined ahove are combined to get an overall

system by using the STAMKS (interconnection data) subprogram.

e The overall system model is conditioned (modified) by scaling
and/or shuffling and/or truncating and/or residualizing the
variables using the CONDK subprogram. This subprogram also

develops the rate of change of response variables when required,

The normal sequence for designing optimal feedback controllers and
evaluating the performance of the resulting system using the design
program KONPACT-2 is as follows:

e Full state feedback control gains are obtained by varying the

quadratic weights and using the DIAK subprogram.

e The resuliing full state feedback control gains are reduced to
gains only on specified measurements by using the FFOC

subprogram.,
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The performance of the resulting closed loop system is evaluated

using the LSA program,

The above steps are repeated until a satis‘actory design is

obtained,

Table 2 describes the data tapes used in KONPACT-1 and KONPACT-2

programs.

The state space model data (quadruple data) and the name

list data are wriiten on tapes QDATA and NDATA, respectively. The

vebicle data (simulator deck data) is written on tape VDATA. The feedback

gain data from DIAK and FFOC are written on tapes DDATA and FDATA,

respectively,

is written on tape SDSTP for use by the LSA prcgram.

The overall system data in frequency representation form

The DATAK

subprogram is used in preparing data tapes for DIAK, FFOC, and LSA.

Table 2, KONPACT Data Tapes

Tape Generating Benefiting

Name Contents Program Program(s)

VDATA Simulator Interface data in the L.SA KONPACT-1
form of card images

QDATA Quadruple (A, B, C, D) or state KONPACT-1 KONPACT-1
variable representation data KONPACT-2

NDATA Name list data of the state KONPACT-1 KONPACT-1
variable representation

DDATA Full state feedback gain data KONPACT-2 KONFACT-2
in the form of card images

F1'ATA Reduced feedback gain data KONPACT-2 KONPACT-2
in the form of card images

SDSTP Frequency domain representa~- | KONPACT-2 LSA

tion of quadruple data

I O = WA s A G b,




VARIABLE DIMENSIONING

Variable dimensioning (Dynamic Data Storage) technique (Reference 7)

is used for efficient data storage. This technique also facilitates changing
the amount of allocated (required) storage space by a data card input. In
KONPACT-1, the subprogram arrays (whose sizes depend on the maximum

system dimension inputs) are stored in scratch storage blocks using

variable entry points. In the subprograms the arrays are dimensioned
with integer varirbles. 7These ''variable DIMENSION statements' remain
unchanged although the amount of required data storage is altered. The
maximum size of the scratch storage blocks is specified in a ''fixed

DIMENSION statement" in the main program. |

The size of storage actually needed by the arrays varies, depending on

the maximum system dimension inputs., Thus, if the maximum size a

user allows for his problem changes, only the 'fixed DIMENSION state-
raents' in the main program need to be changed. The change of the main
program of KONPACT-1 is done by a precompiler, as discussed in

Section III. The user provides the new maximum system dimensions by data
cards. Updating and running with updated main program are done with
control cards in a single run. For more details on variable dimensioning,

the user is referred to Volume II (Reference 5),

Modularization and variable dimensioning of DIAK and FFOC subprograms

in KONPACT-2 were beyond the scope of this contract,




INPUT CARDS

The first logical record of the input file (deck) contains the job control

cards, and the subsequent logical records are the data deck cards. Figure 4
illustrates a typical input deck structure, It coneists of job control cards

and one logical record of data deck cards,

Job Control Cards

Job control cards are statements instructing the computer how to process
a job, Job control cards are always the first group of cards in a deck

set-up.

Data Deck Cards v

The data deck input to the KONPACT programs consists mainly of conventional
data cards containing information arranged according to standard Fortran
formats. In addition, the data decks may contain three special card types:
Program Control Cards, Data Control Cards, and Data Comment Cards.

(For de.ailed format descriptions of data deck cards, see Sections III and IV,)

Conventional Data Cards--These cards contain the data input by the user to:

1) describe the model, 2) describe the interconnections, 3) select variables,

and 4) describe the variables,

Numerical data are generally read under the 5(212, E12,6) Fortran format,
and the alphanumeric data under the 20A4 format, Some data cards contain

mixed alphandmeric and numeric data. The actual format used by each

A
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data card or set of data cards is specified in the text and on figures illustrating
data card arrangements, All alphanumeric data must be left-justified and

all numeric data must be right-justified.

Program Control Cards--These cards contain a dollar sign ($) in Column 1

followed by descriptive words which identify the program that will be used
to process the data. There are nine program control cards and they are

listed in Table 3. Only Columns 1 through 4 are interpreted.

Table 3, List of Program Control Cards

Program Control Card Subprogram Program
$LSA DATA STAMKI1 KONPACT-1
$TRANSFER FN DATA STAMK2
$QUADRUPLE DATA STAMK3
$INTERCONNECTION DATA STAMKS3
$SIMULATION DA TA STAMK4 ¢
$CONDITIONING DATA CONDK
$DIAK DATA DIAK KONPACT-2
$FFOC DATA FFOC
$LSA DATA LSA
(only prepares
data for LSA)




Data Comment Cards--These cards contain any appropriate comments

the user wishes to make. Column 1 should contain a C and Column 2
should be left blank. The comment starts from Column 3 and can go up
to Column 80, Any numker of comment cards, inserted anywhere in the

data deck, can be utilized to aid the KONPACT user in identifying important

data items,

Data and Flow Control Cards--These are descriptive words, starting from

Column 1, which identify key blocks of data. The data and flow control

cards are listed in Table 4,

Imbedded Blanks

The user input cards to KONPACT (Table 4) contain descriptive words
with imbedded blanks, e.g., PRINT A INPUT A DATA. These imbedded

blanks are necessary for the execution of KONPACT program.
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SECTION III

STATE MODELING PROGRAM (KONPACT-1)

INTRODUCTION

KONPACT-1 program interfaces with Level 2 FLEXSTAB through the
linear system analysis (LLSA) program to obtain the vehicle model in

state space form (quadruple data), KONPACT-1 also augments or combines
the vehicle model with the dynamics of actuator model, controller model,
etc,, as specified by the user, to obtain the state space model of the
overall flight control system. The user-specified dynamics can be either
in the form of transfer functions or simulation equations, KONPACT-1
program can also be used independent of FLEXSTAB as a stand-alone
program, to obtain state space models of flight control systems and

other control systems.

This section describes the execution procedure for the KONPACT-1
program. The description of input data and output data is given here.

The program timing and central memory requirement estimates are

also discussed.
PROGRAM EXECUTION PROCEDURE

Figure 5 shows the block diagram of data flow in KONPACT-1. The MAIN
program reads card input data, reorganizes it, and writes it on BINPUT

file. The BINPUT file is used as card input data by the subprograms,
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The job control cards, used for executing KONPACT-1 programs, are those
commonly used by the SCOPE 3, 4.1 operating system for CDC 6000 and CDC
7000 series computers, For a detailed description of job control cards, the
user is referred to the SCOPE Manual (Reference 3), In the following dis-
cussion, job control card illustrations are based on using permanent disc
files; here the disc files are used to store output data required for succeeding
runs, The user is referred to the ASD Computer Center's User's Guide

(Reference 6) if magnetic tapes are used.

When executed, the FLEXSTAB/LSA program produces the simulator
deck data for the vehicle (Reference 1). Figure 6 illustrates the job
control cards for storing the aforementioned vehicle data on VDATA file.
More than one set of vehicle data can be stored on VDATA file, Each

set is identified by the first card in the set which containivthe description

(i. e., label) of the particular vehicle model,

Since it contains card images, the data on file VDATA are formatted.

KONPACT-1 program does not accept unformatted data on VDATA file.

Job control cards to create QDATA and NDATA files are illustrated in
Figure 7, There are two logical records of data following the job control
cards. The first logical record contains the specification of KONPACT-1
subprograms used and the maximum system dimensions needed for the

job. This record is data for the precompiler program PRECOM, The
second logical record is the modeling data, The state space model
(quadruple data) for each system specified by the user is written on QDATA
file and the name list data for each system is written on NDATA file.

The data on QDATA and NDATA files are unformatted. Figure 8 illustrates




the job control cards for adding new system data on QDATA and NDATA
files using KONPACT-1 program.

INPUT DATA

The input data for the KONPACT-1 program consists of three groups.
The first group is the simulator deck data. These data are on file
VDATA in the form of card images. The second group is the data for
the precompiler program PRECOM in the form of cards., The third

group of data is the additional modeling data also in the form of cards.

Simulator Deck Data

The simulator deck data are produced by FLEXSTAB/LSA in the form
of a punched card deck, This is subsequently input on file VDATA by
the user for KONPACT-1 program., The FLEXSTAB/LSA equations,
which represent the simulator deck data, are shown in Figure 9. The
simulator deck data structure with the formats is shown in Figure 10.
The first card describes the simulator deck data and serves as a header ]
card., If more than one set of simulator deck data is written on file
VDATA, then a particular simulator deck data can be retreived by specifying
the corresponding header card. I'ollowing the header card is the matrix
name card which contains one of the standard matrix names (defined in
Figure 9), along with the row and column size of the matrix, ‘The matrix
name card is followed by a deck of cards which contain the elements of

the matrix. The formats for the matrix data are given in Table 5. The

last card of the simulator deck data is a matrix name card with the name
*FINISHED* and size 0 x 0,

19
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Table 5, Formats for the Matrices in the Simulator Deck Data

CARD 1 (A10, 215)

Column Contents Explanation

1-10 NAME Name of the matrix

11-15 NROWS Number of rows in the matrix
16-20 NCOL.S Number of columns in the matrix

CARD SET 2 (6E10,0)

1-10 Aij Elements of the matrix

11-20 A 1, j41 Stored by rows, six elements per card
21-30 Ai, j42

31-40 :

i Aia1,1

Rt Aiv1,2

Precompiler Data

The user defines the KONPACT-1 subprograms and the values of the maximum
system dimensione needed for executing his job, The KONPACT-1 basic
subprograms are STAMKI1, STAMK2, STAMK3, STAMK4, and CONDK.,

If the user does not specify any subprograms to be used, the precompiler

assumes that all subprograms will be used in the execution of the job,
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The names of the maximum system diimensions (Table 6) are NXM, NRM,
NUM, NYM, MSB, AND MTB where:

NXM = Maximum number of states
NRM = Maximum number of outputs
' NUM = Maximum number of inputs
NYM = Maximum number of summing point equations = (no. of all

internal inputs + no, of all internal outputs) - (Reference 4).

MSB = Maximum number of systems to be combined (interconnected)

at one time =9

MTB = Maximum number of transfer function blocks in a system.

Only nonzero system dimensions need be specified, The formats for

precompiler data are shown in Table 6,

Modeling Data

Each system (i.e., vehicle, actuator, controller) in KONPACT-1 is

assigned a system number by the user. System number 9 is reserved

for the Implicit model. An interconnection of one or more systems is
defined as a new system. KONPACT-1 program obtains the state space
model (quadruple data) for each system along with a name list data for

the system variables, The system variables are the states, inputs,

and outputs of the system. When the state space model of a system is

conditioned (i.e., scaled, shuffled) by KONPACT-1, its system number




Table 6. Formats for Precompiler Data

CARD SET 1 (AS6)

Column Contents Explanation

1-6 NAME Name of the subprogram

CARD SET 2 (A4, 13)

1-4 NAME Name of the Maximum System Dimen-
sion

5-17 MSD Value of the Maximum System Dimen-
sion

is retained. The state space models (quadruple data) for all systems are
written on file QDATA along with the label cards to locate data, The
name list data for all systems are written on file NDATA using the same

labels, There may be more than one system with the same system

number. A reference table associating the most recent system description
with a system number is written on file NDATA, System numbers along
with the reference table are used for fetching quadruple data and name

list data of systems from QDATA and NDATA files.

Modeling data consist of several groups of data. They are the print
specification group, the system reference specification group, and the
system description group. A general picture of modeling data is given

in Figure 11,
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The print specification group specifies the printed output the user desires.
The various print specification cards and their descriptions are given in
Table 7. Any number of print specification cards can be used. If no

print specification cards are used, a default specification consisting

of PRINT INPUT DATA and PRINT FINAL OUTPUT DATA will be assumed
by the program,

Table 7. Print Specification Cards

Print Specification Card Result

PRINT NOTHING Nothing is printed
on the line printer

PRINT INPUT DATA Input data cards
will be printed

PRINT OUTPUT DATA Output data for each
system modelled will
be printed in detail

PRINT FINAL OUTPUT DATA Only the state space
model data for each
system will be printed

PRINT EVERY THING Debugging Information
will be printed in addition
to the above




The system reference specification group specifies the system description
that should be used in the reference table. Figure 12 illustrates the svstem

reference data, An example of reference specification is given in Section VI.

There are as many groups of system description cards in the model input
data as there are systems whose state space model is being computed by

the program. Figure 13 illustrates the system description data for a system
described Fy FLEXSTAB/LSA equations. The FLEXSTAB/LSA simulator
deck dala is on file VDATA and only the header card is needed to retrieve
this data, The name list data arrays for the system variables is shown

in Table 8. If the name list data is not used by the user, a default name

list is produced by the program and is useful in keeping track of the system

varvriables,

Figure 14 illustrates the system description input data for transfer functions,
This form of system description is most often used for actuators, sensors,
and controllers., First the transfer function data in the form of either
rationa! transfer function coefficients or transport (time) delay parameters
are specified, The connection data for the transfer function blocks are
specified next. This is followed by name list data in the end., The format
for the transport time delay parameters are given in Table 9, An example

of transfer function data and connection data specification are given in

Section V,
Figure 15 illustrates the system description input data when data are in

state space form (quadruple data), First the quadruple data are specified

and are followed by the name list data,
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Table 8. Formats for Name List Data

CARD SET 1 (I2, 6X, 2A4, 4X, 10A4, 4X, 4A4)

Column Contents Explanation

1-2 NNS Number of the state variable
VNS Name of the state variable
DESS Description of the state variable

UNITS Units of the state variable

CARD SET 2 (12, 2A4, 4X, 10A4, 4X, 4A4)

NNO Number of the output variable
VNO Name of the output variable
DESO Description of the output variable

UNITO Units of the output variable

CARD SET 3 (I2, 6X, 2A4, 4X, 10A4, 4X, 4A4)

NNI Number of the Input variable

VNI Name of the Input variable

DESI Description of the Input variable

UNI"1I Units of the Input variable

£ T AN
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Table 9. Formats for Transfer Function Data

CARD SET 1 (6E12. 6, 2I2)

Column Contents Explanation

1-12 TD Transport (or Time) delay in seconds

13-24 XX X-coordinate value, at which wind gust
is acting, in feet

25-36 XR Refcrence X-coordinate value in feet

37-48 Uu Velocity of wind in feet/sec

49-60 OMEGM Maximum frequency in radians/sec

61-72 DELPHM Maximum phase error in radians

73-74 ND Number of Denominator terms in Pade
approximation,

75-76 NN Number of Numerator terms in Pade

approximation,

Note: The rational transfer function data and connection data are
specified as matrix data and are always read using the format
(5(212, E12,6)),

Figure 16 illustrates the system description input data for a system described

as an interconnection of several systems.

Only the nonzero elements need be specified.

The maximum number of systems

that can be combined into one system is nine, The interconnection data,

which specifies the system numbers of the systems being interconnected,

are specified as a matrix data.

The interconnection data are followed by the name list data,

Only the nonzero elements need be specified,

An example of

interconnection of several systems is given in Section V,
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Figure 17 illustrates the system description input data for a system described
as the conditioning or modification of a system whose state space model

has already been obtained by the program. The conditioning data consists

of scaling data, response specification data, and reduction and shuffling

data. The formats for scaling data are given in Table 10. The conditioned
or modified system gets the same system number as the original system

and will be the current system in the system reference table. An example

of conditioning a system is given in Section VI,

Table 10. Formats for Scaling Data

CARD SETJ, (A6, 4X, E14.6, 6X, 4A4, 4X, 4A4)
Column Contents Explanation
1-6 VN Name of the scaled variable
11-24 SC Scale factor
'31-46 UN Old units
51-66 UNN New units

Note: Name of the scaled variable such as those listed in Table 8
should be of the following form: X(4), R(8), U(7) etc,

OUTPUT DATA

File Output Data

KONPACT-1 program writes the state space model (quadruple data) for each
system on QDATA file. It uses the system description card as the label

to store data for several systems on the same file. This label card is
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used for retrieving the quadruple data. Similarly, the name list d~ta for
each system are written on NDATA file using the system description card
as the label. In addition, the system reference table is written on NDATA
file for continuation runs (see Figure 8). Figure 18 shows the way in which

data is stored on files QDATA and NDATA.

Print Output Data

The print output depends on the print specification of the user, The following

summarizes the sequence of print output:

e Input data cards are printed (if PRINT INPUT DATA is specified).

For each subsystem defined, the input data to the system is printed

after the system heading (if PRINT OUTPUT DATA is specified),

For each subsystem defined, the state space data (quadruple data)
and the name list data are printed after the system heading (if either
PRINT OUTPUT DATA or PRINT FINAL OUTPUT DATA is specified),

PROGRAM TIMING AND CENTRAL MEMORY REQUIREMENT ESTIMATES

Program Timing Estimate

An approximate formula for the central processor time (Tcp) in decimal

seconds is:

T (NX + NR + NU)
Load cp 10

T = * NS




where:

= Program Loading Time (typically 4 seconds)

TLoad cp

NX = number of states of the system
NR = number of outputs of the system
NU = number of inputs of the system

NS = number of systems modeled.

An approximate formula for Input/Qutput Time (TI/O) in decimal seconds is:

T =T + (NX + NR + NU) * NS

1/0 Load I/0O
where:

T = Program Loading Time (typically 20 seconds).

Load 1/O

Central Memory Requirement Estimate

The precompiler program can be used to obtain the central memory required
for executing the job, The precompiler data was discussed earlier, An
example job set-up is shown in Figure 19, When this job is executed, the

central memory required to execute KONPACT-1 program is printed out.




SECTION IV

DESIGN PROGRAM (KONPACT-2)

INTRODUCTION

KONPACT-2 program interfaces with the modeling program KONPACT-1

via the data file QDATA for the design model, KONPACT-2 program also
interfaces with the linear system analysis (LSA) program of FLEXSTAB via the
data file SDSTP for performance evaluation of the open or closed loop system.
KONPACT-2 program consists of three subprograms namely DIAK, FFOC,
and DATAK., The DIAK subprogram developed by Honeywell (Reference 2)
computes the optimal state feedback gains, The FFOC subprogram also
developed by Honeywell (Reference 2) computes the optimal feedback gains

on specified measurements (i, e., Simplified Controller Design). The
DATAK subprogram developed under the present contract reads data from
data files and data cards and prepares the input data to execute DIAK and

FFOC programs.

The DATAK subprogram also computes the frequency domain representation
of the open loop or closed loop system for use by the LSA program, The
KONPACT-2 program can also be used, independent of KONPACT-1 and
LSA programs, as a stand-alone program for computing optimal feedback

gains,

This section describes the execution procedure for the KONPACT -2

program. The description of input data and output data are given here,




PROGRAM EXECUTION PROCEDURE

Figure 20 shows a block diagram of the data flow in KONPACT-~2, The
DATAK subprogram reads data for DIAK and open loop quadruple data

from file QDATA (obtained by executing KONPACT-1 program) and prepares
the data for DIAK subprogram on a scratch file, The DIAK subprogram
reads the data on the scratch file and computes optimal state feedback

gains and writes them on file DDATA., The DATAK program then reads
FFOC data, open loop quadruple data on tile QDATA, and gains on file
DDATA and prepares the data for FFOC subprogram on the scratch file.

The FFOC subprogram reads the data on the scratch file and computes sub-
optimal feedback gains on specified measurement and writes them on file
FDATA, Finally the DATAK subprogram reads LSA data, open loop
quadruple data on file QDATA, and gains on file FDATA (it can also read
gains on file DDATA or gains on cards); it computes the frequency domain repre-
sentation of the open or closed loop system for LSA program and writes it on
file SDSTP. The data on files DDATA and FDATA are formatted whereas
the data on file SDSTP are not formatted. The job control cards, used for
executing KONPACT-2 programs, are those commonly used by the SCOPE
3.4.1 operating system for CDC 6000 and CDC 7000 series computers,

For detailed description of job control cards, the user is referred to the
SCOPE manual (Reference 3), The data files of KONPACT-2, namely
DDATA, FDATA and SDSTP, are written on permanent disc files which

are cataloged at the end of the job., To use magnetic tapes instead of permanent
disc files, the user is referred to the ASD Computer Center User's Guide

{Reference 6),
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Job control cards to execute KONPACT-2 program is illustrated in Figure 21,
The input data cards follow the job control cards, In Figure 21 it is assumed
that the input data consists of data for DIAK sﬁbprogram, data for FFOC
subprogram, and data for obtaining frequency domain representation of the
closed loop system for LSA program. In practice, however, several iterations
are made with DIAK data alone and subsequently with FFOC data alone to
obtain final feedback gains., DIAK programs can also be used for covariance
analysis alone or time response alone for the final closed loop system, The

user must attach end catalog the required data files,

INPUT DATA’
Figure 22 illustrates the card input data for KONPACT-2 program. It

consists of four different groups of data, They are the print specification

data, the DIAK input data, the FFOC input data, and the LSA input data.

The print specification data is described in Section III. In this program,

the print specifications control only the prihted output from DATAK sub-
program and have no control over the printed output from the DIAK and the
FFOC subprograms. Modifications in DIAK and FFOC were beyond the

scope of the contract,

The DIAK input data and the FFOC input data are shown in Figure 23 and
Figure 24, respectively. The sequence and meaning of data cards for DIAK

and FFOC programs as documented in Reference 2 are retained fully, Under

KONPACT-2 program, comment cards can be inserted anywhere in the data;




options are provided to read certain matrix data from QDATA, DDATA
and FDATA files in addition to reading them from card input data, The
options for various matrix data in the KONPACT-2 program are shown in

Tabkle 11. These options are selected by the use of data control cards.

The list of data control cards is given in Table 12, The user should consult
Reference 2 for the details of the input data for the DIAK and the FFOC

subprograms, Several examples are given in Section VI,

The LSA input data (to compute frequency domain data for LSA program)

are shown in Figure 25. The open loop quadruple data are input from

QDATA file, Option is provided to read the feedback gains from DDATA

or FDATA file or from card input data, If feedback gains are provided,

the KON"I;ACT-2 program computes the frequency domain representation

for the closed loop system. If no feedback gains are provided, the KONPACT-2
program computes the frequency domain representation for the open loop

system.
OUTPUT DATA

File Output Data

Optimal state feedback gain matrix data are written on file DDATA when
DIAK subprogram is executed., Optimal reduced feedback gain matrix data
are written on file FDATA when FFOC subprogram is executed. Frequency

domain data are written on file SDSTP when DATAK subprogram is executed.

The data on files DDATA and FDATA are formatted, and the data on file |
SDSTP are not formatted.
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Print Output Data

The following items summarize the print output,

e Card input data are printed (if PRINT INPUT DATA is specified).
e Outpul data from the DIAK subprogram are printed.
e Output data from the FFOC subprogram are printed.

e Frequency domain data are printed,

PROGRAM TIMING AND CENTRAL MEMORY REQUIREMENT
ESTIMATES

It is very difficult to estimate the time required to execute KONPACT -2
program because of the several options provided in the DIAK and FFOC

subprograms.

A central memory of 165000 octal is required to execute KONPACT-2
program. This value is based on the maximum system dimensions presently
used in program KONPACT-2, The values of the maximum system dimensions
and the main programs in which they are defined are shqw;x in Table 13,

For changing the maximum system dimensions, the user should consult

Reference 2,
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SECTION V

CMONSTRATION EXAMPLE 1

INTRODUCTION

The example chosen in this section for demonstration is the design of a
handling qualities controller for the C-5A basic vehicle (cruise flight
condition). This model was generated from the Air Force Level 2,01,00

FLEXSTAB Computer Programaming System (Reference 1).

In the following subsection, the problem statement and the method of
solution are discussed first, Then the deck set-up for solving the problem
using KONPACT is explained. Finally, the computer printout and the

final design results are discussed.

It is assumed that the user is now familiar with the optimal control

programs (DIAK and FFOC) and the design procedures listed in Reference 2,

PROBLEM STATEMENT

The problern is to design a controller for the C-5A basic vehicle (cruise
flight condition) so that the controlled vehicle will have the desired handling
quality (Reference 10). The handling quality criterion in this example

is prescribed in terms of the short period poles, The desired short

period poles are given as: o, ® 3 rad/sec and { = 0, 7.




METHOD OF SOLUTION

The C-5A handling quality controller, designed via the optimal control
synthesis technique, is carried out in three parts: a) design model

generation, b) controller design, and c¢) performance evaluation,

Design model generation consists of three steps. The first step is to
obtain the required dynamics (i.e., vehicle, actuator, pilot model,
implicit model) needed for the C~5A handling quality design process., The
second step is to augment the C-5A vehicle model with appropriate pilot
model, actuator, and implicit model (see Figure 26). The third step is

to select the design responses and obtain a design model,

Controller design consists of two steps. The first step is to obtain
optimal state feedback controller gains by varying the quadratic weights

on selected design responses so that the liandling quality criterion is met,
The second step is to obtain reduced feedback gains so that only a specified

set of sensors is used, and the handling quality criterion is not compromised.,

Performance evaluation of the closed loop system is obtained to check the

design,

Design Model Generation

Figure 26 shows a schematic diagram of the design model. In the
following paragraphs, the steps for obtaining the design model are

described,
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C-5A Basic Vehicle for Cruise Flight Condition (Static Elastic Symmetric

Dynamic Math Model)--The C-5A basic vehicle for cruise flight condition

(static elastic symmetric nmodel) is provided by the FLEXSTAB LSA

program in the form of a simulator deck data,

This model is given system number 1 (S-1, Figure 26) and STAMK1

subprogram in KONPACT-1 is used to obtain the state space model from

the simulator deck data. The system variables are the following:

States: u, w, q, 8

Outputs: qs, nal, naz, naB
InPUtS: Gan Gep éag 5e9 nga Wgzg Wgsn ng, Wgz' wgs.
wgsl’ wgSZ’ Vg3t VEs1’ VEs2' Ves3

Table 14 gives their description and also forms the basis for the name

list data input,

C-5A Reduced Vehicle for Cruise Flight Condition (Reduced Static

Elastic Symmetric Dynamic Math Model)--The handling quality controller

design requires only the short period dynamics (i.e., w and q), ée input,

and q and n, . outputs. The reduced model is obtained by truncating

the states u arlld ® and omitting the inputs and outputs not needed. Also,

the states w and q are defined as outputs, This reduced model is obtained
by using the CONDK subprogram in KONPACT-1, The system number 1

is retained for the reduced system (S-1, Figure 26), The system variables

(]
in this case are:
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States: w, q
Outputs: qs, nal. w, q
Inputs: 6e

Actuator Model-~-The actuator is given by the transfer function:

b

a = =
S + aa » aa = ba 7. 5. (3)

Ha(S) =

The actuator is given a system number 2 (S-2, Figure 26) and is modeled
using the STAMK2 subprogram in KONPACT-1,

Pilot Model--The pilot model is a first order lag filter given by the transfer

function:
b -3
H()=—— ;a =0,1, b =0.223x10 ". (4)
p s +a p p

The pilot input time constant is chosen as 10 seconds since this gave good
GLA (Gust Load Alleviation) performance when used with rate model
following (Reference 10)., The gain bp is choign to be 0,223 x 10”° in
order to obtain an rms pilot input of 0,5 x 10 ~ radian (0, 0287 degx:ee).
This is an important factor in reduced (not full) control sinceopiir;lal

gains depend on covariance analysis.

The pilot model is given a system number 3 and is also modeled using the
STAMK?2 subprogram in KONPACT-1,

43

&N

SRR R R S R A B R




ol

Interconnection of Reduced Vehicle, Actuator, and Pilot Model into a

System Called Plant--The interconnections for the plant are shown in

Figure 26, The interconnections are described by the following equations:

|
U}y UIL/RIL | UIZ/RI2 | UIL/RI3\ [r,,
i N R SR i
' |
U, |=| vi2/Ril | ur2/RI2 | UI2/RI3 |, +
__________ | ———— -
{ |
( i
U, UI3/RI1 | UIS/RI2 | UI3/R13/ |r.,
un/u
ui2/u | () (5)
UI3/U
Ti1

|
(r) = (R/RI1! R/RI2

R/RIB) | r, |+ (R/V)U) ()

-3

Ti3

where Uil' Uiz' and U13 are the inputs to systems 1, 2, and 3, respectively,
and i Tigs and r; are the outputs from systems 1, 2, and 3, respectively.
U is the input to the plant,and r is the output from the plant, Definitions

n of the inputs and cutputs in terms of the system physical variables are
given in Table 15,




Table 15, Input/Output Definitions for Obtaining Static Elastic Plant Model
System
No. Name Input Definition Output Definition
1 Reduced Vehicle Uil = 6e riq = Col {qs.nal,w,q]
2 Actuator Ui2 = 6ec Tip = 5e
3 Pilot Model Ui3 = T]p g = rp
4 Plant U = Col [T]p,uc} r = Col {qs.nal.w. q, rp}

Thus the non-null interconnection matrices are given in the following:

UIl/RI2
UI12/u
U13/u

R/RI1

R/RI3

(1)

o O O = O
o O = O O

Q = O © O

(N




4

i

The interconnection data are used by subprogram STAMK3 of KONPACT-2
to model the plant. The plant is given a system number 4 (S-4, Figure 26).

Implicit Model-~The implicit model is used to gencrate model following

error rate responses (Reference 10). These model following error rate

responses are weighted during the design step to achieve handling quality

criteria,

The implicit model construction is described in the following,

The reduced C-5A vehicle is described by the equations:

£
"

Auw + A12q + B11 ae
(8)
A21w +A22q +B

.Qo
"

]
21 e
where the values of the coefficients for cruise flight condition are given by:

-0.67868 8741.2 0. 33079
A = B = (9)
\-0. 0001874 -1.1011 -1.6064

The implicit vehicle is described by the equations:

WM B Wm tApdm B um
. A (10)
q M = A21 W +A22qM +B12 LRV

where Y and qM are state variables of the implicit model, and u

is the input to the implicit model.

M
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As can be seen, the coefficients of the first row of the implicit model
transition matrix are the same as the corresponding elements of the
vehicle equation, The second row coefficients are obtained from the
handling quality criteria, the prescribed short period poles. These are

given as:
w = 3 rad/sec and { = 0.7.

The cor sesponding characteristic equation is:

A(s)=sz+25wns+w

n

since:

tr(a) = -2 Cwn = -4,2

- 2
det(A) wn =9

A

Ay Ay, = -42

» L]

A A A A

11 B22 " P12 9

21 -

and the results are:

~N

A21 = -,0007562 and

- (14)

A22 = -3,5213.

The implicit model is always given the system number 9 (S-9, Figure 26).




Interconnection of the Plant and the Implicit Model {Overall System)--

The interconnections for the overall system are shown in Figure 286.

Table 16 gives input/output definitions for this case. The non-null inter-

connection matrices are given by:
UI9/RI4

Ul4/U

The interconnection data are used by subprogram STAMK3 of KONPACT-1

to model the overall system. The overall system is given a system
number 5 (S-5, Figure 26),




Table 16, Input/Output Definitions for Obtaining Overall
Static Elastic Sys_em Model

Name Input Definition Output Definition

Plant u;, = Col {T]p. uc} r., = Col {qs. n e W G rp}

-

Implicit u, r,. = Col {w Qs
Model L 5 M

}

a, r , e .,

Overall u = Col {'ﬂp, uc} r = Col {qs. n ;s o’ Cwi eqi

System

Overall System (Design Model)--The design response specifications,

sensor specifications, control input specifications, and disturbance input
specifications are used by the CONDK subprogram of KONPACT-1 to obtain

the design model. System number 5 is retained for the design model
(S-5, Figure 26).

The specified design responses for this example are:

Lo, 6, 5, ¢
/(q % e6e ewi

The specified sensor responses are:

(qu nall 6el rp)i

The specified control inputs are:

(u ).

C

-




The specified disturbance inputs are:
(np).

The implicit model ig automatically truncated by the CONDK subprogram
after modei following error rate equations are obtained internally, (For

an explicit model, a System number other than 9 should be assigned, )

The dynamics needed by the subprograms DIAK, FFOC, and DATAK in
KONPACT-2 are given by the following equations (see Reference 2):

il

X (F)x + (Gl)u + (Gz)'ﬂ

r = (Hx + (D) (16)
m = (AM)x
where:

X is the state variableg

u is the control variables

7 is the disturbance variables
r is the design responses

m is the measurements,

The quadruple data (A, B, C, D) representing the design model contain

the previously mentioned matrices ag shown below:

A = (F) B = (G

= (17)
- H r = 9 l—-—
3 (7*7\’?) 3 (07 )




Contrcller Desig_r_l_

Figure 27 represents a block diagram of the design process. The starting
design response weights are shown in Figure 28, In the following paragraphs,

the steps for obtaining the handling quality controller design are described.

Optimal State Feedback Gains for Handling Quality Controller Design--

Using the overall systein design model described earlier, the optimal state
feedback gains are computed by the DIAK subprogram of KONPACT-2 for

the specified quadratic weights, The quadratic weights are varied and the
optimal state feedback gains are computed until the handling quality criterion
is met, The variation of quadratic weights and the resulting system gains

are shown in Figure 29,

Reduced Optimal Feedback Gains~-The optimal full state feedback control

law is given by:

6§ =(K )q =(K )n. +(K,) b5 +(K )r,
ec q, s 0, al Ge e P P

Reduced optimal feedback gains are obtained for two cases by the FFOC
subprogram (see Figure 30). In the first case, the gain on measurement ’*e
alone is reduced to zero. In the second case, the gains on measurements
6e and n,, are reduced to zero. The effect of these reductions is presented

in Figure 31, The first reduction maintains the desired C-5A handling qualities,

Performance Evaluation

In Figures 32 thrcough 34 the time responses of the open and closed loop system
are obtained to demonstrate the desired hancling quality. These time responses

are due to the elevator input contained in each figure. The short period pole
locations are also checked out which is demonstrated in Figure 30,




DECK SET-UP

Figure 35 shows the static elastic simulator deck data which are calculated

by the FLEXSTAB/LSA program, The precompiler data needed for KONPACT-1
are shown in Figure 36, It consists of the subprograms that will be needed to
execute the KONPACT-1 input data, The input data to produce the design

model of the overall system are shown in Figure 37, The KONPACT-2

input data required to obtain optimal state feedback gains (using the DJAK
subprogram) are shown in Figure 38, The KONPACT-2 input data required

to compute the feedback gains only on specified measurements (using the

FFOC subprogram) are shown in Figure 39, The KONPACT-2 input data
required to obtain time response (using the DIAK subprogram) are shown

in Figure 40,
OUTPUT DESCRIPTION

KONPACT-1 output data are shown in Figures 41 through 53, The corresponding
input data are shown in Figure 37, The C-5A vehicle simulator deck data,

for cruise flight condition in matrix form, are given in Figure 41, and the
corresponding vehicle quadruple data, along with the name list data, are

given in Figure 42, The reduced vehicle name list data and quadruple data

are given in Figure 43, The actuator transfer function data are given in

Figure 44, and the corresponding actuator quadruple data along with the

name list data are given in Figure 45, The pilot model transfer function

data are given in Figure 46 and the corresponding pilot model quadruple

data, along with the name list data, are given in Figure 47. The interconnection
data for the plant are given in Figure 48, and the corresponding plant

quadruple data, along with the name list data, are given in Figure 49, The




iy

implicit model name list data and the quadruple data are given in Figure 50.
The interconnection data for the overall system are given in Figure 51,

and the corresponding overall system quadruple data, along with the name
list data, are given in I'igure 52, The overall system design model name

list data and quadruple data are given in Figure 53,

KONPACT-2 output data, obtaining optimal state feedback gains using
DIAK subprogram, are shown in Figure 54. Even though the corresponding
input data given in Figure 38 contain five different quadratic weighting
matrices, the output data shown here contain the iterations for the fourth
quadratic weighting matrix, The results for the other quadratic weighting

matrices are summarized in the next suksection,

KONPACT-2 output data, for obtaining feedback gains on specified

measuremerits using the FFOC subprogram, are shown in Figure 55,

KONPACT-2 output data, for obtaining time response of closed loop system

using the DIAK subprogram, are shown in Figure 56,

DISCUSSION OF RESULTS

In the first step of the design optimal gains, qu, K'“al’ Kﬁe’ and Krp are
determined by varying the quadratic weights and using the DIAK subprogram
until the handling quality criterion is met, Figure 29 shows the variation
in gains and the closed loop eigenvalues when the weight QS is varying

from .001 to 10,0, The movement of the closed loop eigenvalues is

also shown in Figure 31,

AT
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In the second step of the design, the number of feedback gains is reduced
by using the FFCC subprogram. When both Kée and Knal are reduced, the
re sulting closed loop eigenvalues do not meet the handling quality criterion,
When only Kée is reduced, the handling quality criterion is met. The
variation in gains and the closed loop eigenvalues when the reduction of

gains takes place are shown in Figure 30, The movement of the closed

loop eigenvalues is also shown in Figure 31,

The step response for q, @, and 6e for the open loop system is shown in
Figure 32, The step response for q, @, and 6e for the full state optimal

closed loop system is shown in Figure 33. The step response for q, ¢,

and 6  for the reduced (only K3, is reduced) optimal closed loop system

is shown in Figure 34. As canbe seen, the reluced feedback optimal

system develops responses similar to the ful! Jiate optimal system,
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SECTION VI

DEMONSTRATION EXAMPLE 2

INTRODUCTION

The example chosen in this section for demonstration is the repeat design
of the Active Lift Distribution Control System (ALDCS) for the C-5A
vehicle (cruise flight condition) per Reference 10, The vehicle model
was generated from the Air Force Level 2,01, 00 FLEXSTAB Computer

Programming System (Reference 1).

The problem statement and the method of solution are discussed first,
Next, the deck set-up for solving the problem using KONPACT is explained.

Finally, the computer printout and the final design results are discussed.
PROBLEM STATEMENT

ALDCS design goals are shown in Table 17, The problem is to design

a controller for the C-5A vehicie (cruise flight condition) to meet these
goals,

METHOD OF SOLUTION

The C-5A ALDCS controller design via the optimal control synthesis

technique is carried out in three parts: a) design model generation,

b) controller design, and c) performance evaluation,
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Design Model Generation

Figures 57a and 57b show schematic diagrams of the design model, In the

following paragraphs, the steps for obtaining the design model are described.

C-5A Vehicle for Cruise Flight Condition--The C-5A vehicle for cruise

flight condition (Residual Elastic Symmetric Model) is provided by the
FLEXSTAB (LSA program) in the form of a simulator deck data written

on file VDATA, A full description of the model is presented in References
8 and 9 and therefore will not be repeated in this report., This model is
given systemx number 1 (S-1, Figure 57a), and the STAMKI subprogram in
KONPACT-1 is used to obtain the state space model from the simulator
deck data. For a definition of the load reference axis systems used to
define (Bi, Ti i=1, ...15), see Figure 4 of Reference 4, The system
variables are the following:

StateS: u, wn ql ep nlp T‘zt see T]15. nli lel ees » n15

Outputs: Ags Nyq0 000 n_ g Si, B1, Ti, S2, B2, T2, ...,

S5, B5, TS5

..6,5 '6.w1.w i X

: ) » » » » » » i »
luputs a aei 6eo a’ ei’ eo’ g g2 wg3 wgl “’gz wg3

Table 18 describes these symbols and forms the basis for the namelist data,
Note that a redefinition of generalized coordinates has been made from

.. " 4o "‘ni" to facilitate later discussion.

1i
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C-5A Converted Vehjcle for Cruise Flight Condition--It is assumed that the
ALDCS controller design requires only the short period dynamics (i.e,, w
and q) and the flexure mode states (T]l, e e b 1’]15. ﬁl' 395 & ’ﬂls). In this
case the assumption is valid, as the unaugmented C-5A has substantial
separation between its short period and plugoid modes. For other aircraft
of reduced static stability that do not possess this eigenvalue separation,
the assumption is then, of course, not valid., Also, the design requires
that units of some of the variables need to be changed (see Table 19).

The C-5A converted vehicle is obtained by truncating the states u and 6 and

Table 19, Change of Units for Some of the System Variables of C-5A
Residual Elastic Vehicle (Cruise Flight Condition)

Variable Old Unit New Unit Scale Factor

q Radian/Sec Inch/Sec 0.164789E 04

W1 Inch/Sec Feet/Sec 0, 833333E-01

\ wgz Inch/Sec Feet/Sec 0.833333E-01
W3 Inch/Sec Feet/Sec 0.833333E-01

‘ wgl Inch/Sec Feet/Sec 0.833333E-01
‘;'gZ Inch/Sec Feet/Sec 0.833333E-01

Wg3 Inch/Sec Feet/Sec 0.833333E-01

n, Inch/Sec? 1G 0.258800E-02

n_, Inch/Sec? 1G 0.258800E-02

n g Inch/Sec 1G 0.258800E-02
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changing the units of the variables specified. System number 1 is retained for

the converted vehicle (S-1, Figure 57a) and is obtained using the CONDK
subprogram,

Actuator Mcdel--The actuator block diagram is shown in Figure 58, The

actuator is given a system number 2 (S-2, Figure 57a) and is modeled

using the STAMK2 subprogram in KONPACT-1,

Gust Model--The gust model block diagram is shown in Figure 59, and the
gust model (Reference 10) coefficients are shown in Table 20, The gust
model is given a system number 3 (S-3, Figure 57a) and is modeled using
the STAMKS3 subprogram in KONPACT-1,

Table 20, Gust Model Coefficients

Coefficient Description Value
;1 Wind filter coefficient 0. 42
a Wind filter coefficient 0.0441
b,  Wind filter coefficient 0. 7937 :
So Wind filter coefficient -0, 2371 :
VNT Kussner coefficient for nose and tail 9,0284
L Kussner coefficient for wing 4, 4596
Tw First order time delay filter coefficient 0.0744
;1 Second order time delay filter coefficient 16,0044
éo Second order time delay filter coefficient 96,0523
61 Second order time delay filter coefficient -8,0022
Bo Second order time delay filter coefficient 224. 1219 :
.
83
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Interconnection of Converted Vehicle, Actuator and Gust Model (Plant)--

The interconnections for the plant are shown in Figure 57a, The non-null
interconnection matices for these interconnections are obtained as in
Section V, The interconnection data are used by subprogram STAMKS of
KONPACT-1 to model the plant. Two additional responses « and ch are
defined here for the plant, The plant is given a system number 4 (S-4,
Figure 57a),

» By Too oo, B,
are obtained here by using the CONDK subprogram of KONPACT-1, The

Plant Design Model--The load rate responses (1'31, Ly 5)

system number 4 is retained for the plant design model (S-4, Figure 57a),

Reduced Order Plant Models--The plant obtained in the preceding step con-

tains 15 flexure modes. This is reduced to the six lowest frequency flexure
modes by residualization and truncation procedures (Reference 4). Three
different models are obtained, The procedure for obtaining the three models

is shown in Table 21, The system reference specification is used to obtain

Table 21, Reduced Order Plant Model (Six Modes) Obtained from
Residual Elastic Plant Design Model (15 Modes)

Name Procedure

F24RR Obtained by residualizing states, design
responses, and sensor measurements,

F24RT Obtained by residualizing states and design
responses and truncating sensor measure-
ments,

F24TT Obtained by truncating states, design

responses and sensor measurements,

R




the three models from the plant design model (see Figure 79). The F24RR
model is used for the ALDCS controller design.

ALDCS Controller Model--The block diagram of the ALDCS controller

is shown in Figure 60, This model is given system number 5 (S-5, Figure 57b).
The STAMK4 subprogram in KONPACT-1 models the controller dynamics

using the user written subroutine SIMX2, The program listing for SIMK2 for
the ALDCS controller is given in Figure 61, The system variables for

the ALDCS controller are the following:

States: (A21RL, GLAF, MLC1, HP, F3E, MLC2, P)

)

Outputs: (uéa' u u

Sei’
Inputs: (ucl’ u_q T]p. 6 6ei' A21R, AFUS, TFUS, ACG).

deo

The gains KAF and KM1 for the ALDCS controller are obtained by conducting
three steady statc tests (Reference 4) on the corresponding plant model
(F24RR). The steady state tests made are given in Table 22, These tests

are described more fully in Reference 4,

\ Reduced ALDCS Controller--The general ALDCS controller modeled in the
previous step is reduced by truncating the states (HP, F3E, MLC2), The

block diagram of the reduced controller is shown in Figure 62. The system
number 5 is retained for the reduced ALDCS controller (S-5, Figure 57)
and is obtained using the CONDK subprogram, :

Interconnection of the Reduced Plant and the Reduced Contrcoiler (Overall

System)--The interconnections for the overall system are shown in Figure 57b.
The non-null interconnection matrices for these interconnections are

obtained as in Section V. The interconnection data are used by subprogram
STAMKS3 of KONPACT-1 to model the overall system. The model following
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error rates for handling quality are defined as additional responses. The

overall system is given a system number 6 (5-€, Figure 57b).

Overall System (Design Model)--Th_e design response specifications, sensor
specifications, control input specifications, and disturbance input specifica-
tions are used by the CONDK subprogram of KONPACT-1 to obtain the design
model. System number 6 is retained for the design model (S-6, Figure 57b).

The specifications for this model are listed in Table 23.

Controller Design

Figure 63 represents a block diagram of the design process. The design
respons: weights are shown in Figure 64. In the following paragraphs,

the steps for obtaining the ALDCS controller design are described.

Optimal State Feedback Gains for ALDCS Controller Design--Using the

overall system design model described earlier, the optimal state feedback
gains are computed by the DIAK subprogram of KONPACT-2 for the

specified quadratic weights. The quadratic weights are varied,and the

’ corresponding optimal state feedback gains are computed until the ALDCS

design goals are met.

Reduced Optimal Feedback Gains--Starting from the optimal state feedback

control law, reduced optimal feedback gains are obtained by the FFOC

subprogram, The reduced control law is g'iven by the following equations:

= A
Ugo (KIDELA) i # (KlAleL) A21RL + (KIGLAF) GLAF (19)

= 9
gy = (K2, ) A2IR + (K2

arus’ * E2ppyg) TFUS + (K2p) p.  (20)

A21R
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The gain variations required to produce the reduced optimal feedback gains

are shown in Figure 43 and 44 of Reference 4.

The Tuning of Reduced Optimal Feedback Gains for Steady State Requirements--

The gain K2p is adjusted to meet the steady state requirements in the elevator

loop (Reference 4).

Performance Evaluation

The time response and covariance response of the final closed loop system
are obtained using the DIAK subprogram, Figures 66 through 74 demonstrate
thal the ALDCS load relief and the handling quality design goals are satisfied,
The resulting eigenvalues for the free, SAS and ALDCS aircrafts are shown
in Figure 66. Figures 67 through 69 present the angle of attack (a)time
responses due to a pilot elevator ccommand., For the free, SAS and ALDCS
aircrafts, Figures 70 through 72 present the pitch rate (q) time response,
Figures 73 and 74 present a tabular listing of the steady state values of
response variables due to a 1-g incremental maneuver and of the covariance

results due to and T ,
ﬂg T]P
DECK SET-UP

Figure 75 shows the simulator deck data which are calculated by the FLEXSTAB/
LSA program, Using this data, the plant design model is obtained, The
precompiler data needed for this step are shown in Figure 76, and the "
corresponding KOMPACT-1 input data are shown in Figure 77, In the second
step, the reduced order plants (F24RR, F24RT and F24TT) are obtained. The

precompiler data for this step are shown in Figure 78, and the corresponding

KONPACT~-1 input data are shown in Figure 79, In the third step, the




reduced order plant is combined with the reduced ALDCS controller to cbtain
the overall system, The precompiler data and KONPACT-1 input data for

this step are shown in Figures 80 and 81. In the fourth step, the overall
syctem design model is obtained, The precompiler data and KOVPACT-1 input
data fer this step are shown in Figures 82 and 83, The KONPACT-2 input

data required to obtain optimal state feedback gains (using the DIAK sub-

program) are shown in Figure 84,

The KONPACT-2 input data required to compute the feedback gains only on
specified measurements (using the FFOC subprogram) are shown in Figure 85.
The KONPACT-2 input data required to obtain time response (using the DIAK
subprogram) of the closed loop system are shown in Figure 86, The KONPACT-2
input data required to obtain covariance response (using the DIAK subprogram)

of the closed loop system are shown in Figure 87. The KONPACT-2 input

data to prepare frequency domain data for the LSA program are shown in

Figure 88, and the corresponding data for the LLSA program to evaluate power

spectral density are shown in Figure 89,

OUTPUT DESCRIPTION

KONPACT-1 output data are shown in Figures 90 and 91. The C-5A wvehicle
quadruple data aiong with the name list data are given in Figure 90. This
system 1 quadruple data is the state space representation of the unaugmented
FLEXSTAB, residual elastic math model of Figure 75 and represents the
output resulting from the KONPACT-1 input data deck shown in Figure 77,

The system ALDCS overall design model is shown in Figure Y1 and
represents the output from the KONPACT-1 input data deck of Figure 83;




the model contains the F24RR model, control surface actuator dynamics,
the gust model dynamics and the ALDCS controller, This model is used
in DIAK and FFOC to produce the reduced controller gains, The KONPACT-2

output data are summarized more fully in the next section,

DISCUSSION OF RESULTS

The optimal reduced feedback gains for the ALDCS design are shown in

Figure 65,

The eigenvalue comparison for open loop vehicle, SAS vehicle, and closed
loop (reduced feedback only) vehicle are shown in Figure 66, The time
response of the open loop vehicle, SAS vehicle, and closed loop (using the
reduced controller of Figure 62) vehicle are shown in Figures 67, 68 and
69 for response a and in Figures 70, 71 and 72 for response q. It can be

seen that the handling quality requirements are met,
The covariance response due to gust load for open loop vehicle and closed
loop (reduced feedback only) vehicle are shown in Figure 73. It is seen that

the gust load alleviation requirements are met,

The steady state responses for 1 g maneuver for open loop vehicle and

closed loop (reduced feedback only) vehicle are shown in Figure 74, It is

seen that maneuver load control requirements are met,

The torsional moment (T1) design requirement for this controller is not
satisfied. T1 is increased 80 percent due to this reduced controller of
Figure 62. This controller was designed by a single run through the FFOC
program as described in Reference 4. Due to the time and funding contraints

of this study, the controller was not refined to meet this design recuirement.
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Figure 13, System Description Data (for using STAMK1)
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Figure 17. System Description Data (for using CONDK)
Card Arrangement (Concluded)
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Figure 18. Data Written on Files QDATA and NDATA
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Figure 19, Precompiler Job Set-Up for Computing KONPACT-1 Central
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Figure 20, Data Flow in KONPACT-2
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Figure 21. Control Card Arrangement to Execute KONPACT-2 Program
and Create Files DDATA, FDATA and SDSTP
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Figure 23. KONPACT-2 Input Data (for using DIAK)
Card Arrangement (See Reference 2 for
Variable Definitions)
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\ J

Figure 23, KONPACT-2 Input Data (for using DIAK)
Card Arrangement (See Reference 2 for
Variable Definitions) (Concluded)
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CIFCT 1 JFCT) 4 I=10NF) \
(4012)
AUAM/DELT» ALAMD
(3610.4)
/moc

(G10.4)
AJSTAR
(G10.4)

/EPsx (610.4) ‘

/
/ O
ya

\
/ )
/(NORD(H-I=1'NX)

(4012) \
NX+NR+NU s NN+ NFF  NF )
(612)
IMZX+ N1TMs NOPR s NOCOV s NBEG IN N\
(512)
SYSTEM NO 5 OVERALL SYSTEM (DESIGN MODEL)
(20A4)
/. C 1F DATA IS ON CARDS AND TAPE READ THE LABEL TO OBTAIN DATA ON TAPE N\
DATA ON CARDS AND TAPE N\
(22HDATA ON CARDS AND TAPE) )
/C READ IF DATA IS ON CARDS ONLY OR ON CARDS AND TAPE k| v
SFFOC DATA \ lJ
(1OHSFFOC DATA) /
/c FFOC INPUT DATA N |

Figure 24, KONPACT-2 Input Data (for using FFOC) :

Card Arrangement (See Reference 2 for
] Variable Definition)
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THI OF FFOC DATA ‘ N
’ (16HEND OF FFOC DATA)
" ¢ 100 CONIPME N\
/ \\
V4 ™\
/ \\
/m AD CARD FOR MATRIX DELX (DELKL1(LAMBDA)) N\
(20HREAD CARD FOR MATRIX,2A4)
L/ ™
N
/[ ™\
L ™\
/. _ ) L/
READ CARD FOR MATRIX AK{X1{LAMBDA)} N\ J
(20MRFAD CARD FOR MATRIX)2A4)
[T TF (ALAM FT.. 897 €0 1o 100 N\ )
% A %
/" ) /
/ \ g
ya w r/ !
READ CARD FOR MATRIX BK{K2)
Z (20HREAD CARD FOR MATRIX»2A4) Y
[ Y
o/ )/
/[
L
L J
/fLAI, CAEE FOR MATRIX AK(K(11) w
_ (20HREAD CARD FOR MATRIX,2A4)
y
= N\
= )
£ N )
/R[AD CARD FOR MATRIX AKG (OPTIMAL RICCATI GAINS) A\
(20HREAD CARD FOR MATRIX,2A4)
V4
s W
A ™\
ZL — )
\
READ CARD FOR MATRIX 8 N\
‘——-—7’ (20HREAD CARD FOR MATRIX»2A4)
/ e (20HREAD TAPE FOR MATRIX.2A4) ) }/
/[AD TAPE FOR MAIRIX D N\ ./
(P20MREAD TARE FOR MATRIX.2A4) /
/?EAD TAPL FOR MATRIX R ™\ L/
(20HREAD TAPE FOR MATRIX A4) _)
/R[AD TAPE FOR MATRIX G2 \
(20HREAD TAPL FOR MATRIX,ZA) )
/READ TAPE FOR MATRIX G1 N\ |/
/ (2CHREAD TAPE FOR MATRIX.2Ad) b
/nun TAPE FOR MATRIX F ™ J
(20HREAD TAPL FOR MATRIX.2A4) }
L/
L/
L/
- J
Figure 24, KONPACT-2 Input Data (for Using FFOC)
' Card Arrangement (See Reference 2 for
| Variable Definition) (Concluded)
§
.
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EMD DF LSA DATE ™y
{15HEND OF L5A DATA)
=

L R
AMAMECL) o =] o MR -\\

CEAIDH
/ NAMES OF SYSTEM VARIABLES

(25HNAMES OF SYSTEM VARTABLES)

€ WAME LIST DATA FOR LS& 1\1
USE ONE OF

THESE OPTIONS / END W
TO INPUT i

FEEDBACK / ™

GAINS Fd "\q ,./

READ CARD FOR MATRIX AX ™ )/
{23 READ CARD FOR MATRIX AK)

GATH HATRIX .#"II
(LAHGATN MATRIXN)
/ READ TAPE FOR HATRIK AKP ;---/l

{Z4HREAD TAPE FOR MATRIX AKP)

GAINS MATRIX FOR CASE 1 y
(24HBAINS MATRIA FOR CASE 1

RFAD TAPE FOR MATRIN AKG ./
(PAHREAD TAPE FOR MATRIX AKG) \

/ C READ FEEDBACK GAIN MATRIX ‘(

(20A4)
/ C READ THE LABEL T0 OBTAIN DATA ON TAPE W

/ SYSTEM NO 5  OVERALL SYSTEM (DESIGN MODEL) \

(22HDATA ON CARDS AND TAPE) )
C USE ONLY DATA ON CARDS AND TAPE N\

/ DATA ON CARDS AND TAPE

$LSA DATA \
(GHSLSA DATA}

LSA INPUT DATA w

Figure 25, KONPACT-2 Input Data (To Compute Frequency Domain
Data for LLSA Program) Card Arrangement
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R ey Lo

Design (C-5A Cruise Flight Condition)

y-

Response Weight Starting Value
o Q2 0.0
ée Q3 1.0
ée Q4 1.0
e‘”i Q5 0.0
e 1.0
q; QW
Figure 28, Design Response Weights for Handling Quality Controller
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Figure 32, Response of C-5A Open Loop Static Elastic
System to Elevator Command




e

¥ e

0 00§
20S
40S
:60S

+ 8085

1,908

1.295S

1,405

1.605

1 80S

2,005

2,205

2.40S

2,605

2,808

3.008

3,205

3,408

605

80S

.00S

‘205

+40S

605

4,805

5.00S

Time (Seconds)

S ST W

orLtar  (Radians)

630 «051 <071 092 113

B B T B L LL T TL S DY PR TL PET TS EPT S et cceme]

1

ot b ol —p et d g —# ey g et hed d Mg hep e = p ot b g d <ne

Figure 32, Response of C-5A Open Loop Static
Elastic System to Elevator Commard
(Concluded)
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Response of C-5A Full State Feedback Static Elastic
System to Elevator Command
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Figure 33, Response of C-5A Full State Feedback Static Elastic
System to Elevator Command (Concluded)
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Figure 34, Response of C-5A Reduced Feedback Static Elastic System
(Kye = 0) to Elevator Command
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Figure 34. Response of C-5A Reduced Feedback Static Elastic System
(Kﬁe = 0) to Elevator Command (Concluded)
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STATIC-ELASTIC SYMETRI]C

VP/VPO 3 3

=.00397921=,020451644-33],21146~,11892511-.67R67980 B8741,.2021
L 192E-05-,00018740~1,1011024

VP/RO 3 1
~3R5,82558-14,851845 ,00049192
VP/DELSO 3 2

=1.,16247195-3,4864T771=156,62R69-330,79630-.29081411~]1,6063686
(BANDING) 1 3
-1017,93%) ¢, 1017.93%5)
vP/uG0 3 3
«00113479 ,01926954 L&71E-06 ,1007788) ,57802128~.00012030
+00062632-,00019920 ~,397E-064
vP/uGl 3 3
=,660E=06~,00077100 .6A1E=-05-,00176649-,01756977 .00124663
=9 200E-05 LI97E=0& =,403E-0S
VP/4GSO 3 3
001136479 ,0192695¢ L,471E-06 ,10077881 ,57802)28-.00012030
«00062632~-,00019920 ~=,397E~C4
VP/uGS) 3 3
=y660E=064~,08077100 .661E-25-,001764669~,01756977 .00124663
«e200E~0S LI9TE~04 ~,403E-0S

R/s7vPO 1 k)
-0, 0. 1.0000000
R/RO 1 1
-0‘
T/%90 4 3
0. 0. 1.0000000 0. 0, =8839.912¢
0, 0. -8839.9124 0, 9, =8839.912¢
T/7v3) L 3
+JOTE=06 .4J2E~0S ,0036489] 0. 1.0000000-726.21672
[ A 1.0000000 246,8)328 0. 1.0000000 3u9.82320
T/R0 “ 1
o, 14,588241 14,508824]) )6,58824)
T/R) 4 ]
o, 0 0. 0.
T/DELSO L) 2
0. O 0. 9. 0. Q.
0, 0.
Y/DELS] 6 2
«00770793 ¢. 0. [ B 0, 0.
.O 0.
T/7u60 L) 3
[ 0. 0. 0. 0. 0,
.‘ 0. 9. [ S ‘. ..
T7uGSe ) 3
(1 0. . 0, 0. 6.

.. o. .. .. .. o.
OF INISHED® o 0

Figure 35, FLEXSTAB/LSA Static Elastic Simulator Deck Data

118




STAMKI

STAMKZ
STAMK]
CONDK

NXMz 6
NUK= 16
NRM= ) Q
NYM= |0
MSR:= 3
MIR:= |

Figure 36,

Figure 37 Precompiler Data (KONPACT-1)

C INPUT DATA FOR DEMONSTRATION EXAMPLE
C SPECIFY PRINTING

PRINY OUTPUY DATA

PRINT INPUT DATA

C DEFINE VEHICLE

INCH/SEC
RADIAN/SEC
RADIAN

»

RADIAN/SEC
INCH/SEC2
INCH/SEC2
1NCH/ SECT,

RADIAN
RADIAN
RADIAN/SEC
RADIAN/SEC
INCH/SEC
INCH/SEC
INCH/SEC
INCH/SEC2
INCH/SEC2
INCH/SEC2
INCH/SEC
INCH/SEC
INCH/SEC
INCH/SEC?2
INCH/SEC2
INCH/SEC2

SYSYEM NO ) VEMICLE ( STATIC ELASTIC SYMMETRIC )
SLSA DATA
STATIC-ELASTIC SYMMETRIC
END
C NAME LIST DATA
STATE
] XD v VELOCITY ALONG X AXIS
2 X 2) W VELOCITY ALONG 2 AXIS
k] Xt (e} PITCH RATE
4 X( &) THETA PITCH ATTITUDE
=}
ouTeryt
1 RU 1Y SASGY PITCH RATE GYRO
2 R( 23 AZAP NORMAL A7 CELEROMETER
2 R( 3 AZFB NORMAL ACELERUMETER FRONTSPAR
4 R «) AZR3 NORMAL ACCELEROMETER BACKSPAR
-1
INPUT
1 ut 1) SDAIL  AILERON DEFLECTION
2 ue BOELVY  ELEVATOR DEFLECTION
. ue BOAILDOT AILERON DEFLECTION RATE
4 Ul 6) RDELVDOY ELEVATOR DEFLECTION RATE
5 ut sy wGl GUST INPUT AT =1020 IN FROM CG
6 ut &) w62 GUST INPUT AT 0 IN FROM CG
7 ue N w6l GUST INPUT AT 1020 IN FROM CG
8 ut 8 WG1DOT GUST INPUT RATE
9 Ut 9 WG2D0T GUST INPUT RATE
10 vl WG3DOT GUST INPUT RATE
11 uan wGS1 STEADY GUST INPJY
12 uil2y ¥GS2 STEADY GUST INPUT
] vl wGS3 STEADY GUSY INPUY
Ve Utle) WGS100T STEADY GUST INPUT RATE
15 uils)y WGSYD0T STEADY GUST INPJUT RATE
16 VIRTSY) WGSIDOT STEADY GUST INPJT RATE
-1
END
Figure 37, KONPACT-1 Input Data for Static Elastic Model

(Resulting KONPACT-1 Output Shown in
Figures 41 through 53)
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C DEFINE REDUCED VEWICLE
SYSTEM NO 1 VEMICLE ( STATIC ELASTIC SYMMETRIC - REDUCED )
SCONDITIONING DATA
C NO SCALING DATA
END
C RESPONSE SPECIFICATIONS
SELECT OUTPYTS
RUPIIR(2VeX12)9X(I),
END
C REDUCTION AND SHUFFLING DATA
RETAIN STATES
X(2V9X(3),
RETAIN INPUTS
uier.
END
C DEFINE ACTUATOR
SYSTEM NO 2 ACTUATOR
STRANSFER F(NCTION DATA
BLOCK
1 2 .750000€ 01 2 1 .100000E 01 2 2 .750000€ 01
-1
END
ul/zv
1 1 4100000E 01
-1
R/RT
1 1 <100000€ 03
-1
END
C NAME LIST DATA
STATE
1 XC 1) NELE  ELEVATOR DEFLECTION RADIAN
-1
ouTPUT
1 RC 1) DELE  ELEVATOR DEFLECTION RADIAN
-1
INPUT
1 ut DELEC  ELEVATOR COMMAND RADIAN
-1
END

Figure 37, KONPACT-1 Input Data for Static Elastic
Model (Continued)
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C DEFINE PILOf MODEL
SYSTEM NO I PILOY MODEL
STRANSFER FUNCTION DATA
B8LOCK )
1 2 ,223610€=03 2 1 .100000E ) 2 2 ,100000E 00
-1
END
vi/v
1 1 100000€ 01
=1
R/R}
1 ) J100000E @)
=1
END
C NAME LIST DATA
STATE
1 X¢ 1 xp PILOT MODEL STAYE RADIAN
=1
ouTPUT
] R 1) FP PILOY COMMAND RADIAN
0d |
INPUY
1 Ut 1 ETAP PILOT MODEL INPUT RADIAN
-1
END
C DEFINE PLANY
SYSTEM NO & PLANT ( PILOT MODEL o ACTUATOR ¢ VENMICLE
SINTERCONNECTION GATA
Utz
-i
ulesu
1 2 -100000E @)
-1
uIizv
1 1 +100000E 0}
-1
UI1l/RI2
: 1 +100000€ 01
R/R11
11 o100000E 01 2 2 .100000E 01 3 3 .100000E 01 & & .100000E O}
1

R/RI1)
S 1 +100000E ¢}
-1
END
C NO NAME LIST DATA IS NEEDED
END
C DEFINE IMPLICIT MODEL
SYSTEM NO 9 IMPLICIT MODEL
SQUADRUPLE DATA
xpov/x 2 2
1 1-,678680€ 00 | 2 .874120E 06 2 1-,756200E-03 2 2-,352130E 01
=1
XpovT/V e i
1 1-3330794€ 63 2 1-.160637€ OF
=1

R/X 2 2
1 1 1000006 01 2 2 .100000E 01

-1
ENO

Figure 37, KONPACT-1 Input Data for Static Elastic Model
(Continued)
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C NAME LIST DATA
STATE

i Xt 11

r4 Xt 2y
-1
ouTPUuUY

1 R{ I

2 R 2
-1

INPUT

1 ut 1
-1
END
C DEFINE OVERALL
SYSTEM NO S
SINTERCONNECTION
Ulersu

1 1 .100000E 01}
=1
ul9/sy
-1
UI9/RI14

1 5 «100000€ 01
=1
R/R14
1 1 .100000€.01
: 5 «+100000E 01
R/R19
S 1=,100000€ 01
-1
END
C NAME L1ST DATA
OuTPUT
3 RC 3
=1
END
C DEFINE OVERALL
SYSTEM NO S

b

Wl IMP MODEL VELOCITY FEET/SEC
ol IMP MODEL PITCH RATE RADIANS/SEC
Wl IMP MODEL VELOCITY FEET/SEC
a1 IMP MODEL PITCH RATE RADIANS/SEC
DELE} INP MODEL INPUT RADIANS
SYSTEM
OVERALL SYSTEM ( PLANT ¢ IMPLICIT MODEL )
DATA

2 2 .100000€ 01

2 2 .100000€ 01 3 3 .113100E-03 S 3 ,100000€ 01 6 4 .100000€ 0)

6 2-,100000F 0}

ALPHA ANGLE OF ATTACK RADIAN

SYSTEM wiTH DESIGN RESPONSE SPECIFICATIONS
OVERALL SYSTEw ( DESIGN MODEL )

SCONOITIONING DATA

C NO SCALING DATA

END

C RESPONSE SPECIFICAT]IONS
SELECY CONTROL INPUTS

uc2y,

SELECT COMMAND INPUTS

Ui,

CONSYRUCT DESIGN RESPONSES

X(2)sR{3) X (3)eXDOT{3) +ROOT (5)=ROOT (6)
SELECT SENSNR OUTPUTS
RUIIsR(2VeX () sR (M),

END
C NO REDUCTION AND SHUFFLING DATA

END
sT0P

Figure 37. KONPACT-1 Input Data for Static Elastic Model
(Concluded)
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C DESIGN USING DIAX FOR THE DEMONSTRATION EXAMPLE

© READ FOR WHAT PROGRAM ( DIAKeFFOCL.SA ) THE DATA IS
$DI1AK DATA
C READ IF DATA IS ON CARDS ONLY OR ON CARDS AND TAPE

DATA ON CARDS AND TAPE

C IF DATA 1S ON CARDS AND TAPE READ THE LABEL TO OBTAIN DATA ON TAPE
SYSTEM NO S
C READ DATE AND USER 1D

AUG 7.

75

OVERALL SYSTEw ¢ DESIGN MODEL )
J K MAHESH

C NDP - NO OF VARIABLES BEING PLOTTED

C READ

NOP

0
C GO TO 100 IF NOP.EQ.D
C READ (PLR{I)«ITITLUI)oUNITCI) o YMINCIY o YMAX (I} ¢SCAL (1) 9131 sNOP)
C READ T+DT4STeTleT2
C 100 CONTINUE
C READ IMAX.ITER+ITERQ

4030 «

NPLOT
NPLDY
NPLOT

OO0 OO0O00

Joo

NPLOT=3

NOCOV=1 NO
NOCOV=2
NOCOV=)
NSTEP=0 NQ
NSTEP=]
NSTEP=2
NSTEP=]
NSTEP=4 NO
NRAND=0 NO
NRAND=1
NPRIN=0 DO
NPRIN=]

=0 NO

COVARIANCE ANMALYSIS

COVARJANCE ANALYS]S
SKIP CORRELATION ANALYSIS

STEP INPUTS

STEP COMMANDS
STEP GUSTS
BOTH (1 AND 2)

STEP INPUTS = TRANSIENTS ONLY
RANDOM [INPUTS

GUSTS

NOT PRINT RESPONSES

PRINT RESPONSES

PLOTS

=] CALCOMP PLOTS
=2 LINE PRINTER PLOTS

00

ROTH (1 AND 2)
READ NOCOVNSTEP«NRANDJNPRININPLOT

C INPK=] NEW INPUT GAINS

C INP<=2 NEW STARTING ROUTINE GAINS
C INPK=3 USE GAINS IN STORAGE

C INPKz64 USE INPUT GAINS IN STORAGE

C READ

INPK

]
C NCONT=0 NDONOT COMPUTE OPTIMAL GAINS = USE INPUT GAINS AND DATA IN
c COVARIANCE AND TIME RESPONSE ANALYSIS ONLY

C NCONT=1 COMPUTE OPTIMAL GAINS

C NCONT=z2 CoMPUTE OPTIMAL GAINS WITH AUTOMATIC 0 SEL:CTION ON CONTROL RATES

C READ
1

C READ

©5
NK -
NR
NU
NN
NF
NG

OO OHOON

NCONY

FLIGHT CONDITION NUMBER

NO OF
NO OF
NO OF
NO OF
NO OF
NO OF

STATES

RESPONSES

CONTROL INPUTS
NDISTURBANCE INPUTS
FEEDHACK STATES
GUST INPUTS

NCS = NO OF COMMAND INPUTS = NO OF COMMAND STATES

NGLG = NO OF GUST LIFT GROWTH STYATES

NSCRR = START OF CONTROL RATE RESPONSE IN THE RESPONSE VECTOR
READ NXsNReNUsNIoNF aNGoNCSoNGL G NGCRR

©61160007

Figure

38.

KONPACT=-2 Input Data for Static Elastic Model
(Employing DIAK to Compute Optimal State Feedbe. ...
Gains) (Resulting KONPACT-2 Qutput Shown in
Figure 54)
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C GO YO 200 LIF INPX,GT.l

C READ (NORD(IVYeI=lsNX)
1234

C 200 CONTINVE

C F IS ST2TE TRANSITION WMATRIX

READ TAPE FOR MATRIX F

C Gl 1S CONTROL INPUT MATRIX

READ YAPE FOR MATRIX 61

C G2 IS DISTURBANCE INPUT MATRIX

READ TAPE FOR MATRIX G2

C XI IS INITIAL CONDITION MATRIX

READ CARD FOR MATRIX X1

C XLDXL IS STATE LIMIT = RATE LIMIT MATRIX

READ CARD FOR MATRIX XLDXL
1 1 +100000€ 20 2 1 .100000€E 20 3 1 ,100000€ 20 4 1 .100000E 20
1 2 ,100000F 20 2 2 .100000E 20 3 2 .100000E 20 « 2 .100000€ 20

C CL IS COMMAND LEVEL MATRIX
READ CARD FOR MATRIX CL

C H IS STATF RESPONSE MATRIX

READ TAPE FOI MATRIX H

C D IS CONTROL RESPONSE MATRIX

READ TAPE FOR MATRIX D

C AM ]S MEASUREMENT MATRIX

READ TAPE FOR MATRIX AM

C BK IS INITIAL FEEDBACK GAIN MATRIX
READ CARD FOR MATRIX AKX

C O IS QUADRATIC WEIGHTS MATRIX
READ CARD FOR MATRIX Q
33 ,100000€ 0) & & L100000E 61 6 6 .100000E~0)

10UM=0 ANNTHER RUN
IDUM=] NO MORE RUNS
READ IDUM

INPD=] COMPLETELY NEW DATA

INPD=2 CHANGE SELECTED QUADRATIC WEIGHTS ONLY = USE SOME GAINS IN STORAGE
INPD=z3 CHANGE SELECTED QUADRATIC WEIGHTS ONLY WITH OPTION FOR NEW GAINS
INPD=4 CHANGE SELECTED DATA

INPD=S CHANGE SELECTED CATA IN MEASUREMENT WATRIX AND GUADRATIC WEIGHTS
WITH OPTION FOR NEW GAINS

READ INPD.INPK
23
C READ NCONY

!
C READ NOCOVeNSTEPsNRANDJNPRININPLOY

Jooowv
READ CARD FNR MATRIX N
3 3 L100003F 0L & & 1U0NO000E V) 6 6 ,106000E~-00

OO0 ON0

C READ IDUM

0

C READ INPD. INPK
2]

T READ NCONT

1
C READ NOCOVINSTEP «NRANDNPRINSNPLOT
30000

READ CARD FNP MATRIX O
3 3 10000E 01 4 & .1U0000E 01 % & ,100000E 01

Figure 38, KONPACT-2 Input Data for Static Elastic Model (Employing
DIAK to Compute Optimal State Feedback Gains) (Continued)
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C READ IDUM

0
C READ INPD.INPK
23
C READ NCONTY
i
C READ NOCOV'NSTEP «NRANDJNPRINSNPLOT
30009
READ CARD FOR MATRIX Q@
3 3 1000008 0i 4 4 .J000J0E 01 6 6 .100000E 02

C READ IDUM

0

C READ INPD.INPK
23

C READ NCONT
1
C READ NOCOVNSTEP +NRAND «NPRINsNP_OT
30000
READ CARD FNR MATRIX 0
3 3 ,100000F vl 4 & .100000€E 01 6 6 .100000E 03

C READ IDUM

1
END OF DIAK DATA
sSTOP

Figure 38, KONPACT=-2 Input Data For Static Elastic Model (Employing
DIAK to Computie Optimal State Feedback Gains) (Concluded)
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AR RIS TG

C READ FOR ~~AT PROGWAM ( D1AKeFFICeL3A ) THE DATA IS
$FFOC NATA
C READ IF DiTh IS 0N C2R55 ONLY U= ON CARUS AND TaPE
DATA OM CARNS Ay TapE
C IF DATA < ON CARDS AMP TaP® WEAD ThE LAKEL TO OBTAIN DATA ON TAFE
SYSTEM NC 5 AVESALL SYSTE « DESIGN MODEL )
IMAK = MECIMUN N OF ¢+ yPUMOV SOLUTION ITERATIONS
NITV = MA, IMiif NO OF CoST CALCULATIONS
NOPR=] JS5< PROJECTZD SRADIENT
NOPR=] NO~NOT USE PROJECTED SRADTENT
NOCOV=1 N COVARTANLCE ANALYSIS
NOCOV=2 COVARIANCE ANALYSIS
NOCOV=1 S« ]2 CORMELATINN ANALYSTS
NBEGINGGT .o TEST FAR LRGP 2=COS1 ON F1AST INCREMENT OF LAMDA
N3EGIN=0 0 TEST
READ [MAXJNITMeNOPRHOCOV INIERTN

6131
NX NO OF STATES
NR NN Q¢ RESPONSFS
NJ NGO OF COMTR0L INPUTS
NN NO Or DISTURAANCE INPUTS
NFF = NO £FED FORWARD STATES
NF = NO OF FIXED GAINS
READ NXoN7eNUSNNoNFF oMF
@61 117

REAN (NORH(I) e I=1e%iX)
123«
C E®ST = INTTIAL STEP SI7ZE
C READ €PS]

«1000F 6O
C AJSTAD - . OWEST COST EYRECTED
C READ AJSTaR

«.9993E=0A
¢ DROC = NECIRED RATIN OF COSTS
€ PEAD NROC

L1908 01
C ALAM = INTEGRATINN DZRAMETER = LAMDA
C DELT = INTFGRATION STF2 S1ZE
C ALAMD = L WE= BOUND ON LAMDA FO? THE PRESENT RUN
C RFAD ALAMJ.DELT<ALAMD

J1000E 0L L,24C0E 00 LO20LE 00
C IF = FIXEN GAIN #N¢ TNNEX
C JF = FIXEN GAIM COLWMN INEEX
C REAND (IF (") eJF (1) e 1=DeNF)

{ O & o L
#EAD TAPE FIR MATRIX F
READ TAPE FNR MATRIX 61
REAN TA2E F1R MATRIX G2
READ TAPE FOR MATRIX W
READ TAPE FNP MATRIX D
READ TAPE FOR MATRIX AM
READ CARD FA& MATRIX J

3 3 L100004F 01 & & J10RGOUE 01 & 6 +100000F 01

WOOOOOOOO0OO
>

O R ]

0 000000 n

READ CARD FHR MATRIX AKG(OPTIMAL IICCATT GAINS)
1 1 50505 F=03 1 2 255790E vl 1 3=.700160E 01 1 « +356410E-03

READ CARD FNR MATRIX AK(¥1(}))

READ CARD FHR MATRIX RK(x?2)

C IF (ALAM,AT,,99) 60 TO 100
REAN CARD FAR MATRIX AK(K](LAMBDA))

READ CARD FNR MATRIX DELK(DELKX1(LAM3DA))

C 100 CONTI“UE
FND

Figure 39. KONPACT-2 Input Data for Static Elastic Model (Employing
FFOC to Compute Reduced Feedback Gains) (Resulting
KONPACT-2 Output Shown in Figure 53)
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C DESIAN USTIMA NTam F e Tuo F ey oo ToaTiuw Saave o

€ READ FNQ =T B2NRIL2 | O 2a i F i glad ) To5 ATa (<

$DIAK DATA

C READ IF ND-TA IS 0OV Fiwal MY 03 75, CLags ev) Fa2f

DATA ON CARNS AnD Tad<

C IF DATA [ OMN CARNS BM™ TablE Sap Tus Lam-L T J2TAIN DATA ON TAPE

SYSTEM N9y S UVreaLl, SYSTE . ¢ UIE10N MHYLTL )

C READ DATE amy) LSZ- 10

AUG 17+ 75 J n ALnTR~

C NOP = ND "E VARTA4L TS we ] D2 0TTon

C READ \OP
3

C GO TO 105 IF NOP 70, - 7

C READ (OLRITIITITL (11t fT (i) ovr Al Ui)afMiea(11eSCALI I oT=1eiidP)
1 O

2 ALPHA
3 DELTAE
C PEAD TeNT.STeTl.T?
5.0 e t? Ge? Ue't el

C 100 CONTEI E

C READ TMAX ITER.ITI~Y

%630 &

NOCOV=] NN COVARTAMNCE ANALYSIS
NOCOV=? CAVARIAMCE ANALYSTS
NOCOV=3 S 19 CORGTLATINY ANALYSTS
NSTEP=0 N STEP I22TS

NSTEP=1 STE® COMMALDS

NSTEP=? SreP GIISTS

NSTEP=3 AT~ (1 ARN 2)

NSTEDP=4 MY STEP INPUTS = TRAMSIENTS ONLY
NAND=O N7 RANDOM THPYTS

NRANND=1 GISTS

NORIN=0 DY NOT PRILT PrSPIN3ES
NORINzl PRINT RESINNSES

NOLOT=f NN OLOTS

NBLOT=] C*LCO4P PLOTS

NOLOT=2 LINF PRINTSR 20T
NPLOT=3 RAT= (] AYY 2)

READ NOCCVeNSTEP o 4R aNMN I T e AP LOT
11012

C INPK=1 NFv INPUT GAINS

C INPK=2 NE~ STARTING ROUTINE HAINS
C INPX=] USE GALNS 1.4 STnvas®

C INP«<=6 UST INPUT GAIMS IN STO”ARE
C READ INPK

(e N Ne NaNe Mo NeNe Yo NaXaNeNeRo NeNela)

|
C NCONT=0 DINOT COM2UTE aRTIMAL GaluS = USE [NRUT GATNS aND DATA IN
c CAVARTAMCE ANO TI4T PESSOMSE ANALYSIS> ONMLY
C NCONT=z) CAMRYTF DT IMA] 6L {YS
€ NCONT=2 CAuoyTE DT @A AIINS wiTs AUTIAATIC 9 SFELEATIOM OV CONTROL RATES
C READ NCOH®

)
€ READ FLIGHT COMDITION sMGES

<

NX = NO OF STATsS

N2 = N0 0F RESPOMNSCTS

MY = NO OF CONTROL TNPUTS

NN = NO OF DISTURALHCE [NPUTS

NF = NO OF FEEDRAC<Y STe'ES

NG = NN 0F GUST [N99TS

NES = A% OF Cuanasyg "reatTe 2 33 0p S0%aaN) STATCS

NGLR = %) NF GUST 1 rE ] oasT, <1476

NSCIZ = GT8=T AF CauTsin ~ilé =aS2SE IV THe TS20VSF VECTIR
RFAN X eNRe I et oy el U o (OLMAGMIC P

ehY)LAO!' "7

G VO 236 ¥ (nba n]

BEAN (AORDETYe) SV el 3)

'1-'!0 (o o 3 ] ﬁﬂﬂﬂﬁﬁ'
v
-
L

250 COITINGE

Figure 40. = KONPACT-2 Input Data for Static Elastic Model

(Employing DIAK to Evaluate Time Responses)
(Resulting KONPACT-2 Output Shown in Figure 56)
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Y Y L N O T Y T Y R Y Y Y P Y P XS YA R XS R RS A X TS AL LA A AL L
. »
* SYSTEM NO ) VEHICLE ( STATIC ELASTIC SYMMETRIC ) *.

L] »
.l.I'Q.0...Ql.I...ﬂ..........9..Q...Ol.........I......G..........6..............'65...0.

ece [ SA = FLEXSTAB DATA ®as

STATIC-ELASTIC SYMMETRIC

vP/vPO MATRIX + SIZE = 3 X 3

1=-COLUMN 2-COLUMN 3-COLUMN

1-R0OW = ,3979210€~02 <~.2065144E~01 =.3312115E+0)

2=R0W  =,1189251E+00 =~.6786790I+00 «B761202E04

3=ROW +1920000€-05 ~.18T74000E-03 <~-.1101102E+01
VP/RO MATRIX o SIZE = 3 X )

| 1=-COLUMN

1-RO¥W  =,3858256E+03
2-ROW  ~,1485185E+02
3-ROW «4919200€E-02
VP/DELSO MATRIX o+ SIZE = 3 X 2

1=-COLUMN 2=-COLUMN

1-ROW  =,1162480E+01 -.36486477E+01

2=-ROW =, 1564287E€+03 =,3307943E+0)

3-ROW *=,2908141E00 =-,1606369E+01
(BANDING) MATRIX o SIZE = . X 3

1=COLUMN 2=-COLUMN 3=-COLUMN

1=-ROW  ~=_1017935€+04 0. «1017935€+04

Figure 41. KONPACT-1 Output for C-5A Static Elastic Model
(Cruise Flight Condition) (See Figure 37 for KONPACT-1
Input)
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s VP/WGO  MATRIX » SIZE = 3 X 3
1 =COLUMN 2-COLUMN 3-COLUMN

1-ROW 11364790 -02 +1926954E-01 «4710000E-04
2=ROW «1007788E+00 +5780213E400 =~.1203000E-03
J=R0W +4263200€-03 -,1992000€-0) ~¢3970000E-04

' VP /WG] MATRIX ¢ SIZE = 3 % 3

1=COLUMN 2~COLUMN J-COLUUN
1=ROW =.6400000E~04 =,7710000E~0) «6610000E-05
2=ROW = 1746490E~02 -,1756977E-01) «1266630E-0>
3=ROW =.2000000E-05 +3970000E-04 -~,4030000E~0S
VP/WGSO MATRIX » SI2E = 3 3
1~COLUMN 2-COLUMN 3-COLUMN
1-R0W +1136790€E-02 +1926954£-01 +4710000E~04
2=ROW +»10077BRAE+00 +STB0P13E+00 -.1203000E-03
J~-Row <4263200E-03  ~,1992000E-03 ~.3970000E=04
VP /WGS) MATRIX ¢ SIZE = 3 X 3
1=COLUMN 2-COLUMN 3=COLUMN
1=ROW  ~,6640000%:~04 =~,7710000E-03 «6610000E~05
2-ROW =.1766490E-02 -,1756977€-01 «1246630€E~02 2
3~R0W  ~-,2000000€-05 +3970009E-04 ~.4030000E-0S
R/vPO MATRIX o+ SIZE = 1 X 3
1=COLUMN 2-COLUMN 3-COLUMN

L
1=ROW -0 -0 +1000000£4+0) e

Figure 41. KONPACT-1 Output for C-5A Static Elastic Model

; (Cruise Flight Condition) (See Figure 37 for KONPACT-1 |
Input) (Continued)
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R/RO MATRIX s SIZE a 1 X 1
1=COLUMN
1-RON  =,0
T/VP0 MATRIX s SI2E = & X )
1=COLUMN 2-COLUMN 3-COLUMN
1-ROW 0, 0. +1000000E+01
2-ROW 0, 0. #48839912E+04
3-ROW O, 0. «.8839912E+06
4=RON O, 0, =+8839912E+04
1/vPL MATRIX o SIZE = & X 3
1=COLUMN 2-COLUMN 3-COLUMN
1=ROW JI6T0000E-06  ,4320000E-05  ,3048910E~02
2-ROW 0, «1000000E+01 =~,7262167E402
3-ROMW O, «1000000E+01  .2668333€+03
=ROW 0, «1000000E+0)  43498232E+03
1/00 MATRIX o SIZE = & X ]
//
1=-COLUMN F o
~
1-ROW O,
2-ROW L1458824E+02
J=ROW L1458824E+02
4L=ROW .1458824E+02
T/R1 MATRIX o SIZE = & X ]
1=COLUMN
1-ROW O,
2-ROW 0,
3-ROM O,
4-ROW O,

Figure 41, KONPACT-1 Output for C-5A Static Elastic Model
(Cruise Flight Condition) (See Figure 37 for KONPACT-1
Input) (Continued)
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T/DELSO MATRIX ¢ SI2E = 4 X 2

1-COLUMN 2«COLUMN
1-R0W o, 0.
2=R0OW o0, 0.
3~ROW [N 0.
4=ROW 0. 0.

T/DELS] MATRIX o+ SIZE = 4 X 2 '
) =COLUMN 2=COLUMN

1-ROW JT707930E~02 0.

2-ROW 0, 0.
3-R0W O, 0.
L4~R0OW 0. O
17960 MATRIX ¢ SI1ZE = 4 X 3
i 1=COLUMN 2-COLUMN 3=COLUMN
Vi
& /f
1=ROW 0, 0. ffo.
2-ROd O, 0. 0
3-ROW O, 0. A#* 0.
L=ROW 5 d 0. ;
0 0 0. m”’ E
P J
-
T/WeS0  MKTRIX o SIZE = @ X 3
P
o7 T=COLUMN 2-COLUMN 3=COLUYN
, ;
’ . 1-R0d 0, 0. 0.
& 2-R0W 0, 0. 0.
3-R0w O, 0. 0.
"'Rou 0. 00 0.
*F INISHED®

Figure 41, KONPACT-1 Output for C-5A Static Elastic Model

(Cruise Flight Condition) (See Figure 37 for KONPACT-1
Input) (Concluded)
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Q...ﬁlll.ﬂ..Q...l.......'CQ...I.l......................D..Q'..IQ..I.Q....l..............
» . L]
* SYSTEM NO 1 VEHICLE ( STATIC ELASTIC SYMMEYRIC ) .
[ ] L ]
.OO..9........!.............'. D.............Q....CQ'..........0.........'...IQC....Q..D.

NUMBER OF STATES = &
NUMBER OF OUTPUTS= ¢

NUMBER OF INPUTS =16

see NAME LIST TABLE wee

VARIABLE NA4E DESCRIPTION UNTT
STATE
3 X 1) v VELOCITY ALONG X AXIS INCH/SEC
2 Xt 2 W VELOCITY ALONG Z XIS INCH/SEC
3 XM Q PITCH RATE RADTAN/SEC
“ X' a) THETA  PITCH ATTITUDE RADIAN
L ouTPUT
1 RU 1) SASGY  PITCH RATE GYRO RADTAN/SEC
2 RC 2) AZAP  NORMAL ACCELEROMETER INCH/SEC2
3 R( 3D AZFB  NORMAL ACCELEROWETER FRONTSPAR INCH/SEC2
“ RU &) AZRB  NORMAL ACCELEROMETER BACKSPAR INCH/SEC2
1NPUT
1 Ut 1) ADAIL  AILERON DEFLECTION RADIAN
2 ut 2) ADELY  ELEVATOR DEFLECTION RADIAN
3 Y ADAILDOT AILERON DEFLECTION RATE RADIAN/SEC
o Ut &) ADELYVDOT ELEVATOR DEFLECTION RATE RADIAN/SEC
s ut s W61 GUST INPUT AT -1020 IN FROM CG INCH/SEC
6 Ut 6 w62 GUST INPUT AT 0  IN FROM CG INCH/SEC
7 ut 7 W63 GUST INPUT AT 1020 IN FROM CG INCH/SEC
d 8 ut @) WG1DOT GUST INPUT RATE INCH/SEC2
9 ut 9 WG200T  GUST TNPUT RATE INCH/SEC2
10 ut1e W63DOT GUST INPUT RATE INCH/SEC2
1 v W6S)  STEADY GUST INPUT INCH/SEC
12 ut12) W6S2  STEADY GUST INPUT INCH/SEC
13 U1 WGS3  STEADY GUST INPUY INCH/SEC
16 utle) WGS190T STEADY GUST INPUT RATE INCH/SEC2
15 U1 WGS2D0T STEADY GUST [NPUT RATE INCH/SEC2
16 ut16) WGS30OT STEADY GUST INPUT RATE INCH/SEC2
ess QUADRUPLE DATA ®ee
Figure 42, KONPACT-1 Output--C-5A Static Elastic Vehicle Name List
Table and Quadruple Data (Cruise Flight-Condition) (See
Figure 37 for KONPACT-1 Input)
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MATRIX A SIZE = 4 X &

1 =COLUMN 2=COLUMN 3=-COLUNN 4=COLUMN
1=-ROW =.3979210E-02 =,20451644E-01 =~,3312)115E+01 ~,IB58256E+03
2-R0wW = 11B9251E400 =-.6786790E«00 +8761202€+04 =,1485185€+02
J-ROM L1920000E~05 ~.1874000€-03 =-.1301102€+01 «4919200€~03
“=R0W 0. 0. +1000000E+01 O,

MAT?IX 8 SIZE = 4 X 16

Y =COLUMN 2~COoLUMN 3-COLUMN 4=COLUMN S=COLUMN 6=COLUMN T=-COLUMN
1-ROW -.1162480E+01 -,3486477€+01 0. 0. +1134790E-02 +1926954€-01 «4710000£~04
2=ROw », 15642BTE+03 «,3307943E403 0, 0. «1007788E+00 «5780213E¢00 ~,1203000€~03
3-ROw ©.290814)1E+00 <~,1606369E+01 O, 0. 42632Q0E-0) ~,1992000E-03 ~.3970000€-0%4
4=-R0W [ 0. 0. 0. 0. 0. Qe

2= COLUMN 9-COLUMN 10-COLUNN 11=-COLUMN 12=COLUMN 13-COLUMN 146-COLUMN
1-R0W -.6400000E-04 <-.7710000E-0) «6610000E-05 «1136790E-02 «1926954E~01 4710000606 ~.6600000E-04
2+ROW ~,17646490€-02 <~.1756977€-91 «12646630E-02 «1007788E+00 «5T780213E000 ~,1203000E-0) -.1746490E-02
A-ROwW -.2000000E-0" +3970000E-04 =,4030000E~05 4263200€-03 ~-,1992000E-03 <-,39T0000E~04 <-.2000000£-0S
e=ROW 4 0. 0, 0, . 0, [

15~-COLUMN 16~COLUMN
1=ROw -.7710000€-0) «5610000€-05
2«R0OW -, 17156977E~-01 «1246630€-02
3=-R0w .1370000E-06¢ ~-,4030000E-05
“=ROW Q, 0.
MATRIX C SIZE = 4 K &

§ =COLUNN 2=COLUMN I-COLUNN 4=CH UMN
1=R0W -,5085949€-06 =~,358572RE-05 21033663E+0; <«,2060614E-0)
2-R0W  =,1203156E+00 ~,542961n€+00 «69RT265E¢03 «,6198607€+00
JeROW -, 11865126400 =o7269366E400 ~.3704990E03 -,14218)8E+00
4=ROW - J1A2536E000 =-.744236TE«00 =,4839016E+07 =-,915189)E~01

Figure 42,

KONPACT-1 Qutput--C-5A Static Elastic Vehicle Name List
Table and Quadruple Data (Cruise Flight Condition) (See
Figure 37 for KONPACT-1 Input) (Continued)
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MatTRIX D SIZE = « X 16
1 ~COLUMN 2-COLUMN 3-COLUUN 4~COLUMN S=COLUMN 6=COLUMN T7=-COLUMN

1-ROW “.167055AE-02 «,6970532E-02 «TT07930€-02 0. «1906120€-05 «JBI7101E-05 ~41274241E~006
2-ROW ,5618)7S5E.02 ¢8J25647E+03 0. 0. =.2079693€+00 »7222859E+00 «2863110€~01
J=ROW 22621136493 =,7272995E.03 0. 0. «2060088E400 «5288521£400 =-.9919581€-02

W=ROW =, 25h1622€403  -.R9277194E403 0. 0. +2699155E+00 +S0RIIARE00 =o1400RZRE-C]
U=COLUMN Qe COLUMN 10=COLUIN 11-COLUNN §2-COLUMN 13-COLUMN 14-COLUMN

s Jaunblug-n7 «hOT3T7IRE-0T  =.R5]1]1240E~-0R «1906120€-05 «1B17101E<05 -,13742¢)E~06 =,10066jaf=07
=, PYACLHE6E-0]  ~.4637 V1 7E-GL 24165223802 ~,2079693€+400 «7222853E00 «2BA3110E-01  ~.29R0564E~03
=, P2un1576-42 -, 717)4A0E-02 «2311919€-01 »2060088E+00 «SPRRSPIE00 =~,99198B1L-02 -.2240157£-02
=, 266A13TE-372 - 35R178AE=02 -,1b3157RE-0) «2699155€+00 +5083365E000 ~,1400B2RE-01 =~,26661376-02

1201 1MN 16-COLUMY

1 =ROW JEOTITIHE-07  ~,ASL)248E-08
2-ROW = ,66321176-01  (616522)E-02
IROW =, 77706RYE-0°  ,2518019£-03
“-ROW -, I841736E-02 -~ 1b31878E-0)

Figure 42, KONPACT-1 Output--C-5A Static Elastic Vehicle Name List
Table and Quadruple Data (Cruise Flight Condition) (See
Figure 37 for KONPACT-1 Input)( Concluded)




Q...Q.Q.......C........Q..Q.I...............I...........O.Q..............l.@.....i......
L] L

® SYSIEM NO 1} VEHICLE ( STATIC ELASTIC SYMMETRIC - REDUCED ) .
. .
O Y T Y T Y L T Y T Y T YT YR A L ALY R L LR AL T R LR R X R S L AL L

NUMBER OF STATES = 2
NUMBER OF OUTPUTSs &

NUMBER OF INFUTS = 1

sea NAME LIST TABLE ee®

VARIABLE NAmME DESCRIPTION

STATE

1 VELOCITY ALONG Z AX1S INCH/SEC
e PITCH RATE RADIAN/SEC

OUTPUT

PITCH RATE GYRO RADIAN/SEC
NORMAL ACCELEROMETER INCH/SEC2
VELOCITY ALONG Z aX1S INCH/SEC

PITCH RATE RADIAN/SEC

BDELV  ELEVATOR OEFLECTION RADIAN

®se QUADRUPLE DATA %eos

MATRIX A S1Ze = 2% 2

1 =COLUMN 2-COLUMN

1=ROW  ~_6786798E+00 08761202€+06

2-ROW =, 1874000E-03 -,1101102E+01

MATRIX B SIZE= 2 X 1

1-COLUMN

1-ROW  =,3307943€+0)
2-ROw =.1606369E+01

Figure 43. KONPACT-1 Output--Reduced C-5A Static Elastic Vehicle Name
List Table and Quadruple Data (Cruise Flight Condition)
(See Figure 37 for KONPACT-1 Input)




MATRIX C

1-ROW
2-ROW
J-ROW
L=ROW

MATRIX D

Figure 43.

1 =COLUMN

=.3585728E-05
~,5429616€+00

.1000000E+01
%

1 =COLUMN

-.6979532€-02
.R3I25647E03

0,

°-

SIZE = & X

2-COLUMN

¢1033843E+01]

+6987265L¢0)
0.

«1000000E.+01)

2

U R b

KONPAZT-1 Output--Reduced C-5A Static Elastic Vehicle Name
List Table and Quadruple Data (Cruise Flight Condition)
(See Figure 37 for KONFACT-1 Input) (Concluded)
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(2L X YT Z A X YR Y R Y Y Y Yy I Y Y Y Y Yy Ty Yy Yy Yy Yy Yy Yy Yy Y Y Y I I T T Ty aseay
- ' .

® SYSTEM NO 2 ACTUATOR .
. »
T YT L Yy Y Y Yy Y Y Yy Yy Y Yy Y Yy Yy Yy Yy Y Y Y Y Y T Yy Y T Ty Ty T Ty vy gy

ean TRANSFER FUNCTION DATA FOR BLOCKS ®e»

BLOCK 1}

See] TERM S*s0 TERM
NUVERATOR 0. 7.50000
DENUMINATOR 1.00000 7.50000

#ae CONNECTION DATA FOR BLOCKS ®&s

MATRIX P
1 =COLUMN

MATRIX @ 11X 1
1=COLUMN

«1000000E-0]

MATRIX R
1=-COLUMN

«1000000C+01

Figure 44. Actuator Transfer Function Data
(See Figure 37 for KONPACT-1 Input)




MATRIX S

1=COLUMN

1=-ROW 0,

Figure 44. Actuator Transfer Function Data (Concluded)




....'......Q........................I......'.......I.........l......'O.GQ.........Q....O

SYSTEM NO 2 ACTUATOR

....'.....Q......'.....I.........Q..I................0...Q....O........'.Q..D.....I.Q...

NUMBER OF STATES = 1
NUMBER OF OUTPUTS= 1
NUMBER OF INPUTS = )

sae NAME LIST TABLE #es

VARIABLE NAME DESCRIPTION
STATE

1 Xt 1) DELE ELEVATOR DEFLECTION
ouTPUT

] Rt 1) DELE ELEVATOR DEFLECTION
INPUT

1 ut n DELEC ELEVATOR COMMAND

®ee QUADRUPLE DATA 7oe

MATRIX A SIZE = 1 X 1

1 =COLUNN

1=ROW = ,7S00000E+0]

MATRIX B SIZE= 1 X 1

1 =COLUMN

1-ROW «1000000E+01

Figure 45, Actuator Name List Table and Quadruple Data
(See Figure 37 for KONPACT-1 Input)
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MATRIX C

1 =COLUMN

1-ROW «7500000€+01

MATRIX O

1 =COLUMN

l -ROU ‘ .

SIZE =

SI12€ =

1

1

X

X

1

Figure 45, Actuator Name List Table and Quadruple Data (Concluded)
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SRBNBLEN DI RN BB NN NENEERNBIRINRNBNNENRRRABNNRBERNNINONRBRRRRRNEBBORIERNIRBRIRNNRRNRPRRNARIRNRRRES

- »

¢ SYSTEM NO 3 PILOT MODEL :
.

XYY Y X X I Y Y R Y R Y R R XY Y AR R X AR NI R AL A X A R Y R A X222 X 2 22 Y2 Y Y Y PR Y FY Y Y Y Y Y Y2

ese» TRANSFER FUNCTION DATA FOR BLNCKS ®#e

RLOCK 1
See] TERM S*e0 TERM
NUMERATOR 0. «223610E~03
DENOMINATOR 1.00000 «100000
ses CONNECTION DATA FOR BLOCKS eee
MATRIX P SIZE = )} x 1
1 =COLUMN
1=-ROW 0,
MATRIX Q SIZE = 1 x )
1 «COLUMN
1=ROW +1000300E401
MATRIX R SIZE = 1 a1
1=COLUMN )
1-ROW +1000000E.01)
MATRIX S SIZE = 1 X 1}
1=COLUMN
1=ROW 0,

Figure 46, Pilot Model Transfer Function Data
(See Figure 37 for KONPACT-1 Input)
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0...0.00....0.Q.Q.Q....I..Q.l..O...............Q........QOIQIOQOOQODIIQ.Q.Q..Q.QO...Q.IQ
[ ] »
® SYSTEM NO 3 PILOT MODEL 7

....Q...............I.................................Q.I.....'..........I....00........

NUMBER OF STATES = )
NUMBER OF OyYTPUTSx: §
NUMBSER OF INPUTS = 1

sae NAME LIST TABLE oee
VARTABLE NAME DESCRIPTION

STATE
1 PILOY MODEL STATE RADIAN
ouUTPUT

1 PILOT COMMAND RADIAN

ETAP PILOT MODEL JINPUT RADIAN

ess QUADRUPLE DATA ®we

MATRIX A

1 =COLUMN

~.1000000€+00

MATRIX B
) =COLUMN

« 100000001

Figure 47. Pilot Model Name List Table and Quadruple Data
(See Figure 37 for KONPACT-1 Input)
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1 =COLUMN

2 2236100E-0)

MATRIX D

1-COLUMN

MATRIX C

i
i

Figure 47, TIilot Model Name List Table and Quad\ruple Data (Concluded)
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& SYSTEM NO 4

PLANT ( PILOT MODEL + ACTUATOR ¢ VEWICLE !

LA A A A A A A A X I T R Yy Yy Y Y Y Y Y Y Y Yy YRy Yy Yy Yy Yy Y Y Y Yy Y Y Yy YYIY Y Y Yy

3 -
BN E RN N e N Ut NN IR TR RN LNt N RSN N RO RENRNIRNEE R NRRNTIV RNt NRNRNbRsRRNaER s ORRE

/ MATRIX P

/ 1-ROW
/ 2-ROW
3-ROW

MATRIX O

1~ROW
2=ROW
J-ROW

MATRIX R

1=ROW
2~R0OW
30w
4=-ROW
5-ROW

TMATRIX S

1=-R0W
2-R0W
3=-ROW
“=RCW

eas INTERCONNECTION DATA ous

4
rlr»
SIZE = 31X 6. #
if
) =COLUMN 2-COLUMN 3-COLUWN 4=€ILUMN 5-COLUMN 6=COLUMN,
4
0, 0. 0. 0o/ +1000000E+01 0.
0. 0. 0. *. 0. 0.
9. 0. 0. e 0. 0.
g
SIZE= 3 X 2 i
&
1-COLUMN 2-COLUMN ¢
0. 0.
0. +1006000E +01 _
L1000000E401 0. F
r
¥

SIZE = 5 X 6
1=COLUMN 2-COLUMY 3=COLUMN 4=COLUNN 5-COLUMN 6~COLUMN
L100U000E+01 0. 9. 0. 0. 0.
0. .1000000E+0) 0, 0. o, 0.
0, 0. .1000000E+01 O, 0. 0.
0. 0. 0. .1000000£+01 0, 0.
0. Qe 0. 0. 0, ol°°°°°0£‘0l

SIZE = 5 X 2
1=COLUMN 2-COLUMN
0. 0.
o. 0,
0. 0.
o. o'

Plant (Pilot Model and Actuator and Static Elastic
Vehicle) Interconnection Data (See Figure 37 for
KONPACT-1 Input) | .

Figure 48,
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PR BRSO RER LN NN BN ENRERRNGNARRNRNNRBNEERRRNABINOBEBIRNORETRRRBERNIRNNINNNRNRBIBNRIBRRBEY

*

&  SYSTEM NO 4

L1

PLANT ( PILOT MODEL ¢ ACTUATOR ¢ VEHICLE ) =

L

CRAENBERN RN ENRE RO RPN RN RN NN RRNBSRRBRERERBBRERINGNRBRRBARBRRNVRBEBRNBRNEBRBRNRRTRTRORBLEN

NUMBER OF STATES = 4
NUMBER OF 01TPUTS=z S
NUMBER OF [NPUTS = 2

sse NAME LIST TARLE ®es

VARIABLE NAME DESCRIPTION
STATE
1 X{ 1) W VELOCITY ALONG Z AXIS
2 Xt 2) Q. PITCH RATE
3 Xt 3 DELE ELEVATOR DEFLECTION
“ X{ &) xp PILOT MODEL STYATE
ouTPUT
1 R(C 1) SASGY PITCH RATE GYRO
2 R( 2 AZAP NORMAL ACCELEROMETER
3 R( 3 w VELOCITY ALONG Z ARIS
“ R( &) Q PITCH-RATE
S R( 5) FP PILOT COMMAND
INPUT
e,
| ue n ETAP PILOT MODEL INPJUT
2 Ut 2y DELEC  ELEVATOR COMMAND
ese QUADRUPLE DATA See
MATRIX A SIZE= &4 X &
1 ~COLUMN 2-COLUMN 3-COLUNN

1=ROW  ~,6786798E+00 «BTLI202E+04 =,26B09STE+04
2-R0W =, 1874C00E-03 =-.1101102€+01 <=.1206776E+02
=+7500000E+01

J=-ROW 0. 0.
4=ROW 0, 0. 0.

UNIT

INCH/SEC
RADIAN/SEC
RADIAN
RADIAN

RADIAN/SEC
INCH/SEC2
INCH/SEC
RADIAN/SEC
RADIAN

RADIAN
RADIAN

=
N

4=COLUMN

0.
0.
0.
=+1000000E+00

Figure 49, Plant Name List Table and Quadruple Data
(See Figure 37 for KONPACT-1 Input) 5

146

/8




MATRIX B

1=ROW
2+«ROW
3-ROW
L=ROW

MATRIX C

1-ROW
2-ROW
J=-ROW
4=ROW
S=ROW

HATRIX D

1=ROW
2-ROW
3-ROwW
L=ROW
S«R0OW

Figure 49, Plant Name List Table and Quadruple Data (See

1-COLUMN

0.
0,
o.

«1000000€+01

1=COLUMN

~-,3585728E-05

~,56429616E+00
«1000000E-01

o.

o.

1-COLUMN

SIZE = 4 X
2=-COLUMN

0.
0.
+1000000E.01

SIZE = S X
2-COLUMN
«1033843E.01

«6987265E+03

0.
«1000000E+01
0.

SIZE = S X
2-coLumN

0.
0.
0.
0.
0.

4

3-COLUWN

-.5227899€~01
«6246235E+04

2

4=COL.UNN

0.

0.
+2236100E-0)

Figure 37 for KONPACT-1 Input) (Concluded)
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0......'......Q.O................ob...C...OI.OQ.l....OQQIOQﬁbbbﬁﬂnallo.lﬂﬂn’ob.o.o’b.l.“

-
L]
L 4

SYSTEM NO O

IMPLICIT MODEL

-
L ]
*

...0....o.......l..........9......0.........0.D.0......Q...'.0'.l...0........’......'9..

NUMBER OF STATES = 2

NUMBER OF OUTPUTS= 2

NUMBER OF INPUTS = 1

®ee NAME LIST TABLE we¢»

VARTABLE NAME NESCRIPTION UNIT
STATE

1 Xt n Wl IMP MODEL VELOCITY FEET/SEC

2 X o2 01 IMP MODEL PITCH RATE RADIANS/SEC
ouTeuT

1 RU D wI IMP MODEL VELOCITY FEET/SGC

4 R( 21 Q1 IMP MODEL PITLH RATE RADIANSG/SEC
INPUTY

| ut n DELE] IMP MODEL INPUT RADTANS

*se QUADRUPLE DATA ®ae
MATRIX A SIZE = 2 x 2
1 =COLUMN 2-COLUMN
1=ROW ~,67865690E+00 «8741200E-04

2-ROW  ~=,7562000€-03 -,3521300E+01

MATRIX B SIZE = 2 X 1}

1~COLUNN

~

1-ROW =, 3307940E+0)
2=ROW =.1606370£+01)

Figure 50, Implicit Model Name List Table and Quadruple Data
(See Figure 37 for KONPACT~1 Input)
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MATRIX C

1=-ROW
2=ROW

MATRIX O

1-R0W
2=ROW

1 =COLUMN

«1000000€+0)

1=COLUMN

SIZE =

2=COLUNN

2 X 2

«1000000E+01}

SIZE =

2x 1

Figure 50, Implicit Model Name List Table and Quadruple Data
(See Figure 37 for KONPACT-1 Input) (Concluded)
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L s A A L e R R LT T Y Y- Y T Y Y ¥

®  SYSTEM NO S

o

QVFRALL SYSTEM

( BLANY o

IMPLICIT MODEL

.
L4
o

Ry Y R Y P Y RN A T T TAL N -T T Y T EPY PR Oy ey

Figure 51, Overall System (Plant and Implicit Model)

MATRIX P
1-COLUMN
1 -ROW 0,
2=-R0w 0,
3-ROw 0.
MATRIX O
1=COLUMN
1=-R0Ww .1000004€4+01
2=ROW [
3-ROW 0.
MATOQIX
1= COLUMN
1-ROVW -1000000€.01
2=ROW 0.
J-POw 0,
4=ROW 0.
S5=ROW G,
6=-ROW o,
MATRIXK S
1 «COLUMN
1-R0wW o,
2-R0Ow 0,
3-ROwW 0.
4 ~=RD¥ o,
S=R0,, 0,
6=ROW 0.
TR N

wid i

SIZE = 3 A
2-COoLYMY

0.
0.
0.
7E = 3 X

COLUMy

0.
+J00000NE-0]
[

SIZE = A X

2=C0LUMN

«1000000€E01

SIZE = &

2=COLUMN

C.
0.
0.

.30
7
3-COLUWN

0.
0.
[

3=COLUWN

G.

0.
«1131000£-01

[
«1000000E+0}

Ve

?

4=CILUMN

Q.
0.
0.

4=COLUMN

0.
ol
0.
0.
0.
«1000000£+01

ISTE~CONMECTION DaTa oee

5=COLUMN

0.

0,
+1000000E+01

S-COLUMN

0.
0.

0.
«1000000E40!

0,

6=COLUMN

0.
0.
0.

6=COLUMN

=+100G000ED]

Interconnection Data (See Figure 37 for KONPACT-1
Input)
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T~COLUMN

0.
0.
0

T-COLUMN

Ne
e
Oe
[: 1

0.
~+1000000E+01




JEORGCEBRRBNUNNUBBRNRBNRPRNGNBPBANENORDRROROTBNNBUBBRNBIERGORINRINNNTRTUNNANEPRESGRGONEES

SYSTEM NO S

OVERALL SYSTEM ( PLANT « IMPLICIT MOOEL )

L4
*
-

BENGEQBBANERBBPUGRNBEBBOENRATBO NP QRBPIECENGRRBITANRBRENERGDEDNENNTIGNRDRNUNTNREQRNENNBORDINNY

NUMBER OF STATES = 6

NUNSER OF 04TPUTS= 6

NUMBER OF INPUTS = 2

VARIABLE NAME

STATE

NS NN =~

ouTPUY

MATRIX A

1-ROW
2+-ROM
3=ROW
b=ROVW
S=ROVW
6=R0W

A
x{
X
Xt
X{
xi

Ri
R
R
R{
R(
Ry

U
Ut

*se NAME LIST TABLE see

DESCRIPTION
1 W VELOCITY ALONG I AXIS
4] Q PITCH RATE
) OELE ELEVATOR OEFLECTION
o) xp PILOT MODEL STATE
S) wi 1MP MODEL VELOCITY
6) Q1 TMP MODEL PITCH RATE
1) SASGY  PITCH RATE GYRO
?) AZAP NORMAL ACCELEROMETER
3 ALPHA  ANGLE OF ATTACK
“) FP PILOT COMMAND
S) EW] MODEL FOLL ERROQ
L] €0l MOOEL FOLL ERROR
1 ETAP PILOT MODEL INPUY
?) DELEC  ELEVAYOR COMMAND
see QUADRUPLE NATA tes
SIZE = 6 X &
1=COLUMN 2-COLUMN 3-COLUNN
-.67867908E+80 e8761202E+06 =,2080957E*06
= 18764000E~03 ~,1101102€+01 ~,1206776E+02
0. 0. =« 7500000E+01
0. 0. 0.
0. 0. 0.
S [ 0.

UNLT

INCH/SEC
RADIAN/SEC

RADTAN
RADIAN

FEET/SEC
RADIANS/SEC

RADIAN
INCH/S!
RADIAN
RADIAN

/SEC
£ce

FEET/SEC

RADIAN

RADTAN
RADIAN

4=COLUMN

0.

=+ 1000000E.00
=+ T396885E-01
=¢3592004€-0)

S/SEC

S5=COLUMN

=,6786800€+00
o 7562000£-0)

6~COLUMN

+8761200E404
=+3521300E40?

Figure 52, Overall Systemn Name List Table and Quadruple Data
{See Figure 37 for KONPACT-1 [nput)
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MATRIX A

1-ROW
2-ROW
3-ROW
4-ROW
5-R0W
6=R0W

MATRIX C

1-ROW
2=R0wW
3-ROW
64=ROW
5=R0W
6=ROW

MATRIX D

1-R0W
2-ROW
3~R0w
4-ROW
S«R0OW
6-ROW

1-COLUNN

- X3 [-X -1 -]

:IOODOOOEOOI

1-COLUMN

-.3585728E~-05
-,5629616€+09
L1131000€-0)

0,
.1000000€-01

1=-COLUMN

- R-R-R-N-% -4
* e & o =

Figure 52,

SIZE = & X

2~-COLUMN

0.

0.
«1000000E+01

0.

ol
0.

SIZE = » X

2-COLUMN

«1033843E+01
«6987265E+03
0.
o'

o.
«10000600£401

SIZE = A X

2=-COLUMN

2

3=COLUN

~+5227899€-01
+6266235E04

0.
0.
0.
0.

2

4=COLUMN S=COLUNN
0. 0.
0. 0.
0. 0.
»2236100€-03 0.
0. =+1000000E+01)
0. 9.

6-COLUMN

=.1000000€-01

Overall System Name List Table and Quadruple Data

(See Figure 37 for KONPACT-1 Input) (Concluded)
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NN S VRN O R AR B LB RRRERBRORNLRB AN IRNRRRSETRNRNERRNBRUERPRODRBUORIRNNRORATENRNQARBVABINOINENES

» [
# SYSTEM NO S OVERALL SYSTEM ( DESIGN MIDEL .
° S »

&o.buno”n..“h...u...l..C.O.'...5....#........0.......0..9'0'..’....900“.D.Q.O#OOQ“O.IO.Q

NUMBER ©OF STATES = 4
NUMRER OF 0OUTPUTS=10

NUMRER OF INPUTS = 2

@oe NAME LIST TARLE ewe

VARTAALE NA“E DESCRIPTION UNTT
STATE
1 Xt W VELOCITY ALONG Z AXIS INCH/SEC
2 X( 2y Q PITCH RATE RADIAN/SEC
k] Xt 3 DELE ELEVATOR DEFLECTION RADIAN
b Xt 4) xe PILOT MODEL STATE RADIAN
DESIGN JUTPUT
1 R( 1 0 PITCH RATE RADIAN/SEC
2 R( 2 ALPHA ANGLE OF ATTACK RADIAN
3 RU M DELE ELEVATOR DEFLECTION RADIAN
3 R( &) 0/DY OF ( DELF ELEVATOR DEFLECY ) RADIAN /SEC
5 R( 5) n/ot ofF | Ewl MODEL FOLL ERROR ) FEET/SEC /SEC
6 R &) n/oT OF | E0l MODEL FOLL ERROR ) RADIANS/SEC /SEC

SENSOR QUTPYT

7 RE 7)Y SASGY  PITCH RATE 6YRO RADIAN/SEC
) R( 8 AZAP NORMAL ACCELEROMETER INCH/SEC2
9 R oY NELF ELEVATO? DEFLECTION RADIAN

lo P10 FP PILOT COMMAND RADIAN
CONTROL INPIIT

1 vt n DELEC  ELZVATOR COMMAND RADIAN
COMMAND INPHIT

2 ue 2y ETAP PILOT MODEL INPUT RADIAN

sse QUADRUPLE NATA %ee
MATRIX A SIZE = o X 6
1-COLUMN 2-COoLUMYN 3-COLUMN 4=COLUMN

Figure 53,
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Overall System (Design Model) Name List Table and
Quadruple Data (See Figure 37 for KONPACT-1 Input)
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1 =ROW
2-ROW
3-ROW
4=ROW

MATRIX B

1-ROW
2-ROW
3-ROW
“=R0W

MATRIX C

1=ROW
2=-R0W
J-ROW
b=ROW
S-ROW
6=ROW
T=ROW
8-ROW
9=R0W
10-ROW

MATRIX D

1=-ROW
2-ROVW
J-ROW
h=ROW
5~R0W
6=-ROW
T7=ROW
8-ROW
9=ROW
10~-ROVW

Figure 53,

-, 6786T798E€+00
-.1876000£-03
o.
o.

1=COLUMN

o.
0.
.1000000E+9)

1=COLUMN

ol
+1131000E~03
0

L4
.2009000€-06
«5688000E-0)
=, 1585728€E-05
=, 5429616E+00
°.
0.

1=-COLUMN

:I.OOOOOEoOI

«BT41207€+00
~«1101102E€+01
0.

0.

SIZE = 4 X

2=-COLUMN

«1000000E.01

SIZE = 10 X

2=-COLUMN

+1000000E+01

0.

0.

0.
+2100000€-02
«2620190E+0}
«1033843E+01
+6987265E+03

0.

0.

SIZE = 10 X

2-COLUMN

~.2680957€ «04
< 1206776E02
-.7500000E+01
0.

3=COLUMN

0.
0.
+1000000E+01
-+ 7500000E+01
«.268095TE+04
=+ 12067T6E+02
- ,S227899E=-01
«6266235E+04
+1000000E+01
0.

2

o,
0.

0.
=+1000000E+00

4=~COLUMN

«7396885E-01
+3592004E-03
0.
0.

0.
«2236100E-03

Overall System (Design Model) Name List Table and
Quadruple Data (See Figure 37 for KONPACT-1 Input)

(Concluded)
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TODAY2S DATE AUG 17+ 75 TDENTIFICATION J K MAHESH

MAX NUMBER OF INNFR=LOOP ITERATIONS 40 MAX NUMBER OF OUTER=LOOP ITERATIONS 30
MAX “UMBER OF JTERATIONS ON FLIMINATING CONTROL SURFACE FEEDBACKS “

NEw 20l W T 1D s b et 2 b MCONT = 0
At o Xate RUNE] 1

MNSTER = 1 R A ) =

NI N = % WAl = .

FLIGUY CONDITION  w® QWN Y

NRNE + OF SYSTi ™t = &

NUMMe @ OF 27800NS"S = A
NHMRCD OF CANToOL e = M

NUSARASe 0F DISTUR-ANCe TNPUTS =
NUMRSD NF F2¢ 94AC STaTes = 3
NUMASD OF GUST IMeyTs =
NUMBRER QF COMAND 2T4TIS =
NUMBEQ 0F SUSY L TFT auTs STATES = 0
COMTONL RaTk 2EQPANSES STATT wTe <ESOONSE 7

{

STAT=S A<F NNNEWEN 4%

1 2 3 o

F MATRIX
ROW 1
~o6TRORESIC  BTGIPEsU4 =,24810F00b O,
ROW 2
=1BT40E=23 =, 11011E+01 =,12048€¢32 0,
ROW 3
LS 0. =, 75000c+91 0,
POW o
0. 0. 0. «+10000E+00

Figure 54, KONPACT-2 Qutput (Employing DIAK to Compute Optimal
State Feedback Gains) for Static Elastic Design Model
(See Figure 38 for KONPACT-2 Iaput)
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Gl MaIRIX
rROW )
e.
ROW 2
(W
Row 3
«10000E+01
ROW &
0.
G2 MATRIX
ROW )
0,
ROW 2
0.
ROW 3
0.
ROM &
«10000E+0}
INITIAL CONDITION MaTRIX
ROW )
0.
ROW 2
0.
ROW 3
0.
ROW &
0.

STATE LIMIT = RATE LIMIT MATRIX
Row 1
+10000E+20 .10000£+29
ROW 2
ROO00E+20 ,10006E+2¢
o 3
+10000E+20 .10000€+2¢
Row &
«1O000E20 ,10000€+20

COMMAND LEVEL MATR]IX

ROow 3}
0.

Figure 54. KONPACT-2 Output (Employing DIAK to Compute Optimal
State Feedback Gains) for Static Elastic Design Model
(See Figure 38 for KONPACT-2 Input) (Continued)
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H  MATRIX

ROW 1
0. +10000€E+01 O, 0.
ROW 2
+11310€-03 0, 0, 0,
ROW )
0. 0. .10000€+0]1 0,
ROW &
0. 0. =,75000r+01 O,
ROW 5

.20000€-0¢ .21000£~02 =-,24810E404 ,~I969E~01
ROW 6
+S6880E-03 ,24207E+0)1 -,12048£+02 .I5920E-0]

D MATRIX

ROW
0.
ROW
0.
ROW
0.
ROW o
.IOgOOEOOI

-w N e

ROW

M MATRIX

ow 1
~¢35657€=05 .10338€+01 -,52279¢e=¢1 O,
2

ROW
~o56296€E+00 <698TIE03 ,62642E¢04 0,
ROW 3
0. 0. «10800€+01 0,
ROW &
0. 0. 0. «22361E-02

INPUT GAINS MATRIX

ROW 1}
0- °. o. °0

Figure 54. KONPACT-2 Output (Employing DIAK to Compute Optimal
State Feedback Gains) for Static Elastic Design Model
(See Figure 38 for KONPACT-2 Input) (Continued)
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QUADRATIC WEIGHTING MATRIX

ROW ]

0. 0. 0. 0. 0. 0.
ROW 2

0. 0. 0. 0. 0. 0.
ROW 3

0. 0. .10000F+01 O, 0. 0.
ROW .

0. 0. 0. +«10000E+01 O, 0.
ROW S

0. 0. 0. 0. 0. 9.
ROW 6

0. 0. 0. 0. 0. +«10000E+01

STARTING MATRICES FOR PAsA®>+Q-PEP=0

A MATRIX
ROW 1
-~ 6TABAE*00 .BT412E406 -, 24810E+04 O,
RO 2
~e18740E-0 =, 11011E+0) =,12048E+02 0.
ROW 3
o. o' o' o.
ROW b
0. 0. 0, =,10000£¢00
E MATRIX
ROW 1
0. 0. o. °.
ROW 2
0. 0. o. 0.
ROW 3
& o. «10000€+01 0.
ROW b
0. 0. oo 0.
& MATRIXA
ROW

)
#32353E-06 13766E~07 ~.685297=02 L20431E~06

ROW 2
13T66E=02 .SASTGE«D] -,29159E+02 ,B86934E-0)
ROW J
= .6A529E~02 ~+29159E¢0”7 14615503 =,63276E-02
ROW

[y
20431E~06 JR69ILE=-0] ~,43276E=02 ,12902€-06

Figure 54, KONPACT-2 Output (Employing DIAK to Compute Optimal ,
State Feedback Gains) for Static Elastic Design Model
(See Figure 38 for KONPACT-2 Input) (Continued)
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RICCATI MATRIX

ROW 1
#22055€-07 +10279E-03 =,50505F~03 ,14428E-07
2

ROwW
10279E=-03 +SO4TRE+00 =,25579E+01 ,69776E~04
ROW 3
=.50505E-0) =.25579E+01 L14502F¢02 =.35641E=)
ROW &

J16428E=-07 .6977AE-04 =,35641E~03 .9993/E-08
GAING MATRIX

ROW 1
+50505€=03 +25579E¢01 ~.70016g¢01 «J5601E-03

KSTAR MATRIX

ROW 1
+31169E+0] =.95075E-03 ~.90191F+00 ,15939€+01

COVAPTANCE ANALYSIS FOR DISTURBANCE 1

ITER=z 6

COVACIANCE MATRIX

) ROW 1
" L6098BE+00 .63836E-06 =.123R9E=04 =,16770E+01

td ROW 2
%3836E-04 <46111E-08 =.11033E~08 =,13B80AE-03

ROW 3
- 12389E=06 =.110335=08 .35333£=09 ,39850E-04

ROW &

-, 16770E+01 =.1380AE-03 ,39BS0f~04 50000401

Figure 54, KONPACT-2 Output (Employing DIAK to Compute Optimal
State Feedback Gains) for Static Elastic Design Model
(See Figure 38 for KONPACT-2 Input) (Continued)
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RESPINSE COVARIANCE MATRIX

ROW ]
«46111F=0R .4957RE=0R =-.11033E=08 .720356-09 =,74764E~05 =,21260E-09
ROW 2
<49STBE~OB .TADI4E-O0R =.16012F-08 .23B88E=09 =,10553E~04 ~,13834E-10
ROW 3
= 11033E=08 =,14017E=08 ,35333E=09 .343B4E-18 ,20711€-05 ,I402SE-09
ROW 4
LT2035€-09 J23IBRAE=00 ,363B4E-18 ,43296E=08 ,29477E-06 ,43762£-08
ROw S
- TaT64E=05 =.10553E~06 .20711E6-05 ,29477€=-06 .14905E-0) .12137E-05
ROW 6
~ 21260E-09 ~.1IB34E=10 .340256-C9 L43T62E-08 .12137€-05 .53102E-08
MEASHREMENT COVARJTANCE MATRIX
ROW 1
c4T26550R ~,27468E~04 =,11146E=08 =.31041E~07
ROW 2
- 2746BE-04 .23696E+00 .B1622E-05 ,23T76BE~03
ROW 3
~.11146E-08 ,816226-05 ,353335-09 ,89110£~08
ROW .
=+31061F=07 .23768E-07 ,89110E~08 ,25001E-06
CONTROL COVARIANCE MATRIX
ROW 1
1 26204E-07
R.M,S, CONTROLS
1 +15557738€-03
R.M.S. MEASUREMENTS
1 «68749906E=04
2 «4B6T6B91E+00
3 <18797035€-44
& «50000716E-03
RJM.S. RESPONSES
1 +67905385E - 04
2 .88325398E-04
] «1879703SE~04
s 657996 3I6E =94
5 .12208759€+00
[ «T2870834€-04
Figure 54, KONPACT-2 Output (Employing DIAK to Compute Optimal

State Feedback Gains) for Static Elastic Design Model
(See Figure 38 for KONPACT-2 Input) (Continued)




TOTAL RESPONSE COVARJANCE MATRIX

ROW 1
ROH.“GéllE-on «49STRE-0A =, 11033E~08 ,72035€=09 ~.74764E~05 ~,21240E-09
no..hO;TGE-oa «TBOL4E=08 =,14012E-08 L23BARE~09 ~,]0553E-04 =.13834E~-10
Ro;.ll:33€-08 “e14012€-08 .35333£~09 ,36384E-18 ,20711E-05 .34025€-09
pow.'lZgJSE-oQ +2388BE=09 ,343B4E=18 L,6I296E=08 ,29477E-06 .43I762E-08
Ro;.?hzbhﬁ-os “o10553E=04 L20711FE=0S ,29477€-06 .1490SE=01 .12137€=0S
=e21260E-09 “.13834E=-10 ,I4025E~09 ,43IT62E-08 ,121376-05 .53102€~08
TOTAL RESPONSE CROSS~CORRELATION MATRIX
ROW 1
«10000E¢Q] .B2661E+00 =.B64J4E«00 ,161220+00 =,90181E¢00 ~.42924E-0)
ROW 2
+B2661E+00 +10000FE+0)1 ~,84398F¢00 ,L41103E~0) ~,97865E+00 =,21494E=02
ROW 3
=.B86434E+00 =.B439RF+NQ ,10000E+01 L27B00E-09 ,9024RE«00 ,24B840E+00
ROW &
+16122E+00 41103F~01 ,27800E=-09 .10000E+0] .36694E~01 ,91268E+00
ROW 5
=.90181E+00 ~.97B65E+00 ,9024Br+00 ,36694FE~01 ,10000E+01 ,13642E+00
ROW 6
- 42924E~Q1 =,21694E-02 L24840F¢00 ,9126RE+00 ,13642E*00 .10000£+0]
TOTAL R.M.Ss RESPONSES
1 +6790538S¢E~04
2 «883251398E~J6
k] «18797035E~-04
4 «65799636E-04
S «122087SQE N0
6 «728TVBI4E- D4
QUADRATIC COST = «99930792€~08
! EIGENVALUES
REAL IMAGINARY DAMPING RATYIO FREQUENCY
~.100600000
-?2,12981340 2.126342K2 -,70768317 3.0095%7719
~12,0217137}

Figure 54. KONPACT-2 Output (Employing DIAK to Compute Optimal
State Feedback Gains) for Static Elastic Design Model
(See Figure 38 for KONPACT-2 Iuput) (Concluded)
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MAXIMUM NO, OF INNER LOOP ITERATIONS = 3¢
KAXIMUM NO, OF OUTER LOOP ITERATIONS = 4
NOCOV = 3 NBEGIN = NOPR = 1
NO, OF STATES = & NO, OF RESPONSES = 6
NO, OF CONTROLS = 1 NO, OF DISTURBANCES = 1
N0, OF FEEDFORWARD STATES =
NO, OF FIXED=-FORM GAINS = 3
LOWEST COST EXPECTED(AJSTAR)
«9993F=-0A
STATES ARE ORDERED AS SUCH
1 2 3 o
FIXED GAINS ROW  COLUN
) 1
L2 :
1 IS
F MATRIA 5
ROW )
-, 67B68E+00 .BT412E¢04 ~,26B10F«0A O,
ROW 2
~.18760€=-03 ~,11011€¢01 =,12048g+02 O,
ROW 3
0. [ =,75000¢+01 0.
POW &
0. 0. 0. «,10000E 060

Figure 55, KONPACT=-2 Output (Employing FFOC to Compute Reduced
Feedback Gains) for Static Elastic Design Model (See
Figure 39 for KONPACT-2 Input)
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Gl MATRIX

ROW i

0.
ROW 2

o'
ROW 3

L10000E+91
ROW 4

0.

62 MATRIX

ROW 1

o.
ROW 2

0.
ROW 3

0.
ROW 4

«10000E+01]

H MATRIX

ROw 1

0. +10000E+01 O, 0.
ROW 2

-‘13106"]3 00 o. o.
ROW 3

0, 0. .10000F+01 O,
ROW 4

0. 0. =-.75000F+01 O,
ROW S

+20000E-16  ,2100CE=-02 =,26810F+06 ,73968E-01
ROW 6

«36RB0E-N3  ,2420”7E+01 =.12048F+02 .35920E-03

D MaTRIX

ROW i

N,
ROW 2

0,
ROV 3

2.
ROwW 4

«10000E+)

ROW 5

0.
ROV [

2.

Figure 55, KONPACT-2 Qutput (Employing FFOC to Compute Reduced
Feedback Gains) for Static Elastic Design Model (See Figure 39
for KONPACT-2 Input) (Continued)
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PRESENT PREDICTOR -~ DELK) (LAMADA)

i
0. 0.

LAMBDA = LR00

ITERATION o

STEP S12F = «10000000E+00

GAINS MATRIX

«J1169€+01 ~-.95076€-01 O,

EIGENVALUES
REAL IMAGINARY
~e100660000
-2.19059716 ?nl36BQQ’6

=11.799R8054]

COSY = «100N4T701E-07

GRADTENT TRANSFORMATION MATRIX

ETIGENVALUES
REAL TMAGRINARY

4,18723677
*06962,927230R)
*13005,69111023

GRADIENT NORM = 65622850601

NORMAL [ZED GRADIENTY

00

«15939€+01

DAMP ING RATIO

= 73936394

DAFPING RATIO

FREQUENCY

3.03172634

FREQUENCY

Figure 55. KONPACT-2 Output (Empleying FFOC to Compute Reduced

Feedback Gains) for Static Elastic Design Model (See Figure
39 for KONPACT-~2 Input) (Continued)
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MM TRIX
ROW 1
-.35857E-05 .10338E+01 ~-,52279¢-01 O,
ROW 2
~.56296F+00 .69873E+03 ,€2642E+04 O,
ROW 3
0. 0. .10000E+01 O,
ROW &
O 0. 0. .22351F-03
7 MATRIX
ROW 1
0. 0. 0. 0.
ROW 2
0. b, 0. 0.
ROW 3
0. 5. .10000c401 O,
ROW ¢
9. 5, 0. +10000E+01
ROW 3
0. n, 0. 0,
ROW 6
D, 0. 0. .

MEAS 'REMENT “ATRIY FNR FIXED FORM GAINS

0w 1
~.35857E-05 .19338E+01 -,.52279€-01 O,
ROW 2
=oS4236E-00 .69873E+03 ,62442E+06 0,
ROW 3
0. 0. o, .223616~-03

OPTIMAL RICCATI GAINS

ROwW 1
<50505E-03 .255T9E+0) ~.70016E+01 .35641E~03

INITIAL SAINS == x1(1)

ROW 1
231169E+81 =.95076E~03 0, .159309E+01
K2 MATRIA
]
ROW i
0. 0, -.9019GE+v0 0.

[
0.
0.
0.
0.

0.

0.
0.
0.
0.
0.

«10000E~0}

Figure 55, KONPACT-2 Output (Employing FFOC to Compute Reduced
Feedback Gains) for Static Elastic Design Model (See Figure

39 for KONPACT-2 Input) (Continued)
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ROW 1
+TIVTPEQ0 = 3446S57E=03 0. +6B160E+00

ITERATION )

STEP SI1ZE = .10000000E+00
GAINS MATRIX

ROW 1
«3I0437E+QY -.91631F-03 O, +15257E+01

COST = +10103211E-07
ITERATION 2

STEP SI2E = «10000000E+00
GAINS MATRIX

ROW 1
«»30803€£+01 -,93353£-03 O, +15598E+01

CosT = +10006006E~07
ITERATION 3

STEP S1Z2E = +264319639E~01
GAINS MATRIX

ROW 1
+30991E+01 -,94230€-03 O, «1S5773E01}

CosY = »99938133E-08

Figure 55, KONPACT-2 Output (Employing FFOC to Compute Reduced
Feedback Gains) for Static Elastic Design Model (See Figure
39 for KONPACT-2 Input) (Continued)
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ROW

ROW

ROW

Figure 55,

GRADTFNT TRAMSFORMATION MATRIX

EIGENVALUES

IF AL IMAGINARY DAMPING RATIO FREQUENCY ‘
4,22:34554
#RS915,4L478B6(G72
*389213,338R5193
GRADIFNT NORM =  ,56747673E=03

NORMAL1ZED GRADIENT

1
«88761E+00 =.23964E-01 0, «46060E+00

ITERATION 4

STEP S12€ = «24319639E=01

GAINS MATRIX

+30775€« ;1 -,93655€~01 O, «15661E+01

COST = +99963171E~-08
ITERATION S v

STEP SIZE = «24319639E~01

GAINS MATRIX

!
«30RB3E+n1l =.93947E~03 O, «15717E+01 y

COST = «99944217E-08

KONPACT-2 Cutput (Employing FFOC to Compute Reduced"
Feedback Gains) for Static Elastic Design Model (See Figure 39
for KONPACT=-2 Input) (Continued) -
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ITERATION &
STEP S1Z€ = .33176557€E-03

AAIN: MATRIX

ROW ) -
LI0QRAE+ ] -.096235F-03 0. +13772E4+01

cosY = .99318120E=08

ADTENT TRANSFORMATION HATRTX

CIGENVALUES
SFAL IMARINARY DAVMPING RATIOD FREQUENCY

4, 22055R66
»62150 56507546
#1R06T.325H9397

RATIO OF COSTS = R-LEY
ul
GRADIFNT NORM = Jyba399776-03
/{/

NORMA, 1ZED) GRADIENT
| 4

/
7

/

pow 1 :

/
-.BRIOIE+"0 .240S0F=03 0. -, 4hT65E+00

/
/
K# (LaMADA) FOR REGPONSE CALCULATIONS

!

ROW 1
.3ooane.u/ - 942I0E=0Y =,TP132F 00 157726401
;

Figure 55, KONPACT-2 Output (Emplcying FFOC to Compute Reduced
Feedback Gains) for Static Elastic Design Model (See Figure 39

for KONPACT-2 Input) (Continued)
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Figure 55.

e

COVA. TANCE ANALYSTS FOR DISTURRANCE 1

COVALTANCE “ATAIX

ROW 1
LHO9BSES & JaIMIGE~D6

FOW 2
4FRVFe 4 JLRLPAE=a9

ROW 3
~ A23RTF= 4 =, 11033805

CRIVE
- 16770F e | =, 17R33F=91

ReMe3e

“ 123%7c=nb ~,15770E+01

=.1103F=iH =, 13R0AE=03

. 3536%0= 09

e JRACHT=( 4

= SPOMSGES

hTI16A) TR =y
WP¥3IDPRIOE 04
C1BHGRABSE =06

122095925404

1
?
3
4 «ASHIZRYIE-JG
5
]

73023937604

TOTAL P.M,S,

TSPOHSES

kTS 1GF L TE~yL
HAGPPAIGE gL

«h50I28F5E < e
«1P2249592E 600
«73322037¢ 34

FIGENVALUES

-
1
)
k) R T EATY- LTI
A
-‘;
[}

'F AL IMAGINARY

N EDELE
-2, 14901483
“11,767359%2

NEW OREDICTNR

29k !
“J1RQ9uF= 1 LHAS9VE (R
LAMRD A = AN
ITERATION v

KONPACT-2 Output (Employing FFOC to Compute Reduced
Feedback Gains) for Static Elastic Design Model (See Figure 39

P 13PRGTLR

0.

«39850£=04
S0UN00ED]

DAVDING RATTO

- 70491605

=, 16720E-01

for KONPACT=2 Input) (Continued)
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K® (LAMBDA) FOR RESPONSE CALCULAT]ONS

ROW 1

«JO264E+Q1 ~.90847E-0]

+88115€~1¢

COVARIANCE ANALYSIS FOR DISTURBANCE 1

COVARIANCE MATRIX

ROW ]

ROW

+60969E+00 43B2IE=-04 ~.12379E~06 =,16769E01
2

+43823E-04 L 4H179E-08 =~.11037E-08 -,13807E-03

ROW 3

=«12379€-04¢ =,11037€-08

ROW .

=.16769€+01 -.13807E-0)

R.M.5. RESPONSES

PN W~

+67955011E-04
+88311304E-004
«18842019€E-04
«64980631E-04
«122132647€+00
«73725507€-0¢4

TOTAL R.M.S. RESPONSES

NS WN

EIGENVALUES
REAL

~.10000000
~10.,62¢88387
~2.264188055

NEW PREDICTOR

ROW

+67955011£~06
«88111304E-04
«18842019€-04
«66980631E~06
«12213267€400
«73725507E-04

TMAGINARY

2416354058

«35502£-09
+39849E=04

«39869E~-04
«50000€+01

DAMPING RATIO

=o 719567264

«15102€+01

FREQUENCY

3.11559565

1
~«10090E=)) .B4593F-05 0, = 16720E~0])

Figure 55, KONPACT-2 Output (Employing FFOC to Compute Reduced
Feedback Gains) for Static Elastic Design Model (See Figure 39

for KONPACT-2 Input) (Concluded)
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TODAY#S DATE AUC 17y 75 IDENTIFICATION J K MAHESH

TIME RESPONSES PLOTTING TVIME = £.000
SAMPLE INTERVAL = «2000E-01}
PLOTTING SAMPLE INTERVAL = «2000
F19ST DELAY TIME = Q.
SECOND DELAY TIME = 0.

PLOTTING VARIABLES

RESPONSE NUMBER RESPONSE VARIABLE RESPONSE UNITS MIN SCALE MAX SCALE SCALE FACTOR

1 Q -0 =0 1.00
2 ALPHA =.0 =0 1.00
3 DELTAE .0 =0 1.00

MAX NUMBER OF INNER-LOOP ITERATIONS 40 MAX NUMBER OF QUTER-LOOP ITERATIONS 20
MAX NUMBER OF TTERATIONS ON ELIMINATING CONTROL SURFACE FEEDBACKS 4

NEW PROBLEM WITH INPDO = & INPK = 1 NCONT = 1
HOCOV = )

NSTEP = 0 NRAND = 0
NPRIN = 0 NPLOT = O
FLIGHT CONOITION &S RUN )

ORDER OF SYSTEM = &

NUMBLR OF RESPONSES = o

NUMBER OF CONTROLS = 1]

NUMBER OF DISTURBANCE INPUTS = |

NUMBER OF FEEDRACK STATES a2 4

NUMBER OF 6GUST INPUYTS = 0

NUMBER OF COMMAND STATES = ¢

NUMBER OF GUST LIFT GROWTH STATES = 0
CONTROL RATE RESPONSES START WITH RESPONSE 7

STATES ARE ORDERED AS
oy
1 2 3 L)

Figure 56. KONPACT-2 Output (Employing DIAK to Evaluate Time Responses g
to Elevator Command) for Static Elastic Design Model (See Figure
40 for KONPACT=-2 Input) -
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F  MaTRIX
ROW 1
~o6TB6BE+00 .BT7412€+00 ~,24810F+04 0,
ROW 2
=« 18740E~03 ~.110)1E+0)1 =,1204BE+02 O,
ROW 3
0. 0. -, 75000€£¢01 O,
ROW 4
0. 0. 0, =+10000E+00
Gl MATRIX
ROW ]
0.
ROW 2
0.
ROW 3
+10000E+01
ROW o
0,
%52 MATRIX
ROW 1
0.
ROW 2
0.
ROW 3
0.
ROW o
«10000E-01}
INITIAL CONDITION MAYRIX
ROW 1
0.
ROW 2
9
ROW 3
0.
ROW o
°'

Figure 56, KONPACT-2 Output (Employing DIAK to Evaluate Time Responses
to Elevator Command) for Static Elastic Design Model (See Figure
40 for KONPACT-2 Input) (Continued)
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ROW
ROW

STATE LIMIT = RATE LIMIT MATRIX

«10000E+20  .1000NE-20
2

+10000€+20 .10000E+20

ROW
ROW

3
«10000E+20 .10000F <20
o

+10000E20 .10000€+20

COMMAND LEVEL MATRIX

ROW 1
L4T16E. 4
B MATRIX
ROW 1
0. «10000E+01 O, 0.
ROW 2
+11310€£-02 0. 0. 0.
ROW k|
0. 0. 10000401 O,
ROW 3
0, 0. '.75°°°E'°‘ o.
ROW S

+20000E-06 .21000€-02 -,24B10E%04 ,T73969¢€-01
6

.S6BBOE~03 ,24202€+01 -,12048g¢02 ,35920€-03

Figure 56,

PERLAS AR,

O MATRIX

w N

4

S

KONPACT-2 Output (Employing DIAK to Evaluate Time Responses
to Elevator Command) for Static Elastic Design Model (See Figure

40 for KONPACT-2 Input) (Continued)
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M MATRIX

ROW I
-«ISE37E- 5 .10338F+ci -.52279¢-01 O,
2

ROW
~.54296E400 .69873L03 .62442E+04 0.
ROW 3
0. 0. .10000g<01 v.

]
R 0. f 0., 0. «22261E-03

INPUT GAINS NATRIX

ROW !
«31169E+ ) =+93075€-03 “-9019JE+00 .15939EF.0)

QUADRATIC WEIGHTING MATRIX

ROW ]
0. 0. 0. 0. 0. 0.
RN 2
0. o, 0 0. °. 0.
ROW 3
0. 0. 0. 0. 0. 0.
y ROW 4
0. g. 0. 0. 0. Q.
oW S5
0. q. 9. 0. 0. 0.
ROW 6
0. 0. 0. 0. 0. 0.

Figure 56, KONPACT-2 Output (Employing DIAK to Evaluate Time Responses
to Elevator Command) for Static Elastic Design Model (See Figure
= 40 for KONPACT-2 Input) (Continued)
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AIRCRAFT RESPONSES WITH PRESCRIBED GAINS

TIME RESPONSES
AUG 17y 75 J K MAHE" . FLIGHT CONDITION 4%

THERE aRE 3 RESPONSES TO CQHPUTL

TIME RESPONSES FOR DISTURBANCE 1

TIME ¢.000
Q = 0. ALPHA DELTAE +4BE~0])

TIME «200
Qe = =17 =.21E-01 DELTAE «81€E-01

TIME .400
Q = -,27 -.64E~01 DELTAE «S?E-01

TIHE «600
Q ~.28 DELTAE

TINE 800
Q = =,24 DELTAE

TIME 1.000
Q = -,20 DELTAE «23E=01)

TIME 1.200 ]
Q = =.16 DELTAE «25E~0]

TIME 1.400
Q x -.13 DELTAE

TINE 1.600
Q = =11 DELTAE +32E~-01

TIME 1.800
Q = =all DELTAE 0 J4E-01

TIHE 2.000
Q -.11 =18 DELTAE «3SE-01

TINE 2.200
Q = =.]1 = -, |8 OELTAE +JSE~01)

TINE 2.490
Q = =.1) ALPHA -.18 DELTAE = ,35E-01

Figure 56, KONPACT-2 Output (Employing DIAK to Ewaluate Time Responses
to Elevator Command) for Static Elastic Design Model (See Figure

40 for KONPACT-2 Input) (Continued) (See Figure 33 for On-Line
Time History Plots)




TINE = 2.600
Q = =1 ALE=A = -.18 DELTAE +35E-01
TINE = 2.800
Q = -1 ALPHA = -4 DELTAE «JISE-01
TIME = 3.000
Q = =11 ALPHA = -.18 DELTAE «35E-01
TIME = 3.209
Q = =,11 ALPHA = =,18 DELTAE «35€-01
TIME = J.apn
Q z =.11 ALPHA = -,18 DELTAE «JSE-01
TIME = 3.56¢0
Q = -,11 ALPHA = =18 DELTaAE «35€-01
TIME = 3.80n
Q = =, 11 ALPHA = ~,]8 DELTAE «3SE-01
TIME = 4,000
Q = =411 ALPHA = =,18 DELTAE «35E£-01
TIME = 4.200
Q = =,11 ALPHA = =,18 DELTAE «3SE=-01
TIME = Lo k00
Q = «,11 ALPHA r =, DELTAE «JSE=-01
TIME = 4,600
@ = ~,11 ALPHA z =,18 DELTAE «3SE-01
TIME = 4.800
Q = =.11 ALPHA s =,13 DELTaAE «JISE-0)
TIME = $5.000
[} z =-.11 ALPHA = =, 18 DELTAE «ISE=-01

Figure 56, KONPACT-2 Output (Employing DIAK to Evaluate Time Responses
to Elevator Command) for Static Elastic Design Model (See Figure
40 for KONPACT-2 Input) (Continued) (See Figure 33 for On-Line
Time History Plots)
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I T W 08 s s
U 3 E Aileron Actuator 5a —]
a 1 |
S [__ 63
|
| E— dei
Inboard Elevator Actuator [=T==% &0
"Sei t S Sei : b o |
(- s 4
lr |
(3 A
|
Qutboard Elevator Actuator é
e A
eo
'8 : ‘e 1 Seo '
e
eo : | ._
| ¥ |
: -?l | |
: |
Al B R X LL i
Figure 58. Actuator Block Diagram ;‘%
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[aXe Ny

OO

OO0

16
20

SUBROUTINE SIMK2(XDOT.Y

PURPOSE =« TO IMPLEMENT SIMULATION EQUATIONS FOR CSA CONTROLLER

ANALISIS « A F KONAR /
DATE WRITTEN = 1975

ARGUMENTS LIST

XOnY

Y

X

v

XDoTL OUTPUT
YL ouUTPUY
kL ouTPUT
NX OUTPUY
NY QUTPUT
NR ouTPUT
NU OUTPUT
INTY INPUT
T QUTPUT

OIMENSION XDOT (NX) «Y (NY

COMMON /INOUT/ IReIWsIPRINT, INSERTILOCATE +NULL 4MARK (20) 9 N+ JQJS

DIMENSION CARD(?20)

REAL ®M]oxKM2oKAF o KQoKP o
DATA “ENDB'HWITCeHAINB/
DATA HMLC) sHMLC29HSASRY
DATA WKMIByHKMZR oM AF R,
DATA HKPBH o HKNFB/4HKP

CHECK IF INITIALIZATION
IF(INIT.NE.O) GO TO 100
SET FILTER GAINS

AP==,| § BRPx,2236]1F-0)
ANFse,0

AFs=,n2

AMl==_01

AM2z- 01

AWFa=], § BHFs~],
ATFeei, 0 $ BTFs6,0

SET CONTROLLER SWITCHES
SAS=0.0 $ ALDCS=0.0 $ M
SET CONTROLLER GAINS

KM]=a],0/0.26
KM2s3)],0/0.05591
KAF=234,0%0.26
KQuQ,S
KPsp,3868
KNF"O-.’

RZAD CONTROLLER SWITCHE

CONTINVE
READ(1R»26) CARD

FORMAT (20A4)
IF(CARD (1) (EQ . HENDR) GO

Figure 61. Subroutine SIMK2 Program Listing

sXoUeXDOTL o YLeRLINXONYoNRINU9 INITHT)

J K MAMESH - THE HONEYWELL INC

ARRAY FOR STATE DERIVATIVES
ARRAY FOR Y EGUATIONS

ARRAY FOR STATES

ARRAY FOR EXTERNAL INPUTS
ARRAY FOR DERIVATIVE OF STATE
ARRAY FOR Y EQUATION VARIABLES
ARRAY FOR EXTERINAL RESPONSE VARIABLES
NUMBER OF STATES

NUMBER OF Y EQUAT]IONS

NUMBER OF QUTPJUTS

NUMBER OF [NPUTS

INITIAL MODE FLAG

SAMPLE TIME

YoXENXY oW (NUD o KDOTL (NX) s YL (NY ) o RL (NR)

KNFeMLCLoMLC2

QHEND o&HWITCooNAIN /
HALDC/Z64HMLCY o oMM C2+6HS2S +4HALDC/
HKQBR/GHKM] s 4HKM2 s6HKAF ,4HKQ 7/
C4MKNF /7

MODE

LCI=0.) § MLC2%0,0

S ON AND CONTRILLER GAIN VALUES

TO0 8¢

182

SiMk2 2
SIMK2 3
SIMK2 &
SimMx2 §
SIMK2 6
SIMk2 7
Simc2 8
SIMK2 9
SIuk2 10
SIMNK2 1)
SIMK2 12
SIMK2 1)
SIMK2 14
SIuk2 1S
SINK2 16
SIMK2 17
SIMK2 1@
SImMx2 19
SIMK2 20
SInxe 21
SIMK2 22
SIMK2 23
SIMK2 24
SImMK2 2%
SIMK2 26
SIMK2 27
SInk2 28
SIMK2 29
SIMK2 3¢
SInk2 3)
Sinx2 32
SIMk2 3
SINK2 34
Simx2 JS
SImK2 36
SIm2 37
Siwx2 3

SINk2 J

SINK2 &0
SINK2 4)
SINK2 42
SINKZ &3
SINK2 &4
SINK2 &S
SINK2 46
SINK2 47
SINK2 48
SINK2 49
Simx2 3¢
SImx2 S)
sink2 32
Siux2 33
SIMK2 Se
Simx2 8S
SN2 %S¢
SlMn2 37
SInK2 S
Sl 3¢
SINK2 60
SIw2 6}
Simx2 62
SINK2 1)
SIK2 66

"

e




(e X2X2]

(o N aXal

OO0 OO0 OO0 OO0

(s X2 N}

30

40
50

60

IF(CARN(4) dNELHWITCIGO TO 4o
READ CONTRGLLER SWITCHES ON

CONT INUE

READ(IR+2C)CARD
IF(CARD (1) .EQ.HENDRIGO TO 1o
IF(CARD (1) JEQ.HMLCYIIMLCL=],
IF(CARD(1) ,EQ.MMLCY11GO TO 3¢
IF(CARD (]!} EQ.HMLCPIMLC2%] .
IF(CARD (1) .EQ.HMLC?21GO TO 3o
IF(CARD (1) ,EQ.HSASR)ISAS=],0
IF (CARD (1) .EQ.HSASRIGO TO I
IF (CARD (1) JEQ.HALDC) ALDCS=1,0
TF(CARD (1) ,EQ.HALDCIGO TO 3p
STOP 111

READ CONTROLLER GAIN VALUES

CONTINUE

IF (CARD (&) «NE .HAINRISTOP 11}
CONTINUE

READ(IR+20)CARD
IF{CARD (1) .EQ.HENDRIGO TO 1¢

1F (CAQD (1)) ,EQ HKMIRIREAD{IR+60)KM]
FORMAT (E12.6)
IF(CARD (1) .EQ.HKMIRIGO TO Sq
IF{CARD (1) .EQ.HKM2RIREAD (IR+60)KM2
IF(CARD (1) .EQ.HXM2R)IGO TO 59

IF (CARD (1) ,EQ. HKAFRIREAD (IR 160)KAF
IF(CADD (1) .EQ . HKAFRIGO TO Sy
IF(CARD (1) .EQHKQBRIREAD (IR,60) K0
IF(CARD(]) .EQ.HKQBR)GO TO S
IF{CARD (1) JEQ  HXKPBRIREAD{IR,60)KP
IF(CARD (1) ,EQ.HKPBRIGO TO So

IF (CARD (1) ;EQ.HENFRIREAD ( IR 460} XNF
IF(CARD (1) .EQ.HKNFRIGO TO So

STOP 111}

CONT INUE

SET DIMENSIONS OF SYSTEM
NX=7 & NR=3 $ NU=9 § NY=$S
RETURN

RETURN

SIMULATION EQUATIONS

CONT INUE

OIFFERENTIAL ZQUATIONS
XOOTL (1) =AP®X (1) +BPU(I)
XOOTL (2)sANFOX (2) «ALDCS®U (6)
XDOTL (3) sAMIOX (3) eMLCLO®Y (2)
XOOTL (&) =mAFOX (&} +ALDCEOY (1)
XDOYL (S mATFeX(S)+RTFeY (D)
XOOTL (6) BANFOX (67 *RHFOU(2)
XDOTL (T)=mAM2OX (T) +MLC20Y (4)
SUMMING POIMT EQUATIONS

YLD eKAFEX (2} «ANFoU (&)
YL(2)mKM] 2 (4) ~U(P

SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMKZ
SIMK2
SiMKe
SIMKZ
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2
SIMK2

99

SIMK2100
SIMK2101
SIMK2102
SIMK2103
SIMK2104
SIMK2105
SIMK2106
SIMK2107
SIMK2108
S1MK2109
SINK21i0
SIMK2111)
SIMK2112
SINK2113
SIMK2]114
SIMK2115
SIMK2116
SIMK2117
SIwK2118
SIMK2119
SIMK2120
SIMK2121
SIMK2122
S1MK2123
SIMK2124
SIMK2125
SIMK2126
SIMK2127
SINK2128
SIMK2129
SIMK2130

Figure 61. Subroutine SIMK2 Program Listing (Continued)
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OO

OO

YL(3)2KPOX (1) eX(6)+U(2) +KNFBU(T)
YL (6) zKM2%U(S) ~U(9)
YL{S) =ALDCS*X(S) +X (1) +SASeKN*1)(8)

RESPONSE EQUATIONS
RL{)Y=U(]}
RL(2)2Y(5)
RL{D sX ()

RETURN

RETURN
END

SIMK2131
SIMK2132
SIMK2133
SIMK2134
SIMK2135
SIMK2136
SIMK2137
SIMK2138
SIMK2139
SIMK2140
SIMK2141
SIMK2142
SIMK2]143
SIMK2]144

Figure 61, Subroutine SIMK2 Program Listing (Concluded)

184

U L N S I RN 2m

L

il A




weaSerq ¥001d ISTIOIIUCD SOATTV PIonpay °z9 2and1g

10"0- (L]

200 4

0" 5- AN
g-Di®9EZZ 0 o8
Lo o

San | B SIUB| 314407 S31LE]

127W T




57UBLBANS RAY

sasuodsay
ubtsag

udisa( J9110IIU0D) SOV JI0J 3aNpad0ad ~*g9 aundrg

sureg yoeqpaay |

Aﬂwnlllllllll

L2poW ubisag we3lsAs | |BJ3AQD

~

!

B e S e T )

s3ynduj
|043u0)

sandug
3oueqan3sig
asLoN
33LUM

186




Response Weight Value
MLC1 Q, 0. 800E+01
Bl Q, 0.100E-01
T1 Q, 0.100E-08
9 Q, 0
B, Qs 0
i Qq 0
£ Q, 0.500E+04
B, Qq 0
it Qq 0
Sei Q,, 0. 600E+06
By Qs P
Ty Q2 4
6a Q13 %
By Qq o
R Qs 3
Sei Q6 2
1'31 Q,, 0.750E-13
i Q'1 b 0.100E-10 ..
M Qq 0 i

Figure 64, Design Response Weights for ALDCS Controller Design
(C-5A Cruise Flight Condition) 9
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Response Weight Value
B, 20 0.100E-13
"'rz - 0.100E-11
My 22 4
5 Qyq 0.200E-13
"1*3 Qy, 0.200E-11
s Qs 0
1‘.34 Q¢ 0. 800E-13
"1*4 Q. 0.100E-10

. Ty s ¢
1§5 Qg 0.200E-12
T Qqq 0.200E-10
N Qg 0
P Q5 0
éw Q5 0.100E+01
éq Qqy 0.100E+01
o Q35 0
Yol Q36 .
Yoo Q37 2

Figure 64. Design Response Weights for ALDCS Controller Design {
(C-5A Cruisz Flight Condition) (Concluded)
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Gains Values
KIDELA -7.812
K1A21RL 11,94
KIGLAF 1.969
K2A21R 0. 002565
KZAFUS -0, 06401
KZTFUS 0. 4904
KZP* 0.178

b

j K5 p GAIN obtained by FFOC is subsequently adjusted to
satisfy the steady state ALDCS requirements for éei'

Figure 65. Reduced Feedback Gains for ALDCS Controller Design
(C-5A Cruise Flight Condition)
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RESTOUAL ELASTIC SYMM MODEL FOR C=54 ~ CRUISE FC = STMULATOR+LOADS
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Figure 75, FLEXSTARB/LSA Residual Elastic Simulator Deck Data
(Continued)
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= 2735603 10226407 3RAUTE«03=,)2T3E+03 ,1239E¢0Q3=,104LE02
2 9I28E+0) LIASIE+0] J1P“IESQI= J16TEOL L2000E901-,1R10E+01
o 6514E4N0 ,SLOHEC00-41uTut e01=,P196E+00 ,6460EL+00~-,1280E¢00
e 1920801 ,1942€001~,3523E~01 ,4226E0006=,53/TE0u3~,1260E¢0)
= TOH2€+02 13776903 LIGSRELUD~, 551007 ,6872E¢02-,1000€+03
“o6495E¢02 ,B680E+07 ,I921E€+03 ,27BRE«03 .I606L+03~,3996E£402
*eJ2LGES02 LORIENY STGIE+NI=,G234E 07 ,6573E¢03 ,&N23E+03
= IFINE02 ,AOSHE*022,63GNE+N2= BAJIE02 61PTE«D2-,A90E+J2
«IOINE0I= , 11S0E¢03 TINREN? ,RUSTE«OL=,AKLIE+I0-,6HI6E*00
=e2602E+00 ,2V19€*00=,4103E+00~,262uE+00 T214E+00~,1)05E+0]
«IOTOE«0C ,1005€+00 L1736€E+01 ,13B9E«00 L1T7T70E+01=,0590E=0)
22651E06= THHSE+03=,25nhE+ 03 ,5120E¢02=,9695E+02 ,6207E03
ehB56E+02= 14626203 L4902 +07= 899301 2375E+07 .1055E+03
o TT26E002= ,50T78E¢0P-,5304E¢02=, L {SRE«ON ,1361E«0] .2698E¢03
=, 2 25F 02 ,2160E¢0) ,4NGNE+0V=, 1747507 ,119TE+03-,2683E+03
s 1T4BEeQDe 6R14E+02-,2990E02=,9203E02«,3264E+07 ,70894E+0¢7
o T2226401=,2003E¢01=,TUPEE0D0 L15T3E000=,2846E¢00 +1621E+0)
0 9566€=0)~,1829E+00~,41S6E-01 ,ITOGE-01 <A39E-01 1D20E+0)
«0IINE000=,1126E091-,2574F~01 ,J1IAREeDG-46]1T73E+03=,1395E203]
«SU20E402=, 77316002 ,601AF 00 ,SGTHE0P=,186TE0] ,1383E00)
= 3006F02 ,1C12E6902=,6746E402 ,42I5E001=,6T68E+02=,1564E¢92
=o5200E402 ,1263E+03 ,2300€¢02=~,2581E402 L1932E+03 ,21927E+03
“o2ITOE402 ,1284E+02-,3017E+07 ,1087E«03=,TIME+Y2~,421AE+02
“o1S8IE00) ,7614E002 ,4525€401)
L/7DELSO 15 3
o 1228E 006~ ,102TE205~,43GTENS 1) OE209=,T773IE¢08~,287E+08
= 6026E+08 ,31IA8E¢08 ,)ISAECOR ,128)EeUA=9F0AE+05-,4205E+05
e1169€ 2N 61 18E+08-,2604E+0R=~,ISSRECUR ,5253E+07 .2260E07
e1369E 06~ ABLLE40S5=,ITR0E+0S AI2E+0R=,ITOO0E+OA=,15T¢E+DB
“o TOABEOT ,1609€¢07 ,636IE+06 ,14PNE+V6~,TG0SE+35=,1156E+0S
o STITE+08= ,2145E+0R=,914PEe0T7=,T46GE*0T L1X61E+07 .7954E*06
e 1J15€006< 56B8E+05-,2475E¢05 ,3132E00A~,910RC-37=,1882E407
= TO9SE0T7 114BE«0T .4916E406
L/7DELS] 15 3
“e9T00E+06 ,1027TE¢06 IN)TE03=,5(ISE+0T ,1340E+07 L4078E400
o 1SIGECNT ,ABIOL*06~,2008E+06-,TR23E 06 IHSTE0h ,6399E03
“oJBVGE+0T LLTGEQT IS5AUEe0A=, 132V +UA=,16IIE06=.50T4E0S
=2.5686€004 ,J082€+04 S16IEe0I=, 21507 ,7397E+06 .23I0E¢06
"o 2TAOE+06~ ,618T7E 05~ 19ITE+NS= 4 AGAECL L 1GAREDS ,6562E+03
“sI2RTELQT ,66J4E+406 ,1V60E«06=,298NE¢06=,TISEE+05~,2489E+05
“o2340E006 ,1336E¢06 4))BE40I=,5090E¢06 ,)BS0E+06 R6T)E*05
“ o 2I92E 06~ ,4SIIE05=-,14)TENS
L7460 15 3
e20892F 002 ,2823€¢03-.1T00€¢0] ,22LAE¢05=,12T70E¢06~,1119E20¢
= QOLNE 04  JHDBEES I66AE0T 2R24E402,2023E¢03=,1646TE00)
D VSSEe05= 8I20E¢05-oA7)0E¢03~,1431E006=,1902E¢06 .663IE02
e252T7C0 022 ,1231E¢03-,1259E40]1 ) (OLE0S=,6230E005-,5329¢+0)
“03963€0)=,2981E¢06 ,2308E4N2 ,2124E+02-,9200E¢02-,1104E¢0]
20162€004~ ,2V27E405=,3134E+03~,5504E¢03=,3011E¢04 ,1997E¢02
s DOGBE 02+ ,41B4E§2=,TIT6E+00 2K15E+04=9T6PE+04=,1322E+0)
*eIIINE00I= 2000004 1O6P5E.02
(W4 [1] 15 ]
«OOISEL00 ,1480€02 17SBE00 2007E+03 .8325€04 .77008E+02
"o bBTOE+02=,1645E+04~.]1325€¢02 ,4STRE«ON ,1203E+02 .)A09E+00
o 1509€ 0 ,STSTE«04 A175€+02 1T76TE+02 ,S5056E+03 .1255E02
e 2200400 ,BL24F001 ,6540E-01 6AT2E«02 .3178E+06 )529€002
oJITBE+02 ,3826E¢9) ,596)1E¢0] ,1469E000 68136901 +2654£-0]
s IS2NE02 ,1011E000 ,536BE+0) ,1265E07 .264TE«0] ,1096E+0)
«JOGOE-01 ,ITSSE0] J1696E=01 1530082 ,TTIE03 ,17)3E0)
«OOSLECSL ,1361E03 ,1381E«¢)
SF INISHED® L] 0

Figure 75, FLEXSTAB/LSA Residual Elastic Simulator Deck Data
(Concluded)
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STAMK |

STAMK2
STAMK]Y
CONDH
MAME 42
= MRz 3]
NUM= 12
NYM= 49
MsB= 3
MT8= 2

Figure 76, Figure 77 Precompiler Data (KONPACT-1)

8o INPUT DATA CARDS eve

C SPECIFY PRINTING

PRINT OUTPUY DATA

PRINT INPUT DATA

C OEFINE VEWHICLE

SYSTEM NO 1 FLERSTAB CSA A/C F3& ( RESIDUAL ELASTIC SYMMETRIC = RES )

SLSA DATA
RESJOUAL ELASTSC SYMM MONEL FOR C+5A = CRUJISE FC = STMULATOR«LOADS
END
C NAME LIST DATA
STATE
1 Xt 1) u VELOCITY ALONG X AK1S INCH/SEC
2 Xt 2 L] VELOCITY ALONG 2 AXIS INCH/SEC
b Xt W Q PITCH RATE RADIAN/SEC
6 Xt ) THETA PITCH ATTITUDE RADIAN |
5 Xt 5 el RENDING MOUE DISPLACEMENT INCH
6 X A} ve2 BENDING MODE D]SPLACEMENY INCH
7 Xt ued RENDING MODE O]SPLACEMENT INCH
] X{ Ay [y BENDING MODE DISPLACEMENT INCH
9 Xt Q) UES BENDING MOOE DISPLACEMENT INCH
1¢ | 53 ) UEe RENDING MODE DISPLACEVENT INCH
11 Xty VET BENDING MODE D1SPLACEMEINY INCH
| ¥ X(12) VUES RENDING MODE DISPLACEMENY 1CH
1) | SRR Y) UES BENDING MODE DISPLACEMENY INCH
16 Xtle) UELQ AENOING. MODE OISPLACEVENT INCH
15 LER L3 UEN) BENDING MODE O1SPLACEMENY 1NCH
1¢ ) SR LY} VElk2 RENDING WODE OISPLACENENY INCH
17 1 13%4] UEDD AENDING MODE DISPLACEMENY INCH
18 K{iny UEL& RENDING MODF DISPLACEMENT INCH
19 X(la) UELS RENDING MODF D1SPLACEVENT INCH
20 X{2e) HELDNT  RAENDING MODE RATE 1NCH/SEC
21 Xt21) UE20NT  BENDING MODF RATE INCH/SEC
22 x{2= HEIDNT BENDING MODE RATE INCH/SEC
23 nizvy UEADNT AENDING MODE RATE INCH/SES
24 X(24) UESDOT  BENDING MODE RATE INCH/SEC
2% K(2%) UESDNT  HWENDING WMODE RATE INCH/SEC
26 X(25) UETONY BENDING MOOE RAVE INCH/SEC
27 x{2mn UEBSDNT  RENDING MODE RATE INCH/SEC
28 X(2a) UESDNY RAENDING MODE RATE INCH/SEC
29 X(29) UEL10NOT RENDING MOOL RATE INCH/SEC
k1) X{dni UELINOT BENDING MODE RATE INCH/SEC
n X3y UEI2n0T BENDING MOOE RATE INCH/SEC
32 X432 UELIINOT RENDING MODE RATVE INCH/SEC
b} ] X3y UEI&NOY RENDING MODE RATE INCH/SEC
k1] X(36) UEISNOY RENDING MODE RATE INCH/SEC
04
ouTAUY
1 R{ 1Y S4LSGY PITCH RATE G(YRD RADIAN/SEC
2 Rt 2 AZ AP NORMAL ACCELEROMETE® INCH/SEC2
b ) R W AZFR NORMAL ACCELEROMETER FRONTSIAR INCH/SEC2
[ R{ &) AZR% NNRMAL ACCELEOMETER BACKSPAR INCH/SEC2
S R( &) s1 SHEAR FNORCE (120.0) Ls
6 R &) Al PENDING MOMENT ()20.0) INCH=LS
7 RI ™ T TORSION MOMENT (120.0) INCH-LB
8 Rt ay $2 SHEAR FORCE (328,2) L8
9 R{ 9 R2 RENDING MOMENT  (J2A,2) INCN=LB
10 R(L1) 12 TORSION MOMENT (328,2) INCH=-LH
'Y LIFER) $3 SHEAR FORCE (575.1) LS
12 RU12Y R} AENDING MOMENT  (S57S.1) INCH=-LS
1) R{lM) 73 TORSION MOMENT (575,10} INCH=LB

Figure 77, KONPACT-1 Input Data to Produce F42D Model
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14 Rl S6 SHEAR FORCE (Tu6,0) LB
15 R{1s) Rée BENNING MOMENT  (746,0) INCH=LB
16 R{1A) Te YORSION MOMENT (T46.0) INCH-LB
" LIS RA] 55 SHEAR FORCE (920.0) L8
18 R(lm) Aas RENDING MOMENT  (920.0) INCH=LB
19 Rl 75 TORSION MOMENT (920.0) INCH=LB
-1
INPUT
1 ute ADAIL AILERON OEFLECTION RADIAN
2 ut » ROEL INBOARD ELEVATOR? DEFLECTION RADTAN
3 ut ADEO OUTBOARD ELEVATOR UEFLECTION RADIAN
[} Ut oy ADAILDOT AJLERON DEFLECTION RATE RADTAN/SEC
S Ut sy ADEINOT INBOARD ELEVATOR DEFLECTION RATE RADIAN/SEC
6 Ut ») ROEONOT OUTROARD ELFVATOR DEFLECYION RATE RADIAN/SEC
7 ue n WGl GUST INPUT AY -102¢ IN FROM CG INCH/SEC
8 Ut W w62 GUST INPUT AT O IN Fpou C6 INCH/SEC
9 ut 9 | [ck] GUSY INPUT AT 1020 IN FROM CG INCH/SEC
11} Uny WGIDAT  GUST [HPUT RATE INCH/SEC2
11 Uiy WG200T GUST INPUT RATE INCH/SECZ
12 utin ¥GIDOT  GUST [NPUT QATE INCH/SEC2
-1
€ND

C DEFINE CONVERTED VEHICLE

SYSTEM NO | CONVERYED FLEXSTAB CS5A A/C FI2 ( FLEXSTAR-RES TO MI/ZGELAC )
SCONDITIONING DATA

C SCALING DATA

SCALE THE VARIABLES

xXn «164T89E 06 RADIAN/SEC INCH/SEC
utn «8373333¢-01 INCH/SEC FEFT/SEC
u(m «833333-01 INCH/SEC FEET/SEC
[TIL 2] «833333€-01 INCW/SEC FEET/SEC
uae +833333€-01 INCH/SEC FEET/SEC
v +832333€~01 INCH/SEC FEET/SEC
(IR ¥ 2 «853333:-01 INCH/SEC FEEY/SEC
Ri2» .258000F-02? INCw/SEC2 16

R(N «258800£-02 INCH/SEC2 16

Ri&) «258800€-07 INCW/SEC? 16

END

C RESOONSE SPECIFICATIONS
SELECY OUTPUTYS
RUIVR(191ex(2) o X (D),
END
C REDUCTION AND SHUFFLING DATA
RETAIN SYAYFS
K2V oX (D o X(20)=X(J0) e X(BIoX{)9),
END
C DEFINE ACTUATOR
SYSvEM NO 2 ACTUATOR { FIRSY ORDERQ )
STRANSFER FIINCTION DATA
sLocx 1
1 2 ,100000¢ 01 2 1 .16K667E 00 » > ,100000E 0}
-1
8LOCK 2
1 2 JI0000°E O3 2 1 L131332F 90 2 2 J10N0E 0
-1
8LoCK 3
12 J100000F 00 2 1 137333 00 >  ,100000E 01
-1
€nND
C CONNECTION DATA
uisv
11 ,100007F G 2 2 .100000E @) Vv 3 ,}00000F V)

=i
uisag
-1
R/R]

Figure 77, KONPACT-1 Input Data to Produce F42D Model
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1L «100007€ 81 2 7 ,100000€ 01 3 3 ,500000F O}
b 1=o600000€ 8) S 2-,750000E 01 » 3-,750000€ 01

-1
Rr7U
& 1 J600000E 01 5 2 750000 01 6 3 7500006 01
-1
END
C NAME LIST DATA
STAVE
] Xt 1y XA ACTUATOR STATE RADIAN
2 Xt 2y XEl ACTUATOR STATE RADIAN
3 | SO XEO ACTUATOR STATE RADIAN
-1
ouTeuT
1 RL DELA AILERON POSITION RADTAN
2 R 2y OELE? INBOARD ELEVATOR POSITION RADTAN
k) RE 1) DELEO  OUTROARD ELEVATOR POSITION RADTAN
[ R &) OELADOY AILERON VELOCITVY RADIAN/SEC
H LIRS DELETDOTINBOARD ELEVATOR VELOCITY RADIAN/SEC
6 R{ &) NDELENDOTOUTROARD ELEVAYOR VELOCITY RAODTAN/SEC
-1
INPUT
1 uen UDELA  AILERON CONTROL INPUT RADIAN
2 ut =) UDELET INBOARD ELEVATOR CONTROL INPUT RADIAN
] W UDELEO OUTROARN ELEVATOR CONYROL INPUT RAD AN
-]
END
C OEFINE GUSY MODEL
SYSTEM NO 2 GUST MODEL ( WlTH FIRST ORDER KUSSNER )
SQUADRUPLE nNATA
X00T/X 7 7

I 1=o)B693 E 02 1 7 ,184930€ 02 > 2=,136270F 02 2 5 ,134270E 02 3 1-.8003)0€ 01
36 100000F 01 & 1 .224180F 03 ¢ V1=,96C7RAE 02 & 4-,160070€ 02 5 S-.91555A¢ 01
5 7 o91555)E 01 # 6~,420000€ 00 6 7-,44)000E-0) 7 6 ,100000E 01

=1

xpOT/U 7 1

6 1=,237100F 00 7 1 ,793700FE 00

-l

R7X 6 7
1 1 410000nE 01 2 ? ,100000F 01 3 3 .INO0OOE 0L & E-,1RG93CE 02 ¢ 7 .184930E 02
5 2%o0362%4E 02 5 S L1)4270F 07 6 1-,300330E 01 A & ,100000E 01

Ld |

R/U [} 1

-1

END

C NAME LIST DAYA

STATE
1 XC 1) Py KUSSNER STATE ( NT ) FEET/SEC
2 Xt ) p2 TRANSPORT DELAY STATE { W ) PEEY/SEC
3 Xe v Py YRANSDORT DELAY STATE ( T ) FEEY/SEC
. X( &) Pa TRANS20RT DELAY SYATE ( T )

5 Xt <) P& KUSSNER STATE ( W )

[ ¢ my LT3 WIND FILYER STATE
? Xt 7 e WIND fUST STATE

-

ouTPUT
1 R¢ 1Y WON WIND fUST TO NOSFE FEET/SEC
F] R{ 2 wod WIND RUST TO WING FEEY/SEC
3 () (13 WIND AUST TO TalL FEET/SEC
[ R &) WGNDNT  WIND GUST RATE Y0 NOSE FEET/SEC2
[ Rt =) WoWDOT  WIND AUST RATE TO WING FEET/SEC2
6 R{ «) UGTDNT  WINN GUST RATE TO TalL FEET/SEC2

-1

INPUT
1 Ut v ETAG WHITE NOISE INPJT TN GUSY MODEL FEET/SEC

-

Figure 77, KONPACT-1 Input Data to Produce 42D Model
Zontinued) '
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FND
C DEFINE PLMT
SYSTEM NO & PLANT=F4? (COMVERTED FLEXSTAR CS8 A/C (REC) o ACTUATOR + GUST ¥OOEL)
SINTERCONNECTION DATA
uri/u
=1
UI1/R1?
11 ,10000 £ 00 2 2 J1900Uung bl Y 2 1000097 ol
-1
UIL/RI
T 3 ,10000 € 41 8 2 106u06E 0L 9 1 LLONIOOF G}
-1
urasu
12 10008 £ 21 2 3 J16ru0nE 0} 3 4 (130T U1

utraszu
11 «10000.F 01

11 ,10000:F 01l 72 2 ,190000F €L 3 1 ,100000F V1 4 4 J130000€ 0} S S L100C00E 01
6 6 L0000 F 01 7 7 L14un00E Ul A A LIGCO0O0CK 0] 9 9 ,10C000€ 01i010 4100000E 01
1111 10000 F 011212 L1vig00E 911313 ,1C0UQJk U)lale L1CO000E 01515 .100000E 01
1616 410000¢F S11717 ,169000F ¢)181% ,1n00CO0F v11919 ,100000E 012020 .11337HE-03
2121 oH0SADF=032520 L10n90nF 0}

22 1 J10009:F G123 2 J1unn0oF 5124 3% (IN0YCOE Ul
-1

R/RI1Y

20 2 L11NITRE=-ED

L3

FND

C NAME LIST DATA

ouTeur

2¢ R{27) ALPHA ANGLE OF ATTACK RADTAN

21 R(21) incl PITOH KATE AT C5 wADTAN/SEC

-1

END

C DEFINE PLANT DESIGN MOHEL

SYSTEY NO 4 PLANT=F&?D ( CONVFHTEN FLEXSTAR CSA A/C + ACTUATOR o GUST MODEL )
SCONDIYIONIMNA DATA

C NO SCALIN® DATA

END

C RESPONSE SPECIFICATIONS

SELECT CONTROL INPUTS

Ui2r=Uler,

SELECT GUST INPUTS

Ui,

CONSTRUCT DF SIGN RESPONSF S

REAY eRITIGRI9) 1M {12) «RUIP)I R (1IN 9RUIBIIR (LAY (1B R(19) %
HDOT (6 ROOT(T) sRDOT(Q) +wDOT (1) ¢20NTI12) »ROOT (131 sRNOTI15) sRDOT(16) 2 )
ROOT (181 4RDNT L) 4R (PG) = (265) yROOT(PS)

SELECY SENSHR OUTPUTS

RI31sR(LIAR(2)eR(L), 4
END
C NO QENUCTTION AND SHUFFL ING DATA
END
sT0P
%
.

Figure 77, KONPACT-1 Input Data to Produce F42D Model
(Concluded)
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CONDK

NXM= 62
NRM= 3]
NUM= 12

Figure 78. Figure 79 Precompiler Data (KONPACT-1)

ese [NPUT DATA CARDS o040

PRINT INPUT DaTa

PRINT NUTPUT NDATA

CONTINUATION RUN

C DEFINE F24 PLANT MODEL = WMESTOUALIZING STATES o RESPONSE AND MEASUREMENTS

SYSTEM NO & PLANT=- FRuabi (FLEXSTAD €54 A/C » ACTUATOR ¢ GUST MODEL)

YCONDITINKNING DATA

C ND SCALING DATA

END

C NO RESPONSE SPECTIFICATION DATA

END

C REDUCTION AND SHUFFLING DATA

RETAIN STATES

X(PVoX(BYaX(1B) =X (231 +X(3) =142,

RESIOUALIZE STATES

X{91 X {17V o (26)=X(32),

RESTDUALIZE STATES IN OUTPUTS

R{IV=ROI1Y,

END

REFERENCE

SYSTEM NO ¢ PLANT=¥42D ( CONVERTED FLEXSTAB CSA A/C + ACTUATOR ¢ GUST MODEL )

END

C DEFINE F24 PLANT MODEL = RESIDUALIZING STATES AND RESPONSES

C AND TRUNCATING MEASUREMENTS

SYSTEM NO & PLANT~ F2uRT (FLEXSTAP €SA A/7C ¢ ACTUATOR o GUST MODEL)

SCONDITIONING DATA

C NO SCALING DATA

END

. ND RESPONSE SPECIFICATION DATA

END

C REDUCTION AND SHUFFLING DATA

RETAIN STATES

XOLV=K(BYoX (1B =K (212X (3NN (42), i
RESIDUALIZE STATES i
(=X (1T7 e (24)=X(32),

RESIDUALIZE STATES IN OutPUYS

Ripr =227,

TRUNCATE STATES IN QUTPOIS =
Ri{2B1 =W (1),

END

REFERENCE 4
SYSTEM NO & PLANT=F42D ( CONVERTEN FLEXSTAB CSA A/C « ACTUATOR o GUST MODEL )
END

C DEFINE FRt PLANT MODEL = TRUNCATING RTATES o RESPNONSE AND MEASUREMENTS
SYSTEM NO & PLANT= FR4TT (FLEXSTAD CS5A A/C o ACTUATOR o GUST MONEL)
SCONDITIONING DATA

C N3 SCALING DATA

END

C ND RESPONSE SPECIFICATION DATa

END

C REDUCTION AND 5HUFFLING DaTe

REVAIN STATES

XED =X (BYaX{1B)=X(2T) o X{ NN aX(4)),

A

END
STOP 3
Figure 79, KONPACT-1 Input Data to Produce F24RR, 4

F24RT,and F24TT Models ]
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STAMK]

STAMKA

NXM= 28
NRM= 31
NUM= 9
NYN= 47
NSB= 2

Figure 80. Figure 81 Precompiler Data (KONPACT-1)

ese [NPUT [IATA CARNS #®a

BIINT INPUT DAYA

PIINT OUTPUT Darla

CONTINUATION RUN

C DEFINE CONTROLLER FOR C54 ALDCS DESIGN
SYSTEM NO 5 CONTROLLER FOR C%4 ALDCS DESIOGN
$SIMULATION DATA

C SET WHICH CONTROLLEP SWITCHES SHOULD BE OW
CONTROLLER SWITCHES 0N

ALDCS

SAS

MLCY

MLC2

FND

C READ A4NY CHANGE IN CONIRCLLFER HAINS
CONTROLLER GAIN VALUFS

KAF

9 3
L1 [
-1403,78
xQ

0.0
KNF
0.0
X»
3.0
END
END
C NAME LIST NATA
STATE

) a1 (] PILOT FILIER

2 Xt 2y A2IkL LAGGEN NORMAL ACCELERATINN 16

3 P Y Y] M Cl FULL STATE MLC FOR AILERON

o K{ ) GLAF GUST LOAD ALLEVIATION FILTER

5 Xt &) F3E 3IRD RENNING MODE FILTER NN ELEVATOR

[ Xt w) HP HIGH DASS FILTER ON ELEVATOR

7 Xt n ML.C? FULL STATE MLC FQOR ELEVATOR
-1
ouTReuY

1 RE 1Y HDEL A ATLERON COMMAMD OUTOUT RADAN

2 Rt 2 UDELFT  TNBOARD ELEVATOR CUMMAND QUTPUT RADTAN

3 R{ N UDELFO  QUTB0ARD ELEVATIR CHMMAND 0UTPUT RADTAN 3
-1

INPUT

1 ute N n ATLERON OPTYMAL CONTROL INPUT

2 ut u2 INBOARD ELEV OPTIMAL CONTROL INPUT

3 ut ETAP WHITE NNISE INPUT TO PILOY FILTER

[} Ut «) NELA AILERDN POSTTION RADIAN

S ut sy DFLEY INBOARD ELEVATOR POSITION RADTAN

(] Ut ) A21IR ACCELFROMETER OUTRUT (21 16

7 Ut mn AFUS FUSELANGE ACCELEQOMETER OUYTPUT 16

8 ut A TFUS PITCH RATE GYRO OuTPyr RADJAN/SEC
9 Ut 9 ACG ACCELERATION AY CG INCH/SEC2
-1
END

€ DEFINE RENUCFD CONTROLLER FOR CSA ALDCS DESIGN REPFAY
SYSTEM NO 5 CONTROLLER FOR CSA ALNC: DESIGN (REDUCED)
SCONDITIONING DATA

C NO SCALING DATA

END

Figure 81, KONPACT-1 Input Data to Produce F24TT Plus
Controller Model
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C NO RFSPONIF SPECIFICATION
FAD
C REDUCTION NATA
RETAIN STATFS

X{iy=x(4),
RESIDUALIZE STATES

X151,
RESINUALIZF STATFS (!4 QUTPUTS
Rilr=R(M,
END
REFERENCE
SYSTEM NO 4 PLANT- F24nQ (FLEXSTAG (Sa a/C ¢ ACTUATOR « GUST MONEL)
END
C DEFINE OVERALL SYSTFM
SYSTEM NO & OVERALL SYST¥M [ F2408 + RFDJEIN CINTRD LER)
SINTERCOMNERTION DATA
Utarsy

@ & ,10000°F 01
-1
uIssy

11 10000 F wl 2 2 Jlbandte o1 % @ L M0DG00F U)

UIe/RIS
11 10009 F 61 2 2 ,10enD00F 01 3 3 ,100000F 0]

~1

UI5/R14

423 L10000°F 91 524 L10300F 03 £27 1009008 ) 730 ,100000F 01 R31 L1V0000E 01
927-,1060066°F 01 922 (HA2QU0F (4

Pl o10000:F 0) 2 2 JQunbundf 0) 1 % (00000F g1 % & L10%000E 01 5 5 «100000F 01
G 6 L10000 F 81 7 7 JlecgunF ) 1 oA LGA00C0F 01 9 L10%6GC0L 01101D L100000F 01
TI1Y L190000°F 811212 1000498 (1131 Li00009F 011614 L 1u3CO0E v11531s JLC0ounF 01
1616 410000 °F G11717 L10000F f11Al« 1000005 911319 L2000 012020 «100000F 0}
2121 L106000F 012222 L1un6GuaF N12324 ,1A0000F ND1Z2629 1020008 0123530 «10u0u0r 0]
2631 L,10000:F 91
2722 JV16ASIFE 032727-2RARGNF (J32724=,229700F 0327¢5=,4712008 42
2822 L13PRSLF W2A2N- 65 1900F $12120-,2ABTN0E V62425« ,6120G0E U

27 3 ,2TA82 F 0328 da +374900F Qa4

(24U

29 1 L10000 F A3 2 1000008 0

-1

FND

C NAME L IST DATA

YTAuY

27 R2 7Y EWUOT  IMP MaDTL ERR0R WATE FOR w

78 W2 FaDOY [Me MODEL, EPRDR WATE FOR 9

?9 Ri22) i AILERAN OPTIMAL CONTROL NPT
12 R(3I 1?2 INHRAR0 ELFV OPTIMAL CONTROL INPUT
~1

Fane

REFERENCE F

SYSTEM NO & BLANT~ F24RT (FLEXSTAR £54 A/L + ACTUATOR » RUST MUNEL)
FuD
C DEFINE OVERALL SYSTEM
SYSTFY NO & OVERALL SYSTEM (1 F242T o REPUCEN CONTRO) LER)
HIMTERCONNECTION DATA
ulssy
4 4 L10000 F 4)
-1
NLYAT]
VY L10000 F SE 2 2 L10n000F 01 % % L LE0000F 0)

-1

Figure 81, KONPACT-1 Input Data to Produce F24TT Plus
Controller Model (Continued)
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Ula/RfR
t 1 10000 F
-1
UIS/R 1«
423 ,10€30 F
9P7~,100730. F
-1
WIR
[ IS L D
5 4 L,10000 F
111 Linuce F
1616 ,10000 F
2121 J100ng &
2631 L1a000 €
P12¢ J116RSAF
PR22 L112H5EF
-1
k/R15
PT 3 J2THR?F
A
R/7Y
i 29 1 1000t ®
=1

1 2 2 lurating

"1 826 J1un)E. T
L1 922 RRZCN:

ul 2 2 1 ean0od
[\ I A AP ST AT
L11212 J1onn0nF
HO B RANANS LD IAT
412222 Jlunn0af
a1

332723, 286R04F
PTAL VP Y L

53248 3 , 3249007

FU4Y 2 L 197000F

Mo L0008

L1 426G J100D0NF

-

LANER IS TS R U DTV
VR LLO9000C
VLR L1D0a0nF
VIIRTA L) 060000F
MRV T YA T

Y2272, 229700F
WIP 12w 2807 00E

Ou

0]

el

01 730 L100000F

vl & 6 100000t
Ul 9 3 ,190000¢
0116l6 L100060F
011919 1000008
3712679 ,100000¢

012775« ,% 712008
042025-,612000t

FelNT IMR MahEL FRe e BATFE FOR W
FHIT MR MADEL FRRIR QETE FOR Q
N ATLERSN N TMAL NONTRML [NPYT

12 INHOAZD FLEV 02T1dayL CONTROL IN2UY

FaD

C NAMF LiST nata
outT2uT

27 R{PTH
2% LAY D!

?3 “ {274

3, K3

-

FND

HEFERENCF

SYSTEY NO 4 PLANT= Fa4TT

FND

C NEFINE OVIWALL SYSTFM
SYSTEM N0 #» OVERALL SYSTrW ([
SINTERCIMINESTION NATA

Yrarsy

G on L1000 &
-1
UIs/7u

t b 1000y .7
-1
Ularsets

11 10090 F
-1
UIS/R1a

“23 000y F
FPT-, 10000
-1
F/RT4

ol L0000 F
6 6 060 F
il ,1%000 ¢
1616 10004 F
2121 L0060 °F
7631 L10060 £
2722 1i4M57F
R2R22 JIVPRGT
-1
&/R1%
2T 3 J21RR2 £
-1
R/7U
P9 L L0002 §
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Controller Model (Continued)
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01 A3

01 55
011010
011515
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012530
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01 93
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ot1o0l0
01151%
212020
912530
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013

«100000€

+10000GE
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<100000F
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+100000€
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«100000E
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01
01
01
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END

C NAME L1ST DATA
oyrauy

27 Rt2m

28 R(2®)

29 R(29)

h [} R3O

-1

END

SToP

e ¥DOT
€£QDNY

uz2

IMP MODEL ERROR RATE FOR W

IMP MODEL ERROR RATE FOR Q

ATLERON OPTIMAL CONTROL INPUT
INBOARD ELEV OPTIMAL CONTROL INPUY

Figure 81, KONPACT-1 Input Data to Produce F24TT Plus
Controller Model (Concluded)
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CONDK

NAM= N
NRM= 70
NUME 4

Figure 82, Figure 83 Precompiler Data (KONPACT-1)

(KONPACT-1 Output is Shown in Figure 90)

®86 INPUT DATA CARDS wee

PRINT [NPUT DATA

PRINT QUTPUT DATA

CONTINUATION RUN

REFERENCE

SYSTEM NO 6 OVERALL SYSTEM ({ F242R « WNEDUCED CONTROLLER)

END

C DECINE OVFRALL SYSTEM NESIGM MONEL

SYSYEM NO 6 OVERALL SYSTFM (( F240R o RFOUCEN CONTROLLER) DESIGN MONDEL
SCONDITIONING DATA

C NO SCALINn DATA

END

C RESPONSE <SPECIFICATIONS

SELECY CONT~OL [INPUTS

Utlrsu(2y,

SELECT GUST [INPUTS

UL U,

CONSTRUCT DFSION RESPONSFS

K21V aR (A 4 (PVaR(26) sRIMI0R (L) o XNOT LBV oR (S eRIRI o XANAT (1A oRITIR{BI X (15} 0
REIIRIINI o5 L1 dRIIII R UL XN oRIIDI R 1G4 X (T oRIISIRIIA) o NLS)«RIYTIR(IAYS
X(6) eR(19V 00 (Z0) o XITVoRIRVoR (2T 43 (2R 9R(211eR(29)sR¢3I0),

SELECT SENSH® 0UTPUYS

X12%) eX{1B) =X (24} oK (N oX(Q) X (1SR (N7 oR (D) =N(K)4R(DG)eX(OV=RIA)IoR(2S5) 0
RIZOI«XI10) K12V ok (L) eri2A1=R12R),

N

C RENDUCTION AND SHUFFLINA DATA

RETAIN STAT) S

XK{E =X (1B) g (26)=X(2R) oK (}T1aX(25)exl1B)=N(24),

F£ND

REFERENCE

SYSTEM NO & OVERALL SYSYEM (( F242T o RFDUCED CONTROLLER)

END

C DEFINE OVFOALL SYSTEM NESIGN MONEL

SYSTEM NO & OVERALL SYSTEM (t FO4KT o RFOUCED CONTROGLLERY DESIGN “ODEL
$CONDITIONING DATA

C NO SCALINA DATA

FND

C RESPONSE <PECIFICATIONS

SELECT CONT0L INPUTS

Uil1yeu(2y,

SELECT GUSY INPUTS

Uta)retbt

CONSTRUCT DFSIGN RESPONSFS

K27V oR (11 el (21 oR(2M1 4R (VI sP (6 cANOT (1S 42 {3V aW(AYaANDTIIO) oM ITIR(AI X (]S)e
RIGY 4R U201 v (A6 eRITVVaR 12V 4 X (I ARIE3V oW C16) o2 1R oM (IS eR(IBIXISIeRIITIORIIAN
XEOYoRE1GI e (20) v XiTY ¢RIMI oRI2T)9R(PR)IRI2]IeI(29)eR1ID),

SELECY SENSNR QUTPUTS

XC2S) o X ELRI <R (2060 o X (D) oRID) «ALASI =K IETI oA (V1N IR oR (P01 X (6) =K (A an(25) 0
RUZAI R (L0 R ENPI X (MG o (2AD=R(20),

END

C REDUCTION AND SHUFFLINA DaTA

RETALN STATFRS

APV R AA) e x (P2AYmX (2R X (1T o259 x (1RY = (24),

END

REFEDENCE

SYSTEM NO 6 OVEWALL SYSTEM ({ F26TT » RESJUCED CINTROLLER)

END

C DEFINE OVFRALL SYSTEM NESIAN MODEL

SYSTEN NO 6 OVERALL SYSTFM (( F24TT o RFDUCID CONTROLLEI) DESIGN MODEL
SCONOITION]I G DATA

Figure 83, KONPACT-1 Input Data to Produce F24RR Plus i
Reduced Controller Model

s
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C NO SCALING DATA
END

C RESPONSE SPECIFICATIONS

SELECT CONTROL INPUTS

Ui w02y,

STLECT GUST INPUTS

UtstesU(IY,

CONSTRUCT DESIGN RESPONSES

K(2T) RV WR(2) R (2B GR(II RS o XDOT (151 oR(SIIRIB) o XANOT (16) 4R(T)I4R(BIoR(1S5) 0
RUGIIR{JOI oX (IS sRILIISR(IDI s NI JRIVIDGREIS) o X (I sRIISIGRIIS) o XIS sRILITIR(IB) o
X(6YoR(1DIoRLE20) o X (7)o X{B)R(2T)9Q(28)eR(21)sR(29)sR(30),

SELECT SENSOR OQUTPUTS

K(25)oX (181X {201 e X (10X (9 eX(1SIaR ATV eX(I)A(S5)eR(26)aKR(6)=K(B)sR(25)
RIZEVoXL10) e XEL2) o X TLIoR(26V~X1(28),

€ND

C REDUCTION AND SHUFFLING DATA

RETAIN STATES

XCPV~X()16)ax(26)=X(2B) oK (1T X251 0K(iB)=K(24),

END

STOR

y

£

Figure 83, KONPACT-1 Input Data to Produce F24RR Plus |
Reduced Controller Model (Concluded)
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N C DESIGN USING DIAX FOR THE OEMNMGTRATION EAAMPLE
C READ FOR WHAT PROGRAM ( DIAMFFOC,LSA ) THE DAYA IS
SOIAK DATA

C READ IF OATA 1S ON CARDS ONLY OR ON CARDS anu TAPE

DATA ON CARNS AND TAPE

C IF DATA IS ON CARDS ANN TaPE RE2D THE LAHEL TO ORT&IN DATA ON TAPE
SYSTEM NO 6 OVERALL SYSTEM (( F24PR o REDUCEN CAONTROLLERY DESIGN “CDEL
C READ DATE AND USER 1D

JAN 10¢ 75 J K MAWESH

C NOP = NO NF VARIAALFES eFING PLOTTFY
C READ NOP

]
€ GO TO 100 IF NOP,.FO,.O
C READ (PLROIISITITLUTIoUNTTIT oYMINCTI) o YMAK(T) o3CAL (T ala)oNOP}
C READ ToDTS5TsThsT2
C 100 CONTINUE
C READ IMAX.ITERSITERD
2vl5 0

NOCOV=) NO COVARTAMCE ANALYSIS

NOCOVE2 COVARIANCE ANALYSIS

NOCOV=]3 SK1P CORRELATION ANALYSIS

NSTEPsD NO STEP INPUTS

NSTER=1 STEP COMMANDS

NSTERm2? STEP GUSTS

NSTEP=) BOTH (1 AND 2)

NSTEP=G NO STEP INPUTS « TRANSIFNTS ONLY

~EANDEQ NO RANDOM TNPUTS

NIAND=] GUSTS

NPRIN=0 DO NOT PRINT wESPONSES

NPRIN=] PRINT RESPONSES

NPLOT=0 NO PLOTS

NPLOTs! CALCOMP PLNTS

NPLOT=2> L INE PRINTER PLOTS

NPLOT-¥ BATH () AND 2}

READ NOCOVINSTEPINRAND NPRININPLOT
Joeoo J
C IWPK=] NEV INPUT GAINS
C INPXs2 NEW STARTING RNOUTINE GAINS
C INPK2) USE GAINS IN STQRAGE
C INPKs6 USE INPUT GAINS IN STORARE
C READ INPK

OO IGO0

L}
€ NCONT=0 OONOT COMPUTE OPTIMAL GAINS = USE [NPUT GATNS AND DATA IN
c COVARIANCE AND TIWE RESPONSE ANALYSIS ONLY

C NCONT=] CQOMPUTE OPTIMA| GAINS

C NCONT®2 COMPUTE OPTIMAL RAINS WITH AUTOMATIC Q SELECTION ON CONTROL RAT
C READ NCONY

C READ FLIGHT CONDITION NUMRER

NX = NO OF STATES

NO OF RESPONSES

NQ OF CONTRQL, INPUTS

NO OF DISTURMRANCE INPUTS

N0 OF FEEDMACK STATES

NG = NO OF GUST INBUTS

NCS = NO OF COWMMAND INPUTS = NO QF COMMAND STATES
NGLG = NO OF GUST LIFT GRIWTH STATES

NSCRR =~ START OF CONTROL RATE RESPONSE IN THE RESPONSE VECTOR
READ NXoNRoNUsNNoNF o« NGINCSoNGLA«NSCRR

2037 2 220 0 & 01

C GO TO 200 IF INPK,.AT,]

z
&
s 808

OO

Figure 84. KONPACT-2 Input Data (Employing DIAK to
Compute Optimal State Feedback Gains)




b

C READ (NORN{T)elIm)oNK)
1236547 8910111213141516171319202122232425262724

C 200 CONTIMUE

C F IS STATC TRANSITION MATRIX

READ TABE FrR MATRIX F

C 61 IS CONTROL INPUT MATRIX

READ TYAPE FNR MATRIX 6}

C 62 IS DISTURRBANCE INPUY MATRIX

READ TAPE FOR MATRIX G2

C XJ 1S INITIAL CONDITION MATRIX

READ CARD FoR HATRIX xp

C XLDXL IS STATE LIMIT = RATF LIMIT MATRIR
READ CARD FOR MATRIX XLON¥L

€ CL IS COM“AND LEVEL MATRIX
READ CARD FNR MATRIX CL

C M 1S STAT: RESPONSE MATARIX
READ TAPE FnR MATRIX W
C D IS CONTROL RESPONSE MATRIN
READ TAPE FnR MATRIX D
€ AM IS MEASUREMENT MATRIX
READ TAPE FOR MATRIX AM
C BX IS INITIAL FEEDRACK GAIN MAT2Ix
READ CARD FnR MATRIX AKX
11) J206101E 00 126 .16s300E 31 124 .135600F 0)
2 1 4502600F 00 217 .0N0KT4E 00 221~,942200F=01 222 ,119800E 01}

C 0 1S QUADGATIC WEIGHTS MATRIX
READ CARD F/R MAYRIX 0

1) oR0000.F 0L 2 2 10300LE=Dy 2 3 L100000KE~0R 7 7 ,500000€ 041010 .600000L 06
1717 ,75000-°F~231818 .120500€~1u232y. L100000E~1132121 .1000006-11232) 2800008
7626 4,200007F=112626 ,80n00CE-132727 ,1000000-102929 ,200000E~-122030 .2000008-10
3333 L100005€ 013634 ,10nN0NE )

C I1DUMS0 ANITHER RUN
C 1DUM=] NO MORE RUNS
C PEAD 1DUM

)
END OF DIAK DATA
s5TOP

Figure 84, KONPACT-2 Input Data (Employing DIAK to Compute
Optimal State Feedback Gains) (Concluded)
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C PEAD FNW RAT PROGOAM ¢ NTAKGFEAGLSA )V TRE Quld IS
YFFOC DATA
C PFAD IF DATA 1S ON CADES ANLY 7 My CAxds AN TAPE
DLTA ON CAWSS AMD TADF
£OIF DaTA 1o ON CARDS A'hy TAOF wepy THE LARLL TY ORTAIN DaTA O TAPF
SYSTEM NO & ODVEHALL SYSTOM (L Foaen o #rnJCen CONTROLLEM) DESIGN MUDEL
JUAX = MACTIMUMA NO OF LY2UNOY SOLOTION TTEIAFLONS
NITM « MacTMUR 1O OF COST Cal.clULAT [DNs
NOPR=0 LS~ PROJECTEN GoaDTFNT
NIPAz] NONT USF PONJEATEN arni e
NICOV=]l NN COVARTANCE aNALYSIS
NOCOV=? CAVARTANGS ANAL YSIS
NOCOV=3 S« 18 CORRLLATINY ANALYS1S
NREGIN,GT, 0 TEST FNR LaRGE Ner0sT G F ST INCREMENT OF LAMDA
NREGINZA 90 TFST
READ THMAKJNITMHNBR (NDRNAV  RHEAR] Y
8031
NX = NO OF STATES
NR = NO OF RESPANSTS
NU = NO Of CONTRAL INPUTS
NN = NO 0OF DISTHRRANCFE INOUTS
NFF « NO FFEN FORWAR[ ¢ TATES
NF = NO OF FIXED GAINS
READ NXsMN2oNUSNMaNFF aNF
PRAT 2 2 1 7
C PEAD (NORO(I)eTx]eMX)
1236578 010111217618 1A17[171921,2122232425262723
C E@S! = INITIAL STFP SI7F
C READ EPSI
+SOU0E 00 ]
C AJSTAR - 1 NWEST CNST FyPECTFD
C READ AJSTuR
»B8584F 2
C NDROC ~ DESIRED RATIN OF CNSTS
C READ DROC
»1100F 0}
C ALAM = INTEGRAYION PARBMETSR = {A¥DA
C DELY = INTEGRATION STEP STZE
C ALAMD = LOWER ROUNN ON LAMDA FO9 [HE PRESENT RUN
C READ ALAMGNEL T o AL GMD
«1000E 0} ,2060E V0 LONANE 00
C IF = FIXEN GAIN ROW INPEX
C JF = FIXEN GAIN COLIMN INNEX
C READ (IF(IYoJF(Itala]sNF)
111 126 122 2 1 217 271 222
READ TAPE FAR MATRIX F
READ TAPE FnNR MATRIX Gi
READ TAPE FnR MATRIX 62
READ TAPE FIOR MATRIX H
READ TAPE FOR MATRIX D
READ TAPE FOR MATRIX AM
READ CARD FNR MATRIX 0
1 1 oBO0COCE 01 2 2 J107D0GE=10 3 3, L100GOVE=08 7 7 ,50000UE 041010 «600000E 06
1717 4750004€=13181R& 1G GOOE=102420 ,100000F-132121 ,100000£~-112323 ,200000E~13
2624 L,200005E=-112626 ,8010C0E=132727 ,100000F=402929 ,200006C~123030 ,200000E-10
3333 ,100007F 013434 .100000F O}

s

OO OTONNTOTONTOOOOOD

READ TAPE FNR MATRIX AXG(OPTIMAL RICCAT] GAINS)
GAINS MATRIx FOR CASE 1
READ CARD FNR MATRIX AK(x1(1))

READ CARD FOR MATRIX RK(r2)
C IF (ALAM.AT,.99) GO TO 100
C 100 CONTINUE

END OF FFOC DATA
$ST0P

Figure 85, KONPACT-2 Input Data (Employing FFOC to
Compute Reduced Feedback Gains)
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C DESIGN USTNG DIAK FOR THE DFMONST-ATION EXAMPLE

C READ) FOR wHAT PROGRAM ( NT1AKWFFACL3A ) THF pATA Ta

$DIAK DATA

C READ IF DAT& IS ON CAINS ALY NY W Cha4ds AN TAPE

NATA ON CARNS AND TAPF

C IF DATA [ ON CARNS AND TAPE READ ThE LARZL 10 04TAIN DNATA ON TAPE
SYSTEM NO A OVERALL SYSTFM (( F2uar « RFDUCED CONTHOLLEY DESION YMODEL
C READ DATE AND USER ID

JAN 13s 75 J K MAHESH

€ NOP = NO OF VARTAHLES w“FINA PLOTT.)
C READ NOP :

12

€ GO TO 100 IF NOP,FN,"

C READ (PLRITI o ITITL (I sUNITOI) oYM {]) o YMAX (T aSCAL I ) o =] eNOP)
2 Al

3 M

7 DELADOT

¢ DELEIDOTY

13 DELA

16 DELE)
35 ALPHA

3% a
a6 ETAL
47 ETAR

53 ETA6
%7 DELED

C READ TeNT STeT1472

4ol net Ttk Dol el

C 100 CONTI“UE
C READ IMAXITERSITEPD
000

NOCOV=1
NICOV=2
NOCOV=]
NSTEP=0
NSTEP=z]
NSTEP=?
NSTEP=3
NSTEP=4
NAND=(
NRAND=]
NPRIN®0
NORIN=]
NeLOT=0
N2LOT=}
NPLOT=2
NPLOT=3

N COVARTAMNCE aMAl YSIS
CAVARTANCE ANALYSTS

S« IP CORRFLATINAN aMaLYS1S
N: STEP IuOUIrS

STEP COMMANDS

STFP GUSTS

BATH (1 AMD )

NY STEP IMDUTS = TRAMSTFNTS ONLY
N RANDOM 1MPUTS

GHISTS

D NOT PRINT ReGPHNSES
POINT RESDANSES

N& PLOTS

CuLCUMP PLOTS

LINE PRINTFR #0735

BNTH (1 AND 29

QOO0 NO0

READ NOCOY W NSTER S NIAND JNPL [Hy80 0T
1101} 2
C INPK=21 N  INPUT G(ATNS
C INPK=2 NE- STANTIMA POUTING
C INPK=F US" GAING [ STrR4ny
C INPK=4 US: [NPUT HAINYS TM STOwARE
C READ INPK

1

GalS

C NCONT=G ONMOT COMPHTE nOTEMAL GalaS = USE JNPIT GAINS AND DATA IN
c CAVARTANCE AND TIMD Wi sd0uSe ANALYSTS OuLY
C NCONT=] CMPUTE 0OPYIMap Galns
! C NCONT=P COMPUTE OPTIMAL, GATNY afTs AUTOMATIC 0 SELECTION ON CHONTROL RATES
C RFAD NCONT
[

9
C READ FLIGAT CONNTITION MIMLFR

KONPACT~2 Input Data (Employing DIAK to
Evaluate Time Reeponses)

Figure 86,




412391
NX = NO OF STATES
NR = NO OF HESPONSES
NU = NO 0f CONTROL INPNHTS
NN = NO OF DISTURIANCE TMPLTS
NF = NO OF FEEDRACK STATES
NG = 4O 0F GUSBT IN20TS
NCS = NO OF COMAANN TNEIITC = ) OF COMVAN) STATES
NELG = Nu OF GUST LIFT GRI#TH STATES
NSCRR = START OF CONTHOL SATE SESRONSE [N TAk <FSEANNE VECTOR
READ NX oM ZoNUSNNGNF aN3eNECT o NGLH S NSCRR
2837 2 227 . ) a7
€ 60 1D 200 (F INPK,AT,]
C READ (NOR T eI=)arix)
1 2365 « 7 48 91011121210 1%141714102:222324252627242]
C 20U CONTL WE
C F IS STATCY TRANSITION ©“AT2IX
READ TA&2€ F~Q MATRIX F
C G) IS CONT®OL IMPHT WATRI
READ TADE FnQ MaTRIX 1]
C G2 IS DISIURRANCE INPUT MATRIX
FEAD TAPE FrP MATRIX A2
C XJ IS INITTAL CONDITION MrT&]n
READ CARD FR MATRIX X1

SN0

C XLDXL IS STATE LYMIT =« RAYS Lp4v] walwga
READ CARD F: P MATRIX XLt

C CL IS COM*aND LEVFL MafRTx

READ CARD F=P MATRIX CL
I 1=,0RG57 ¢ 2%

C H IS STAT: RESLONSE MaTOlx

READ TAPE F1@ MATRIX

C D IS CONTwNL. RESPOMSFE e aTC X

READ TAPE FAR MATRIX D)

C AN IS MEAGIINEMENT wATRTX

READ TAPE FR MATRIX aM

C RB< IS INITIAL FEEDRACK AAIN MATLIx

READ CARD F W HATRIX KK
1=, 78120 F €1 126 ,1108400C 32 124 J1G9h000€ vl
2 1 JO01TRO £ 4t 217 049SAGE 1) 22(=,hull(0F -2 222 LULOQ4UE C1

C 0O IS QUA)-ATIC vE10AHTS HMATRTX
READ CARD FP MATRIX 1

C 1DUM=0 ANNTHER RUN
C 1DUM=z] NO MURE RUNS
C READ IDUM

1
0 END OF DIAK DATA
$5T0P

Figure 86, KONPACT-2 Input Data (Employing DIAK to
Evaluate Time Responses) (Concluded)
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€ DESIGN USING DIAK FOR THE NEMOMGTSATINN EXAMRLE
C READ FOR HAT PROGRAM ( DIAKIFFAC,LSA + THF LATA [&
$014K DAT
C QEAD IF HDaTA IS NN CAINRS INLY 02 ON Creus avy ToPE
DATA ON CARNS AND TAPE
C IF DATA T3 ON CARDR AND TARL QF«) Tof Ladst 10 O4TAIN DATA ON VAPE
SYSTEM NO 6 OVERALL SYSTTM (( F242% « REOUCED CONTROLLERY DESIGN MODEL
C READ DATE AND USEP 1D
JAN 10 75 0 K MARFSH
C NOP = NO OF VARTARLFES ©F Lt pLnTTy
C READ NOP
bl
€ 693 7O 100 IF NAP,FO D
C READ (PLREIY o ITITLITY oYY LT )ay e o) o YMAKIT) o SCAL (T o T2 LN0P)
C READ T4DT STaT},T2
C 100 CONTTMIE "
C READ IMAKJITERWITFRO s
2vlS 0
NOCOV=1 N COVARIAMCE AMALYSIS
NOCOVE2 CHVARTANCE ANALYSHS
NOCOVE=Y S« 1P CORRFLATION 24ALYSTS
NSTEP=z0 N STERP INPUTS
NSTEP=]l STEP COMMANDS )
NSTEP=2 STFPR GUSTS -
NSTEP=3 BuTH (1 AND ?)
NSTEPs4 Nn STEP INPUTS = TRANSIFNTS ONLY
NRANGZO NOY RANDNM INPUTS .
NIAND=1 GUSTS
NPRIN=) DM NOT PPINT KiSPONSES
NBRINz] P2INY RESPANSES ~
NOLOT=0 N PLOTS
NPLOT=]1 CALCOMP PLOTS
NBLOT=2 LINE PRINTFR P 57
NRLOT=3 BaTH (] AND 29
READ NOCOvsMSTEPWNRANI WNPR [N e1PLOT
30000
C INPK=l NEo INPUT GATNG
C INPXz2 NEy» STARTING ROUTINE GATIMS L
C INPK=3 USF GAINS IM STNORAGE
C INPK24 USF INPUT GAINS IN STORARE
C READ INPK
1
C NCONT=0 DNNOT COMPUTF oPTIMAL GeInS = USE IVWPYT GAYNS AND DATA IN
o CAVARIANCE AND TIME RESLOUSE ANALYS]IS ONLY
C NCONT=1 CAMPUTE DPTTIMAL GalMS
C NCONT=2 CAMPUTE OPTIMAL GHAINS wiTw AUTOMATIC 2 SELFCYION O CONTROL RAT
C READ NCONTY
1

C READ FLIGHT CONDITION NUMKER

OO0 OO0

NX = NO OF STATES
= NO OF RESPONSES
= NO OF CONTROL INPUTS
NN = NO OF DISTURRANCE IN®UTS
~ NO OF FEEDRACK STATES
NG ~ NO OF GUST INPUTS
NCS = NO OF COMMANG INRUTS = NO OF COMMAND STATES
NGLG =~ NO OF GUSY LIFT GROWTH STATES
NSCRR = START OF CONTROL RATE RFSPONSE 1Y THE RESPNANSE VECTOR
READ NXoNwWweNUINNINF «NGoNCSeNGLANSCRR
2837 2 228 4 ¢ 013
C 6D TO 200 1F INPK.AT,]

Figure 87, KONPACT-2 Input Data (Employing DIAK to
Evaluate Covariance Responses)




C READ (NORN(I)elm)eNK)
123 65A78 910111213041516171°1920212223262526772%

£.200 CONTIMVE

C F IS STATE TRANSITION MATRIX

READ TAPE FNR MATRIX F

€ G1 1S CONTROL INPUT MATRIX

READ TAPE FNR MATRIX 6]

C G2 15 DISTURBANCE [NPUT MaATRIX
~READ TAPE FOR MATRIX 62

C X1 1S INIYIAL CONDITION MATRIX

READ CARD FNR MATRIX X1

C XLOXL IS STATE LIMIT « RATE LIMIT MATRIX
READ CARD FNR MATRIX xLOxL

TCCL 1S COMMAND LEVEL MATRIX
READ CARD Fo MATRIX €L

C M IS STATF RESPONSE MATRIX
READ TAPE FOR MATRIX H
_.C D 1S COMIROL RESPONSE “ATRIX
READ TAPE FIR WATRIX D
C AN IS MEASURENENT MATR)X
_READ TAPE FAR MATRIX AM
C OK IS INITIAL FEEDRACK GAIN MATRIX
READ CARD FOR MATRIX AK
C O IS QUADRATIC WEIAMTS MATRIX
READ CARD FOR MATRIX O
S.1 ) SAMRE 01 2 2 100000E-10 3 3 .100000E-08 ¥ 7 ,500000E 041010 .600000E 06
L1707 J750007F=131818 ,100000E-102¢2¢ .100000F=172121 .1000C0E~112323 ,200900€~13
2028 L200000E-112626 ,B0000CE~-232727 1000007102929 .200000E~123030 .200000€-10
~2332. L180800F 403436 _L10C000E 0)

C 1DUN=d MINTHER RUY
~ £ IDUNe]l NO_NORE RUNS

C PEAD lOUw

1

M0 OF DIAK DATA .
sy

Figure 87, KONPACT-2 Input Data (Employing DIAK to
Evaluate Covariance Responses (Concluded)
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C LSA INPUT DATA

SLSA DATA

C READ IF DATA I§ ON CARDS ONLY OR ON CARDS AND TAPE

NATA ON CARDS AND TAPE

€ IF DATA 1§ ON CARDS AND TaPE READ THE LABEL 10 QBTAIN DATA ON TAPE

SYSTEM NO 4 PLANT~F420 ( CONVERTED FLEXSYAB CSA A/C o ACTUATOR o+ GUST MODEL )
C INSERY DATA ON CaAPDS IF ANnY

END
C NAME L1SY DATA FOR (Sa
NAME
L] Q VELDOY UE3DGY UEH 0T UESDOY VESLOY VETDOT
UEADOY UESDOY veLonoY ug1yoor UEL2D00T UVE1300T UEL4DOT UELSDOT
ug18Do0T  UEN ued ugé UES Uty Va4 uvEs
Ues ugto UEN ! gl ueLd UE1s UELS UEL6
Xa KEL FO 2 [ & P3 Po PS
(4] g | §] T1 82 v2 83 73
Bé T4 [ 1S 81027 11007 82007 T2007
83007 T3nov fe007 TaDOY 85027 TSpov ALPHA 2C6
DELA DELEI DELEY wR wloT A21F A2)R AFUS
TrUS UDFLA UOFLFL UDELES ETAG
END OF LSA DATA
$ST0P

¥
Figure 88. KONPACT-2 Input Data (to Prepare Frequency |

Domain Data for LSA Program)
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Figure 89.

DATA vOR LSA{SORATAHII(N(()
INENTIFICATIONIFCHA MADTL aMAHT Y )
READ A (S)

PRINT SYSTFM MATRTX

COIMPUYE POLES

COMPUTE ZERNS(R/ETAG)

COMPUTE PSD

PLOT SSDILINESP O algaloyei o540E
COMBLTE ZERNS{TI/LTAnY

COMPUTE PSH

PLOY YSHILIMEAR SO o) (Mole «74uf
CMPUTE Z2ERPOSIAL/HUNELY)

COMPULE PSS

PLOT 2SDILINFEAR el qTali Pe 1y 0u,edE
COMPUTF ZERNDS(TI/UNEL Q)

COMPUTE PSD

PLOT SQO(LINEAP I,V e) 1aust,y o 4,0E
COMPUIE 2ERNSIQ) ZUPELT 1Y
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PLOT 2SDILINEAR D)ol VaCats 02 bE
COMPUTE ZERJISUTIZUNFLSDY

COUPYTE PSH

SLOT “SDILTIMEARGd el a0, )E
COMPUTE, ZEROSIN/ETAR)

COMPUTE PSD

PLOT C&D(LIMNEAR WD Yol helel s 0740)
COMPRUTE ZERNDS (H/UDFLAY

COMPUTE PSD

PLOT “SDILTMEAP A Y altylsiass]adE
COMPUTE ZEROS((ND/UNCLETD

COMPUTE RSN

PLOT “SDILINEAR e,V oln, iv0ai06,a0E
COMPUTE ZEROS(IEI/ETAR

COMPUTF PSD

Y3l

Ty

16)

n

1s)

0%)

(113}

PLOT “SDILINELD 101V aivietin,0E=0])

COMPUTFE ZERQSINEI/YDELAY

COMPUTE PSD

PLOY SSD(LIMEAR« ) 1vi0 U8, o1 CE
COMPUTE ZEROS(UEI/ZLIDELET)

COMPYUTE PSD

PLOT 9SOILINEAP s sl dadel,. 9340E
END
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LSA Input Data (to Evaluate Power Spectral Density)
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SECTION VII

CONCLUSIONS AND RECOMMENDA TIONS

This volume provides two demonstration examples to aid the user of

KONPACT in preparing input decks and executing the programs.

The preliminary emphasis in this study has been interface software develop-
ment and the demonstration of its use, These have been achieved, For
future work it is recommended that the ALDCS design using the FLEXSTAB/
LLSA data be reinvestigated and refined to meet the torsional momgnt con-~

straint and phase/gain margin requirements,
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