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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 controlling the lightly damped modes and thus improving 

their mission performance. 

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 I.       KONPACT Theoretical Description and Demonstration 

Volume II.     KONPACT Program Listing 

Volume HI.    KONPACT User's Manual 

t 
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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 05A Active Load Distribution Control 

System using the FLEXSTAB C-bA model.   This model is documented in 
References 8,  9 <?-nd 11; the designed controllers are discussed in Reference 4. 

The second purpose is to provide concrete examples ol 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 

noted that in this report the terms "vehicle model" and "vehicle" are used 

interchangeably; both terms refer to the mathematical models generated 

from the level 2.01.00 FLEXSTAB 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 procedure for the modeling program 

(KONPACT-1) is described.   The formats of the input data deck and printed 

outputs are also described in detail. 

i 
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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 are given in Volume II. 

I 
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SECTION II 

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 to 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 input cards for KONPACT are also described. 
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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. 
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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 structure 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 corndsts of a main 

overlay and three primary overlays. 

Table 1.   KONPACT Program Descriptions 

PROGRAM SUBPROGRAM DESCRIPTION 

KONPACT-1 State space modeling program 

STAMK1 Obtains state space model from LSA 
simulator deck data 

STAMK2 Obtains state space model from transfer 
function data 

STAMK3 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 

FPOC Designs reduced state (practical) feedback 
optimal controllers 

* Illustrations 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: 

• The vehicle model is obtained by using either the STAMK1 (for 

LSA 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 STAMK3 (with quadruple input data) subprograms. 

• The subsystems defined above are combined to get an overall 

system by using the STAMK3 (interconnection data) subprogram. 

• 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: 

• Full state feedback control gains are obtained by varying the 

quadratic weights and using the DIAK subprogram. 

• The resulting 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 satisractory design is 

obtained. 

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

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

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

vehicle 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.   The overall system data in frequency representation form 

is written on tape SDSTP for use by the LSA program.   The DATAK 

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

Table 2.   KONPACT Data Tapes 

Tape 
Name Contents 

Generating 
Program 

Benefiting 
Program(s) 

VDATA Simulator Interface data in the 
form of card images 

LSA KONPACT-1 

QDATA Quadruple (A, B, C. D) or state 
variable representation data 

KONPACT-1 KONPACT-1 
KONPACT-2 

NDATA Name list data of the state 
variable representation 

KONPACT-1 KONPACT-1 

DDATA Full state feedback gain data 
in the form of card images 

KONPACT-2 KONFACT-2 

Fi>ATA Reduced feedback gain data 
in the form of card images 

KONPACT-2 KONPACT-2 

SDSTP Frequency domain representa- 
tion of quadruple data 

KONPACT-2 LSA 

m     gflWMWtftWWWMwag'WJ«^^ 
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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 subprogrnm 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.    These "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- 

ments" 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. 

«*   *^*'**m-mmmmiimtkmi'X*»*ii*mM 
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INPUT CARDS 

nie 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 consists 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 

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 delailed 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, 

..     ■ ,v.. ■,■.■■ - i 

■ ■ ■    . ■       . 

Numerical data are generally read under the 5(212, El2. 6) Fortran format, 

and the alphanumeric data under the 20A4 format.   Some data cards contain 

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

10 
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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 

1            Program Control Card Subprogram Program                | 

$LSA DATA STAMK1 KONPACT-1 

$TRANSFER FN DATA STAMK2 

j        $QUADRUPLE DATA STA MKS 1 

$INTERCONNECTION DATA STAMK3 
i 

|        $SIMULATION DATA STAMK4 

1         $CONDITIONING DATA CONDK 

$DIAK DATA DIAK KONPACT-2 

I         $FFOC DATA FFOC 
1 

|         $LSA DATA 

1 

LSA 
(only prepares 
data for LSA) 

11 
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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 number 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.. PRINTA INPUTA 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 (LSA) 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 contains the 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 

18 

■  :  . ' ■■;■ ' 



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.   Following 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 0x0, 
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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 NCOLS Number of columns in the matrix 

CARD SET 2 (6E10.0) 

1-10 Aii 
Elements of the matrix 

11-20 Ai. j+1 
Stored by rows, six elements per card 

21-30 Ai. j+2 

31-40 • • • . 

41-50 Ai+l.l 
. 

51-60 Vl.2 

Precompiler Data 

The user defines the KONPACT-1 subprograms and the values of the maximum 

system dimensions needed for executing his job.   The KONPACT-1 basic 

subprograms are STAMK1. 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 dimensions (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 

21 



Table 6.    Formats for Precompiler Data 

CARD SET 1 (A6) 

|        Column Contents Explanation                                  1 

|           1-6 NAME Name of the subprogram                              1 

CARD SET 2 (A4. 13)                                                         1 

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

1           5-7 MSD Value of the Maximum System Dimen- 1 
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                 1 
on the line printer                 j 

j            PRINT INPUT DATA Input data cards                     [ 
will be printed                       j 

1           PRINT OUTPUT DATA Output data for each             { 
system modelled will           | 

1 be printed in detail                , 

j           PRINT FINAL OUTPUT DATA Only the state space             1 
model data for each              | 

1 
system will be printed         i 

j           PRINT EVERYTHING Debugging Information 
will be printed in addition   | 
to the above 

l 

i 
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The system reference specification group specifies the system description 

that should be used in the reference table.   Figure 12 illustrates the system 

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 hy FLEXSTAB/LSA equations.    The FLEXSTAB/LSA simulator 

deck data 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 

variables. 

■ 

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 

rational 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 (12, 6X. 2A4.  4X. 10A4, 4X, 4A4) 

Column Contents Explanation 

1-2 NNS Number of the state variable 

9-16 VNS Name of the state variable 

21-60 DESS Description of the state variable 

65-80 UNITS Units of the state variable 

CARD SET 2 (12, 6X,  2A4. 4X,  10A4,  4X.  4A4) 

1-2 NNO Number of the output variable 

9-16 VNO Name of the output variable 

21-60 DESO Description of the output variable 

65-80 UNITO Units of the output variable 

CARD SET 3 (12, 
■ 

6X. 2A4. 4X,  10A4, 4X. 4A4) 

1-2 NNI Number of the Input variable 

9-16 VNI Name of the Input variable 

21-60 DESI Description of the Input variable 

65-80 UNI"! Units of the Input variable 
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Table 9.   Formats for Transfer Function Data 

CARD SET 1 (6E12.6.  212) 

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 Reference 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)).   Only the nonzero elements need be specified. 

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

as an interconnection of several systems.   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.   Only the nonzero elements need be specified. 

The interconnection data are followed by the name list data.   An example of 

interconnection of several systems is given in Section V. 
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Figui e 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 SET 2(A6. 4X. EI4. 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 drta 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: 

• 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 (Tc ) in decimal 
P 

seconds is: 

=   T 
Load cp 

(NX + NR + NU)    „. 
+    rrr      * 

10 
NS 
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where: 

T = Program Loading Time (typically 4 seconds) 

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/Output Time (TT ,n) in decimal seconds is: 

T
T /^ = T

T      J x/^ + (NX + NR + NU) * NS I/O        Load I/O 

where: 

T-     A T/CI 
= Prograrn Loading Time (typically 20 seconds). 

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. 
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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 
I 

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. 
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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 Hie 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 subprogram, 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 ?nd 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 printed 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; 

> 

32 

MMWPs-   .         - 

4m 



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 

Table 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 KOriPACT-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. 

• Card input data are printed (it PRINT INPUT DATA is specified). 

• Output data from the DIAK subprogram are printed. 

• Output data from the FFOC subprogram are printed, 

• 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 shown in Table 13. 

For changing the maximum system dimensions, the user should consult 

Reference 2, 
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SECTION V 

DEMONSTRATION 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 Programming 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 problem 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:   u)   =3 rad/sec and C = 0,7. 
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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 handling 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 model) is provided by the FLEXSTAB LSA 

program in the form of a simulator deck data. 

This model is given system number 1 (S-l,  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,  9 

Outputs:       q , n    , n    , n 
s      a1      ^2     a3 

« • 
Inputs: 6a.   6e.  S&t   6^ Wgr wgr wg3. ^ ^ v,^. 

^sl      gs2      Ss3      gsl      Ss2      gs3 
■ 

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., u) and q),  6   input, 

and q   and na   outputs.   The reduced model is obtained by truncating s i 
the states u and 6 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-l, Figure 26),   The system variables 
i 

in this case are: 
■ ■ 
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States: w, q 

Outputs:       q » na , w, q 

Inputs: 

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

b 
H (s) =—-5_   ;    a    =b    =7.5. 

a s + a a      a (3) 

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: 

(4) Hp(s) s + a a   = 0,1. b   = 0.223 x 10 
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 
-3 

following (Reference 10).   The gain b   is chosen to be 0. 223 x 10     in 
P _3 

order to obtain an rms pilot input of 0. 5 x 10     radian (0,0287 degree). 

This is an important factor in reduced (not full) control since optimal 

gains depend on covariance analysis. 

• 

The pilot model is given a system number 3 and is also modeled using the 

STAMK2 subprogram in KONPACT-1. 
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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: 

UI1/RI1   I    Un/RI2       UI1/RI3 

I 
4 

I 
UI2/RI1   j    UI2/RI2    I   UI2/RI3 

"1 i"" 
UI3/RI1   |   UI3/RI2   |   UI3/RI3 

(5) 

(r)   ■ 
I I 

(R/RI1 [     R/RI2  j    R/RI3) ri2  j 4    Oi/li) (U) 

13, 

(6) 

where U ^ U    , and IJ.„ are the inputs to systems 1, 2, and 3, respectively, 

and r  , r   , 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 

of the inputs and outputs in terms of the system physical variables are 

given in Table 15. 
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Table 15.   Input/Output Definitions for Obtaining Static Elastic Plant Model 

System 
No. Name Input Definition Output Definition 

1 Reduced Vehicle 
il       e rii -Co1 ^s'narW'q] 

2 Actuator Ui2 = 6ec ri2 = 6e 

3 Pilot Model Ui3 " \ ri3 = rp 

4 Plant U =Col  [T1p.uc} r = Col {q ,n    , w.q.r^] 
a       cLX                    p 

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

UI1/RI2     =      (1) 

UI2/U 

U!3/U 

R/RI1 =     ft      0      0      0 \ (7) 

(0 1) 

(1 0) 

/l 0 0 0 

0 1 0 0 

0 0 1 0 

0 0 0 1 

iO 0 0 0 

R/RI3 
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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 generate 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: 

w   =   A11w+A12q+B116e 

q    ■   A21w+A22q+B216e 

(8) 

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

-0.67868 8741.2 
A   = B   - 

-0.0001874    -1.1011 

f0.33079 

-1.6064] 
(9) 

The implicit vehicle is described by the equations: 

w 
M A11WM    +A12qM    +B11UM 

^M       =   AO, WM     +Aoo(lM     •fBio « M '21 WM    T"22HM "12 UM 

(10) 

where w     and q.   are state variables of the implicit model, and u 
M lM M 

is the input to the implicit model. 
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As can be seen, the coefficients of the first row of the implicit model 

trcinsition 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: 

u)    =3 rad/sec and Q- 0.1. 
n 

The corx'esponding characteristic equation is: 

2 2 
Ms) = s   + 2 C% s + u)n 

(ID 

since: 

tr(A) =  -2 C(Bn= -4.2 

det(A) = a) n
2 = 9 

and: 

A11+A22S-4-2 

(12) 

(13) 

A11A22-A12A21S9 

and the results are: 

A     » -.0007562  and 
21 

A22 » -3.5213. 

(14) 

The implicit model is always given the system number 9 (S-9, Figure 26). 
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Interconnection of the Plant and the Implicit Model (Overall System)-- 

The interconnections for the overall system are shown in Figvire 26. 

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

connection matrices are given by: 

UI9/RI4 

UI4/U 

R/RI4 

(0      0 0      1) 

R/RI9 

1 

0 

(15) 

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). 
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Table 16.   Input/Output Definitions for Obtaining Overall 
Static Elastic Syslem Model 

System 
No. Name Input Definition Output Definition 

4 Plant ui4 - Col {Tlp. uc} ri4 - Col {qs. nal. w. q.  rp} 

9 Implicit 
Model 

Ui9 = UM ri9 = CoUwM      ^M  3 

5 Overall 
System 

u = Col {71.  uc3 r = Col {q8. nal. a. ry e^. eqi3 

! 

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: 

The specified sensor responses are: 

(V nal'   V V- 

The specified control inputs are: 

(uc). 
1 ■ ~ 
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The specified disturbance inputs are: 

<V- 

- 

I 

i 

The implicit model is automatically truncated by the CONDK subprogram 

after model following error rate equations are obtained internally. (For 

an explicit model, a system number other than 9 should bn assigned.) 

The dynamics needed by the subprograms DLAK,  FFOC, and DATAK in 

KONPACT-2 are given by the following equations (see Reference 2): 

x   =      (F)x + (G^u + (G2)T1 

r   =      (H)x + (D)u 
(16) 

m (AM)x 

where: 

x is the state variables 

u is the control variables 

!j is the disturbance variables 

r is the design responses 

m is the measurements. 

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

the previously mentioned matrices as shown below: 
contain 

(F) B (ai I <V 

* ' \0   I O j 
(17) 

^ 
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Controller Design 

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 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 

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: 

ec 
(K    ) q    = (K     ) n .  + (K.   )   *    + (K    )   r 

%     s n
al    al 6e      e rP      p 

(10 

Reduced optimal feedback gains are obtained for two cases by the FFCC 

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 

8   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 through 34 the time responses of the open and closed loop system 

are obtained to demonstrate the desired handling 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. 
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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 DIAK 

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 
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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 Figure 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 subsection. 

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

measurements 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, K K_  .., K.  , and K _ are 
»'a i oe qs' "%!*     öe' rp 

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 Q- is varying 

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

also shown in Figure 31. 
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In the second step of the design, the number of feedback gains is reduced 

by using the FFOC subprogram.   When both K     and Kn . are reduced,  the 

resulting closed loop eigenvalues do not meet the handling quality criterion. 

When only K6   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, a, and 6   for the open loop system is shown in 

Figure 32,   The step response for q, or, and 6   for the full state optimal 

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

and 6e for the reduced (only K5e is reduced)   optimal closed loop system 

is shown in Figure 34.   As can be seen,  the reduced feedback optimal 

system develops responses similar to the ful). jcate 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 vehicle (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 system number 1 (S-l, Figure 57a), and the STAMK1 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, w. q,  6,  1^,  f^, ... .  T]^.  7]^  ^ ... ,  T\.5 

Outputs:    qg, n^, n^. n^, SI, Bl,  Tl, S2, B2,  T2,  ... , 

S5, B5, T5 

Inputs:       6a.  6^,  6^,  ^ 6^,  6^, m^ wg2. wgg, wgl. wg2, w^ 

Table 18 describes these symbols and forms the basis for the namelist data. 

Note that a redefinition of generalized coordinates has been made from 

"Uli" to "V to facilitate later discussion. 
* 

■ ■ : 

■■■ 

■      - ■ ' ■    .      ■       ......... .■., .... 
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C-5A Converted Vehicle 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 (Tl, ... , 7]    ,  f|      ... ,  TL.).   In this 
1 15       1 15 

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 

Wgl 
Inch/Sec Feet/Sec 0.833333E-01 

V Inch/Sec Feet/Sec 0.833333E-01 

V Inch/Sec Feet/Sec 0.833333E-01 

*«1 
Inch/Sec 

Inch/Sec 

Feet/Sec 

Feet/Sec 

0.833333E-01 

0.833333E-01 

*g3 
Inch/Sec Feet/Sec 0.833333E-01 

al 
Inch/Sec2 IG 0.258800E-02 

n
a2 

na3 

Inch/Sec2 

Inch/Sec2 

IG 

IG 

0.258800E-02 

0.258800E-02 
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changing the units of the variables specified.   System number 1 is retained for 

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

subprogram. 

Actuator Model--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 STA MKS subprogram in KONPACT-1. 

Table 20.   Gust Model Coefficients 

Coefficient Description Value         I 

1              r%f 

al 
Wind filter coefficient 0.42            j 

ao Wind filter coefficient 0.0441       j 

** 

Wind filter coefficient 0.7937 

b 
1         0 Wind filter coefficient -0.2371 

|       VNT Kussner coefficient for nose and tail 9.0284 

1        w Kussner coefficient for wing 4.4596 

!       T 
1          Vf 

First order time delay filter coefficient 0.0744       | 

Second order time delay filter coefficient 16.0044 

S0 

Second order time delay filter coefficient 96.0523       1 

^ 

Second order time delay filter coefficient -8.0022 

£0 

Second order time delay filter coefficient 224.1219 
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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 STAMK3 of 

KONPACT-1 to model the plant.    Two additional responses a and q      are 

defined here for the plant.   The plant is given a system number 4 (S-4, 

Figure 57a), 

Plant Design Model--The load rate responses (B,, T,, iL, T2,  ,., , B-, tv) 

are obtained here by using the CONDK subprogram of KONPACT-1,    The 

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 

\ 

i 

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. 
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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, MLCl, HP, F3E. MLC2. P) 

Outputs:    (u    , u.  .. U.     ) 6a     6ei      oeo 

Inputs:       (a 1f u0.  T] .    6 ,  6  ., A21R. AFUS.  TFUS, ACG). c i.     Cfe     p       a     ei 

\ 

The gains KAF and KM1 for the ALDCS controller are obtained by conducting 

three steady state 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 Controller (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 

STAMK3 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 (S-6,  Figure 57b). 

Overall System (Design Model)--The 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.1; 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 given by the following equations: 

V  = (K1DELA) 'a + ^^W A21RL + (K1GLAF) GLAF <19) 

^ei    = (K2A21R) A21R + ^AFIIS» + ^TPW 
TFUS + <K2T>) h     (20) 
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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 K2   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 

that 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 (or) time 

responses due to a pilot elevator command.   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 T]   and T] . 
e        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 
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reduced order plant is combined with the reduced ALDCS controller to obtain 

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 KOyPACT-1 input 

data for 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 LSA 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  vehicle 

quadruple data along 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 91 and 

represents the output from the KONPACT-1 input data deck of Figure 83; 
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the model contains the F24RR model, control surface actuator dynamics, 

the gust model dynamic^ and the ALDCS controller.   This model is used 

in D1AK 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 or 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 Toop (reduced feedback only) vehicle are shown in Figure 74.   It is 

seen that maneuver load control requirements are met, 

. ■ 

The torsional moment (Tl) design requirement for this controller is not 

satisfied.   Tl 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 requirement. 

74 

läfiSfiBfflfö 



Obtaining Frequency 
Domain Representation 
of Vehicle 
Punching Simulator 
Interface Deck for 
Vehicle 

KONPACT 1 

• Vehicle Modeling 

• Controller, Sensor, 
Actuator Modeling 

• Overall System 
Modeling 

KONPACT Z 

• Controller Design 

• Covariance Response 
Evaluation 

• Time Response 
Evaluation 

Simulator 
Interface 

Deck 

QDATA 3 
I 

~h 1 

SDSTP 5 

LSA 

• Pole and Zero Location 
Evaluation 

• Frequency Response 
Evaluation 

• Power and Power Spectral 
Density Evaluation  

Figure 1.   Interface Between LSA and KONPACT Programs 
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(Produced by LSA) 

Figure 2.   overlay Structure of KONPACT-l 
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(Produced by K0NPACT-1) 

QDATA 

T 
) 

\ 

1 
(i.o) 
OIAK DDATA J r __j  _^ 

a 

i 

i 
i 

, / i 

) 

i   (o.o) / 1   (2.0) 
FFOC 

b- —| 1 
FDATA k p—i—► 

\ • 

« 

1 
1 

\ (3.0) 
DATAK 

<— —|  • 

i 1 « 

SDSTP 3 
(For LSA-FLEXSTAB) 

Figure 3.   Overlay Structure of KONPACT-2 
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Figure 4.   Typical Input Deck Structure 
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From LSA/FLEX'oTAB 

To KONPACT-2 

Figure 5.   Data Flow in KONPACT-1 
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NOTE: 

CARD i - Fin in the user Account Number In Place of x 

CARD 2 - Fill in central Processor time (T). 

Input Output time (10) and 

Central Memory reaulred (CM) 
J 

J 

Figure 6.    Control Card Arrangement to Create VDATA File 
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END-OF-INFORMATION CARD 

MODELING DATA 

END-OF-RECORD CARD 

PRECOMPILER DATA 

END-OF-RECORD CARD 

CATALOGCNDATA.FLEXSTABNDATA) 
'CATALOG < »DATA.FLEXSTABBDATA) 

NEW. 

'J)SET(PRESET=ZERO) 
'ATTACH(VDATA.FLEXSTABSIMDATA) 

REWINDCNEW) 
lETURNCPROG.COMPiREV.OLD) 

COPYL(OLD.REV.NEW) 

AnACHtQUiKONPACTll 
'REWIND!REV) 

FTN<B=REVil=COMP) 

'REWIND(COMP) 

'U)SET( PRESET = ZERO) 

ATTACH(PROG.PRECOMPKONl) 

'RKftUKTtfffiATAi'PF. 
REaUEST.aDATA.«PF. 

fKONPACTl.T...,10....CM,...STCSB.XXXXXXX.NAME 

^ 

1 

J 
) 

/ 

L 
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15 

.11. 
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12 

^i. 
JLO. ^ 

/ 
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/ 
/ 
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/ 
/ 

/ 

Figure 7,   Control Card Arrangement to Execute KONPACT-1 and 
Create QDATA and NDATA Files 
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CATALOG < NDATA .FLEXSTABNDATA) 

CATALOG (IICATA. FLEXSTAWDATA1 

END-OF-INFORMATION CARD 

^ 

END-OF-RECORD CARD 

END-OF-RECORD CARD 51 
22 

U)5ET[P«E5ET=ZEROI 

ATTACH (VDATA. FLEXSTABSIMDATA) 

a; 
REWlNBIftDATAtNDATA) 

PURGE (rEMP.NTEMP) 

OPyBF(NTEMP.NDATA) 

OPyBF<8Tt«P.aDATA) 

ATTACH(NTEMP.FLEXSTABNBATA) 

ATTACH (aTEM'' i F LEXSTABIDATA) 

REWINIKNEW) 

RimjRNIPROG.COMPiREV.OU)) 

COPYL(OLD.REV.NEW) 

ATTACH<0LD.K0NPACT1) _12_ 
«^IMP"gV' 

FTN(»=«EV.I=COMP) 

f REWtMC(CDMP) 

'PROG. 

'LDSET(PRESET=ZER01 

'ATTACH(PROG.PRECOMPKON1> 

REBUEST.NJIATAi'PF 

REauEST.tnAT^.oPF 
STCSB.XXXXXXX.NAME 

J 

/ 

/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

/ 

Figure 8. Control Card Arrangement to Execute KONPACT-1 and 
Add New Systero Data on QDATA and NDATA Files 
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Rtmalntn*   LS* 

M»trlc«$ 

Figure 10.   PLEXSTAB/LSA Stau^.^ Deck Data 

Card Arrangement 
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Figure 11.   KONPACT-1 Modeling Data System 
Arrangement 
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END 

SYSTEM NO N 

(3HEND) 

SDES COMMENTS 
(10HSYSTEM NO II1,9X.A20>A40) 

Figure 12.   KONPACT-l System Reference Control 
Card Arrangement 
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END 
OHEND) 

NNO 

OUTPUT 

-1 

NNI VNI DESI UNITI 
(I2.(.X.?A4,4X,10*4,4A4) 

INPUT 
(5HINPUT) 

VNO DESO       UNITO 
(I2.6X.2A4.4X,10A4,4X.4M) 

(6H0UTPUT) 

\ 

•LSA DATA 

(3HEND) 

HEADING FOR SIMULATOR DECK DATA 
(20A4) 

(9H»LSA DATA) 

SYSTEM NO N SDES COMMENTS 
(lOHSYSTEM NO tU.9X.A20.A40) ■ 

^ 

/ "■ - ■ ■-■-            "N /                                                                                        >1 
/ W!S              VMS DESS UNITS 

<I2.6X.2A4,4X 10A4.4X,4A4) 
"N 

/   STATE 
(SHSTATE) 

""^s 

C NAME LIST DATA                                                                                                                                       ""\ 

/ 

J 
J 

J 
/ 

Ly 

y 
j 

y 

J 

Figure 13,   System Description Data (for using STAMK1) 
Card Arrangement ,.;■ 
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Figure 14.   System Description Data (for Using STAMK2) 
Card Arrangement 
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Figure 15.   System Description Data (for using STAMK3 - 
Quadruple Data)   Card Arrangement I 

■;:| 
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Figure 16.   System Description Data (for using STAMK3 - 
Interconnection Data)   Card Arrangement 
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Figure 16.   System Description Data (for using STAMK3 
Interconnection Data) Card Arrangement 
(Concluded) 

93 

• ■ ^<^iw^w*i&mmmmmmKimi*toMt '»«äü&t^topmmmii&tämßm&'tow*--**: vxmiMrfM'3^iim*t&'ift)i&*ffi& HW*******»1^^ 

**m 



Figure "• Ä^srData <for us- CONDK> 
94 

- 



CCNSTRUCT DESIGN REPONSES 

ND 
(3HEND) 

(1)IR(2).X(3).X(4). 

(SPECIFY X AND R'S ONLY) 

SELECT SENSOR OUTPUTS 
(21HSELECT SENSOR OUTPUTS) 

(2)iR<3).X(3)iXDOT(3).RDOT(4)-RDOT(5>, 
(SPECIFY X.R.XDOT AND ROOT'S ONLY) 

(26HCONSTRUCT DESIGN RESPONSES) 

(SPECIFY U'S ONLY) 

SELECT GUST INPUTS 
(18SELECT GUST INPUTS) 

U(1),U(2) 
(SPECIFY U'S ONLY) 

SELECT CONTROL INPUTS 
(21HSELECT CONTROL INPUTS) 

RESPONSE SPECIFICATIONS I 
J 

nHENP) 

UN UNN 
(A4.6X.EI4.6.6X.4A4.4X>4A4) 

rC  SCALING DATA 

«CONDITIONING DATA 
(18H*CONDITIONING DATA) 

SYSTEM NO N 
(lOHSYSTEM NO   .   Ili9X.A20.A4O 

SYSTEM DESCRIPTION DATA 

■    " 

J 

/ 
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J 
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J 
J 

J 

Figure 17.   System Description Data (for using CONDK) 
Card Arrangement  (Concluded) 
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NDATA QDATA 

LABEL 1 

Name List 
Data 

LABEL 2 

Name List 
Data 

LABEL 3 

Name List 
Data 

LABEL 4 

Name List 
Data 

LABEL 5 

Name List 
Data 

REFERENCE 
LABEL 

W 
a 

Reference 
Table Data 

0 
•-tj 

END OF DATA 
LABEL 

LABEL 1 

Quadruple 
Data 

LABEL 2 

Quadruple 
Data 

LABEL 3 

Quadruple 
Data 

LABEL 4 

Quadruple 
Data 

LABEL 5 

Quadruple 
Data 

END OF DATA 
LABEL 

Figure 18.   Data Written on Files QDATA and NDATA 
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END-OF-INFORMATION CARD 

mnmiErurarnrar 

■puro:  

'UBETIPRtStWtHDJ 

ATTACH(PfiOG.PRECOMPKON1) 

K0NPACT1. TW. 1050. CM70000. STCSB. XXXXXX. NAME 

^ 
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J 
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j 
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J 
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J 
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J 
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J 

c, '!.;?#■ 

' 

Figure 19.   Precompiler Job Set-Up for Computing KONPACT-1 Central 
Memory Required 
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QDATA FILE 
(Quadruple Data)/   From KONPACT-1 

To LSA/FLEXSTAB 

Figure 20.   Data Flow in KONPACT-2 
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END-OF-INFORMATrON CARD 

EMD-OF-RECORD CARD 

CATALOG(SDSTP.LSADATA) 

CATALOG (FDATA. FFOCDATA) 

CATALOG(DDATA.DIAKDATA) 

PROG. 

1_D5ET( PRESET-ZERO) 
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ATTACH (ttDATA. FLEXSTAMDATA) 

RE»UEST.SDSTPt*PF. 

REBUESTiFDATA^PF. 

REMJEST.DDATA^PF. 

1 
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7^ KONPACTZiT.... 10,.. .CM... iSTCSB.XXXXXXX.NAME 

NOTE i 

CARD 1 - Fill in th« ustr Account Numbtr In olac« of X. 

CARD 1 - Fill In tht Central Procsnor time (T). Input Outout tlm« (10). 
»nd Centr»! Memory required (CM) 

CARD 2 - If DeslCn B-üdruple data Is entirely on cards, omit CARD 5. 
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J 

Figure 21.   Control Card Arrangement to Execute KONPACT-2 Program 
and Create Files DDATA, FDATA and SDSTP 
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Figure 22.   Typical KONPACT-2 Input Data Subprogram Execution 
Arrangement 
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r«DIAK DATA 
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fC  DIAK INPUT DATA 
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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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END  Of   BUK  DATA 
llhHfND   Or   DIAK DA1A1 

READ CARD FOR MATRIX   U 
(JOHREAD CARD EOR MATRIX.2A4) 

READ  CARD  FOR MATRIX  BK 
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READ   TAPE  rOr.  MATRIX  AM 
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(20HREAD TAPE FOR MATRIX.2M1 
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Figure 23.   KONPACT-2 Input Data (for using DIAK) 
Card Arrangement (See Reference 2 for 
Variable Definitions)   (Concluded) 
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f(IF(I).JF(IM=l.NF) 
(4012) 

ALAMiDELTiALAMD 
(3G10.4) 

(G10.4) 

(G10.4) 

(G10.4) 

(NORD(n.I=l.NX) 
(4012) 

NX.NR1NU1NN1NFF.NF 
(612) 

'IMZX.NITM.NOPR.NOCOV.NBEGIN 
(512) 

SYSTEM NO 5 OVERALL SYSTEM (DESIGN MODEL) 
(20A4) 

2 

C  IF DATA IS ON CARDS AND TAPE READ THE LABEL TO OBTAIN DATA ON TAPE 

' DATA ON CARDS AND TAPE 
(22HDATA ON CARDS AND TAPE)  

READ IF DATA IS ON CARDS ONLY OR ON CARDS AND TAPE / 

Figure 24.   KONPACT-2 Input Data (for using FFOC) 
Card Arrangement (See Reference 2 for 
Variable Definition) 
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Figure 24.   KONPACT-2 Input Data (for Using FFOC) 
Card Arrangement (See Reference 2 for 
Variable Definition)   (Concluded) 
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C READ FEEDBACK GAIN MATRIX 

SYSTEM NO 5  OVERALL SYSTEM (DESIGN MODEL) 
(20A4) 

C READ THE LABEL TO OBTAIN DATA ON TAPE 

DATA ON CARDS AND TAPE 
(22HDATA ON CARDS AND TAPE) 

C USE ONLY DATA ON CARDS AND TAPE 
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"c  LSA INPUT DATA 
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Figure 25.   KONPACT-2 Input Data (To Compute Frequency Domain 
Data for LSA Program) Card Arrangement 
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Figure 28.   Design Response Weights for Handling Quality Controller 
Design (C-5A Cruise Flight Condition) 

108 

•**w»jmiimmi 

4M 



■ •••   .-WW'^t/yft''* >3:-i«?*K'"'W'3iJ;,™:C','-nc»'u:" T-       " :■     • M-'cs«».»!   -',»i*-»'rf^ «*fV-."v«Sa«V^!r"=,'.^^ 

Cfi 
c 

• r-t 

Ü 

i—' 
r-l o 

o 
U 

cd 
3 

O" 

C 
•I-I 
^-i 
T} 
C 
i 
K 
t—' 

a 
O 
< 
in 

i 
U 

u        1 
<* ■ 01 * en 
(S CO i^ * Ol 

£ 
<f * r- CO in 
in t- in N t- 

•3             ! o ta m tfi           1 Ol 

1    i 01 52 i CO in 
en 
N 8 § O         | 

o 8 
b-         ', CM' CM m CO          i m 

« ** t- CO m 
n in «- ^i Ol t- 

9 9 1 M 8 in 
■s o m O to o      1 rs 

&K 
m PJ «- f co 

i           B * P) o «H         ! FH 

be o 
B 
d d d 

U ' i i 1 1 

X 

t CO •* CM M to 
•H «n <o Ol CO 

| 
a> m N cn CO s g (0 

m 
m 

CO 
M 

[A oo N 8 m CM 
0 t- en CM Ol OJ 

1   ö 1 00 CM 

CM' 
• 

CM 

o o 

0 m GO a, •♦ o o *4 9 m 00 o <n ■*f i 
M <n N H ■>r M o * 00 o o Oi     1 
V o U> O en en o r- o CD in    1 
3 o IH (0 o in M f-i § o Ol t-    1 

o 01 Ol m M o CO ^• »r» Ol M *~*   1 
>    01 

o N t- in 0) o 01 ** ^ m 00 m    1 
o M CM w o CM CM o «0 m o in t*    1 C    QJ r* « W t~t 00 Ml r-l • o o »^ H r-4 m   I 

tm o pi ^4 o *H V o CM M d SB M d N d   1 
w 1 i 1 1 1 1 1 1 

1 1 
i i 1 P4      1 

«-t    1 
t      1 

1 1 1 1 i i pa W 
a CM n at t- o 
t 01 m m ee in yr Ol m at ID o *r a> m s S « •* ir4 m • 

o o O O o 

r-< CM n 

1 n 
u | 

M 

O l ? u 
o in H i-4 Ol CM 

i         u j? | 01 I !      re «r o O m * 
« d en at 

O o 
^        A> d d i 1 
1        V i 

3         C >» n en « w4 
1         « o B o O O 

2 

1        9 

i 
i Ü H M i ^ IS IB ^ i 

n r* •^ C4 m 

NI •• 1 1 in 

PI 

jo 
o 

s d 
i 

O 
1 

d 
i 

d d 
i 

t,J | ? 
«H 

| 
W w w w » 
in tn Ol M C4 

JC »"1 CM e 00 1          CM 
vX a» CD «^ CO f x ■n ■ ** t- O 

N o> • • 0) en 
d o o o d 

1                M 
1         JZ o t M o 

o O O o o ig o O o o O :              O o d    1 • d o    \ 
tn r-l O r* »-* o Mi tH rt m w-t I-I I       w m •H         1 

i     s 1    " " H H a " H u H U ii ■* M " II H       1 

T3 (O w to H ♦ 10 n f es en v CO i         en ■«r CO   I 

3 Or a cy or cr <y cr <y 01 a a cy f cy 9 
;   qr 

U 

CO 

109 



* 1 1        c 
1        v t 1     u 

! 
* 
0 

I \ 
hi 

P         1 
•A 

1 
s 

8          j 
S 

1 

If I1 
ID                         il 

O 

i 
d 

Iff 

d 

3 i 
a 

1 
8 

•A 

S 
tn 
s 
A 

9 as 

5           1 it i 
« 

> *« 
c w 

i 

o      O      —       i 
ffl        #        fi          ■ 
O       «        « 
D          9          •*! o      o»       — 
Off« 
-H        «-I         o 

Ü          M          M 
1        1       w 

1        1 

§    5    S III 
8    S    2 
O        M        * 
-^        «>        N 
d     d     N 

o     r>     n 
Iss 
o     n     if» 
§  s  s 
2    S   S 
i  i  -t 

1     1 
i   5 

i        S 

1 
: 

Q. 
h 

i i 
A 
n 
s 
o 

i 
§ 
3 
d 

3 
d 

i 
1 1 
• i 
o d 

e 
d 

i 
M 
tn 

s 
Ok 

o 

M 
o 

1 ■ 1 
! 
d 

! 

1         O 
d 

r 
i ■ 
n 
d 

M 

1 s 
d 

w 

d 

'     8 
u 

1      b> 
1      "o 1      ti ;   1 

1 1                      H 
1                      M 

!    \ 

9          1 
u 

1      M 
\      ** 

o 
1     0 

1    ^ 

U 
«a 

3 
3 
". 

1       ** 

1      ^ i        o '  i 1        ^ 
1 » 1 .1 il 

i .a 

1 1 

I 
bo 

■ 

HO 

, 

^aß 



/UeuiBeuii 

o 

I 

T3 
O 

I 

■ 

IT3 

St 

a 
be 

•iH 
CO 

0) 
P 

g 

111 
•w 

«*-««««*»««« 

A 



(Radian/Second) 

to 
X) 
c 
o 
<-) 
ai 

CO 

If 

1- 
• .00S I 

.205 1 
.«.OS I 
.60S I 
.'«OS I 

I^OOS I» 
l.'JOS I» 
l.r*0S I» 
15605 I 
Ueos i 
tftts I 
2.20S I 
?.*0S I 
2*605 t 
?#8tS I 
3W00S I 
3«205 I 
3/«OS I 
3.60S I 
3/MS I 
«•MS  I 
MMS I 
*#MS I 
«.»605 T 
•trfOOS I 
»•005 t 

-.752 -.60» .<.51 -.301 -.150 .000 
•I- 

A| OHI, (Radians) 

■D 
C 
o 
o 
<u 

CO 

a» 
e 

,756 

0 00S T 
20S t 
i.0S t 
60S T 

.805 I 
1 COS I 
1 «OS I 
I «OS I 
1   60S ! 
1 805 I 
2-005 I 
2.205 r» 
2 «05 J« 
2.605 I» 
2.805 I» 
3 005 I» 

-,605 -."53 -.302 -.151 -.000 

■I- 

3,205   t   • 
«OS I 
60S I 
80S T 
00S t 
205 I 
«.OS I 
605 I 
805 T 
00S I 

• 

Figure 32.   Response of C-5A Open Loop Static Elastic 
System to Elevator Command 
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Figure 32.   Response of C-5A Open Loop Static 
Elastic System to Elevator Command 
(Concluded) 
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Figure 33.   Response of C-5A Full State Feedback Static Elastic 
System to Elevator Command (Concluded) 
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3 3 
.01926954     .471E-04 

-.0*019920   -.397E-0* 
3 3 

-.00077100     .661E-95' 
.397E-0<>  -.403E-05 

1 3 
-0. 1.0000000 

1      1 

* 3 
0. 1.0000000 
0.                 -8839.912* 

* 3 
.432E-05   ,0034*891 

X.0000000  2*6.83328 
* 1 

I*.5882*1   I*.5882*1 
* 1 

0. 0. 
* 2 

0. 

-.11892511-.67867980  8741.2021 

330. 79430-..29081411-1.6063686 

.10077881   .57802128-.00012030 

.00174649- 

.10077881 

.0017*649-.01756977   .0012*663 

-.01756977   .0012*663 

.57802128-.00012030 

0. 
0. 

0. 
0. 

0. -8839.912* 
9. -8839.912* 

1.0000000-72*.21672 
1.0000000  3*9.82328 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 

0. 
•. 

0. 
0. 

1*.5882*1 

0. 

0. 

0. 

0. 

0. 

0. 
•. 

0. 
0. 

0. 
0. 

0. 
0. 

a. 

0. 

0. 
0. 

0. 
0. 

Figure 35.   FLEXSTAB/LSA Static Elastic Simulator Deck Data 
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STAMM 
STAHKE 
5TAHK3 
CONOK 
Hm-   6 
NUH= Ib 
NRM= 10 
NTM' 10 
HSh= 3 
MrR= 1 

Figure 36.    Figure 37 Precompiler Data (KONPACT-1) 

C INPUT 0»U »"OR DEMONSTRATrON EXAMPLE 
C SPECIFY PRINTINfi 
PRINT OUTPUT DAT* 
PRINT INPUT DATA 
C DEFINE VEHICLE 
SYSTEM NO l 
USA DATA 

VEHICLE ( STATIC ELASTIC SYMMETRIC ) 

STATIC- 
CNO 
C NAME 
STATE 
I 
? 
3 
«. 

-I 
OUTPUT 

1 
2 
3 
k 

-1 
INPUT 
I 
2 

<• 
S 
6 
7 
S 
9 

10 
II 
12 
13 
I* 
»5 
16 
-1 
END 

ELASTIC SYMMETRIC 

LIST DATA 

««II U      VCLOCITV ALONO X AXIS 
Hi   2.* W       VELOCITY ALONG Z AXIS INCH/SEC 
X( 3» 0      PITCH RATE RADIAN/SEC 
X( 4» TMETA  PITCH ATTITUDE RADIAN 

R( |1 SASGY  PITCH RATE GYRO RADIAN/SEC 
R< 2> AZAP   NORMA( AC,-ELERONETEP INCH/SEC2 
R( 3» AZFB   NORMAL AJCCLEWOHETEI» FRONTSPAR INCH/5EC2 
R( <.) AZR8   NORMAL ACCELEROMETER BACKSPAR INCH/SEC? 

Ul |l 9DA1L   AILERON DEFLECTION RADIAN 
U( 21 BOELV  ELEVATOR DEFLECTION RADIAN 
U( 3) BOAILOOT AILERON DEFLECTION R#TE RADIAN/SEC 
U« *» BDELVOOT ELEVATOR DEFLECTION RATE RADIAN/SEC 
Ul SI W61    GUST INPUT AT -1020 IN FROM CG     INCH/SEC 
UC 6) •'GZ    GUST INPUT AT 0   IN FROM CO     INCH/SEC 
U( 71 MG3    GUST INPUT AT  1020 IN FROM CG     INCH/SEC 
U( fH WGIOOT GUST INPUT RATE INCH/SEC2 
U( ?! WG200T  GUST INPUT RATE INCH/SEC? 
U(101 W6300T GUST INPUT RATE 1NCH/SEC2 
Udl» KGS1   STEADY GUST INPJT INCH/SEC 
U(12» «6S2   STEADY GUST INPUT INCH/SEC 
UII3> WGS3   STEADY GUST INPJT INCH/SEC 
U(UI WGSlOOT STEADY GUST INPJT RATE INCH/SEC2 
U(I5» WGSLOOT STEADY GUST INPJT RATE INCH/SEC2 
U(16I mAwOft  STEADY OUST INPJT RATE INCH/SEC2 

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 VEHICLE 
SYSTEM MO I        VEHICLE ( STATIC ELASTIC SYMMETRIC - REDUCED » 
»CONOITIONINO DATA 
C NO SCALING DATA 
END 
C RESPONSE S0ECIFICATIONs 
SELECT OUTPUTS 
R<1ItR(?l«XiZI.K(3) , 
END 
C REDUCTION AND SHUFFLING DATA 
RETAIN STATES 
X(?> tX(3). 
RETAIN INPUTS 
U(?). 
END 
C DEFINE ACTUATOR 
SYSTEM HO   ? ACTUATOR 
»TRANSFER FUNCTION DATA 
BLOCK 1 

1 2 .7500006 01 2 1 .tOOOOOE 01 2 a .TSOOOOE 01 
-1 
END 
Ul/U 

1 I .lOOOOoE 01 
-1 
R/RI 

1 1 .100000E 01 
-1 
END 
C NAME LIST DATA 
STATE 

X( I ) I 
-I 
OUTPUT 

1 
-I 
INPUT 

I 
-I 

R( ) ) 

U( It 

DELE 

DELE 

OELEC 

ELEVATOR DEFLECTION 

ELEVATOR DEFLECTION 

ELEVATOR COMNANO 

RADIAN 

RADIAN 

RADIAN 

Figure 37.   KONPACT-1 Input Data for Static Elastic 
Model (Continued) 
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PLANT ( PILOT MODEL ♦ ACTUATOR ♦ VEHICLE > 

C OEMNE PILOT MOOCL 
SVSTEH NO 3        PILOT MODEL 
STRANSFE* ruNCTION DATA 
BLOCK I 

I 2 .223610E-«3 2 1 .UOtOOE »12 2 .lOtOtOE «0 
-» 
EMO 
UI/U 

I I .im»0E •! 
-I 
R/RI 

I I »lOOMOE •> 
-I 
END 
C NANE LIST DATA 
STATE 

I     X( I)       XP     PILOT MODEL STATE RADIAN 
-I 
OUTPUT 

I     R( 1»      FP     PILOT COMMAND RADIAN 
-I 
INPUT 

I     U( 1)      ETAP   PILOT MODEL INPUT RADIAN 
-I 
END 
C DEFINE PLANT 
SYSTEM NO * 
•INTERCONNECTION DATA 
UII/U 
-t 
UI2/U 

i 2 .looaeoE •» 
•i 
UI3/U 

I I .tOOOOOE fl 
-I 
UII/RI2 

I I .I00000E «I 
-I 
R/RII 

I 1 .100000t 01 2 2 .IOOOOOE 01 3 3 .100000E 01 * * .lOOOOOE 01 
-1 
R/RI3 
S I .I00900C 01 

-1 
END 
C NO NANE LIST DAT« IS NEEDED 
END 
C DEFINE IMPLICIT MODEL 
SYSTEM NO * IMPLICIT MODEL 
«QUADRUPLE DATA 
XOOT/X       2   2 

I l-,6786eoe 0« 1 2 .874120E 04 £ I-.756200E-03 2 2-.352I30E 01 
-I 
XOOT/U       2    1 

1 l-.33e794E 03 2 1-.I60637E 01 
-I 
R/X 2   2 

I I .IOOOOOE 01 2 2 .IOOOOOE 01 
-I 
END 

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

1 x( n WI 
Z X( 2.) 01 

-I 
OUTPUT 

1 R( t) MI 
^ R( 2) 01 

IMP MODEL VELOCITY 
IMH MODEL PITCH »ATE 

IMP MODEL VELOCITr 
IMP MODEL PITCH RATE 

EEET/SEC 
RAOIANS/SEC 

FEET/SEC 
RAOIANS/SEC 

U( J.) DELE I   IHP MODEL INPUT RADIANS 
INPUT 

I 
-I 
END 
C DEFINE OVERALL SYSTEM 
SYSTEM NO 5        OVERALL SYSTEM ( PLANT ♦ IMPLICIT MODEL ) 
»INTERCONNECTION DATA 
UI*/U 

I 1 .10000(E 01 2 ? .100000E 01 

UI^/U 
-I 
UI9/RI4 

1 S .IOOOOOE 01 
-1 
R/RU 

1 1 «IOOOOOE 01 2 2 .IOOOOOE 01 3 3 .I13100E-03 5 3 .IOOOOOE 01 6 4 .IOOOOOE 01 
4 S .IOOOOOE 01 

-I 
R/RI9 
5 1-.IOOOOOE 01 6 ?-.IOOOOOE 01 

-I 
END 
C NAME LIST DATA 
OUTPUT 
3     Rl 31       ALPHA   ANGLE OF ATTACK RADIAN 

*1 
END 
C DEFINE OVERALL SYSTEM WITH DESIGN RESPONSE SPECIFICATIONS 
SYSTEM NO 5        OVERALL SYSTEM I DESIGN MODEL I 
»CONDITIONING DATA 
C NO SCALING DATA 
END 
C RESPONSE SPECIFICATIONS 
SELECT CONTROL INPUTS 
U<21. 
SELECT COMMAND INPUTS 
U(|>. 
CONSTRUCT DESIGN RESPONSES 
X(2>tR(3I.X(3) .X0OTn».»OOT<5)-RO0T(61. 
SELECT SENSOR OUTPUTS 
R(|l«R(2ttX(3t«R(4l. 
E^O 
C NO REDUCTION AND SHUFFLING DATA 
END 
STOP 

Figure 37.   KONPACT-1 Input Data for Static Elastic Model 
(Concluded) 
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f OESIO«J UStMfi OlAK fOH   THE DEMONSTRATION E^AH^tE 
READ FOR WHAT PROGRAM { Dl<kK.FFOC.l.SA ) THE DATA IS 

IOIAK DATA 
C READ IF DATA IS ON CARDS ONLY OR ON CARDS AND TAPE 
DATA ON CARDS AND TAPE 
C IF DATA 1$ ON CARDS AND TAPE READ THE LABEL TO OBTAIN DATA ON TAPE 
SYSTEM NO 5        OVERALL SYSTEM ( PESIQN MODEL ) 
C READ DATE AMD USER ID 
AUG 17. 7S   J K HAHESH 
C NOP - NO Of VARIAiLES BEING PLOTTED 
C READ NOP 
0 

C GO TO 100 IF NOP.E^.O 
C READ IPLR(l) »ITITLd) «UNI T (I > « YMIN< I > • VMAM D «SCAL (I) « 1*1 «NOP) 
C READ T.DT.ST.Tl.T? 
C 100 CONTINUE 
C READ IMAX.ITEP.ITERQ 
4030 <• 
C N0C0V=1 NO COVARIANCE ANALYSIS 
C NOCOV=2 COVARIANCE ANALYSIS 
C N0C0V=3 SKIR CORRELATION ANALYSIS 
C NSTFPsO NQ STEP INPUTS 
C NSTEPäl STEP COMMANDS 
C NSTEP=a STER OUSTS 
C NSTE^O BOTH (I AND 21 
C NSTEPs«. NO STEP INPUTS - TRANSIENTS ONLY 
C NPAND=0 NO RANDOM INPUTS 
C NPAND=I GUSTS 
C NPRIN = P DO NOT PflI|<T RFSPONSES 
C NPRIN=I PRINT RESPONSES 
C NPL0T«0 NO PLOTS 
C NPLOTsl CALCOMP PLOTS 
C NPL0T=2 LINE PRINTER PLOTS 
C NpLOTs3 POTH (1 AND ?) 
C READ NOCO\/«NSTEP«NRANO.NPRlN.NPLOT 
3 0 0 0 0 

C INO«=l N£^ INPUT GAINS 
C INP^*? NEW STARTINO ROUTINE GAIMS 
C INPK=3 USE GAINS IN STORAGE 
C INP<«<. USE INPUT GAINS IN STORAGE 
C READ 1NPK 

I 
C NCOWTaO OONOT COMPUTE OPTIMAL GAINS - USE INPUT GAINS AND DATA IN 
C COVARIANCE AN© TIME «ESPOMSE ANALYSIS ONLY 
C NCONT^l COMPUTE OPTIMAL GAINS 
C NC0NT«2 COMPUU OPTIMAL GAINS IJIH  AUTOMATIC 0 SELECTION ON CONTROL RATES 
C READ NCONT 

I 
C READ FLIGHT CONDITION NUMBER 

US 
C NX - MO OF STATES 
C NR - NO OF RESPONSES 
C NU - NO OP CONTROL INPUTS 
C NN - NO OF DISTURBANCE INPUTS 
C NF - NO Of FEEDHACK STATES 
C NG - NO Or GUST INPUTS 
C NCS - NO OF COMMAND INPUTS » NO OF COMMAND STATES 
C NGLG - NO OF GUST LIFT GROWTH STATES 
C NSCRR - STA«T OF CONTROL RATE RtSPONSE IN THE RESPONSE VECTOR 
C «fcAO NX.NR<NU*NN<NF.NG.NCS'<Ur>LG.NfCRR 

«•6 1 14 0 0 0 7 

Figure 38.   KONPACT-2 Input Data for Static Elastic Model 
(Employing D1AK to Compute Optimal State Feedbc 
Gains)   (Resulting KONPACT-2 Output Shown in 
Figure 54) . 

123 

_^  »*** 



C 60 TO 200 IF INPK.GT.l 
C READ (NORO'n.1=1.NX) 

C 200 CONTINUE 
C F IS STATE TRANSITION MATRIX 
RFAO TAPE FO» MATRIX F 
C 61 IS CONTROL INPUT MATRIX 
READ TAPE FOR MATRIX 61 
C 62 IS DISTURBANCE INPUT MATRIX 
READ TAPE FOR MATRIX 62 
C XI IS INITIAL CONDITION MATRIX 
READ CARD FOR MATRIX XI 

C XLDXL IS STATE LIMIT - RATE LIMIT MATRIX 
READ CARD FOR MATRIX XLDXL 

1 1 .I00000E 20 2 I .100000E 20 3 1 .100000F 20 4 1 .100000E 20 
1 2 .10000OF 20 2 2 .lOOOOOE 20 1 £ .100000E 20 <» 2 .100000E 20 

C Ct IS COMMAND LEVEL MATRIX 
READ CARD FOR MATRIX CL 

C M IS STATE RESPONSE MATRIX 
READ TAPE FO^1 MATRIX H 
C 0 IS CONTROL RESPONSE MATRIX 
READ TAPE FQR MATRIX 0 
C AM IS MEASUREMENT MATRIX 
READ TAPE TOR MATRIX AM 
C RK IS INITIAL FEEDBACK GAIN MATRIX 
READ CARD FOR MATRIX RK 

C 0 IS OUADRATIC WEIGHTS MATRIX 
READ CARD FOR MATRIX 0 
3 3 .100001' 01 4 a .I00000E 01 6 6 .100000E-01 

C IOUM«0 AN1THER RUN 
C IOUM»l NO MORE RUNS 
C READ IDUM 
3 
C INPO»! COMPLETELY NEM DATA 
C INPO»? CHANGE SELECTED QUADRATIC NEIGHTS ONLT - USE SOME GAINS |N STORAGE 
C INPD=3 CHANCE SELECTED QUADRATIC WEIGHTS ONLY WITH OPTION FOR NEW GAINS 
C INPO=<. CHANGE SELECTED DATA 
C INPD=5 CHANGE SELECTED DATA IN MEASUREMENT MATRIX AND OU*ORATIC WEIGHTS 
C WITH OPTION FOR NEW GAINS 
C READ INPD.INPK 
2 3 

C READ NCONT 
1 

C READ NOCOV.NSTEP.NRANO.NPRIN.NPLOT 
3 0 0 0 0 

READ CARD FDR MATRIX 0 
3 3 .10000 ;F 01 <. <> .lunOOOE 01 6 f. .IOOOOOE-00 

C READ IDUM 
0 
C READ INPD.INPK 
2 3 

C READ NCONT 
1 

C READ NOCOrf.NSTfP.NRAND.NPRIN.NPLOT 
3 0 0 0 0 

READ CARD FiP MATRIX 0 
3 3 .10000'F 01 4 4 .IU00OOE 01 c «. .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 BE*0 IOUM 
0 
c ReAn INPO.IN^K 
i   3 

C READ NCONT 
I 

C READ MOCOV.NSTEP.NPAND.NPRIN.NPLOT 
3 0 0 0 0 

RFAO CAIIO FO» MATPIX fl 
3 3 .1Ö000OC 01 *   <• .lOOOOor 01 4 6 .100000E OS! 

C REAO IDUH 
0 
C PFAD INPO'INPK 

Z 3 
C PFAD MCONT 

I 
C BEAD NOCOV.NSTEP.NRAHD.NPRJN.MPLOT 
3 0 0 0 0 

SEAO CARD F^1» MATRIX Q 
3 3 .lOOOOQF 01 4 <. .lOOOOoe 01 6 6 .100000E 03 

C PFAD IDUM 
1 
ENO OF OIAK OATA 
STOP 

■ 

Figure 38.   KONPACT-2 Input Data For Static Elastic Model (Employing 
DIAK to Compute Optimal State Feedback Gains) (Concluded) 
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• • 

SYSTEM MO 1 VEHICLE ( STATIC ELASTIC SYMMETRIC V 

« 

• 
(••••••••«••••»^ 

•»• LSA - FLEX5TAB 0»T* ••• 

STATIC-ELASTIC SYMMETRIC 

VP/VPO   MATRIX . SIZE .3X3 

I-COLUMN 2-COLUMN 3-COLÜMN 

1-ROW -.397<»2lOE-02 -.20*514«iE-01 -.3312115E*03 
2-ROW -.UflSt?51E«00 -.«.78679c;>00 .e74|202E»04 
3-RO«   .1420000C-0S  -. l«7«tOOoE-03  -.1101102E*0l 

VP/RO MATRIX . SIZE .3X1 

1 -COLUMN 

1-ROW 
2-ROU 
3-ROM 

•.3BSS256E*03 
•.14851«5E»«2 
.49192e0E-03 

VP/OELSO  MATRIX . SIZE .3X2 

1-COLUMN 2-COLUMN 

1-ROW -.11624a0E«0l -.3486477E»01 
2-ROtt -.1544287E*03 -.33079<.3E^C3 
3-ROM  -.2908141E*00  -.I60636QE*01 

(BANDING) MATRIX • SIZE «  ; X  3 

»-COLUMN 2-COLUMH 3-COLUMN 

l-ROW       -.1«I7935E*0<>     0. .1017935E»O4 

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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VP/WOO    MATRK , siiE =3X3 

I-COLUMN 2-COUUMN 3-COLUMN 

»-HOW 
2-POW 
3-ROw 

' in77o2r"2» .I^MfcC-Ol .OlOOOOE-Oi. 
'iSJUfSf*^ .578O213E.00 -. 1Z03000E-O3 
.<.263?00e-03  -.J9O2000E-03  -.3970000E-04 

VP/WGl MATRIX . SIZE =3X3 

1-COLUMN 2-COLUMN 3-COLUHN 

1-ROW -.fi'.OOOOOE-O*. -.77JO0OnE-03 .6610000E-OS 
?-RO« -.IT'.b^'JOE-Oa -,1756077E-Ol .1246630E-0? 
3-POW  -.2000000E-05   .3970000E-0*»  -.4030000E-05 

VP/W(iSO   MATRIX . SIZE x  3 X  3 

1-COLUMN 2-COLUMN 3-COLUMN 

I -ROW 
Z-ROW 
3-ROW 

.II34790E-02 .1926954E-01 .47I0000E-04 

.Jd0778AE*00 .S780?I3E*00 -.1203000E-03 

.*263200E-03  -.1992000E-03  -.3970000E-0<. 

VP/WG51   MATRIX t SIZE «3X3 

1-COLUMN 2-COLUMN 3-COLUMN 

1-ROW -.6<«00et?c-04 -.7710000E-©3 .66I0000E-05 
Z-ROW -.1746490E-e2 -.I7S6977E-0I .l2«6(>30E-02 
3-ROW   -.2000000E-05   .3970«0nE-0*  -.*030000£-05 

R/VPO    MATRIX . SIZE «1X3 

I-COLUMN       2-COLUMN       3-COLUMN 

»-"O«  -.0 -.0 .IOOOOOOE.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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B/RO MATRIX . SIZE a  1 X  1 

1-COLUMN 

l-BO«< 

T/VPO MATRIX . SIZE «  4 X  .» 

1-COLUMN 2-COLUMN 3-COLUMN 

I-ROW 0. 
?-ROW 0. 
3-ROW 0. 
«.-ROW e. 

.1000000E*0I 
■>.89399t2E*04 
-,893<>9|2E»0* 
-.BB3<)9I2E*0O 

T/vPl MATRIX » SIZE >  <> X  3 

I-COLUMN 2-COLUMM 3-COLUMN 

I-ROW   .3670000E-06 .<»32e000E-0S .3«4a9IOE-0? 
2-ROH 0. .1000000E*0I -.7242I67E*03 
3-ROW 0. .lOOOOOOe*OI .2468J33E*03 
<>-ROW 0. .100O000E*0l. .3<>9B23^E*03 

T/oO MATRIX . SIZE « * X  1 

I-COLUMN 

J-ROW 0. 
2-ROW .14S8a24E*e2 
3-ROW .1<>58824E*02 
<t-R0W .I<>S882«E*02 

■ 

. 

T/HI MATRIX » SIZE «4X1 

./" 

l-COLUHN 

I-ROW 0. 
2-ROW 0. 
3-ROW 0. 
«••ROW 0. 

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/OCLSO  MATHIH . SIZE =  <» X  2 

1-COLUMN 

l-»OW 0. 
2-R0rt 0. 
3-ROW 0. 
4-HOW 0. 

2-COLUMN 

0. 
0. 
0. 
0. 

T/DtLSl   MATRIX . SIZE =4X2 

1-COLUMN 2-COLUMN 

1-ROW .7T«7<>3aE-02 0. 
2-ROW 0. 0. 
3-ROW 0. 0. 
fc-Rnw 0. 0. 

T/WOO MATRIX   .   SI7E   =4X3 

1-COLUMN 2- COLUMN                  3-COLUMN 

1-ROW 0. 0. /;• 
2-R0rf 0. 0. / 0* 
3-ROW 0. 0. /    »• 
4-ROW 0. 0. jf     o- 

T/K6S0        .iHitRK   .   SIZE   »     <•   X     3 

,     »-COLUMN 2-COLUMN 3-COLUMN 

l-ROW 0. 0. 0. 
2-ROW 0. 0. 0. 
3-ROW 0. 0. 0. 
4-ROW 0. 0. 0. 

•FINISHED» 

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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SYST£M  NO   1 VEHICLE   (   STATIC  ELASTIC   SYMMEVRIC   ) 

NUMBE» Of STATES « ft 

NUMBE" OF OUTPUTS» U 

NUMBER   OF   INPUTS  -16 

•••  NAME  LIST   TABLE  ••• 

VARIABLE   NA*E 0ESC81PTI0N UNIT 

STATE 

J XI   n 
2 X(   ?) 
3 M   1> 
0 

it IT Ql IT 

X'   ft» 

i Rl   1) 
2 R(   2) 

3 R(   3) 
1» R(   <tl 

IMPUT 

1 u( n 
2 ui ai 
3 U(   3) 
U U(   ft) 
5 U<   5) 
6 UI   {,' 
7 UI   7) 
B UI   8> 
9 ui  9> 

10 UI10) 
11 uiui 
12 UI12» 
13 UllJ) 
1* Ullftl 
15 UI15I 
16 UI16) 

U VELOCITY ALONG X AXIS 
W VELOCITY ALONG Z *XIS 
Q PITCH RATE 
THETA PITCH ATTITUDE 

SASGY PITCH RATE GYRO 
»ZAP NORMAL ACCELEROMETEP 
AZFB NORMAL ÄCCELEROHETEP FRONTSPAR 
AZRB NORMAL ACCELEROHETER BACKSPAR 

BDAIL 
ROELV 
BOAILDOT 
BOELVOOT 
M8I 
Mr,2 
wr,3 
WGIOOT 
WG2DOT 
WG300T 
WGSI 
WGS2 
WGS3 
WGSIpOT 
WGS2DOT 
«GS3t)OT 

AILERON DEFLECTION 
ELEVATOR DEFLECTION 
AILERON DEFLECTION RATE 
ELEVATOR DEFLECTION RATE 

GUST INPUT AT -1020 IN FROM CG 
GUST INPUT AT  0    IN FRON CG 
GUST INPUT AT  1020 IN FROM CG 
GUST INPUT RATE 
GUST INPUT RATE 
GUST INPUT RATE 
STEADY GUST INPUT 
STEADY GUST INPUT 
STEADY GUST INPUT 
STEADY GUST INPUT RATE 
STEADY GUST INPUT RATE 
STEADY GUST INPUT HATE 

INCH/SEC 
INCH/SEC 
RADIAN/SEC 
RADIAN 

RAOIAN/SEC 
INCH/SEC2 
INCH/SEC2 
1NCH/SEC2 

RADIAN 
RADIAN 
RADIAN/SEC 
RADIAN/SEC 
INCH/SEC 
INCH/SEC 
INCH/SEC 
INCH/SEC2 
INCH/SEC2 
INCH/SEC2 
INCH/SEC 
INCH/SEC 
INCH/SEC 
1MCH/SEC2 
INCH/SEC2 
INCH/SEC2 

••• QUADRUPLE DATA ••• 

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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Mtrai« I SIZE   •      "• x     • 

1-COLUMN 2-COLUMN 3-COLUMN «-COLUMN 

l-aox 

3-BOW 
■.-BOH 

-.3<J7l»?l»E-»2 
-.IIS^JSIE'OO 

.1B20000E-95 
0. 

-.?0kSl*i.E-01 
-.67B67'>BE»00 
-.187<.eO»E-«3 
0. 

-.33»2U5E»03 
.87i>|202E>0<> 

-.1IOI102E.OI 
.lOOCOOOE'Ol 

-.38S8256E«e3 
-.1'.«51BSE.02 

.«9I9200E-03 
0. 

- 

MtTBIX   B SIZE  •     «.  X 16 

1-COtUMN 2-COLUMN 3-COLUHN «-COLUMN 5-COLUMN «•COLUMN 7-COLUMN 

1-BOX 
?-BO« 
3-BOl( 
<.-ao«r 

-.ns-'-fiOfoi 
-.15<.*.2B7£«03 
-.y-JOSHiiE'OO 
0, 

-.3'>B6i>7TE>0l 
-.33079»3E»03 
-.160636OE.01 
0. 

0. 
«. 
0. 
0. 

0. 
8. 
0. 
0. 

.U3<.790E-oa 

.ie87788E*00 

.<i2632«0E-03 
0. 

.192695*E-01 

.S780213E>eO 
-.1992000E-03 
0. 

.«710000E-0* 
-.I283000E-03 
-.3970000E-0* 
0. 

o.COLUMN 9-COLUMS IB-COLUMN 11-COLUMN 12-COLUMN 13-COLUMN 1«-COLUMN 

I-ROW 
a-Ro« 
3-R0l( 
k-RO* 

-.f.'.oomE-o* 
-.l7»6*90E-02 
-.?oooaoof-o'. 
0. 

15-COLUMN 

-.77l000l)E-03 
-.I756977E-01 

.397»00»E-0» 
0. 

16-C0LUM(i 

.h610Ü00E-0S 

.l2<>663eE-02 
-.*0300B0E-05 
e. 

.113<>790C-02 

.18I778RC*80 

.«2632ISE-03 
0. 

.19269S«E-0I 

.S780213E.00 
•.1992080E-03 
0. 

.«7iooooE-e<. 
-.1203000E-03 
-.3970000E-0* 
8. 

-.6«OOOOOE-0« 
-.l7«6*90E-02 
-.2000000E-05 
0. 

»-RO* 
?-fiOW 
3-ao« 
<.-B0« 

-.r7lO«00E-O3 
-.1756177E-01 

.3970000E-I» 
0. 

.66I«00I)E-0S 

.1246630E-02 
-.<.03»OOOE-OS 
0. 

MXIRU    C 

1-COLUMN 

SUE   •     «  x     » 

»-COLUMN a-COLU-tN «-C3LUMN 

l-PO* -.SO»S9*9E-0'> 
2-BO« -.1?«3I56E«00 
3-BOK -.1(««SIZE'OO 
<.-ao» -.HB2S34£.00 

-.3S8S72RE-0S 
-,S«?9«ilhE«00 
-.72*936*E«00 
-.7««2367E«eO 

.1»338«3E»01 

.69872»>5E»»3 

.37fl«99eE»03 

.i.B39ei6E»03 

-.28«861«E-03 
-.6198607E*80 
-.I«2I81«E*88 
-.915IB93E-ei 

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)   (Continued) 
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M«tBIX 0 

1-COLUMN 

SIZE '     "• X 16 

?-COLUMN       3-COUUMN       »-COLUMN 5-COLUMN 6-COLUMN 7-COLUHN 

i-Rot*  -.ibTossnc-oa 
2-POH    .S618375£«0a 
3-»OW   -.i26ail3E»«3 

-.6970532E-0? 
.83256»7E«03 

■.7?7a99sE.03 

.7707930E-02 0. 
0. 
0. 

.im^OE-OS       .18niOlE-05    -.137»2<,lE-06 
-.2079ft<»3E»00       .7222851E-00       .2863n0E-0l 
.2<l«iO088E<00       .SZ88S21E*00     -.9919581E-02 

-.?S».lf,^?f .03     -.lWJ7J9»>|»#3     0. 0. 

'.COLUMN S-COLUM-J lO-COLUHN ll-COLUHN 

.IWilWOO       .SOS33»SE.OO     ».HdeSM«-«! 

l?-COLUMN I3-C0LUMM 14-COLUHM 

I-POW ._n<.^6i4f.o7 .(,or373»,f-0' -.»SIUHOE-IIB .1906IJI1E-05 
?-90< -^»»«rSftljE-llJ -.«•ft3.-U?e-öl .i.l65??3E-0? -.2{I796,»3E«00 
3-CO« -.??'.'> I,i7r-l)? -.Tn<)4HOE-0? .J^IItlQC-OI .?0600«Ht'0n 
".-»O« -.?■.<.»> U7E-0? -,3ftal78<.E-0? -.lt.31!>7«f-03 .2i.991SSt«00 

.1817101E-05 -.13742'iiE-O'' -. 1<.'.661-E-I)' 

.7???flS3E'00 .2a63110E-01 -.^aOSME-OJ 

.6?««S?IE>00 -.9919'iSlC-Oi -.SSiOlSTE-Oi? 

.50B3365t.OO -.HOOMOE-OI -.^»46137E-0^ 

1-90* 
a-Bo» 
i-sow 
'-ROW 

.M»7)736f-07 
-.'.63?U7e-0l 
-.7t7^*89£*«? 
-.a6Hl7i(,E-0? 

."Sn24»E-0B 

.<.]6t.??3E-0? 

.2iia'>l9E-03 

.li>3l'.7BE-o.1 

- '•' I  ; 

/ 

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

• srsUM NO J VEHICLE < STATIC ELASTIC SYMMETRIC • REDUCED I 

NUMBER OF STATES - 2 

NUMBER OF OUTPUTS« 4 

NUMBER OF INPUTS " 1 

••• NAME LIST TABLE ••• 

VARIABLE NAME DESCRIPTION UNIT 

STATE 

I 
a 

rtiiTPiiT 

X( I» 
X(   2) 

I 
2 
3 

R( I) 
B( 2) 
R( 3) 
R(   4) 

INPUT 

1 U(   1) 

VELOCITY ALONG Z AXIS 
PITCH RATE 

SASGY PITCH RATE GYRO 
AZAP NORMAL ACCELEROMETER 
W VELOCITY ALONG Z AXIS 
0 PITCH RATE 

BDELV  ELEVATOR DEFLECTION 

INCH/SEC 
RADIAN/SEC 

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

RADIAN 

••• QUADRUPLE D»TA ••• 

MATRIX A SIZE »2X2 

• 
I-COLUMN 2-COLUMN 

1-ROW 
2-RO« 

■.6T«6798E*»e   .e74>l?0?E*O<» 
■.iaT4iM»E-ft3 -.noiio?E»oi 

MATRIX B SIZE -  2 X  I 

»-COLUMN 

l-RO*  -.33#7<»«3E»»3 
2-ROW   -.1606369E*«! 

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) 
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---w.'-^«^»W^«f»#J^r*^-<«»»^ '■•-■^■•■■■■"•'•w>-l'">'-"»*ft*'''.'■■"■' 

MATRIX   C SIZE  »    fc  X    2 

1-COLUMN 2-COLUMN 

1-ROH -.3585728E-05 .10338<oe*01 
2-now -.5<>29616C*00 .69S726St*03 
3-ROM .KXMOOOOOI 0. 
«-ROW 3. .lOOOOOOEtOt 

MfTPIX   0 SIZE  >     OX     1 

1-COLUMN 

1-POW -.6979532E-02 
2-«0W .ft3256<.7E«03 
3-ROW 0. 
4-BOW 0. 

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)   (Concluded) 
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•  SYSTEM NO 2 ACTUATOR 

••• TRANSFER FUNCTION DATA FOR BLOCKS ••• 

BLOCK I 

NUMERATOR 

DENOMINATOR 

S«»l TERH    S»»0 TERM 

•. 7.500*0 

I.0*000      T.50000 

••• CONNECTION OATA FOR BLOCKS ••• 

MATRIX P 

I-COLUMN 

1-ROU  *. 

SIZE >  1 X  1 

MATRIX 0 

1-COLUMN 

1-ROtf   .1MMME**! 

MATRIX R 

1-COLUMN 

I-ROW   .!••••••£*•! 

SIZE - 1 X 1 

SIZE «.XI 

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

138 

SBSSWWSHSi^v'*-^'■ 



MATRIX S SIZE  -     I   X     1 

1-COLUMN 

I-ROW       0. 

Figure 44.   Actuator Transfer Function Data   (Concluded) 
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"ti       I'' 

•  SYSTEM NO 2 ACTUATOR 

NUHBE* OF STATES « 1 

NUMBER OF OUTPUTS» 1 

NUKBE« OF INPUTS « 1 

VARIABLE NAME 

••• NAME LIST TABLE ••• 

DESCRIPTION UNIT 

STATE 

I      X( || 

OUTPUT 

I     Rt 11 

INPUT 

I     U( 11 

DELE   ELEVATOR DEFLECTION 

OEtE   ELEVATOR DEFLECTION 

OELEC  ELEVATOR COMMAND 

RADIAN 

RADIAN 

RADIAN 

MATRIX A 

••• QUADRUPLE DATA «►« 

SIZE «1X1 

1-COLUMN 

l-ROW  -.TSOmOEtOl 

MATRIX B SIZE -  I X  I 

1-COLUMN 

I-ROW    .lMOIO«E*OI 

Figure 45.   Actuator Name List Table and Quadruple Data 
(See Figure 37 for KONPACT-1 Input) 
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MATRIX C SIZE «1X1 

1-COLUMN 

l-ROW   .7SM«MC*«I 

MATRIX 0 SIZE >     1  X    1 

I-COLUMN 

1-RO«      0. 

i    ■ 

Figure 45,   Actuator Name List Table and Quadruple Data   (Concluded) 

141 

MiäMawwcmtti^^ mi«mßmmam0^mmm^i^m*mim. 



■■■■■■■ 

•  SYSTEM MO 3 PILOT MODEL 

••• TPANSFE» FUNCTION DATA FOR BLOCKS ••• 

BLOCK I 

^ 

.; 

$••1 TERM     S»»0 TEBM 

NUMERATOR       0. .223610E-03 

DENOMINATOR       1.00000       .100000 

••• CONNECTION DATA FOR BLOCKS ••• 

MATRIX P 

I-COLUMN 

1-ROW   0. 

MATRIX 0 

\-COLUMN 

1-ROM   .l«0«900E*01 

MATRIX R 

I-COLUMN 

i-Row  .ieoooooc*oi 

MATRIX S 

I-COLUMN 

SIZE ■  I X  1 

SIZE ■  I X  1 

SIZE «1X1 

SIZE >  1 X  1 

I-ROW  0. 

Figure 46.   Pilot Model Transfer Function Data 
(See Figure 37 for KONPACT-1 Input) 

142 

iwmwrtiTWtüiiMM^ntMMitiig^gjja 



•  SVSTtM HO  3 PILOT MODEL 

NUMBER Or STATES » I 

NUMBER Or OUTPUTS« J 

NUMBER OF INPUTS ■ I 

VARIABLE NAME 

STATE 

I X« 1) 

OUTPUT 

I R( It 

INPUT 

1     U( n 

••• NAME LIST TABLE ••• 

DESCRIPTION 

XP     PILOT MODEL STATE 

FP     PILOT COMHAM) 

ETAP   PILOT MODEL INPUT 

••• QUADRUPLE DATA ••• 

UNIT 

RADIAN 

RADIAN 

RADIAN 

MATRIX A 

1-COLUMN 

i-ROM  -.tooeeooE'OO 

MATRIX B 

I-COLUMN 

I-ROW   .imo«0E*oi 

SIZE >  I X  I 

SIZE >  t X  I 

Figure 47.   Pilot Model Name List Table and Quadruple Data 
(See Figure 37 for KONPACT-1 Input) 
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_."•"■' 

I-COLUMN 

l-ROa .?2361ME-«3 

X 

MATRIX   0 SUE ■     I  X     I 

1-COLUMN 

I-ROW       0. 

MATRIX  C SIZF  «1X1 

V 

Figure 47.   Tilot Model Name List Table and Quadruple Data  (Concluded) 

144 

ms^aaiijsa^^ 



.     ■ ■       .■.;,.. ■■■■■■ 

/ 
:- 

*: 
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•     SYSTEM   NO  4 PL»NT ( PILOT MODEL • ACTUATOR • VEHICLE ) 

••• INTERCONNECTION DATA ••• 

TRIX P SIZE =1)( 6 

)-COLUMN 2-COLUMN 3-COLU«N 4 

I-ROW 
2-ROI* 
3-RO« 

0. 
0. 
'i. 

0. 
0. 
0. 

0. 
0. 
0. 

J 

1: 

/ 

*-iOLUMN 5-COLUMN 6-COLUM^ 

.1000000E>01     0. 
0. 
0. 

0. 
0. 

MATRIX 0 

i-COLUMN 

SIZE «  J X 

2-COLUMN 

2 

/ 

I-ROW 
2-ROW 
3-HOW 

0. 
0. 
.I«B0000E*0I 

P. 
.lOOOOOaE.OI 

0. 

X 
■■ 

MATRIX  R 

1-COLUMN 

SIZE   «5X6 

2-COLUMN J-COLUMN 4-COLUMN 5-COLUMN 

l-ROrf    .lOOuOOOf-OI 0. 0. 0. 0. 
2-ROM 0.             .IOOOOOOE'01 0. «• 0. 
3-Row n. o.                       .iaoooooE*oi o. ». 
'•-ROW 0. 0. 0.                                  .lOOOOOOE'OI 0. 
5-ROW o. a. 0. 0. 0. 

6-COUUMN 

0. 
0. 
0. 
0. 
.I000000E*0I 

MATRiX S SIZE «  S X  2 

1-COLUMN       2-COLUMN 

I-ROW 0. 0. 
2-ROW 0. ». 
3-BOW 0. 0. 
*-RCW 0. 0. 

Figure 48.    Plant (Pilot Model and Actuator and Static Elastic 
Vehicle)  Interconnection Data (See Figure 37 for 
KONPACT-1 Input) 
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•  SYSTEM NO <• PLANT ( PILOT MODEL ♦ ACTUATOR ♦ VEHICLE > 

NUMBER Or STATES * <t 

NUMBER OF OUTPUTS» 5 

NUMBER OF IMPUTS * 2 

••• NAME LIST TABLE ••• 

VARIABLE NAME DESCRIPTION UNIT 

STATE 

1 X( 1) w 
2 M 2) 0, 
3 X( 31 OCLE 

l ITOI IT 

K( 41 XP 

l R( J) 5ASGY 
2 R( 2> AZAP 
3 R( 3» W 
* R{ t» 0 
5 R( 5) FP 

NPUT 

> U( D ETAP 
2 U( 2» DELEC 

VELOCITY ALONG Z AXIS 
PITCH RATE 
ELEVATOR DEFLECTION 
PILOT MODEL STATE 

PITCH RATE GYRO 
NORMAL ACCELERO^ETER 
VELOCITY ALONG Z AXIS 
PITC^RATE 
PILOT COMMAND 

PILOT MODEL INPJT 
ELEVATOR COMMAND 

X 

IMCH/SEC 
RAOIAN/SEC 
RADIAN 
RADIAN 

RAOIAN/SEC 
INCH/SEC2 
IMCH/SEC 
RAOIAN/SEC 
RADIAN 

RADIAN 
RADIAN 

•••  QUADRUPLE  DATA  ••• 

MATRIX  A SIZE  «4 X    * 

I-COLUMN 2-COLUMN 3-C0LIHN 
'S, 

4-COLUMN 

I-ROW -.6786798E*»0 
2-ROW -.ie74C0eE-03 
3-RO« 0. 
4-ROW 0. 

.87412«2E«04 
-.U0U02E.O1 
0. 
0. 

-.2<»80957E*04 
-,120*776E»0? 
-.7SO0OO0E*0l 
0. 

0. 
0. 
0. 
-.IO00OO0E*00 

u 

Figure 49.   Plant Name List Table and Quadruple Data 
(See Figure 37 for KONPACT-1 Input) 
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MUTRIX 8 SIZE .4X2 

1-COLUMN J-COL'JMN 

J-BOW 0. o. 
2-ROW 0. «. 
3-«0« o. .iooeoooE*oi 
«-oow  .i«oeoeoE*»i o. 

MATRIX C SIZE ■  5 X  4 

1-COLUMN Z-COLUMN 3-COLUMN 4-COI.UMN 

l-ROW -.3S85728E-»S .iO33043E*OI -.5227999E-01 0. 
2-ftOW -.S429616E*»0 .69e7265E»03 .6244235E*e4 0. 
3-ROM .l«»Ot«OE*0l 0. 0. 0. 
«-now o. .ioooieic*oi o. o. 
S-ROH 0. ». 0.                                  .223«im-«3 

HftTRIX   D 

1 -COLUMN 

SUE >    S X     2 

2-COLimN 

^ 
»-»OK 
2-«0W 
3-ROM 
«-BOW 
5-ROW 

0. 
0. 
0. 
o. 
c. 

0. 
0. 
0. 
0. 
•. 

f!! 

' 

14\   ' 

Figure 49.    Plant Name List Table and Quadruple Data   (See 
Figure 37 for KONPACT-1 Input)   (Concluded) 
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•  SYSTEM NO 9 IMPLICIT MODEL 

NUMBER Or STATES * 2 

NUMBER OF OUTPUTS« 2 

NUMBER OF INPUTS *   I 

••• NAME LIST TABLE ••• 

VARIABLE NAME OESCRIPTION UNIT 

STATE 

1 
2 

X( 
X« 

I) 
a) 

WI 
01 

IMP MODEL WELOCITV 
IMP MODEL PITCH PATE 

OUTPUT 

I 
2 

P( 
R( 2.) 

WI 
Qt 

IMP MODEL VELOCITY 
IMP MODEL PITCH RATE 

INPUT 

1 Ut 1) DELEl IMP MODEL INPUT 

FEET/SEC 
HAOIANS/SEC 

FEET/SEC 
RADIANS/SEC 

RADIANS 

••• QUADRUPLE DATA ••• 

MATRIX A 

1-COLUMN 

SIZE »2X2 

2-COLUMN 

1-ROW 
2-ROW 

•.6786h00E*00   .8741200E»0<. 
■.7S6200flE-03  -.352I300E»01 

MATRIX B SIZE "2X1 

I-COLUMN 

»-ROW 
2-ROW 

•.BSST^OE'Da 
■.I6«63T0E*el 

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

I-COLUNN 

SIZE -  ? X  ? 

2-COLUMN 

1-ROW   .ItOOOOOE*«!  0. 
2-ROH       0. .lOOMOAOOl 

MATRIX   D SIZE  ■     Z X     I 

1-COLUMN 

1-ROW       0. 
2-ROW       0. 

Figure 50.   Implicit Model Name List Table and Quadruple Data 
(See Figure 37 for KONPACT-1 Input)   (Concluded) 
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' 

•3    -   ■>  »  - J    « « ■ . « O U 

•      SYSTEM   NO   S 

0« ^ r P rt ., (I p J o o (,•■• <l 

L •»l»Uw»»tf««*«<»«aU9<t .' n t» o n o »n '!<> .i u .-> -i « » ^ »oo 'j <■ o -) ■■. « * t» ^ » <> 

DVF5ALL SYSTEM ( »LÄNT ♦ IMPLICIT MODEL I 

o o w TKJ no o u o « ^ a u o o • * » • o o c t. ^ • *, • « • i> t* i» y u it ,(<* o «« o » ,> rn. o (; rt u i; .i .; o (i ;   O ^ 'i u « 0 n <i 

•*•    il TErvCO'JNf-Ic MON   DÄTfl 

HifU    » SIZE   =      1  * ? 

i -COLUMN ?-C0UJ»*N j-cnuu^N               «.-COLUMN 

l-POM 

3-SO* 

0. 
0. 
0. 

0. 
0. 
0. 

0.                                 0. 
0.                                 0. 
0.                                    0. 

5-COLUMN 6-COLUMN 

0. 0. 
0. 0. 
.lOOOOOOF-Ol  0. 

7-COLUMN 

Mtroix o ?E •  1 « ? 

1-COLUMN 

1-BOW    .1«»»00©E«01  0. 
?-Ri)w  o. .luoooonE-oi 
3-O0»«  0. 0. 

MiTQI« P SIZE =  A X  7 

I--COLUMN      a-C0LUMN      3-C.)LUMN      »-COLUMN      S-COLUMN      6-COLUMN       »-COLUMN 

l-»0«     lOOOBOOr-OI  9. 
?-»0W 0 , 
3-l»0* 0. 
«•-ROW 0. 
S-B0M 0. 
6-ROW P. 

. lODOOOClf .01 0. 0. 
0. .1131000E-01 0. 
0. 0. 0.                                 . 
o. .ioaooooE*oi o.        o. 
U. 0. .lOOOOOOE'OI  0. 

0. 0. 
0. 0. 
0. 0. 
.ioaooooE*oi o. 

0. 
n. 
0. 
o. 

-.lOOOOOOt«01  0. 
a. -.looooooExn 

M«T!»I«    S SUE   =      A   « ? 

i-COLUMN ?-C0LUMN 

1-«0K 
a-«o« 
3-«D* 

0. 
0. 
0. 

0. 
0. 
0. 

i-RO» 
s-^o.. 
6-aaw 

p, 
0. 
0, 

0. 
a. 
a. 

Figure 51.   Overall System (Plant and Implicit Model) 
Interconnection Data (See Figure 37 for KONPACT-1 
Input) 
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•  SYSTEM NO S OVERALL SVSTEH ( PL*NT . IHPLICIT MODEL > 

NUMBE«» OF STATES ■ 6 

NUMBER OF O'JTPUTS* 6 

NUMBER OF INPUTS « 2 

■ 

VARIABLE NAME 

••• NAME LIST TABLE ••• 

DESrRJRTION UNIT 

STATE 

1 r. ( II H 
2 m ») 0 
3 X( 1) OEUE 
l> XI <■) XP 
5 x< St "I 
6 XI f>) 01 

1 Rl 11 SASGV 
2 R( ?) AZAP 
3 Rl 11 ALPHA 
<• Rl fcl FP 
5 R( SI HI 
6 Rl M EOI 

NPUT 

1 Ul 1 1 ETAP 
2 Ul ?l DELEC 

VELOCITY ALONG Z   AXIS 
PITCH RATE 
ELEVATOR DEFLECTION 
PILOT MODEL STATE 
HP HOOEL VELOCITY 
IMP MODEL PITCH RATE 

PITCH RATE GYRO 
NORMAL ACCELEROtETER 
ANGLE OF ATTACK 
PILOT COMMAND 
MODEL FOLL ERW1» 
MODEL FOLL £R»0? 

PILOT MODEL INPJT 
ELEVATOR COMMAND 

INCH/SEC 
RADIAN/SEC 
RADIAN 
RADIAN 
FEET/SEC 
RADIANS/SEC 

RADIAN/SEC 
INCH/SEC2 
RADIAN 
RADIAN 
FEET/SEC 
RAOIANS/SEC 

RADIAN 
RADIAN 

••• QUADRUPLE OATA ••• • 

MATRIX A SIZE «6X6 

I-COLUMN 2-COLUMN 3-COLUMN «-COLUMN 5-COLUMN 6-COLUMN 

I-ROM 
2-R0t« 
3-ROM 
«-ROM 
S-ROW 
6-ROH 

-.6786798£»t0 
-.ieT««o»E-e3 
0. 
I. 
•. 
9. 

,87<il20?E>0* -.ZdBOVSTE*«* 0. 0. ». 
•.I10I|0?E»01 -.I204776E*0? 0. 0. 0. 
0. -.7500000E»«! 0. 0. 0. 
0. 0. -.■••«••OE*00 0. 0. 
0. 0. -.T396B0SE-ei -.6786Be9E*00 .<7«I200E*0<. 
ft. 0. •.3S92«»«E-03     -.75620e«E-03     -.352I300E»OI 

Figure 52.   Overall System Name List Table and Quadruple Data 
(See Figure 37 for KONPACT-1 Input) 
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M4T9I« B 

-COLUMN 

SIZE -  ».X i 

2-COLUMN 

1-SOK 0, 0. 
2-RO* 0. 0. 
3-Raw 0. .1000OOOf.-01 
«-ROM    .IdOOOOOf.H 0. 
S-Ofw 0. o. 
6-»0»< 0. 0. 

MAT8I« C SI7E «  ►- X 6 

I-COLUMN ?-COLUMN 3-COLUMM      «-COLUMN 5-COLUHN 6-COLUNN 

l-ROW -.35e5r?BE-05   .1033e«1E«01 -.52?7899E-0t 0. 0, 0. 
2.»OK -.«j'.Z'JMfcE»»?   .6,>8726S£»03 .62**235E»04 0. •. 0. 
3-ROW .II31000E-03 0. 0. 0. 0. 0. 
u-aou o. 0. Ot             .2236100E-03  0. 0. 
5-ROW .100SteOE*OI 0. 0. 0. -.IOOOO«OE«OJ  0. 
6-SOW 0.            .laooooot-oi 0. 0. •. -.1000«OOE»OI 

M*TRI«   0 SIZE   »     *   X     2 

1> COLUMN 2-COLUMM 

J-»0« 0. «. 
2-SOW e. 0. 
3-RO* 0. «. 
i.-P3lr( o. 0» 
5-ROW 0. 9« 
6-RO« 0. 0. 

■ ■ 

.  .■..  -; .     ■ 

Figure 52.   Overall System Name List Table and Quadruple Data 
(See Figure 37 for KONPACT-1 Input)  (Concluded) 

152 

■i.--,s-.'..^rf,-*>^y»ul.r*»i-,;./- ■   -. ■,;  ,: 



•  SYSTEM NO 5 OVERALL SYSTEM ( DESIGN M8DEL * 

««•*<?«• »••••••••« »•••••f » ».»«»...».. 

NUMBE" OE STATES = <• 

NUMBER OE OWTPUTS=10 

NUMBER Of INpUTS • ' 

•*. NAME LIST TAflLE ••• 

VARIABLE NAME DESCRIPTION UNIT 

STATE 

1 
a 
3 

X( 11 
X( i) 
x( 31 
x( a» 

DESIGN OUTPUT 

I 
? 
3 
k 
5 
6 

R( II 
R( ai 
R( 31 
R( Al 
R( 51 
P( 6* 

SENSOR OUTPUT 

7 

10 

R( n 
R( 8' 
R( «1 
PdOl 

CONTROL INP'iT 

1 U( 1 1 

COMMAND INPUT 

? U( 21 

W VELOCITY ALONG Z AXIS 
Q PITCH RATE 
OFLE ELEVATOR DEfLECTlON 
xo PILOT MODEL STATE 

0       PITCH RATE 
ALPHA   ANGLE Or ATTACK 
DELE    ELEVATOR DEFLECTION 
O/DT OE (   DELE    ELEVATOJ» DEFLECT   ) 
n/DT OF (   EWI    MODEL FOLL ERROR   > 
D/DT OF (   EOI     MODEL FOLL ERROR   » 

SASGY PITCH RATE GYRO 
A2AP NORMAL ACCELEROHETER 
OELE ELEVATOR DEFLECTION 
FP PILOT COMMAND 

DELEC   EL'-VATOR COMMAND 

ETAP    PILOT MODEL INPUT 

INCH/SEC 
RADIAN/SEC 
RADIAN 
RADIAN 

RADIAN/SEC 
RADIAN 
RADIAN 
RADIAN      /SEC 
FEET/SEC    /SEC 
RADIANS/SEC /SEC 

RADIAN/SEC 
INCH/SEC2 
RADIAN 
RADIAN 

RADIAN 

RADIAN 

... OUADRUPLE DATA ••• 

MATRIX A SIZE «UX«. 

1-COLUMN a-COLUMN 3-COLUMN ^.-COLUMN 

Figure 53.   Overall System (Design Model) Name List Table and 
Quadruple Data (See Figure 37 for KONPACT-1 Input) 
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1-ROW -.f.7e6798E«00 
2-ROW -.1874000E-03 
3-ROW 0. 0. 
4-ROW 0. 0. 

.87<.120?E»04 
-.UOUO'E.Ol 

■.Z<»90957E*04 0, 
•.1204776E*0? 0. 
■.7500000E*01  0. 

-.IOOOOOOE'00 

MATRIX 9 SIZE *  fc X  2 

I -COLUMN 2-COLUMN 

1-ROW   0. 0. 
2-ROW   0. 0. 
3-ROW    .I0000«0E*01  0. 
4-ROW   0. •jooeoooe.oi 

MATRIX  C SIZE  «   10  K 4 

\-COLUMN 2-COLUMN 3-C0LU»«N 4-COLUMN 

1-BOt» 0. .I000000E*01 0. 0. 
2-ROW .IISIOOOE- •03 0. 0. 0. 
3-(»0« 0. 0. .1000000E*OI 0. 
4-RO« 0. 0. -.7500000E*01 0. 
S-RO« .2*o9eooe- -06 .2100000E-02 -.2»80957E*04 .7396MSE-01 
6-no« .S688000E-03 .?42019eE*01 -.1204776E*02 .3592004E-03 
T-ROW -.35e5728E- ■05 .1033B43E*0I -,5227899E-01 0. 
a-Row -.5429616E >00 .6987?6SE*03 ,6244235E»04 0. 
9-ROH 0. 0. .t000000E*01 0. 

io-no« 0. 0. 0. .2236I00E'03 

MATRIX  0 SIZE  •   10 X 2 

■ 

I-COLUMN 2-COLUMN 

I-ROW 0. 0* 
2-ROW 0. 0 • -   . 
3-ROK 0. 0« 
4-ftOW .I000900E • 01 V« 

5-RO» 0. 0» 
6-ROW 0. 0« 
7-ROM 0. 0# 
8-W« 0. 0« 
"»-ROM 0. w • 

10-ROW 9. 0# 

Figure 53,   Overall System (Design Model) Name List Table and 
Quadruple Data (See Figure 37 for KONPACT-1 Input) 
(Concluded) 
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TODAYS DATE AUß 17. 75 IDENTIFICATION J   K   MAHESH 

MSTP?   -     1 

-r-,   a      1      HONT   "      0 

FLK-MT C^NOITIO.-.    ^•: •iUV     i 

OBOfT '   Of   SYSTf«   -     » 

MIMR'-t»   Of   Cf,*lT*t>t,«   -      1 

«gUMC-D   nf   r{fiA«t;<    STiiTtS   s      3 
MUMRr^   O'-   GUST    Hr>jTS   ■      ., 
NUMRfP   Of   CO< 'AVI   iTnTiS   a      i 
Y,)«Hi-Q Of ".M^T I, TFT r.H^.iT'i   STATES =  0 
CONTOOL ««Tf -.'^onMSi.-.j 3Tft:T rlTr. yES^ON^E  7 

: 

1   ?   3  - 

• 

f  MATRIX 

ROW   I 
-.ftTRftBE* »C  .87<.1?E*U4 -.i'.HIOE«^'* 0. 

ROW  a 
-.I'moe-i'S -.uouE'Oi -.i?048fO2 o, 

ROW   3 
0. 0. -,75000E*01 0, 

to*      * 
0. 0. 0. -.IOOOOE'00 

' ■ -:' ■'■ 

■ 

Figure 54,     KONPACT-2 Output (Employing DIAK to Compute Opdmal 
State Feedback Gains) for Static Elastic Design Model 
(See Figure 38 for KONPACT-2 Input) 
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MAX NUMBER OF INNER-LOOP ITERATIONS  40 MAX NUMBER OF OUTER-LOOP ITERATIONS  30 
MAX MUMflER OF ITERATIONS ON ELIMINATING CONTROL SURFACE FEEDBACKS  4 
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01 M«THU 

»ow I 
0. 

ROW a. 
ft. 

ROW 3 
• 100O0E*Ol 

ROW 4» 
0. 

02 MATRIX 

ROW 1 
0. 

ROW 2 
•« 

ROW 9 
0. 

ROW « 
.iMOoe*oi 

INITUL CON! 

ROW 1 
0. 

ROW 2 
0. 

ROW 3 
«. 

ROW 4 
• . 

Smt UHIT - RATE LIMIT MATR 

ROM       I 
.IM»0e*2«    .IM*eE*2» 

ROW      2 
.l»«Me*2«    .IMMC'ZO 

ROW      3 
.10«0«E*20    .1 «MOE »2« 

ROW       * 

IX 

.IMME*2*    .1WW20 

COMMAMO LEVEL MATRfX 

ROW       1 

(See Figure 38 for KONPACT-2 Input)  (Coutinued) 
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0 MATRIX 

ROH l 
0. 

ROW 2 
0. 

ROM 3 
0. 

ROM 4 
. 10000E*0I 

ROM 5 
0. 

ROM 6 
0. 

N  MATRIX 

ROM   I 
-.35857C-05 .l«338E^Pl -,52279E-0l 0. 

ROM  2 
-.5fc296E»00 .69«73E»03 .62*42e*0* 0, 

ROM   3 
0. 0. .lOMOEOl 0. 

ROM   « 
0. •. 0. .22361E-03 

INPUT GAINS MATRIX 

ROM   I 
0. 0. 0, 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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M  MATRIX 

I 
ROM   1 

0. .10000E*OI 0. 0. 
ROW  2 

.113I0E-03 0. 0. 0. 
ROM   3 

0. 0. .10000E*01 0. 
ROW   4 

0. 0. -.75000E»0l 0. 
ROW   S 

.20000E-0b  .21000e 0? -.2<.810E»04  .-3<»6<)E-0I 
ROW   6 

.5688OE-03  .2'»20?E»01 -.120<»8f.«02  .35920E-03 

jda» 



OU*DR*TIC WEIGHTING MATRIX 

ROW 1 
0. 

ROW 2 
0. 

ROW 3 
0. 

ROW <> 
0. 

ROW 5 
0. 

ROW 6 
0. 

0. 0. 

0. 0. 

lOt»OE< 01 0. 

0. .10000E ►01 

0. 0. 

0. o. 

0. 

0. 

0. 

0. 

0. 

.IOOOOE*01 

STARTING MATRICES TOR PA»A"»Q-PEP«0 

A  MATRIX 

ROW   1 
-.67^flE*00  .67«UE»0«. -.24»l0t*0* 0. 

ROW   2 
-.ie7*oc-<n -.ncuE*oi -.i20<.eE»02 o. 

ROW   3 
0.        0.        o.        0. 

ROW   4 
0. 0. 0. -.10000E»00 

E  MiTRIX 

• 

ROW 1 
0. 

ROW 2 
0. o.       0. 

0. 
ROW 3 

0. 0.         0. 

0. 
ROW k 

0. .10000E*01 0. 

0. 0. 0.         0. 

■ . 

(k HMRIX 

ROW   I 
.32353E-06  .13766E-0> -.69S29f-02  .20<.3lE-06 

»OW   2 
.13766E-02  .5P57<.E*01 -.2'»lS<>f:«02  .e693*E-03 

ROW   3 
-.6R52<>E-0iJ -.2,»159E*0?  .H.6l5r*(>3 -.<.32T6E-02 

ROW   <» 
.20A3lE-o<     .a6<>3<.E-03  -.*327fe|-02     .12902E-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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R1CC&TI MATRIX 

ROW       1 
.22055E-0T     .102?9f-03   -.50505F-03     .l^ZHt-Ol 

.lOZTU-oa     .50<t7RE»00   -.ZSSy<tl*tl      .69776E-0* 
ROW       3 

-.S0505E-03  -.2557OE«01      .I'.SOZE'OZ  -.aSb^lE-OS 
ROW        4 

.l**28E-07     .6977f.E-04  -.356i»lE.-03     .99<»3iE-08 

GAIN1;  MATRIX 

.50505E-03     .25S79E»01   -.VOOIÖE»«!     .35«)<.lE-03 

KSTAe   MATRIX 

ROW   1 
.3ll69E*0l -.9507SE-03 -.9019JE»eO  .I5939E«01 

COVA3IANCE ANALYSIS TOR DISTURBANCE  1 

ITERx 6 

COVAOJANCE MATRIX 

ROW   I 
.60989E»OÖ  .43a36E-04 -.123»»9E-0<» -.16770E»01 

ROW  2 
• OeSftE-O*  .'•6inE-06 -.n033E-0« -.1380AE-03 

ROW   3 
-.l23ft9E-Ö*  -.n033r-0a     .35333E-09     .39e50E-04 

ROW       4 
-.16770E»0I   -.I380«E-03     .39e50E-0*     .50000E»OI 

Figure 54.   KONPACT-2 Output (Employing DIAK to Compute Optimal 
State Feedback Gains)  for Static Elastic Design Model 
(See Figure 38 for KONFACT-2 Input)   (Continued) 
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ROM   I 
.2W04E-0T 

B.H.S. CONTROLS 
.I5S57738E-03 

B.H.S. MEASUREMFNTS 
1 .68749906E-04 
z .4a6T6a91E*00 
3 .leTflTOSSE-O* 
4 .500007I6E-03 

B.M.S. RESPONSES 
I .67905385E-0* 
2 .Bft32S3«>8E-»<» 
3 .1879703SE-0* 
« .65799636E-»'» 
9 .I2Z0fl759E»»0 

<■. ,7287083'»E-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) 
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RESP-iNSE   C0V»»1ANCE   MATRIX 

ROM   1 
.46inE-0R  .4957HE-0H -.n033E-0fl  .7203,5E-09 -.74764E-05 -.212'.OE-09 

ROM   ? 
.<.9578F-0B  .7fl01<.e-0« -.KOlPf-OS  .23898E-09 -.105S3E-84 -.13834E-10 

ROM   3 
-.ll033E-oa -.1*01?E-0R  .35333E-09  .34394E-18  .ZOTME-OS  .34025E-09 

ROM   4 
.72035E-09  .238flrtE-0o  .3438'»E-«8  .43296E-08  .29477E-06  .43762E-08 

ROM   5 
-.74764E-05 -.10553E-öfc  .207nE-05  .29477E-06  .14905E-0»  .»2n7E-05 

ROW   h 
-.2124OE-0'' -.»3834E-I0  .34025^09  .4j7«>2E-08  .12137E-05  .53102E-08 

MEASUREMENT COVAH|ANCE MAT9IX 

i 
ROM   I 

.47265E-0« -.2746BE-04 -.11146E-08 -.3104IE-07 
ROM   2 

-.2746eE-04  .2369».E«00  .81622E-05  .23768E-03 
ROM   3 
-.UI46E-oe  .81622E-CI5  .353335-09  .89I10E-08 

ROM   4 
-.3I041E-07  .23768E-C3  .89nOE-08  .2S001E-06 

CONTOOL COVARIANCf MATRIX 

Jto* 



TOTAL   RESPONSE   COWAHl*NCE   MATRIX 

ROW   I 
.«.ftlllE-Ofl  .'.957BC-08 -.11033E.-08  .7Z035E-09 -.7<»76*E-05 -.2l2<»0E-09 

ROW   2 
.<.9S78E-08  .7801^-08 -.1<»012E-08  .23888E-09 -.I0553E-94 -.1383*e-10 

ROW   3 
-.11033E-08 -.U012E-08  .35333t-09  .3<»384E-18  .207I1E-OS  .3402SE-09 

ROW   *. 
^OSSE-O«»  .23e8BE-09  .3<»384E-ie  .<.3296E-08  .29<»77E-06  ,*3762E-08 

ROW  5 
-.7*754E-05 -.10S,;3E-0<.  .207HF-9S  .29477E-06  .14905E-0I  .12137E-05 

ROW   6 

-.ZU^OE-O«» ".13834E-10  .34825E-0'»  .«3762E-08  .|2137E-05  .53J02E-08 

TOTAL RESPONSE CROSS-CQRPELATION MAT^IK 

ROW   1 
.IOOOOE*01  .8?6ftlE»00 -.86<.34E»00  .16122C«00 -.9018IE*00 -.<»2924E-0l 

ROW   2 
.82661E*00  .10000E*01 -.a4398r»00  .<ilI03E-01 -.97865E»00 -.21494E-02 

ROW   3 
-.86434E»O0 -.B4398E.00  .lOOOOE'OJ  .27800E-09  .902<>8E*00  .2<»8<»0E<00 

ROW   <• 
.16I22E*O0  .<»n03E-0l  .27800E-09  .10000E*01  .36694E-01  .9126eE»C0 

ROW   5 
-.90181E»00 -.97865E*00  .90248r»00  .36694E-01  .10000E*01  .13642E*00 

ROW   6 
-.42924E-01 -.21494E-02  .24840E,00  .9I268E*00  .|3642E*00  .100OOE*Ol 

TOTAL R.M.S. RESPONSES 
1 .679(>5385E-04 
2 .a8325398E-04 
3 .18797035E-04 
4 .65799636E-04 
5 .12208759E»I)0 
6 .7287a934E-04 

QUADRATIC COST =   .99930792E-08 

EIOENWALUES 
REAL IMAGINARY DAMPING RATIO fHEQUENCY 

-.10009000 
-?.12981340 

•12.821713P1 
2.126342^.2 -.70768317 3.009S';779 

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)   (Concluded) 
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*  UV' * 

■ 

:•: 

MAXIMUM NO. OF INNER LOOP ITERATIOMS = 3C 

HAXIMUM NO. Of" ObrER LOOP ITÜBATIONS =  <• 

NOCOV MBEOtK =  I NOPR =  1 

NO. OF STATES "  «.     NO. OF RESPONSES »  6 

NO. OF CONTROLS =  1      NO. OF DISTURBANCES = 

NO. OF FEEDFORWARD  STATES =  i 

NO. OF FIXED-FORM GAINS -  3 

LOWEST COST EAPECTEDUJSTAR) 

.9993F-0« 

STATES ARE ORDERED AS SUCH 

12  3  4 

FIXED GAINS     ROW   COLUMN 

1 
?. 

F  MivTRiX 

ROW   I 
-.6786eE»»0 .87412E*0« -.UHlOflU 0. 

ROW   2 
-.18740E-03 -.IIOUE'OI -.UOAflfO.' 0. 

ROW   3 
0. 0. -.75000e*01 0. 

ROW   <• 
n.       o.       o.       -.IOOOOE»O(» 

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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GI MATRIX 

ROW i 
0. 

ROW ? 
0. 

ROW 3 
• 10000EO1 

ROW 4 
0. 

G? MATRIX 

ROW 1 
0. 

ROW 2 
0. 

ROW 3 
0. 

ROW 4 
• 10000E*01 

H  MATRIX 

ROW 1 
0. .10O00E*01 0. 0. 

BOW 2 
• 11310E-.3 0.          0. 0. 

ROW       3 
0. 0. .10OO0E*Ol   0. 

ROW        <» 
0. 0. -.75000E*01   0. 

ROW       5 
.20000E-.'i     .2)00CE-0?  -.2ft810F*ü4     .Ta^QE-Ol 

ROW       6 
■.56a80E-n3     .?420?E»öl   -.120A8E402     .35920E-03 

D     M.iTiMX 

ROW        ! 
0. 

ROW        ? 
0. 

ROW       3 
0. 

ROW        it 
.10000E»' 1 

ROW       H 
0. 

ROW        ft 
0. 

Figure 55.      KONPACT-2 Output (Employing FFOC to Compute Reduced 
Feedback Gains) for Static Elastic Deeign Model (See Figure 39 
for KONPACT-2 Input)   (Continued) 
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PPESENT PREDICTOR -- OELK1(LAMBDA) 

POW   I 
0. 

LAMBDA = ,HO0 

ITEPArjON  0 

STEP SIZE =   .10O00OüOE»OO 

GAINS MATRIX 

ROW   1 
.ailb^E^Ol -.9S076E-03 0. .I5931E.01 

EIGENVALUES 
REAL !HAGlNA«r DAMPING RATIO     EPEQUENCY 

-.1(1000000 
-2.ISC5Q714 
-ll.r9980S<.l 

?.1368«9?6     -.7)91639«.     3.0317?63* 

COST a      .\nonw7o\F.-o7 

GPAO'fNT TRANSEORMATIQN MATRIX 

EIGENVALUES 
«EAL IMAGIMARY OAKPING RATIO     fREOUENCY 

4.187236?? 
•06<>«.?.92723083 
• n0oS.C91ll0'3 

GRADIENT NORM p   .49622850C.-OI 

NORMALIZED GRADIENT 

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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»      M'THIX 

ROW       1 

-.35857£-os     ,10318E«0l   -.sa^/QE-Ol   0. 

-.5'.296t>00     .6987JE^03     .«2<«42E.*04  0. 
ROW        3 

0. 0. .lOOOCE'OI o. 
ROW   <• 

0. 0. 0. .?a36IE-03 

v 

i 

3 MATRIX 

ROW 
0. 

1 
0. 0.          0.          0. 0. 

ROW 
0. 

? 
u. 0.         0.         0. 0. 

ROW 
0. 

3 
9. .100öö*:«01 0.         0. 0. 

ROW 
0. 

4 
0. 0.          .10009E*01 0. 0. 

ROW 
0. 

5 
n. 0.         0.         0. 0. 

ROW 
0. 

6 
0. 0.         0.         Ö. .1000UE«0l 

Mr^S .PEMfNT MATWI» FO" FIXrü FORM GAINS 

HOW 1 

-.3SaS7F.-05 .10336C*01 -.■32279^-01 0. 
HOW       2 

-.S^ibE^OO .69373i->0T .62't42£.0'» 0. 
ROW       3 

0. 0. 0. .223bIE-03 

OPTIMAL   RlCCATI   ÜMMS 

ROW        1 
.S0505E-03     .2557<iE*ai   -.ToülfefO«     .Sib'.lE-OS 

INI T I AL   RAINS   --   <l < l) 

ROW        I 

.31169E'01   -.''5076E-03  C .l593OE»01 

l<2  M/^TKIX 

ROW        I 

0. .90190E*00  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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mH&n 

POW       i 
.7117?E»00   -.34<.S7E-03   0. .68l60t«00 

FTERAflON     1 

STEP  SKE   =        .lOOOOOOOE'OO 

GAINS HATRTX 

ROW 
,30<.37E*0« -.9I631E-03 0. .15257E»0l 

COST =   .J0103211E-07 

ITERATION  2 

STEP SIZE =   .IOO000OOE»OO 

GAINS MATRIX 

ROW 
.30803r.oi -.«JiasaE-oi o. .15598E«01 

COST =   .l000600fcE-07 

ITERATION  3 

STEP SIZE   =       .2431O639E-0J 

RAINS MATRIX 

ROW   1 
.30991E»0J -.9^23»E-03 0. .I5773E»01 

COST =  .«»wauaE-oe 

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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r,«An'FNr TSANSFORMATION MATRIX 

EIGENVALUES 
"JFAl 

•85915.'»'•7S6Ü72 
•M9as.338fl51<)3 

IMAr,IMARV DAMPING RATIO     FREQUENCY 

GRADIfNT NORM =   .567«7673E-03 

NORMALIZED GRADIENT 

ROW   1 
.88761E».T0 -.33964^-03 0, .46060E*00 

■' 

I 

ITERATION  4 

STEP SIZE =   .?<»319639E-01 

GAINS MATRIX 

ROW   1 
.30775F*,! -.93655E-0^ 0. 

COST =   .999f,3l71E-08 

ITERATION  "5 

STEP SIZE =   .?4319639E-01 

GAINS MATRIX 

ROW   1 
.30B8.1EO1 -.93947E-03 0. 

COST ■   .99944217E-08 

.1566IE»01 

,I5717E*0J 

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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ITERATION     », 

STEP  SIZE  =       .331745S7E-03 

'■•MM;  '■lAIPlx 

ROW       1 

COST   =        .9<i<mi;>c»E-n6 

,,n»01fNT   TWA'MSrO'J'.'.&TlOM   MATrtU 

.1577?E»01 

Fir,EN>'ALUE5 
3FAL 

.h?lu-a.S6S'.7S'.*. 
e1R0'>7.3?i'S93q7 

iMAMNAm 

,q<»49 S4TIO   OF   COSTS   = 

MAOIST   NOPM   =        .^0^77E-G3 

OA.PINC,  «AT 10 FREOUESCY 

•(t-'^^DA)   FOP   BP.SPONSE   CALCilLATIONS 

ROW .MU*'./ -.^3^>E.o. ..7ns?r-oo    .1S772E.O1 

Figure 55. 
KONPACT-2 Output (Employing FFOC to Compute Reduced 
Feelack Gains) for StaUc Elastic Design Model (See Fxgure 39 
for KONPACT-2 Input) (Continued) 
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... 

COVS: lAfgCE   ANALVS!"»  fW   DISTURBANCE     ) 

CnVÄ^jAMCE   ''ATJIH 

SOW        1 
.609e5E» 0      .A1H34C-''.   -.1?3K7P-(ü   -.lb770E*01 

.(.^n^ar- 6 ,461?^—I«? -,n(n3c--0H -.l380«E-n3 
BOW       3 

-.l^t^TF- ^ -,U053F-,>*J .353^'^--,^ .a^BSOe-Oi 
B3W       •. 

•,l677<)f». I   -.llOO'f-OI      .3l?«(50r-(4     .5un0OE>0l 

1 
? 
3 

.^79l4^|7F.-u^ 
,OH3??«I'?P-0'. 

• IrtHOS'.öSE-Oi 
.'it;6 3?«S3E-Ji» 

.730?1P37F.3i 

TOTAL  o.M.S. 
!         .»-7<}ii.f i7F.-i;<. 

3         .M^Cr^htH^-ui 
«        .'■1

15(>3?f5'<E-a<. 

»i        .733?3C>37':.06 

' 

FIGENvALllES 
'FAL IMAr.lNAiJY UA^oiNR   RATIO FREO'JENCY 

-?,1'!»9«3':>'<? 
-1 I.7^7-)S9->? 

.'.13?«ft7&H -.7r)<yoi60S 3.0?B43810 

MFW uOEOICT^O 

"OK       1 
-.IAJ9UE-   I      .HuW**-*-   0, ■.167?OF-ni 

UA««liD« .S''0 

ITf^AMON 

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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K»(LAMBDAI   FOR RESPOMSE   CALCULATIONS 

ROW   I 
.30264E*01 -.90847E-03  .88115^-1*  .15102E*01 

COVARIANCE »NALYSIS FOR DISTURBANCE  I 

COVARIANCE MATBU 

ROW        1 
.60969E»00     .43823E-04 -.J2379E-0*  -.16769E»01 

ROW       2 
.43823E-04     .46I79E-0a -.UOlTe-Ofl  -.13907E-03 

ROW       3 
-.12379E-04   -.U037E-0e     .35S02E-09     .39849E-04 

ROW        4 
-.»6769E*01   -.13807E-03     .39849E-04     .50000E*01 

R.M.S. RESPONSES 
1 .6795501ie.04 
2 .883I1304E-04 
3 .I8842019E-04 
4 .64980631E-04 
5 .I22|3247E*00 
6 .73725507E-04 

TOTAL R.M.S. RESPONSES 
1 .6795501IE-04 
2 .88311304E-04 
3 .18842019E-04 
4 .64980&31E-04 
5 .122|3247E*00 
6 .73725507E-04 

EIGENVALUES 
REAL IMAGINARY OAHPINS RATIO FREOUENCr 

-.I000OOOO 
-10.62688367 
-2.24I8B055 2.16J54058 -.71956724 3.11559565 

NEW  PREDICTOR 

ROW        t 
-.IOO9OF-0J     .84S93E-05 0. •.16729E-01 

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« DATE AUO 17. 75 lDEMTIF|C*TION J K HAMESH 

TIME RESPONSES PLOTTtNO TIME «   S.000 
SAMPLE INTERVAL »   .2O00E-01 
PLOTTING SAMPLE INTERVAL =   .20ÜÜ 
FI^ST DELAY TIME »  0. 
SECOND DELAr TIME =  0. 

PLOTTING VARIABLES 

RESPONSE NUMBER  RESPONSE VARIABLE RESPO^Se UNITS  MIN SCALE MAX SCALE  SCALE FACTOR 

1 
Z 
3 

a 
ALPHA 
DEUTAE 

-.0 -.0 1.00 
-.0 -.0 1.00 
-.0 -.0 1.00 

MAX NUMBER OF INNER-LOOP ITERATIONS  <t0 M*X NUMBER OF QUTER-LOOP ITERATIONS  30 
MAX NUMBER OF ITERATIONS ON ELIMINATING CONTROL SURFACE FEEDBACKS   4 

NEW PROBLEM WITH INPO = 
NOCOV =  3 
NSTEP i  0  NRANO =  0 
NPRIN *  0  NPLOT •  0 

I  INPK «  1  NCONT ■  I 

FLIGHT CONDITION  45 RUN  | 

ORDER OF SYSTEM «  4 
NUMBtR OF RESPONSES «  b 
NUMBER OF CONTROLS »  1 
NUMBER OF DISTURBANCE INPUTS «  1 
NUMBER OF FEEOftAC< STATES « 4 
NUMBER OF GUST INPUTS ■  0 
NUMBER OF COMMAND STATES «  0 
NUMBER OF GUST LIFT GROWTH STATES •  0 
CONTROL RATE RESPONSES START WITH RESPONSE 

STATES ARE ORDERED AS 

12   3   4 

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) 
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F  MATRIX 

ROW   1 
-.6786eE*0e .87<U2E»0<. -,2U6X0f0* 0. 

ROM   2 
-.18740E-03 -.llOUfOl -.l?048E*02 0. 

ROW   3 
0. 0. -.75090E*01 0. 

ROW   k 
0. 0. 0. -.IOOOOE'00 

Gl MATRIX 

ROW 1 
e. 

ROW 2 
0. 

ROW 3 
* 10000E*01 

ROW 4 
0. 

-,2 MATRIX 

ROW 1 
0. 

ROW i 
0. 

ROW 3 
0. 

ROW k 
• toeooE*oi 

INITIAL CONDITION HAVRI* 

ROW   I 
0. 

ROW  t 
0. 

ROW   3 
0. 

ROW  (, 
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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STATE LIMIT - RATE LIMIT MATRIX 

ROW   I 
.10000E»2v 

ROW   ? 
.looooE^ao 

ROW       3 
•loeooE'ZO 

ROW       <. 
.lOOOO£»20 

. 100»/)E>2a 

. looaoczo 

. lOOOOt'20 

,10000E«20 

COMMAND LEVEL MATRIX 

ROW        1 
.Ü716£>   A 

H     HAT«IX 

ROW       1 
0. .10000E*0I   0. 0. 

ROW       ? 
.mioc-o:» o.      o.      o. 

ROW   3 
0. 0. .10000E*01 0. 

ROW   U 
Ö. 0. -.75000E»01 0. 

ROW   5 
.ZOtOOt'Oh     .21000e-02 -.2'»6lltt.*0'»     .73969E-0I 

ROW   6 
.S6e80E-03  .24202E*0I -.120*8E»02  .35920E-Ö3 

D MflTRIA 

ROW , 

0. 
ROW 2 

0. 
ROW 3 

0. 
ROW 4 

lOOOOE'Ol 
ROW 5 

0. 
ROW 6 

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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M       rt^T^IK 

ROW        I 
-.356376:-  5     .10338C«CI   -.52Z79E-01  0. 

ROW       2 
-.542966*00     .698?3f03     .6^44^E♦04 0. 

ROW       3 
0' 0. .lOOOOfOl   0. 

0- 0' 0. .22361E-03 

rNPUT  WINS  (fATRIX 

ROW       1 

.31169e'   1   -.950T5L-03 -.901OJ£.O0     .lS939E'01 

aUAORATrc WEieKTlNG MATRu 

ROW 
0. 

tow 

1 

2 
0. 0. 0. «. 0. 

0. 
ROW 3 

0. 0. o. 0. 0. 
0. 

ROW 4 
0. 0. 0. 0. 0. 

0. 
ROW 5 

0. 0. 0. 0. 0. 
0. 

ROW 6 
0. 0. a. 0. 0. 

0. 0. 0. 0. 0. 0. 

• 

Figure 56.   KONPACT-2 Output (Employing D1AK to Evaluate Time Responses 
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Mäk 
,IJi/\fM    i/M'ii. 

AIRCRAFT   RESPONSES  WITH  PftE^CRIBCD GAINS 

TIME   RESPONSES 

*UG   '7'   75 j  K  MAHE*-, FLIGHT   CONDITION       45 RUN     1 

THERE   «RE     3  RE6POMSES TO  CQIiPuTt 

TIME   RESPONSES   FOR   DISTURBAIICE     1 
% 

TINE 
a 

0.000 
• 0. ALPHA *  0. DELTAS «     .48E-01 

TIME 
a. 

TIME a 

.200 
-.1/ 

.400 
-.27 

ALPHA *  -.21E-01     DELTAE »     .81E-01 

ALPHA        = -.64E-OI    DELTAE       «    .52E-01 

TIME « 
a 

.600 
•  -.28 ALPHA =  -.11 DELTAE »     .32E-01 

TIME 
a 

.800 
« -.24 ALPHA    = -.15     DELTAE    ■  .24E-01 

TINE   • 1.000 
a =   -.2.0 ALPHA -.17 DEtTAE »     .23E-01 

TIME   = 1.200 
a =   -.16 ALPHA -.18 DELTAE •     .2SE-01 

TIME • 
a 

).400 
■ -.13 

TIHE • 
a 

1.600 
= -.11 

TIME - 
a 

1.600 
■ -.u 

ALPHA        = -.i<» DELTAE      «   .29E-oi 

ALPHA    » -.19     DELTAE    »  .32E-01 

NJ"M *  -.18     DELTAE   «  .34E-01 

TIME •    2.000 
a ■ -.U      ^LPhA     = -.18      DELTAE    »  .35E-01 

TIHE 
«I 

2.200 
= -.1 1 ALPHA •.18 OELTAC    ■  .35E.-01 

T!H£ 
a 

2.400 
= -.n ALPHA -.18 DELT«f    *     .35C-01 

Figure 56.   KONPACT-2 Output (Employing DIAK to Evaluate Time Responses 
to Elevator Command) for Statjc 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 

TIME 
0 

0 2.600 
=  -.11 

TINt 
a 

8 

= -.n 

■HUE r t.OOO 
« = -.11 

TIME ■ 3.290 
• -.11 

TIME = 
= -.11 

TIME 
d 

■R 
= -.11 

TIME 
a 

= 3.800 
=  -.11 

TIME 
Q 

X '4.000 
= -.11 

TIME 
0 

* •i.ZOO 
- -.11 

TIME 
Q 

s 4.600 
• -.11 

TIME 
a 

s 4.600 
= -.n 

TIME z 4.860 
■  -.11 

TIME 
0 

= 5.00O 
=  -.11 

ALPHA 

-MPHä 

ALPHA 

ALPHA 

ALPHA 

ALPHA 

-.18 

, l-i 

-.1« 

DELT'lE   »  .35E-01 

OELTAE   ■  .3SE-01 

UEtlAE   »  .35E-01 

ALPHA    = -.18     OELTAE   «  .35E-01 

ALPHA     « -.Id     DELTAE    •  .35E-01 

-.»«»     OELTAE   »  .35E-01 

-.18     OELTAE   ■  .3SE-01 

ALPHA    « -.1«     OELTAE   =  .35E-01 

•.I»     OELTAE   »  .3SE-01 

ALPHA    « -.18     DELTAE   "  .35E-01 

ALPHA    » -.IB     OELTAE    ■  .3SE-01 

ALPHA    a -.18     OELTAE   «  .35E-0I 

ALPHA     * -.|«     OELTAE    «  .3SE-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 Rots) 
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. , ■■ 

6
ei 

r 

'eo 

L 

• Aileron Actuator 

?\  * i 
"a 

9 s f 
_jOu_ 

Inboard Elevator Actuator 

KS-^^D 

Outboard Elevator Actuator 

^HSh1 eo 

-7. 

~1 

i 

i 

i 

ei 

eo 

>ei 

eo 

■; 

'S 

Figure 58,   Actuator Block Diagram 
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2« 

SUBROUTINE SINKZUDOT.r.X.LUXDOTL.VU^LtNX.Mr.MJ.MU.mTtT» 

PURPOSE - TO IMPLEMENT SIMULATION EQUATIONS FOR C5A CONTROLLER 
ANALISIS -Ar KONAR / J K MAHESM - THE M0NEV«ELL INC 
DATE WRITTEN - 1975 

ARGUMENTS LIST 
KDOT 
Y 
X 
U 
XDOTU OUTPUT 
rL OUTPUT 
hL OUTPUT 
NX OUTPUT 
NY OUTPUT 
NR OUTPUT 
NU OUTPUT 
INIT INPUT 
T OUTPUT 

ARRAY FOR STATE DERIVATIVES 
ARRAY TOR Y EQUATIONS 
ARRAY TOR STATES 
ARRAY FOR EXTERNAL INPUTS 
ARRAY TOR DERIVATIVE OF STATE 
ARRAY FOR Y EQUATION VARIABLES 
ARRAY FOR EXTERNAL RESPONSE VARIAÖLES 
NU^BE" OF STATES 
NUMBE« OF Y EQUATIONS 
NUMBER OF OUTPJTS 
NUMBER OF INPUTS 
INITIAL MODE FLAG 
SAMPLE TIME 

DIMENSION  XDOT(NX}.V(NYttX{NXliU(NU)iXO0TL(NXI.YL(NY>.RL(NR> 
COMMON  /INOUT/   I«. I*.1PRINT.INSERT,LOCATE.NULL,MARK(20>tJN,JO.JS 
DIMENSION CARO(?0) 
REAL   •<M1,«M?,MF,*0,KP,KNF.MLCI.MLC2 
DATA HENDB.HWITC^MAINfl/^MENO   »<»HWITC.<»MAIN  / 
DATA HMLC1.HMLC?»MSASR.MALDC/<»MMLC1»',HMLC?,*MS«S   ««HALOC/ 
DATA HKMIBtHKMZRfHVAFBtHKOBfl/tHKMl ,<iHK*42 ,«MKAF ,4MH0  / 
DATA HKPBH.MKNFBMHKP  .*HKMF / 

CHECK IF INITIALIZATION MODE 

IFdNlT.NE.«) GO TO 100 

SET FILTER GAINS 

AP«-.l S BP«.??36lE-»3 
tkHf—f>»9 
Af«*,,flt 
AMI«-.01 
AM2—.01 
AHT»-!. « BHF—1. 
ATra-4.t %  BTF.4,0 

SET CONTROLLER SWITCHES 

SAS-O.O %  ALOCS-0.0 %  MLCl-O.J » MLC2>0.» 

SET CONTROLLER GAINS 

KNlal.0/0.26 
KM2>l.f/0.0S$91 
KAF«3(S.«*0.26 
KQaO.S 
KPB0.ie6a 
KNP—0.09 

PUO  CONTROLLER SMlTCHCS ON AND CONTROLLER GAIN VALUES 

CONTINUE 
RCAD<lR«2tlCARO 
FORMAT(20A4t 
irtCAPOdt.EO.HENDMIGO   TO  So 

Figure 61.   Subroutine SIMK2 Program Listing 

SIMK2 
SIMK2 
SIMK2 
SIMK2 
SIMK2 
SIMK2 
SINK2 
SIMK2 
SIMK2 10 
SIMK2 11 
SIMK2 12 
SIMK2 13 
SIMK2 U 
SIMK2 15 
SIMK2 16 
SIMK2 17 
SIMK2 16 
SIMK2 19 
SIMK2 20 
SIMK2 21 
SINK2 22 
SIMK2 23 
SINK2 24 
S1MK2 25 
SIMK2 26 
SIHK2 27 
SIMK2 20 
SINK2 29 
SINK2 30 
SIMK2 31 
SIMK2 32 
SINK2 33 
SIMK2 34 
SiNK2 35 
SINK2 36 
SINKS 37 
SIMK2 3* 
SINK2 39 
SIMK2 66 
SINK2 61 
SINK2 42 
S1NR;2 43 
SINK2 44 
SINK2 45 
SINK2 46 
SINK2 47 
SIMK2 46 
SIMK2 49 
SINK2 St 
SINK! fl 
SIMK2 52 
S1NK2 53 
StNK2 54 
SIMKt 55 
SINRt 56 
SIMRZ 5? 
SINK2 St 
SIMKt St 
SINK« 66 
SIMKt «I 
SIMKt 4t 
SIIM *» 
SIMKt «6 
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IF(CAOOU).NE.HHITOGO  TO  4o 

READ  CONTROLLER  SWITCHES  ON 

CONTINUE 
READI!R*26 
mcARom 
mcAPom 
mcAPom 
ir(CA»o(i» 
|F(CARO<i) 
If(CARD!I» 
ir(CA»o(i) 
IF(CA40(I> 
!r(CAPD(l) 
STOP 111 

»CARD 
.EO.HENOf»)GO TO 10 
.EO.HMLCI)MLC1«1.0 
.EO.HMLCnßO TO 3C 
,EO.HMLC?)MLC2«l.i 
.E0.HMLC7IG0 TO 30 
.EO.HSASRtSAS*1.0 
.EO.HSASR»GO TO 3C 
.EO.HALDOALOCSntl.O 
.EQ.MALDC)GO  TO  30 

READ CONTROLLER GAIN VALUES 

CONTINUE 
IF(CAftOU) 
CONTINUE 
RCA0<1R.20 
mcAPou) 
IF(CA»0<1> 
FORMAT(El? 
IF(CARD(1) 
IF<CAQD(1) 
IF(CARO(l) 
IF(CARO(l) 
IF(CA»0(l» 
IF(CARD(11 
IFICAROd) 
IF(CARD<1) 
IF(CARO(lt 
IF«CARD(1» 
IF(CARD«l» 
STOP   111 
CONTINUE 

.NE.HMNR»STOP   111 

C 
C 
C 

I CARD 
.EO.HENOR 
.EQ.HKNln 
.61 
.EO.HKMlft 
.EO.HKM2P 
,EO.HKM2B 
.EO.MKAFR 
.EQ.HKAFR 
.EO.HKOBR 
.EO.MKßB« 
.EO.MKPB« 
.EQ.HKPBB 
.EQ.HKNFR 
.EQ.MKNFB 

>GO  TO   If. 
)RFAD(1R,60>KM1 

)GO TO Si 
)READ(IR«60)KM2 
»GO TO 5j 
)REA0(lP«60>KAF 
I GO TO So 
)REAOIIR.60'<*0 
>GO TO So 
|REA0UR«60)KP 
I GO TO SO 
lREAO(IR<60tKNF 
SGO TO 50 

SET DIMENSIONS OF SVSTEM 

NX»? %  NR»3 S NU"9 %  NVsS 

RETURN 

RETURN 

SIMULATION EQUATIONS 

III CONTINUE 

OIFFERENTUL EQUATIONS 

XOOTL(11■AP»X(11«BP*U13) 
X00TL(2)>ANr*X(2)*AL0CS*U(6l 
XOOTL(3»«AMI«X<3l*MLCl«Y<2» 
XOOTL <*»"AF'XUt♦ALOCS»*<1» 
XOOTL «51 "ATFM <S» •RTf'Y (31 
XOOTL(6»«AMF»X(65»BHF»U(2> 
XOOTL (T)»AM2«X (71 ♦MLC2»VU» 

SUMMING POINT EQUATIONS 

YL(l>>KAr*K(2(*ANF*UU> 
YL( 21 »BMI •liW»-;«(»» 

P'igure 61.   Subroutine SIMK2 Program Listing 

SIMK2 65 : 
SIMK2 66 
SIMK2 67 1 
SIMK2 68 ; 

SIMK2 69 
SIMK2 70 
SIMK2 71 
SIMK2 72 
SIMK2 73 ■ 

SIMK2 7<» - 
SIMK2 75 
SIMK2 76 
SIMK2 77 ■. 

SIMK2 78 
SIMK2 79 
SIMK2 60 
SIMK2 81 
SIMK2 82 
SIMK2 83 : 
SIMK2 84 
SIMK2 85 
SIMK2 86 V, 

SIMK2 87 ■ 

SIMK2 88 ' 
SIMK2 89 

.■;. SIMK2 90 
SIHK2 91 
SIMK2 92 
SIMK2 93 
SIHK2 94 

; 

SIMK2 95 
SIMK2 96 
SIHK2 97 
S1MK2 98 
SIMK2 99 
SIMK2100 
SIHK2101 ■ 

SIMK2102 
SIMK2I03 
SIMK2104 •■ 

SIMK2I0S 
SIMK2106 
SIMK2107 • 
SIMK2108 
SIMK2I09 ;. 
StNKZIIO :' 
SIMK21I1 ■ 

SIMK2112 
SIMK21I3 
SIMK2I14 
SIMK2115 5 
SIMK2116 
SIMK2I17 1 
SIHK21I8 1 
SIMK2I19 % 
SIMK2120 
SIMK2I21 ; 
SIMK2122 % 
SIHK2I23 1 
SIMK2124 •': 

SIMK2125 
5IMK2126 
SIMK2127 
SIMK2I28 ■ 

SIMK2129 
SIMK2I30 

' 

(Continued) 1 
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c 
c 
c 

c 
c 
c 

YL(3)»KP»X(1)*X(6)»U(?)*KNF»U(7) 
YL(*»«KM2»U(5)-U(9t 
YL<5)a*L0CS#X(5)»X(l)*SAS«KO»i)(8) 

RESPONSE EQUATIONS 

RU I) »U (l) 
RL(2»»Y(5) 
RL(3>«X(1) 

RETURN 

RETURN 
END 

SIMK2131 
SIMK2132 
SIMK2133 
SlMK2i34 
SIMK2135 
SIMK2136 
SIMK2137 
5IMK2138 
SIMK2139 
SIMK2l*0 
SIMK21'»» 
SIMK21<»2 
SIMK2143 
SIMK2144 

Figure 61.   Subroutine SIMK2 Program Listing   (Concluded) 
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Response Weight Value 

MLC1 
«i 

0. 800E+01 

Bl 
«2 

0.100E-01 

Tl 
«3 

0.100E-08 

qs «4 
0 

B2 «5 
0 

T2 ^6 0 

6 
a «7 

0.500E+04 

B3 «8 
0 

T3 Q9 
0 

Ki «10 
0.600E+06 

B4 «11 
0 

T4 Q12 
0 

6 
a «13 

0 

B5 «14 
0 

T
5 «15 0 

6el «16 0 

• 
B

1 «n 0.75OE-13 

*:j «18 0.100E-10 

%       - «19 o 

Figure 64.   Design Response Weights for ALDCS Controller Design 
(C-5A Cruise Flight Condition) 
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\> i 
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1        Response Weight Value              1 

l             'B2 So 0.100E-13          j 

1 
«21 0.100E-11 

1 

^ 
%2 0                   1 

«3 «23 0.200E-13 

h «24 0.200E-11 

^ «25 0                1 

^ 
«26 0.800E-13 

^ 
«27 0.100E-10           | 

K «28 0                ; 

*5 «29 0.200E-12           ] 

*5 «30 0.200E-10           \ 

\ «3! 0                    j 

.S «32 0 

1             e «33 
0.100E+01           | 

s «34 0.100E+01           | 

1            - «35 o             1 

ucl «36 
0             1 

Uc2 «37 0 

Figure 64.   Design Response Weights for ALDCS Controller Design 
(C-5A Cruiss Flight Condition)    (Concluded) 
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Gains 

Kl 

Kl 

DELA 

A21RL 

Kl GLAF 

K2 
A21R 

K2 
AFUS 

K2 
TFUS 

K2   * 
P 

Values 

-7.812 

11.94 

1.969 

0.002565 

-0.06401 

0.4904 

0.178 

KgpGAIN obtained by FFOC is subsequently adjusted to 

satisfy the steady state ALDCS requirements for 6  .. 

Figure 65.   Reduced Feedback Gains for ALDCS Controller Design 
(C-5A Cruise Flight Condition) 
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.f«*39«3»- 
.889E-0* 

-.195f-C* 
.973F-e* 

3    3 
I.7050581- 
'.0*17175- 

3 3 
.77813551 
.0609)970 

15 ) 
10.506*67 
A.61*0*7* 
».7199*78 
1,5077779 
1.7)18538 
<..336*167 
«.57773*8- 
1.2079*89 

15 15 
19.391971 
I*.59*618- 
1)2.3380*- 
16.1*1981 
1)2,17233 
»0.855570- 
»1.177J17 
188.36«*) 
.*15*)5** 
15.**179) 
8,8*3719? 
^.7705681 
»7.6*7957 
•..0817007 
15.*1*560 
».958*517 

«03*260 
■!,88)8357 
1.1851798- 
17,9*7987 
».*72»in) 
.51387135- 
•i.5899713 
1.9267807 

MOOEL   FOB  C-5A   -  CHJISE  fC   • 

331.11)9«-.1?8»9*2S-.7*720177 
1,*«;OOS7<> 

.00^65*^7 

.04196189- 

.03M'3«7»>- 

.0^330519- 
7.)ftl^8l 
5.7770H17 
,01.185419 
.00*0**07- 
.G04»9408 

.00*^6080 

.0,i*h0328 

.1M..390* 

.«154fl36l 
1.42C9V77 
.e.,5S9i.üi 
.0:;*l9«iü6 

.0»761?35 
•.CC359350 
.9881277* 
.31**3766 
1.7S86709 

•.00032719 
•.0111090*- 

SIMUL»TO^«LO*üS 

«70».1163 

.H6659994 

.|9(«>3665 
1,2*66986 
.177715*4 
.49**7954 
.009373*1 
.00**570? 

.a01»6»79 .Ori»6379-.001I8ft76-.n01»7343 
,0C.'>574»»-.3ra»829? .0«a*i>350-.00983*05 
.OOt 13816-,OC2-6b95-.02767047-.01935740 
.02988175 .0:*"1039-.006166*1 .02952229 
.011781?* .0:681500 .037857*3-.099*3791 
-.6e*f-0S .q6»E-05 .I99E-»* .8*IE-0* 
.7l6E-0* -.Mif-O» -.i79E-«i. ,00011511 

-,609E-05 

,91 S68S68-3n,';9H6?-375.6308l-l<;5.78877 
.94l<Hi'n 

.a704l37?   76.0».3638 

.01»876».» 
15,*79S68  *.«087*76 

9006,*8I1- 
115S7,S?0 
1634.6306 
487.17075 
921.1*«07- 
7796).5*9 
13)9,8576 
227.1.1196 

56.07817»- 
1*.9*0798 
36,A|mi- 
25.)86088 
1)).7*S9« 
286.689)0 
32,597677- 
33.1*9*1* 
8.771581* 
5,2*895'>8- 
3,071270? 
2.)61*9*l- 
3,95106**- 
*88,6970*- 
**.*9)96*< 
2.356672) 
?,78**959 
.251*0059 
16.317«*6- 
53.16116*- 
9,*0i(9179 
1187,2777- 
8,2057807 
1*,001*01- 

I,7*A129*- 
.443*79*7 
.57317195 
.9'5356l»65 
.87897407. 
1.1*15*0* 
.36656721 

10.171551 
70.01*6*8 
3.40566*2- 
3.52*6996- 
*3.39*51) 
8.7**9286- 
•66.813*27- 
.05976107- 
5,4794623- 
»,620)773 
1.15(,1»67- 
19.1H1170- 
1.1*75209- 

•5.7191898 
•».ä0528S6 
3,1*07013 
6,9215*77 
,2671391*- 
I,357122*- 
10.2*1278 
.456*0672- 

>|7.71302ft- 
1.C110163 
•.95*5701? 

*.l?3*.*3 
3,64IS»77 
3,6667163 
6,3198870 
10,751*16- 
8,42*7739 
,82)92*17 

*1,*6978* 
48,9S67*« 
262.92»2» 
*!.785290 
36*.79633- 
6.76**5*3 
121.78129- 
7.4661135 
11,129785 
*3,151566- 
376.29)68 
26.920)71 
2.1*)8*95 
13,92*185- 
15,*»2B95- 
2,9)39**7- 
5,815*899- 
7,897011)- 
1118,1167 
19,652385- 
S,6792558^ 
22,307592 
29,525796- 
25,71207?- 

16999.436 
3761,3287 
6»22,0B76 
1799,4256 
laiss^eo 
2795,0052 
2133,7591 

61,549574 
160.8540? 
»0.77139* 
6«.197409 
**.658765 
8.4197823 
40.825165 
3.08*6219 
7.1055190 
lo,»u6C41 
11.70799) 
17.518082 
11.099a*) 
21.9)6990 
10.532289 
*.8561996 
2.7377137 
*.67*8512 
1.525570* 
8.8010299 
.7*200*61 
7*.08072* 
19.8**5*0 
3«.089181 

Figure 75.   FLEXSTAB/LSA Residual Elastic Simulator Deck Data 
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-1535.171?- 
».J*35*77 

-1.0857?*? 
-3<».17A?1B- 
3.?39<l*73- 
3.3859*73 
?<327300t- 

-l,397«>??8- 
-26?*.057»- 
-?.33««?68 
l.*730|77 

-.18*19708 
.*95?|765 
3,9150706' 

UE/JEl 
-.98083365' 
-.1350*753 
.??«9«9«7. 
.87?*??!?. 
.*986836* 
.3«2|«|67 
.13778918" 

-.072662*1 
-.8?96922« 
.*09*319A 
.«I5I6289- 
.i2«l27l?- 
.03993655 

-.0*058711- 
.972807*5 

-.028356*1 
-1.29*8958 
-.93228029. 
-.00310689 
-.86226135 
.1**88235 

-.1187**3? 
-.235!2556- 
.20277135- 

-3.7991667- 
.5333*631 
.1957023*- 

-.199*8539 
.03835875- 

-.1«5»32«7. 
.102*3970 

-.e?0620?6- 
-2.*20*879. 
.02007105 
.«ft*2?63»- 
.091115*1- 
.ISS775*7T- 

-.•9853511 
UE/OEUS0 
-19605.297 
5783.7610- 
*97«,73ft3- 

-1679.66*0 
-9313.0*95- 
-988.21959. 
|t<98,(t0*l 

-307.72761. 
UE/OELSI 
592.00399- 
198.1*693 
?06.8?81* 

I59,7?171- 
13.558536. 
<.8.626()08- 
458.61955 
?».0897?9. 
10.567315- 
I0.*1388*- 
?.685??m- 
^l.86*589 
•..267*??S 
1.760*798 
«.,9016597 
1.9888717 
•'.7S9*1S?- 

IS 15 
.55539586- 
.6?63?*I6- 
1.3318*16- 
.88I6I6?5- 
1.2?3*733- 
.*»ll*?99- 
.*H*26736 
1.1*55857- 
.16018989- 
.??7*«5?-' 
,?4683*3*- 
.?8899«l3« 
.58007515- 
.>«l3*980- 
.1*962689- 
.11)1737*0 
. 1833?* 19- 
.13502*5» 
.11933*9' 
.53377101- 
.»279?fll»- 
.71561117- 
l.r76|*03 
.?|7*?53* 
'.395*9CC 
1.90*5113- 
.*2229n7 
1.**39955 
.0739113* 
.05276579- 
.129073*6 
.0131*16»' 
,00568709 
.?39«6631- 
,»M99S7». 
.1*191*3'" 
,03286*7? 
.*20315S3' 

15 3 
«883.6586 
?1g?9.89|- 
s.I.<9.7866- 
108*.3789 
11*7.7915- 
»1167.839- 
1128.7*60 
'597.168»- 

15 1 
«9*.6658*,. 
^97.69*14 
|7?.27|57 

39.51*»7». 
5S.';7*«>I» 
7I.5'3»6»- 
51.138111 
35.^12174 
?3?6.*|1I- 
?0.4395n« 
3.3600096 
i.'4onaiP6- 
6.318?197- 
ll.995^87 
.3446l»|4 
l.?738718- 
6*0».5o*8 

.38*58898 

.95130*99 

.01796*66- 
1.1792??7 
1.9*5997(1 
1.6l5?8)9 
.85*?2lü9- 
.|9T17<*17- 
.0557613?- 
.0*13*157- 
.6J756|*5 

.567?67»1. 

.03758*51- 
».268?5?9- 
.054*8577. 
.12773200- 
.288907** 
.0?»31553. 
.36787809 
.61t;|l»95 
.07,)6166? 
7.49155*9 
.11681*15 
.*7ft807S6 
.8539907?. 
.*?501S3* 
.9*S71*2*. 
.83919316 
.<)U*81H?1 
*. 363967». 
.*6|575?7. 
.2u7I?l?7 
.27m9q8|. 
.B*Kl01?«. 
.171617?» 
.?7I«3?66 
.17 1*56?. 
3.37*8**5 

**?o.7'M1 
117*1.17». 
7781.8*94- 
753.567*9 
78*».1 171 
7866*.119 
»II.75781- 
7f J.U*ci?9 

59.»8Ur.S6 
»15.39»58- 
53.100694 

•5.1271^79- 
I5.*llu81- 

■107.H2385. 
1.».2781161. 
.8'703*0fl. 

■11.97297* 
».(•S00783. 
75.89815« 

■.87618561 
■».71*0693 
15.000568. 
.71837606 
•»0.93?68H- 

.O779508f,- 

.7861951* 

.11913300- 

.O'JtO^S- 

.39512763 

.74S04J91- 
l..)570*86- 
.079*8990- 
.01775*01 
.01*6*87.,. 
,1194591*- 
,393.698*- 
.35387329- 
.17557617 
.3»|4T5I7. 
.07*69697 
.7.;?77?8l 
.0**1**57- 
.068*1820- 
.1121302* 
.9197*996 
.3Ti»0087- 
.3797311* 
.77675617. 
.9?«08761 
.?»*7651* 
».789598»- 
.*15**676- 
.089'<967u- 
.09712987 
.IM»237* 
.1505*990- 
.?>673*93 

.5194610»- 

.06218321- 

.17613517 

8?I6.877ft 
1^12.9789 
»8 ,8.686* 
8773,9901 
3719.9179- 
13639.5*6 
*»75.33b* 

»13.S4183 
?1.746374- 
1*57.2635- 
17.791667- 
10.097129 
17»,346i)4 
1*.*65021- 
*.9772»92- 
3.9837**7 
13.580933' 
5678.48B5- 
.O5950797 
26.634565 

.683*9057- 

.39775718- 
2. 3581 »59. 
.18137182 
.1076153* 
.*3950536. 
.90779317 
.03677338 
.19218552- 
.*i) 766651 
1.2513*36- 
.15610*98. 
.08706677. 
.7**96007. 
1.3335*87 
.0553796« 
.02766303 
.P»2»»a22 
1.899*782 
.63802309. 
. 09888! 96- 
.5647983* 
.58*30129. 
.6«T||?65 
2.171553* 
.35*87186 
5.760321* 
.1*768667. 
.37192805 
1.886571?. 
.*1?3970* 
.27719*85 
.16689176 
.77519909. 
6.9**6169 
.I957u?a9. 
.50*5007*- 

41.1*5309 
17.339*90 
IS7.70590 
25.77*769 
1*.178689 
2.7945327 
79.757*36 
81.309668 
5.?«97't3l 
15.20*968 
3.5*57522 
8.8661369 
21.591270 

1.101051* 
.76<)n*ea9 
.5*790010 
.»1050998 
.1*072333 
.10207989 
.05*75979 
.»8930062 
.43*567*3 
.18913915 
.11*26297 
.17718351 
.156526*1 
1.156750* 
.08959601 
.00538*26 
.18873552 
.1516232* 
.58910991 
.1063*622 
.197*9795 
.**0*4*17 
.';69M972 
1.3917636 
.12315129 
1.584>ie* 
1.8109552 
.78035531 
.78707358 
.(17273*56 
.**?87671 
.05695818 
.38279275 
1.1250664 
.I>73t5915 
.17*95197 
.69791566 

22993.528 1153-/,304 
66t«,».3?52 357«.32*1 
7197.359* *|6<..»|26 
*7*7.S1*5 397a.»872 
179*5.^96-186*0.917 
688.12989 6*1.162*8 
335.17789 on.88*850 

»»*.77227-623.**535-lo7.00169 
■10'>.401»»-71*.IS796-6*.18S287 
58.078o<;4-231.1»»83-7|,346902 

Figure 75.   FLEXSTAB/LSA Residual Elastic Simulator Deck Data 
(Continued) 
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-58.908^«.- 
-IB0.M9?* 
-53.667857 
-3*9.59765- 
l?3.«9|09 

-1017,9153 

.«•06*76? 

.9005J956. 
ue/HGO 
.16053A?5 
.076860?7- 
.058903«5 

-.01836896- 
.•326»699 

-.••873206- 
-.09899*11- 
.0*035<>;>* 

VB/H6I 
-,63«f-0*- 
-»3*8r-05 

UE/DGI 
-.002?0I»7. 
-.0003?«*7 
-.00057503 
.00017903- 

-.000337*9 
.•ei201?3 
.••Il3«6<i 

-.00035799 
B/¥»0 
-«. 
R/ftO 
-0. 
T/y»o 
0. 
e. 

T/V»l 
,30?C-07 

». 
T/l»0 
b, 

T/R| 
.90023863 

T/DELSO 

0. 
T/OfLSl 

,769f-(l* 
0. 

T/UEO 
0, 
»« 
t, 
». 
6. 
». 
4. 
ft. 
e. 
6, 

r/uri 
-.U 70At 
-.25»e-os 

,69ae-o» 

1.3.00656- 
131.3^670 
(?34.9627 
I?6.U«95- 
7»6.?n3*5 

I    1 
• 

3 3 
.02fi«>«e 
,06026129 

IS 3 
,«9877X06- 
.126it98i7. 
,065r<i939- 
.020J'>i,09 
.06398091- 
.57225011- 
.19623512 
,026891?3- 

3 1 
,ejr»816*(! 
,*»<,r-'i<, 
15 3 

.01920713 

.0U7(l<(23- 

.0tl*6783- 

.0^0*6391 
,01068963 
.02302176- 
.0»1(»7798 
.0*175**1.- 

1    3 

•13.191.119-131.O../- 
39.r60>t3? 29'V./91'.7 
3*8.1*657-304.•.62J«- 

•38.3*7196 *.73*I3«2- 
65.79ln7? 

?10.06«.ei-6l.5905J6 
802.69*50 232.610*3 
97.*533*5-30.16*817 
9.9961*19-3.0689516 

101'.9151 

.ApTC-n* 
-.3»7C-0i. 

■.0>.'<.67l5l 
•.0i)65IS79. 
■.OOI1JM66I- 
.0tiu96i.30- 

-.01161165 
•.00612*68- 
.00*18138 

•.0UJ32A71 

,0i>875631   .6116*902   .'.00',9319 

.U«7isS93* 

.019 i*621 
,0..5, 37116 
.C^5.i91*a- 
.0936690*- 
.06010001' 
.012.256« 

.517*8377 

.00910250 

.15353125 

.11372971 

.2276(>163- 

.053*30** 

.11890706 

.000 31766 

.■>026622« 

...'0212b2b 

.■)0*23tt83 

.00879506 

.110330862 

.000»-0*26 

.6i.<.E-u5-.5Mo59»n 
■.3«.*E-05 

.01825717   .*0l?yi)U 

»0.)''S7-»9C- 
.5i(M«25** 
.0lKil*23»- 
.*'»6t-U* 

-.5526-0*- 
.001671?? 
-.l»9t-0*- 
.001)1520* 

l.üju>10»16 

I1I18»! 
,n i0'7nn' 
.3..t>6«>57. 
.0 0*6800< 
,0^0»55*5 
.04055970 
.0(>012669 

■.01515»6I 
■.0031»«5'* 
.00670001 

■.0013*3*5 
.01605662- 
.00206008 
.03*05859 

. 1OIOSO80 

.10025277 

.009*9096 

.ne01*'>C2 

.00122561 

.60018617 

.n«028832 

1 1 

* 3 
I.J.IUOO'?» »• 

-X63U.9I?*   0. 
* 3 

257E-06     .572E-0*  0. 
CO0O000  2*6.81328   6. 
* 1 

'<, 3. 
* 1 

* 3 
0. 
I". 

* 3 

0. 
0. 

-«0.19.912* 
-««39.912* 

1.0000000-77*,?1672 
1,0000000   1*9.(!2328 

15 
e. 
p. 
0. 

6:. 
0 . 
(. 
0. 

*        15 
821F-9* -.5HI.E-0* 
6C1E-«* .5f7E-0* 
756f;-0« .0u')?3«63 

1. 0. 0. 
c. 0. 0, 

c • 0. 0. 
c • 0. 0, 

0. •>. 0. 
0. 0. 0, 
c. 0, 0. 
3. <*, 0. 
0. 0. 0. 
1. 0. «. 
p. 0. «. 
0. 0. 9. 
1. 0. 0. 
u. c. 9. 

. 8 IE-'»* -.*75e •05 .299E-U* 
.9s (113085 -.552E- •0* .*fl(JC-0* 
■!. i. 0. 

Figure 75.   FLEXSTAB/LSA Residual Elastic Simulator Deck Data 
(Continued) 
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t. • J. 0, u. 9. 
1). • .1. :l. 0. 0. 
1*. • (1, I. 0. 9, 
f. ■ ". a. <). 0, 
3. • 0. t). 0. 0. 
0. ' • 1». 0. 0. n. 
9, , ". 0. 0, 9. 

T/HE? <•        IS 
-.3TTe-nfl .,?<J*F.Ö^ .I?lt-Ü7 -.I3l£'0ft .iP^E-ud .379c-08 
-,i«i(r-o« .ISHE-OD -.Jiot-oe -.SBit-O» -.S75E-«« -.17aE-09 
-.»rse-o«» -^■»'»E-C» .1 )*t-Cl7- .a.i8c7u?6- .037<»0'>*6 .oim768 

-.003I3IAI- .9!'317??9- .OO'i'Of.HC .noli67S* .01?705rt3- .01111168 
-.9|T?C7U 1n(i«a*5?»- .OJI??!"»!- .ii'i*wia .99130?^ .00*61607 

.ll65lft»<»- .0*371 Jl«? .1)0^0067? .O'6'**80 .0077U13'» .118**071 

.9085<J0H5- .92S%50S0- .0i<.lflS'>7 .C|« ■2U77- .3lfl73S99- .05829632 
-.B31*T00?- .038227J0 .3u;i5,5T8* .noi*»««- .09*53,i29- .95262338 

.01TS0807- .0*3I»69»* ,07-S6S'»7 .«?»*.5<»1|- .09**7138 .1080*988 
-.0**1*07? .0(893«67- .17i,22Rfti»- .01*33580 .«*3.'ö353- .90530119 
T/NGO *          7 
0. .. 5. a. 9. 0. 
0. '« fi. 9. 9. 0. 

L/VBO IS          3 
.5099C«0? .?S5IE«03 .*/,<,*{ .03 .13*'E.01 .lOAOE'OA- .T«*4E»07 

-.*6S0e»0*- .?5*«E»05 .1I7SF.07 .J^^E^O? .17S5E»03- .5*22£»0* 
.iim.os ,>.65?E«95- .7«»7E.f,7 .BR*it»03 .32A7E.0»- .«715E.0S 
•ITTÄP.O? 19<)«*E»9?- .lo»•3£♦0,; .Sl7?fi.O* .3223E«0S- .55S7E«07 
.sak/t'Oi .135JE'9* .37M9E»0f. .IJI'iE'O? .718lSE»92- .1096E»OS 
.?776£«0* .I7*3£»95- .3??fl£.«7 .6Äl^£«03 .*3*l£*0* .1323E«07 
.»»"»Tt.ei .?617r»o»- .U*6e«95 .1 ;8"fCi. .7279E.0*- .1210£«(i7 
.3359e»03 

1  /V01 
.?323E«J* 

IS          3 
,IS66£«0?- 

.86nE.C6 

.37(.*E.0*U .                   ' .8663E»0*- .1596E.Ä7 
». .17|0E»0* ^«•.«E.Oft« •                   ■ .1?»>3£»02- .»567E»6* 
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Figure 75. FLEXSTAB/LSA Residual Elastic Simulator Deck Data 
(Continued) 
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Figure 75.   FLEXSTAB/LSA Residual Elastic Simulator Deck Data 
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(Concluded) 
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SUMK1 
STAMKZ 
STAMK3 
com«. 

MUM 
31 

WH*  49 
«38= 
MTB- 

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

•••   INPUT  0»T»  CAHOS  ••• 

C S"ECirY PUINTIN6 
p»m »UTPUT DATA ■ 

PRINT INPUT DATA :    :                                         :. 
C OtriNE VEHICLE 
SYSTEM NO 1 TLEASTAB C5A A/C F3* ( RESIDUAL ELASTIC SYNN£TR|C - RES » 
ILS» OAT* 
RESIDUAL ELASTIC SVNM MOnCL 
run 

TOR C-SA - CRUISE re - SIMULATOR» .OAOS 
■ 

C NAME LIST DATA 
STATE 

I X( II U VELOCITY ALONG X AXIS INCH/SEC 
2 m  ?i H VELOCITY ALONG i AXIS INCH/SEC 
3 X( -ii 0 PITCH RATE RAOIAN/SEC 
« Al 41 TMETA PITCH ATTITUDE RADIAN 
5 X< SI UEI RENDING NODE DISPLACEMENT INCH 
6 A( M UE2 BENDINO "DOE DISPLACEMENT INCH 
7 Al 71 UE3 RENDING HOOF DISPLACEMENT INCH 
S XI «1 Ut» BENDING NODE DISPLACEMENT INCH 
9 XI 01 UE5 BENDING NODE DISPLACEMENT INCH 

l( Xlli'.) UE6 BENDING NODE DISPLACEMENT INCH 
II XIIU UET BENDING NODE DISPLACEMENT INCH 
12 XIIX UE« «ENDING NODE DISPLACEMENT I^CH 
13 Xlltl UE9 BENDING HOOF DISPLACEMENT INCH 
U Xllkl UEIO BENDING. NODE DISPLACEMENT INCH 
IS XIICI UEM BENDING HOOE DISPLACEMENT INCH 
U XII«,! UEI 2 BENDING HOOF DISPLACEMENT INCH 
IT Xl|7» UEI3 «ENDING HOOF DISPLACEMENT INCH 
IB XIIAI UEI* PENDING HOOF DISPLACEMENT INCH 
1» XllQI DEIS BENDING HOOF DISPLACEMENT INCH 
?t XI2^I UFIOOT «ENDING HOOF *ATF INCH/SEC 
21 XI2U l/E2DnT BENDING HOOF RATE INCH/SEC 
22 XI2>l nE3oriT SENDING HOOF RATE INCH/SEC 
23 XI21I UE*DOT «ENDING HOOF RATE INCH/SEC 
2* XI2<.l UE500T BENDING HOOF RATE INCH/SEC 
25 XI2S» UE6D0T «ENDING HOOE RSTE INCH/SEC 
26 XI2*,I UETOOT BENDING HOOF RATE INCH/SEC 
2T XI27I UEROOT BENDING HOOE RATE INCH/SEC 
2S XI21I UE90rtT BENDING NODE »ATE INCH/SEC 
29 XI2oi UEIOnOT BENDING NODE RATE INCH/SEC 
3» X 1 In 1 UEIIOOT BENDING HOOF RATE INCH/ScC 
31 XI3II UEI210T BENDING NODE RATE INCH/SEC 
32 XI3'I UFI3n0T BENDING HOOF RATE INCH/SEC 
33 «(311 UEI»DOT BENDING HOOE RATE INCH/SEC 
3* 

OUTPUT 

XI 3*1 UEISnOT RENO1NO HOOF RATE INCH/SEC 

1 R< 1» 5*S07 PITCH RATE B fRO RAOIAN/SEC 
2 «I »1 A?AP NORMAL ACCELEIO^ETE» INCH/SEC2 
3 «1 11 A7fR NORMAL «CCELE^ETE» FRONTS'AR INCH/SEC2 
i Rl 41 A2R0 NORMAL ACCELE'WETER BACKSPAR INCH/SEC2 
s Rl SI SI SHEAR FORCE 1120.01 LB 
6 Rl mi «1 PENDING HOMENT  1120.0) INCH-L« 
T Rl 71 II TORSION HQMFNT  1120.01 INCH-LB 
B Rl 41 S2 SHEAR FORCE I32S.2) LB 
9 Rl 41 R2 BENDING MOHtNT  I32B.2I INCH-LB 

II »mi T> TORSION MOMENT  I32«.2t INCH-LH 
It RUM S3 SHEAR FORCE I575.lt L« 
12 Rll'l HI BENDING MOMENT  (ST5.I1 INCH-L8 
13 Rllll T3 TORSION MOMtMT  I57S.II INCH-LB 

Figure 77.   KONPACT-1 Input Data to Produce F42D Model 
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1«. 
15 
»6 
IT 
18 
19 
-1 
INPUT 

1 

R(lf>l 
Bd«) 

Sfc 

T* 

T5 

SHEAR FORCE 
BENDIMG MOMrNl 
TORSION MOMENT 
5ME»R FORCE 
BENDING MOMENT 
TORSION MOMENT 

(TH6.0» 

(T46.0I 
(420.0) 
(420.01 
(420.01 

U( p 
U( ?» 
U< T) 
U( tl 

AILERON DEFLECTION 
INBOMO ELEVATO» OC'LECTION 
OUTBOARD ELEVATOR UEFLECTION 

BDAILOOT AILE»ON DEFLECTION RATE 
nOEIOOT INBOARD ELEVATO' DEFLECTION RATE 
BOEOOOT OUTBOARO ELFVATDR DEFLECTION RATE 

BOAIL 
ROE I 
BOEO 

2 
3 

5 U( «H 
6 U( M 
7 U( T) WGI 
B U( M) H(i2 
4 U( 4) M63 

II UU'> MRIDOT 
11 IM lit «r.2DOT 
12 U(l>) wr.JonT 
-I 
END 
C DEFINE CONVERTED VEHICLE 
SYSTEM NO 1 CONVFRTEO FLFXSTAB C5A A/C F32 ( 
»CONOITIONlur, DAT* 
C SCALING DATA 
SCALE THE VARIABLES 

GUST INPUT AT -102« 
GUST INPUT AT  0 
GUST INPUT AT  1020 
GUST IHPUT RATE 
GUST INPUT RATE 
GUST INPUT PATE 

IN FROM CG 
IN FPOM CO 
IN FROM CG 

LB 
INCH-LB 
INCH-LB 
LB 
INCH-LB 
INCH-LB 

RADIAN 
RADIAN 
RADIAN 
RAOIAN/SEC 
RADIAN/SEC 
RAOIAN/SEC 
INCH/SEC 
INCH/SEC 
INCH/SEC 
INCH/SEC2 
INCH/SEC? 
INCM/SEC2 

FLEXSTAP-RtS TO HI/fiELAC » 

.164TB4E 04 

.«3>333E-01 

.933J33E-01 

.«33133E-01 

.833333E-0I 

.BJ'-333E-01 

.B>33)3S-01 

.,»SB»tCF-»> 

.7SB800E-02 

.ZSSBOOE-O' 

RADIAN/SEC 
INCH/SEC 
INCH/SEC 
INCH/SEC 
INCH/SEC 
INCH/SEC 
INCM/SEC 
INCM/5EC2 
INCM/SEC2 
INCH/SEC? 

U(7» 
U(8I 
U(4I 
U(l*) 
U(il) 
U(12> 
A(2I 
RlSI 

END 
C RESPONSE SPECIFICATIONS 
SELECT OUTPUTS 
R(l l-R(14l .U2).M3> . 
END 
C REDUCTION AND SHUFFLINr, OAT» 
RETAIN STATES 
«(iwxts; .X(2ii-x(3<.(.»(,;i-«H9i 
END 
C DEFINE ACTUATOR 
STSte«! NO 2 ACTUATOR 
«TRANSFER FUNCTION DATA 
BLOCK 1 

1 2 .10000 >F 01 2 I .|6f.66TE 00 ' ' .IO00O0E 01 
-1 
BLOCK 2 

I 2 .mOO'E 01 2 1 ,I33333E 99 ?  *  .lOAOOOE 01 

BLOCK 3 
I 2 .10000 r 01 ?  1 .131333E 00 ? > .leooooE 01 

-1 
END 
C CONNECTION DATA 
Ul/U 

I 1 .lOOOOif 01 2 2 .1CO0OOE 01 1 3 .1O0000E 01 
-I 
UI/RI 
-1 
»/Rl 

INCH/SEC 
FEFT/SEC 
FEET/SEC 
FEET/SEC 
FEET/SEC 
FEET/SEC 
FEET/SEC 
IG 
IG 
16 

( FIRST ORiU« 1 

Figure 77.   KONPACT-1 Input Data to Produce F42D Model 
(Contintr d) 
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I  t  ,io«««tr ti ? 
0   l-,*0«»0i£   01   5 

-1 

•>   I   .60»«»(1E   01   S 
-I 
EMO 
C  M»ME   LIST  0»T» 
STATE 

I 
? 
3 

-1 
0UT»UT 

I 

3   ausOOOf   01   3   1   .I04000F   01 
7-.TSC000E   01   A   I'.TSOOOOE   01 

?   .750000E  01   A   3   .TSOOOOE   01 

XI u 
HI >) 
X( 3) 

«El 
XEO 

»CTlMTO» STATE 
*CTU»TOB STATE 
ACTUATOR STATE 

H( II 
R( >) 2 

3      B< II 
«       R( 41 
5 R< St 
6 »( M 

-1 
INPUT 

1 u( n 
2 U( »1 
3 Ui 11 

-I 
EW 
C OEriME OUST WOEL 
SYSTEM HO  3 
SOUAORUBLE DATA 
XOOT/X        T 

I l-.IIKiW'E 02 1 
3 * .IOO000F 01 A 
5 7 .9|SS5)E 01 * 

-I 
XROT/U       T 
6 l-.23T10nF 00 T 

-I 
R/X 6 

1 I .lOOOOOE 01 2 
s i-,n*2T«,e «2 «i 

-1 
R/U 6 
-1 
END 
C NAME LIST DATA 
STATE 

i    x( n 
2 X( ^» 
3 XC 1) 
*      XI <.) 
5 X( =.) 
6 X( «.i 
T      X( 71 

-I 
OUTPUT 

1 R( 11 
2 R( ?l 
3 R( -»l 
« Rl (.1 
5 Rl *\ 
6 Rl <ii 

-I 
ISPUT 
I    u( n 

-1 

DELA   AILERON POSITION 
OELEI   INBOARD ELEVATOR »OSITION 
OELEO  OUTBOARD ELEVATOR POSITION 
OELADOT AILERON VELOCITT 
OCLEIDOTINBOARD ELEVATOR VELOCITY 
DELEODOTOUTBOARD ELEVATOR VELOCITY 

UOELA  AILERON CONTROL INPUT 
HOELfl  IN80AR0 ELEVATOR CONTROL INPUT 
UOELEO  OUTBOART ELEVATOR CONTROL INPUT 

RADIAN 
RADIAN 
RADIAN 

RADIAN 
RADIAN 
RADIAN 
RADIAN/SEC 
RADIAN/SEC 
KADI AN/SEC 

RADIAN 
RADIAN 
RADIAN 

GUST  MODEL I   ilTM FIRST  ORDER KuSSNER   • 

7 .18'.93ltE 0? > ?-.13*2T0F 02 2 5 .I34270E 02 3 I-.S00330E 01 
1 ,22<>iaOE 03 » l-.'Jf.CTRUE 0? A A-.l60eT0E «2 5 S-.9155^E 01 
6-.A2ftOO0E  00  6   7-.AOI000E-0I   7   6   .10O000E  01 

1 
I   .793700E  00 

?   .101000E  01   3   3   .1A0000E  01   A   i-.lllA93CE  02  A  7   .IBA930E  02 
5   .13427|)F   02  6   3-.a0O330E   01   A  A   .lOOOOOE  01 

PI KUSSNER  STATE   (   NT   » 
P? TRANSPORT   OEL*Y  STATE   I 
B3 TRANSOOKT   DELAY   STATE   I 
P» IRANS'OBT   DELAY   STATE   I 
PS KtlSSNFR  STATE   I   «   > 
P6 WIND  FILTER   STATE 
^r. VINO  r,UST   STATE 

VRN WIND  WST   TO  NOSE 
wo« WIND '■.UST TO wnr. 
vr.T WIND rtUST TO TAIL 
WCNOOT WIND RUST RATE TO NOSE 
WfiWDOT WINO RUST RftTE TO WING 
WfiTDOT WIND RUST RATE TO TAIL 

FTAG   WHITE NOISE [NPJT TO GUST MODEL 

FEET/SEC 
w  » KET/SEC 
T    1 FEET/SEC 
T   » 

FEET/SEC 
FEET/SEC 
FEET/SEC 
FEET/SEC2 
FEET/SEC2 
FEET/SEr.2 

FEET/SEC 

Figure 77.   KONPACT-1 Input Data to Produce F42D Model 
(Continued) 
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C  HEFINE   PL -►'T 
SrSIEM NO  <•  OLiMT-r&'iCOi.'VE-irEI) Fi,CXST»s ci»  »/r   («t'l   •   ACTUAfilH   •   COST   «OOtil 
tINTeaCONNErTtON   DAT* 
lill/U 
-1 

1   1   ,10000   r   C'l   ?   ?   .IV.ouoE   Ul   1   ■>   .lOOOOOF   ul 

7 3 .looflo r ji 8 ? .IOIMO^E üi Q i .looooor oi 
-1 
VIZ/» 

1   2   ,10000   (•   31 
-1 
UI3/U 

i i .looao f oi 
-i 
(V»I1 

l   l   ,10000: F   01??   .I'liOOOF.   Cl   1 
6  6   .10(1«0  F   01   7   7   ,l.('.ii«Ot   Ul   « 

mi .IOOOO'F ou?i> 
1616   .10000' F   '111717 

i .»«MWI (-IT« ,noo((i.Ä wi 

.iijiotioE Jinn 

.U/.OOOE oiiiUf- 

IOOOOL'F ui * t ,1300006: oi s "^ ,ioocooe 01 
IftOOOOF 01   <I  <» .iOCOOOE   0U010 ,100000E  01 
ICOUOOI-. UlUl» .1C00O0E   UllSIS .tOOOOOE  01 
lOOOC'OF 1)11919 ,1000006   0120^0 . 11337HE-03 

2121   .ftO^ftO. F-»3?"5?e   .IO'"iOnF   0! 

■I 
K/Rt2 
?2  1   .10000  f   '51?3   »   ,U">O00F.   5l,?i.   %   ,100UCOE  Ul 
-I 

2S   2   .Il337sr-Cl 

-1 
END 
C NAME  LIST   PIATA 
QUT»UT 
2«     R(2'l       ALPHA   ANr.LE OF ATTACK KAUIAN 
21      R(2M       OCr-     PITCH RATE AT C'> "ADIAN/SEC 
-1 
END 
C DEFINE PL «.NT DESIW MODEL 
SYSTEH NO ft OLANT-rA?n ( CONVFHTEI FLE«STA« C5A A/C ♦ ACTUATOR • GUST MODEL 1 
^CONOITIONMr, DATA 
C NO SCAL:*--. DATA 
END 
C  RESPONSE  SPECIFICATION«; 
SELECT  CONTROL   INPUTS 
U(2)-U(*1. 
SELECT  6UST   INPUTS 
Ul]l. 
CONSTRUCT  mSir,N  »ESo0NSfS 
R(AI.R{7t.Rl9).WI|£I.R(l>l<!:(t31>R(|I>l'< 
«DOT (61 .ROOT ( 7) .RDOT (Rl ."DOT I Hi .BOOT (I 
ROOTII8UROoT(l9).R(?';)-t»(2S).ROOT(?Sl, 
SELECT SENSOR OUTPUTS 
R(3)tRUl.R(2).R(U. 
END 
C  NO  RCmiCTION  AND  SMDFF!JNr,  DATA 
fND 
STO» 

(l?l.ROOT 113).«HOT 115).HOOT < 16) » 

Figure 77.     KONPACT-1 Input Data to Produce F42D Model 
(Concluded) 
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V 

CONOK 

NRH=   31 
NUH=   11 

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

■• tNPUT D^TA CARDS ••« 

PRINT IHPllT DATA 
PRINT OUTPUT DATA 
CONTJNUATION BUN 
c DtfiNE   Fai PLAigr wopEi   - «RSIDUAI, izi^r, STATES . RESPONSE «NO MEASUREMENTS 
SrSTEW NO » PLANT- riuui,   (FLEKSTai C^A A/C • ACTUATOR • OUST ^ODEL» 
»CONOITIONIMS DATA 
C NO SCAUN6 OAT* 
ENO 
C NO RESPONSE SPECIFICATION HATA 
ENS 
C  REDUCTION   AND  SHIIFFL1N6  DATA 
RETAIN  STATgS 

RESIOJALIZE   STATES 
X (9l-«( 171 , • {^il-XOil , 
RESlDUAUIZE STATES IN OUTPUTS 
Rdl-POll . 
tNO 
REFERENCE 
SrSTEM  NO  H   PLANT-F4aD   (   CONVE,RTEO  ELEXSTAa  CSA   A/C   •   ACTUATOR   •   OUST  MODEL   I 
END 
C DEFINE FiU   PLANT "IDDEt * RESIDUALIZING STATES AND RESPONSES 
C AND TRUNCATINO MEASUREMENTS 
SrSTEM NO 4 PLANT- F2..RT (FLEXSTAS CSA A/C ♦ ACTUATOR • GUST MODEL) 
»CONDITIONlKiG DATA 
C NO SCALIN6 DATA 
END 
C NO RESPONSE SPECIFICATION DATA 
ENO 
C REDUCTION AND SHUFFLIN6 DAfA 
RETAIN STATfS 
X|ll-X(8ltX()tl-XI23I.X()3t.x(<<ZlI 
RESIOUALUE STATES 

»ESIOUALIZE STATES IN OUTPUTS 
R(»l-0(?T). 
TRUNCATE   STATES   IN  OUTPIJtS 
R(?Rt-k(11), 
EHO 
REFERENCE 
STSTEM NO « PLANT-F420 i CONVfPTEn F(.EX5TAB C5A A/C . ACTUATOR • GUST MODEL ) 
END 
C DEFINE  FA* PLANT MOOEi. - TRUNCSTINO MATES • »ESPONSE AND MEASUREMENTS 
STSTEM NO 4 PLANT- F24TT (FLEXSTA8 CSA A/C « ACTUATOR • GUST MODEL I 
»CONDITIONING DATA 
C NO SCALJNO DATA 
END 
C NO RESPONSE SPECIFICATION DATA 
END 
C  REDUCTION   AND   'iHUFFLING  DATA 
RETAIN  STATES 
X(ll-X(ei .X(l«l-X(?3) .X(Tt)-X(«>) . 
END 
STOP 

Figure 79.   KONPACT-1 Input Data to Produce F24RR, 
F24RT,and F24TT Models 
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STAHK4 
NXM= 26 
MPM= 31 
NUM= 9 
NTM= «7 
M5B=     2 

Figure 80.   Figure 81 Precompiler Data (KONPACT-1) 

•••   INPUl   [1*TA  CORDS   ■"" 

P^IMT   INPUT   O/vVft 
psiNr nutpui  OATH 
CONII^lMIOh  RUN 
C  DEFINE  COHTPOLUK  FOfi  CäA   ILDCS  DtSIOM 
SYSTEM  NO  5   CONTROLtEK  fCiP   C9«   *LBCS   DESIGN 
JSHDLATiriN   DATA 
C  SET  WHICH  CONTROLLCP   SwlU^ES   SHOULD  UE.  OM 
CJNTROLLER   SWITCHES  ON 
ALÜCS 
s»s 
«LCI 
MLC? 
END 
C  READ  ANY  CMANiJE   IN  CONIRC.LrR  r.AINS 
CONTROLLER  GAIN  VALUES 
KAF 
9 9 

"MI 
-U01. 7« 
«0 
0.0 
KNF 
0.0 
KP 
0.0 
END 
CND 
C NAME LIS1 n*TA 

STATE 
1 « ( 11 P 
? IN 'i A?lKL 
3 *( w MLC1 
if X( u) '-.LAF 
5 X( HI F3E 
6 X( •.I HP 
7 XI ;i MLC? 

OUTPUT 
1 R( H UDELA 
? Rl >) UDELFI 
3 

— 1 
Rl n UOELFO 

INPUT 
> U( n Ul 
2 U( >i U2 
3 U( •)! ETAP 
•> U( ») DEL A 
5 Ul SI OELE1 
» U( M A21R 
7 U( 71 AFUS 
S Mi «1 TFUS 
9 ill t)l Acr, 

END 

PILOT FILTER 
LACCEn NORMAL ACCELERATION 
FULL SMTE "LC F0,< »ILEHON 
GHSt LOAD ALLEVIATION FILTER 
3BO RrNOING MODE FILTER ON ELEVATOR 
HIGH 3ASS FILTER ON ELEVATOR 
FULL STATE «LC FQR ELEVATOR 

IT- 

AILERON COMMA«) OUIPUI 
TNBOARO ELEVATOR COMMAND OUTPUT 
OUTaOARD ELEVATOR COMMAND OUTPUT 

AILERON OPTIMAL CONTROL INPUT 
INBOARD ELEV OPTIMAL CONTROL INPUT 
KMITE NOISE INPUT TO PILOT FILTER 
AILERON POSITION 
INBOAOO ELEVATOR POSITION 
ACCELFROMETER OUTPUT (?1) 
FUSELAGE ACCELE-'OMETER OUTPUT 
PITCH RATE GYRO OUTPUT 
ACCELERATION AT CO 

RADIAN 
RADIAN 
RADIAN 

RADIAN 
RADIAN 
IG 
iß 
HAOIAN/SEC 
INCH/SEC2 

C DEFINE REnilCEO CONTROLLER FOR CSA ALOCS DESIGN REPEAT 
SYSTEM NO 5 CONTROLLER FOR CSA ALOCv. DESIGN «REDUCEOl 
»CONDITIONING DATA 
C NO SCALING DATA 
END 

Figure 81.   KONPACT-1 Input Data to Produce F24TT Plus 
Controller Model 
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'FS^OM-iF SPrCirirATlOM 

PATA 
S 

r NO 
FMO 
C REDUCTION 
RETAIN STATf 
X(ll-X Ul , 
»ESIOUALUE 
X(S). 
RESiniJAUZF 
Rlll-ROl. 
FNO 
REEEREMCE 
SYSTEM  NO  <• 
ENfl 
C  OEFINE  0«i 
SYSTEM   NO  ») 
ilNTF.Sf 0?INEr 
UIi./IJ 

ii   it   ,10000 
-1 
UIS/O 

1   I   .10000 
-I 
UI1./HI5 

I    I   .10000 
-1 
ui5/<m 

<.23   ,10000 
927.,ioono 

-1 
R/im 

1 1 .1Ü000 
6 6 ,10000 

,10000 
.10000 • 
.10000' 
,10000 

,13^BS' 

STATES 

STAfFS    111   OUTPUTS 

PLANT-   F-'AW«    (Fl.t<STAi',   f'SA   A/C   ♦   ACTUATOa    •    GUST   MOOEi-l 

»ALL   SYSTEM 
OVERALL   SYSTEM   ((   F-",OK   i   rtFi-MC^I)  CINT^Ui.LE-n 
TION   DATA 

E   01 

F  «1   ?   ?   ,10'iOäOf   01 . nnoDuF ui 

F    (11     5    ? U.iOOOE   01    >   1   .lOnnouF   01 

F   01   bZ<t   .I'l^OOor   0}   »f-1   .100'jOOf.   ol   730 
F   ijl   Q??   .MsoOliF   04 

.1ST   DATA 

1111 
»616 
?)2l 
?631 
?7?? 

-i 
P/PIS 
?T   3   ^TfiS? 
-1 
P/U 
?9   1   .10000 
-1 
END 
C  NAMf 
OUTOIJT 
?7 
?8 
?9 
3.« 
-1 
END 
BEEEBENCE 
SYSTEM  NO 
END 
C  DEFINE   OVt 
SYSTEM  NO  6 
■MHIERCONNEi* 

<t  i.   .10000 
-1 
UI5/U 

I   1   ,10000 

E 01    >   ?    .luf'lJUOF    Ul     3    '(    .(ilOOOOr 0!    '4   4 
E Ol    7   7   ,U^MUnf   0)    '   H   ,iOnncor 01   ')  « 
E iil!?lP   .1.1   OOPF   011313   .iOnOJOE 01U14 
E 411717   .If-.OOilE   s'l!"!-!   .lOOCOOE gil^l1* 
E 01????   .li.nOcioE   fH?3?-i   .lOOOOOE t>\t<t>4 
F Jl 
F 'jJ?7?3-.?rtf-HÜ''F 03.?7?'4-.?3^?00E tf,12V5- 
F 1i,?fl?3-.603i)0')F C'3'i?(...(;«.sn..0K oi^f-iS- 

.lOPOOOt 01 131 

, lüOOOoE UI 5 S 
,10TCOUL 011010 
. i ii o c o o t o i i s i s 
,noooot ui<!o.?o 
,looaoot iii<:53o 

,'.71?00E    U^ 
,^l?00Ot    0» 

F   03?^.A. .S'^flO'.F   04 

F oijo ? ,i;i'>oo^: oi 

p(?/ 
H(?M 

P{3 

FWUOT IMP   MID^L   EPÄO^   «ATE   FOH 
FOnOT IMP   Mgjjjt   eP«l}Ji   ''ATF   I OP 
ill aiLEPiN  OPTIMAL  CONTPOL   I 
!l? INHOAPD   fLEV   D^TIMAi.   CON' 

Q 
NP.JT 
POL    INPUT 

4   PLANT-   F54PT    (Fl (.«'jT'-t-   FSA   A/C   •    ACTUATUR    •   r.UST    MCI'IELI 

»ALL   SYSTEM 
OVERALL   SYSTKM   (I   F343T   •   PfiWCED  CWTPOlLFPl 
TION  DATA 

E   01 

F n ? ? .i.)"('Oor oi 

1U0000E 01 

lOOUOOE 01 
loooooF 01 
lOOOoOF 01 
IOOOOOF 0 1 
lOüOOO' 01 

.uoooor 01 

Figure 81.     KONPACT-1 Input Data to Produce F24TT Plus 
Controller Model (Continued) 
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i ; 

1    1    ,10000   f 
• 1 

IP'   .1'ji'iOof 01     (1 .l^OOO.V 0 1 

UIS/B!- 
ii?3   ,1000   F 
'S??-,10010. f 

-i %n .Hi-'jc,'- 0 1   s2o . IOOOOOF 01    7,10 .100000F 01   «31 .IOOOOOF 01 

■• 1 

1   1   .looor f 
fe   i   .lOOOCf 

mi  .louco F 

161h   ,1000.)   f 
?l^l    .lOijfc   ► 
?031   ,!OnC0   f 

?H?2 .na«««? 

0|   '   '   .1 *0(»tO£ 
0 1    ?   7    .l.TOOOf 
on^i? .i,>'oo"F 
Jll '17    ,lj-00'.f 
01'??'   ,IdnfiSOF 
ra 
JS27?3»,?i**i8fl?>F 
-,i.->B?-»-,hC1,il.'V 

■11   t -, 
Jl II 6 
umn 
Oil"!-1 

o'r.v-- 
u3?iZ-- 

, inooouc 
.lO'iOOOE 
,100.IÜOF 

. IOOOOOF 

.<;?O7OOF 

01   o   j 
OHM* 
omii 

U357«'S- 

.looooot 

.looooat 

.lOOOOOt 

.lOOOOOf 

.lOCOOOr. 

.-.V^OOt 

.bl^OOut 

01  s s 
011010 
OUSlS 
ol^o^o 
012S30 

0? 
03 

.lOOOOOc 

.1OOOO0E 
,100000E 
.100O0OE 
.loooooe 

01 
01 
01 
01 
01 

" 1 
R/R1S 
?7   3   .?7#.«?-f '.TH   3   .S^ft^iMF 0* 
- 1 
3/IJ 
?9    1    ,10(100   c JITi   ?    .lOTlUOF 0 1 
_   I 
F^JO 
C   NAMF   '. l^T   HA!» 
OUTPUT 
?1               rt(?r,                 F^UOT        t"^  M'IIII-'U   F»^J^   "ATF  FOi<  w 
?S               P(?l                 ■•■)(iOT        IMP  Min-L   Fw^Citj   jtT^   fOW  0 
?9           <'(2-ii             MI           AiLFr<"N owriMAi. roNifioi.  INPUT 
3;               wi3   i                 it?               l^HOAiu  Ftf«   OaflMAl.   C0^T!)c:.   INCH 

FNO 
f^EFF^FNCF 
SYSTEM  "10  4  PLA,JT-  r-'i.TT   (Fn^STAa   rSA   A/C   • 
FMD 
C  DEFINE  OV-*ALL   STSI«'.« 
srsTFM so 's rwF^AU   ivsri M  (( F'i.rr  • wFD>irFn 
«UNTE^CC^INEi'TlOU  OATA 
UI"!/!! 

i.   k   .luOOO   '   01 

ICTUATOO   •   WSI   MunEi.) 

CONTHOLLF«! 

-1 

UIS/U 
1    I    , IQnOU ,." .M    >   ?    ,1  l-a.O'F 111  i x iim^mt Ml 

* 1 
Ul'./aiS 

1   1   ,10000   F 31   ?  >   ,lu mjof 01   %   \ , 1 0 0 0 u 0 F 01 
-1 
UIS/SI» 

*?$ ,iorou F 

9?7-,iunn!;' F 

H  «^A   .1 .  0■■>(■? 
ill «■*# ,fla>u<H»: 

oi  -.a a 
J4 

.IOOOOOF 01    710 .1000001 01   131 .lOonooF 01 

(i/RJä, 
1    1    .10000   f 
6   ft   .10060  F 

Ht>  ,iooo'; F 

Iblh   ,10000   f 
?i?i  .loono r 
?«.3I   ,10000   F 
?7??   ^ÜHS-iF 

01    7   '   .1 Ji.OOU 
jl   7   7   .1-. »rort 
ni'i' ,1'.-IO'? 

011717   ,U.i(;0.>F. 
01??'>   .Ij-OOi'e: 
01 
.;3P7?3..?H<,»40''F 
>,i,?S?3-,ftu300ill- 

01    3   »   ,HAfrt3£ 
91,,«*   ,l"-i00Jir 

oiim ,io(i'/üOf 
011«1-   .100000' 
01?3?'<   .10'IOOOE 

n?7,?<.-.i??0700E 
u3?'«2<.-,?ftS700E 

Ci    4   <• 
vl    ■)   4 
«ijii* 
OlNlfl 
Ol2A^9 

,1000001 
.130000t 
•lOOuOOt 
,100Ci«Ot 
,IOO((OOE 

,«'7l?0ot 
,6120C0E 

91   5 S 
011010 
omis 
01?020 
oi?5:io 

0? 
03 

.loooooe 

.10O0OOE 

.IOOOOOF. 
•lOOOOOE 
.lOOflOOE 

01 
01 
01 
01 
01 

ft/Hi's 
?7   3   .?7ftH?  F 
_ i 

•W 3 .,3:|,ft»6<l,jf '.U 

»/U 
?9   1   ,10003  F Hi' 3 tlfcomctif n 

Figure 81.     KONPACT-1 Input Data to Produce F24TT Plus 
Controller Model  (Continued) 
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: 
*mvm   - 

-I 
FNO 
C NAHE LIST n»I* 
OUT'UT 

29 DI29I 
30 MOO) 

FNO 
STO» 

cWOOT IMP «OOEL EHUOR PATE FOB « 
CQDOI IMP HOOEL tMOH R«TE ^0« 0 
•Jl AILERON OPTIMAL CONTROL IMPUT 
U2 IWBOAPO ELEV OPTIMAL CONTROL INPUT 

f 
■ 

Figure 81.   KONPACT-1 Input Data to Produce F24TT Plus 
Controller Model  (Concluded) 
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CONDK 
NAM=   ■»! 
NKH=   '0 
NÜH=     * 

r^w<*->tmmmm*i*mM^^ &*« t^im^m^w**?**** 

Figure 82.   Figure 83 Precompiler Data (KONPACT-1) 

(KONPACT-l Output is Shown in Figure 90) 
••• INPUT 0«T« C«RnS ••• 

P1\HJ   INPUT n«T« 
P^IVT OUTPUT DAT» 
CONTINUATION SUN 
SEfERENCE 
STSTEX NO 6 OVERALL SYSTt»» H f""»1»« ♦ «EOUCEO CONTPOLLE») 
END 
C DEFINE OVrP«LL ST^TE« nESIW MOnEl. 
SrSTEN NO 6 OVEt*«LL SYStr»« II f»t<**   ♦ »FOUCED CONTROLLE») DESIGN XODEL 
»CONOITIONIMC. D»T» 
C NO SC»LINr, DAT* 

END 
C RESo0NSE HpECIfICATIO'« 
SELECT CONTROL INPUTS 
1H 11iU(?l. 
SELECT GUST INPUTS 
Ulftl .Ui )> . 
CONS'IUCT DESIGN «ESPONSFS 
scpTi'Oin'M^itRi^M.RiD.ei*» .«non isi.4(si>i4(r<i «xnor 116» tRmiimLMisi« 
a(<it.»(i')i.<(iM.R(ii)«Hii?(.»n).«ii3»t»tii.).«(»i«i»'iSi.»u«»)««is).R(iT).R(is), 
X 1*1 .Rl 191 • 'lü(il .XI71 .XI«) •B(?7» .3{^«l ta<ail .?(?9I .Sl-JO) . 
SELECT SENS IB OUTPUTS 
»(?SI.«(18l->;(?'.I.X(ll.X(«I.MlSI-«(ln.«!3l-»IS).0|'<.I.X(6l-X(«>«H(2'j». 
RI?6) «x i IOI 'Xi i?i tx (i^i •r levti-xtZni. 
ENI 
C REDUCTION AND SMUErtlNr, DATA 
RETAIN STATtS 
« (1 l -» < lfc> . I 1^61-X (>A) ,» , 1 »I • ' < ^'il •' I IHl-> (,>(.! . 

END 
REFERENCE 
SYSTEM NO ft OVEWALL SYSTfH I I ft*»T • REDUCED CDNTROLLESl 
END 
C DEEINE OVFOALL SYSTf»« DESIGN MOnEL 
SYSTEM NO 6 OVERALL SYSTEM (I E'tcT . «FQUCED CONTROLLE"» OtSICN MODEL 
♦ CONOITIONI'iG DATA 
C NO SCALING DATA 
FNO 
C B£SD0NS.E SPECIFICAIIOM«; 
SELECT CONT >OL INPUTS 
UllitU(?). 
SELECT GUST INPUTS 
U"4> .U( 1> . 

CONSTRUCT DESIGN RESPONSFS 
X<?7).R(|).w(?),H(?f.i,Bni,B(*t.»n01l)Si1-'ISt.X(6> .«IDT (1«>>«WIT>«R(«»««(15). 
fi(<»l.R(>0).«(l6>.R(in.HU?l.xni.R'li>>w<l<»<>*1<*,»*"15t.R(l6>««l5>.i*llT).RI(S». 
X(6l.Rll'9l.&l?0>.XlTl.Xlhl.u<?Tl.3(?HI.Rt?l>^l:'<»)«W'101, 
SELECT SENSOR OUTPUTS 
X(?51.«llRI-Xia<.i,Xlll.X<i»).X(lSl .XII7).»«1l-XIS),R(?<.I.X16l-XI*»i.Wli5l. 
RI?*)<XI ta< «xii^t .xi I<>I t< I?A)-X(?<II , 
END 
C  REDUCTION  AND  SHUFFUNr.  DATA 
DETAIN  STATES 
X(|t-XU'>l «« (?61-Xl?«» .x (17i .» ( '5i t> (l«l-« I?<>1 . 
END 
RcFEMENCt: 
SYSTEM  NO  ft  OVEMALL   SYSH«   II   F»i.TT   •   Rf-JCSi»  CINTROttE'l 
END 
C  DEFINE  OVERALL   SYSTEM  DESIGN MOnEL 
SYSTEM  NO  ft  OVERALL   SYSTf»   (I   F'fcTT   .   HFOJCEO  CONTROLLESI»   DESIGN  MODEL 
»CONOITIONI'iG  DATA 

Figure 83.   KONPACT-1 Input Data to Produce F24RR Plus 
Reduced Controller Model 
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C NO SCALING 0»T» 
END 
C «ESPONSE SPECIFICATIONS 
SELECT CONTROL INPUTS 
UI|)>U(2I. 
SELECT OUST INPUTS 
U(*tiU(3t. 
CONSTRUCT DeSIGN RESPONSES 
*(27t>R(n>Rl?t<P(2AI.R(3)>R(*)tXDOT(lS)>P(S)>ftr6).xm}T(16l<ft(Tl>R(RllX(lS)> 
Rl9l>R(IO)>V<l6ltR(ll)<Rll2liXO),Rr|3>«R(|k)tXI«t«Rl|S)<RlltliX(5)tll(IT)tRMSt> 
X(«laR(|9l>R<2»l<XITliX(SI>f((ZT)>R(2e)<l)l2l)<P(2«)iROei. 
SELECT SENSO» OUTPUTS 
X|25ltXII«|.XI2*I.X(ll.X(9liX(15)-XIIT)>>0|-«(Slfl((24)»XI6l-X(a)<AI2SI> 
ll(26>>Xlt0)<X(l2)<XII4l«x(26l-X<2a). 
tnn 
C REDUCTION «NO SMUfTLINO DAT* 
RETAIN STATES 
X(|l-XII6)iX(2«l-XI28)<Xi|7)<XI?Sl<«Uai-X(2«). 
END 
STOP 

Figure 83.   KONPACT-1 Input Data to Produce F24RR Plus 
Reduced Controller Model    (Concluded) 
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C   DESIGN  USrNG  DU«   TOR   THE  Of «ONSTRATIOM  E««MHLt 
C  RE»0  FOR  WHAT  PHOGHAH   (   DtAK.^FOCLSA   )   THE  D4U   IS 
«01*«   0»T» 
C PEAD   ir  0*T»   IS  ON CARDS OHur  0f( ON CAWS  «Hu  TuPE 
0»T»  ON  C»R'iS  *NO  TAPE 
C !f DATA Is ON CARPS »Nn TjPr ottv   THE LAHtL TO 0«T«IN DAT« ON TAPE 
SYSTEM NO 6 OVERALL SYSTE.M (( rj«pR . «tOJCfn ONTROLCER) DESIGN «CDEL 
C READ DATE AND USER ID 
JAN t0> 7S   J K MAMFSH 
C NOP - NO IF WARIAflLES t>FINF. PL^TTIIJ 

C READ NOP 
0 

C GO TO 100 IF NOP.FO.O 
C READ (PLPin.ITITLUt.UNtTdl.yMlNin.r^AKMI.iCALin.I'I.NOPt 
C READ T.OT.STtTl.Ta 
C 100 CONTINUE 
C READ INAX.ITER.ITFPO 
7|>I5 0 
C NOCOW»! NO COVARIAMCE ANALYSIS 
C N0C0V>2 COVARIANCE ANALYSIS 
C N0C0V»1 SKIP CORHtLATTON ANALYSIS 
C N5TEP»0 No STEP INPUTS 
C NSTF1»«! STEP COHMAHDS 
C NSTE^»? STEP GUSTS 
Z  NSTEP»3 BOTH 11 AND 21 
.'.   NSTEP«* NO STEP INPUTS - TRANSIENTS ONLY 
C :;"ANO«0 NO RANDOM INPUTS 
C N^AND«! GUSTS 
C NPRIN'O 00 NOT PRINT «ESPONSES 
C NPR|N«| PRINT RESPONSES 
C N»UOT»0 NO PLOTS 
C N»LOT.i CALCOHP PLOTS 
C N»LOT.' LINE PRlNTfcR PLOTS 
C NBLOT-1 BOTH (I ANO ?1 
C »EAO N0C0«.NSTCP.NRAN0INPR1N.NPL0I 
3 0*00 

C INPX«! NEtf INPUT GAINS 
C SNPK«? NEW STARTING ROUTIHE GAINS 
C INPIU3 USE GAINS IN STORAGE 
C INPX.i. USt INPUT GAINS IN ST0,7«r.E 
C READ INPK 

I 
C NCONT»0 OONOT CONBIITF OPTIMAL GAlKS - llSC INPUT GAtNS ANO DATA IN 
C        COVARIANCE AND TIHC »ESPOMSE ANALYSIS ONLY 
C HCOST»! CO^UTE OPTINAi. GAINS 
C NCONT«? COHPUTE OPTIMAL GAINS MtTH AUTOMATIC a SELECTION ON CONTROL RAT 
C READ NCONT 

I 
C READ FLIGHT CONDITION NUMnER 
*m«i 
t  NX « NO Or STATES 
C N« - NO OF RESPONSES 
C NU - NO OF CONTROI, INPUTS 
C NN - NO OF DISTURBANCE INPUTS 
C W - MO OF FEEDBACK STATES 
C NO - NO OF OUST INPUTS 
C NCS - NO OF COMMAND INPUTS > NO OF COMMAND STATES 
C NOLG - NO OF GUST LIFT GRIKTH STATES 
C NSCRR - START Or CONTROL »ATt RESPONSE IN THE RESPONSE VECTOR 
C READ NX.NRfNU.NN.Nr.NG.NCS»NGLG.NSCRR 
7837 »mo» «13 
C 00 TO <••♦ IF INRK.r,T.| 

Figure 84.   KONPACT-2 Input Data (Employing DIAK to 
Compute Optimal State Feedback Gains) 
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"■-"■■   ■■.-■-.-.,■■■.. ■■■'■■■■    ■ «h».wm«,UHI»W 

C  READ   (NORnlII.I>l,NX) 

C  «00  CONTIMUE 
C  r   IS  ST«Tf   T«»NSITIPN  M*TBIX 
HkO  T»BC frB M*TI»I«  r 
C Gl IS CONTROL INPUT H»T«IX 
»E»0 T*PE roP M«TRI« fij 
C f.? IS DISTURBANCE INPUT M»TRI)( 
READ TAPE FOP MATRIX.C2 
C XI IS INITIAL CONDITION MATRIX 
BEAD CARD FOB MATRIX X» 

C XLOXL IS STATE LIMIT - BATF UMU MATRIX 
READ CARD Fi1R MATRIX XLn»L 

C CL IS COMMAND LEVEL MATRIX 
READ CARD FflP MATRIX CL 

C M IS STATr RESPONSF MATRIX 
READ TAPE FnR MATRIX H 
C D IS CONTROL RFSPONSE MAlWIX 
READ TAPE FoP MATRIX f> 
C AM IS MEASUREMENT MATRIX 
READ TAPE FOR MATRIX AM 
C BK IS INITIAL FEEDBACK RAIN MATJI« 
READ CARD FoR MATRIX RK 
lit .2*»10 E OJ 126 .UMObE 11 12« .13SW>0F 01 
2 I ,«0?*l)''F 00 ?IT .p«0ftT4E 00 »21-.942JO0F-OI ??2 .IIMBOC «I 

C 0 IS OUAD^ATIC KEIOMTS MATRIX 
READ CARD F'lR MATRIX 0 

I I .10000 F 01 ? ? .KIMIOCE-U ? 1 .ino000C-OB T 7 .SOOOOOE 0*1010 .600000E «6 
|7I7 .75000-E-I3ISIB .14j:C3E-lu2.^J . 10O0O0E-1 «121 .lOOOOOEM 12323 .2tMtOE-13 
2*24 .20000 r-ll?*?». .8vnOOCE-I3?^/ .IOOOOVr-102929 .2eoOOOE-l23030 .ZOfMOC-l« 
3333 .IOOOOJE 013*3* .lOhDOftE Itl 

C IOUM«0 ANOTHER RUN 
C IOUM«t NO MORE RUNS 
C READ IOUM 
1 
END OF 01AK DATA 
»STOP 

Figure 84.   KONPACT-2 Input Data (Employing DIAK to Compute 
Optimal State Feedback Gains)  (Concluded) 
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MOCIEL 

'l9?r,Vl?'?12<.2S?fr'''^a 

c pfsn rnu    ^ar PBOO-V.M   I  niA^.rh'-it.i.fA >  Tif.  üur«  js 
»rroc n/iTA 
c PfAn if D'T* is ON CADI'S  "i'JLr 01   IN o-(;)s ftso TA^F. 
D/.TA   ON   CAW-S   AHO   TAöC 
r   IF   DATA   I-   ON  CARPi^   A'l.i   TA°'-   '■r.f.u   HE   LA'*'.!.   11  O^MIN   D«TA  Oil 
SVSTf«  NO  6  OVFfJAU.   <!YST''!J   ((   f^-K   ♦   ^HiJCitl  C0NT><0| Lf ^ I   ÜtSK-N 
C    MA«   -   MAlMUCI   NO   OF    UföUHOV   SOLUtlON   I lE-iA I lO^Si 
C  NIT«   -  MA<IMU"  "0  OF   COST   CAl.Ci'LAI I0'N5 
C  NOP^sO  US'   PWOJFCT'D   O^AOIF'JT 
C  NSP1*»!   00:01   USr   puijjrrTr^   r,pi,i)|f'.T 
C  NOCOV»!   Mi  COVAPIA'irF   fMALYSIS 
c NOCOV=? C"v/APiÄNrr AN.\I YMS 
C  NOCOV'l  S-IP   CnoPtLATION   AVAL^tS 
C  NBEOIN.OT.f.   TEST  FOB  L.»t«*f   1*CiHf  0*1 F|<sr   W<*»S»t|HT   01'  LAMOA 
C  NBfr.INs«!    IO   TFST 
C   PEAO    lMA)(.NITM.'IOP'>.hlOrflV.I.|-<f.-;lv 

?J   9   U   3   1 
C  NX   -   NO  Of   STATFS 
C  N1?   -   NO  Or   -IFSPONSrS 
C  NU  -  NO  Of   CONTPOL   INPUTS 
C  NN  -  NO  O1-   OISTMPOA.Nfr   ffWUTS 
C  NFF   -  NO  Tfj)  FORslAPD  HtST'f. 
C  NF  -   NO  0^  FIXED  OAINS 
C   BEAD   NX.NJ.NU.K'N.NFFiNF 
?337   ?   ?   "   •» 
C PEAD (NOBiMIl .I»1."IXI 

1 ? 3 <•   9 * 7 H 91 01 11 ? \ •• 141 s K, 1 7 
C E'SI - INITIAL STfP SI?F 
C REAO EPS1 
.ÜOUOE 00 

C AJSTAR - ! OWEST COST FtPEFTFü 
C REAO AJSTsR 
.BSSAF 0? 

C O^OC - OESIBFO RATIO Or COSTS 
C READ DROC 

.HOOF oi 
C  ALAM  -   INTEGRATION  PARAMETr^ 
C  OELT   -   INTEGRATION  STEP   SIZE 
C   ALAMO  -  L^WER   HOIINO  ON  LAMßA  rtp   fHt  PRESENT   PUN 
C  RfTAD  ALAM. OELT. AL A"» 

• loooe oi  .?oo.rE oo »swcf oo 
C IF - FIXE" GAIN ROW INDEX 
C JF - FIXED r.AIN COLUMN INDEX 
C READ (ITdl.JFID.Isl.MF) 
111 126 12"   2 I ?IT ??1 ??? 

READ TAPE FDR MATRIX F 
REAO TAPE FOR MATRIX 01 
READ TAPE F"R MATRIX 02 
READ TAPE F;)R MATRIX H 
HEAD TAPE FOR MATRIX 0 
READ TAPE FOB MATRIX AM 
READ CARD FOB MATRIX 0 

1 1 .ROOOO.E 01 2 2 .lUVjOat-lt) 3 1 . lOOUOUE-O'J 7 7 .SOOOOut O'.IOIO 
1717 ,75000JE-I3181R .ifr^fl'SE-iftljIA«! . 10U000E-I32l?l . lOOOOOE-l 12323 

0(1000E-102'»29 .2000(»OC-1?3030 

LA'DA 

2<.2i. ,20000rtE-n7626 .8(n<>Cf.E-l 3?727 
3333 .10000'F 013<.3<> .lOcOOQE 01 

.600000E 

.200000E- 
,200000E- 

06 
13 
10 

READ TAPE FDR MATRIX AKr,(OPTIMAL BICCATI GAINS) 
GAINS MATRl« FOR CASE  1 
REAO CASO FOP MATRIX AK(R1(U) 

READ CARD FOR MATRIX HMK?) 

C IF (ALAM.r,T..<»<>) GO TO 100 
C 100 CONTINUE 
END OF FFCC DATA 
»STOP 

Figure 85.     KONPACT-2 Input Data (Employing FFOC to 
Compute Reduced Feedback Gains) 
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, ^fic^t^säsar*^^' ^'te*'**''-''^--"'1^ '■'■'■■- ■■"■^'■"■'-■■.■■■i-..i^;- - ,. 

c PESir.N DS 
C »SAß FOR 
»DIAK DATA 
C READ IE n 
OATA O^J CAP 
C IE DATA I 
SYSTEM SO ft 
C REAn DA1E 
JAN 13t 75 
r NOP - NO 
C »EAd MOP 

12 
C GO TO 100 
C REÄO 

2 
3 
7 

13 

IHE,  ÜIAK   fO»   IWg   D*WW«!T»ATION  f«AMkLE 
■•HAT  PRnr.tAM   (   niAK.rr-iC.LSA   i   TIE  liAfA   K, 

iTA   IS  OM   TA^ns   n'ILV   0»   VI  CArfÜS   -iMu   TAPE 
"S   AND  TAPE 
5   ON  CARPS   A'(n   T.-.cp   PEAIJ  THE   f.rttL   13   OBTAIN  OATA   ON   TAPE 

OVERALL   SYSTTM   ((   F?«JH   ♦   REtWCfÖ  CONT.)Oi tf.*!   DESIt.N  MOUEL 
ANO  IISEP   ID 

J   K   MAHCSH 
T   VARIABLES   'ilW   PLOTT-J 

(PLR 

Tl 
DELADOT 
DELE 100T 
DELA 
OELEI 
ALPHA 

0 
ETA1 
ETA3 
eTA6 
OELEO 

C READ T.DT 
(>.D 

C 1U0 CONTI 
C REAO IMAX 
0 0 0 

C N0C0V=1 N 
NOCOV«? C 
N0COV33 S 
NSTEPüO N 
NSTER«! S 
NSTFP»? S 
NSTEP=3 B 
NSTEP»* N 
N5AND«Ü N 
N^ANOül r. 
NPHIN«0 0' 
NORINsl P 
NPLOTien N 
N=LOTai C 
N'LOTs? L 
NBL0T=3 B 
READ NOCO 
110 12 

c nPK=i H£ 
C l'JPKs? NE 
C   IVtP<»3   US 
C IMP< = '.. US 
C READ INPK 

1 
C NCO'<T.C 0. 
c     c 
C NCONT»! C 
C NCONT«? C 
C READ NCON 

IF NOP.E'i.o 

l II «ITITL (1) •nNIKll .VM';( 1 ) .VMA«! I) .SCAL' II .1 = 1.NOP) 

13 
16 
35 
39 
1.6 
(.7 
Sv 
57 

•ST.Tl.T' 

'HJE 
. HER. ITE^O 

><0* o. a ■uO 

COVARIA'-iCE tMAI rS!-i 
VARIANCE ANALYSIS 
IP CORRELATION ANALYSIS 
STEP INBIiTS 

ER COMMANDS 
FP GUSTS 
TH (1 AND ?1 

STEP INPUTS - TrtAhSIfNTS ONLY 
RANDOM INPUTS 

srs 
NOT PRINT E,^SPOf-Sf.S 
]NT RFSD-VJSES 
PLOTS 
LCÜMP PLOTS 
NE PWINTFP P|, DTs 
TH (1 AND ?.] 
.NSTER.NRAMD.NPi-Ifl.'iPuilT 

INRUT GAINS 
START1N'-. POhTp.,.- OAIM« 

'"IAINS tf!   ST.-^Aii.- 
JNPUT r,AINS IM STOKAr.f: 

iMOT COMPUTE OPTIMAL I'Al-lS - USE INRJT r,«iNS AND DATA IN 
iVARIANCE «ND TH-.-, ►iraOilfSE '.MALYSIS a\'LY 
"PUTE OBTtMA|  nsl»;«, 

MPUIE OPTIMAL r,AIN'i .»IT" AUTO^iUC 3 ^KL^CT ION -JN   CONTROL H ATES 

C READ ELir-'T CONDITION Ml»«> 

Figure 86.     KONPACT-2 Input Data (Employing DIAK to 
Evaluate Time Responses) 

221 

^w^^-ss^ 



• :  „W..I«..V-«-«*J««»*-W-W«"
V
»

!
   ■ 

'.|?3'J1 
C NX   -  MO  9«   ST4TtS 
C  N?  -  NO  ()■■  wtbPONS?S 
C  NU  •  NO  Of   CONTROL   TNfnTS 
C NN  -  NO Of   OISTtlH^dNCF   INOUTS 
C  NF  -  NO Or   FEFDfiAC«   ST,1TF¥ 
C  NG  -  NO  Or   fjUST   INPUTS 
C MCS -  NO "F  COMMAND   TNf.iiTc   ■   •.,) QC   tOwxflNJ  ^TATtS 
C   NC-LC,  -  Nu  OF   CUST   LtFT   GROWTH  SIAItS 
C  NSC1"»  -  SlfHT   OF   roNTBot   SATi   R^S^OilS1*   IN  IHL  ^FSW.NnE   VtCTOH 
C   BF40   NX.Ni.NII.NN.NF.N'i.NCS.Nl.L'i.N^C1'!' 
?«37  ?  ??7   ..   1   a  7 
C  r,0  TO  ?n<)   'if   INPK.fiT.I 
C  »EAO   (NORur-.IsI.'SX) 

t   I   3 4  3  *   t  8   9lull l:,l?Ui,>lbi■'l-l<<^;?^^3^^•^-?^^7'H^l 
C  ?0U  rONTI MJF 
C F   IS  STAT'   TMAMSITION  "AT.ylx 
READ  T4SE  F'P  MATPIX   F 
C  Gl   IS  CONTROL   INPUT   fATi'Ix 
READ  TAPE   F"«   M»I4U   M 
C  G?   IS  DlSlURflANCL   INPMI'   »At9tX 
REAO  TAPE   F'P  MATRIX   P? 
C  XI   IS   INI HAL   CONDITIO',  «'T&IX 
READ  CARD  F'>P  MATRIX   XI 

C   XLOXL   IS  STATE   LIMIT   -   RA'- 
READ  CARD  F. P  MATRIX   XI.D>L 

Lli'T   MAfai« 

C CL   IS  COM'JNO LFV^L   MAIRI» 
READ  CARU  F-R  MATRIX   CL 

1   l-.gHW  F   9S 

C  H  IS  STAT>    RES^ONSt:  MAtRp 
READ  TAPE  F iR  MATRIX   M 
C 0   IS  CONT-OL  RFSPC'SC   '»4»!* 
READ  TAPE  F iR  MATRIX   I) 
C  AN   IS MEA-.URFMENT  UAT-n« 
READ  TAPE   F'R  MATRIX   AM 
C  B<   IS   INITIAL   FEED'-'AC*   GAIN ,M/,T-1« 
READ  CAPO F >U  MATRIX   fiK 

lU-,7ftl?0  F  Cl   I'tt   .IlPfcu'''   ;"   t?-   .IRh^tluF  i; 1 
?   I   .017HC  E  'J!   217   ..f.^Sf-S.;   i-:i   >?l-.hai,iOilF-,rl   ??? ,Uä,oo<.oE 01 

C 0 IS aUMJ- AT1C ^■K-rtTS MAI 
READ CARD F 'P MATRIX t 

C IDUMsü AN'iTHFH RUN 
C ID'JMil NO MURE RUNS 
C READ lOUM 
I 
FND OF  DIAK   OATA 
*5T0P 

MX 

I 

" 

Figure 86.     KONPACT-2 Input Data (Employing DIAK to 
Evaluate Time Responses)  (Concluded) 
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if-fM-i»-?..*.« 

C  DESIGN  USING  DU*   FO*   THE   56«ONSTK*TIf>N   E^s^^LE 
C  READ  TO«    'HAT   POOr.SAM   (   DIOK.rnC.LSA   '   T'f   UM«   I". 
tola* OATA 
C  "»EAD   IF   OiiT«   IS  DM  tASi.S   I'fLt   0 
DATA  ON  CAR iS  A>)D  TABE 
C   IF   DATA    I-,   ON   CAÄD^   AND   T/IPr   Of MJ   tM 
SYSTF«  NO  6  OVEHALL  SYSTEM   ((   Fo^j^i 
C  BEAD  DATE   AND  USE»   IU 
JAN   10.   7S       d  R   MAHCSH 
C   NOP   -   NU   IF   VURIJflt.FS   ci-Mr,   P1.0tt*( 
C  READ  NOP 

■N   CdVUS   A\ii)   TUPE 

LAH'.L   IS   O^TlIN   OA1A   ON   IAPE 
Rt.tWCtl  CONTrfül.Lt^i   DESIGN   «OOEL 

C   GO   TO   100   IF   NOP.FD.n 
C  READ   (PLRin.ITITLITt .MMITU) .Y'Mv(|).Y'U)un.SCAL(n.T»i.NOPt 
C  READ  T.DT.ST.Tl.T» 
C   100  CONTIiME 
C READ   IMAX.ITEW.ITFBy 
?vlS  0 
c NOCOV«! NO covARiA'ire «MALYSIS 
C NOCOV«? CWAHIANCE ANALYSIS 
C NOCOV«1 S'lP CORWfLATI"'! '■■iALYSI'J 
C NSTEPsO NO STEP INPUTS 
C NSTEP«! STEP COMMANDS 
C NSTEP»? STEP GUST:, 
C  NSTEP'l  BDTH   (I   AND   ?l 
C NSTEP«*  H"  STEP   INPUTS  -   TRANilFNTS  ONLY 
C  NRANO«0  NT  RANDO»   INPUTS 
C  N^AND=1   G'tSTS 
C  N»RINi=0   D^l  NOT   PPI'-I   KfSPO'iSES 
C  N'RINäl   P^INT   RFSPONSFS 
C  N»LOT=0  NO  PLOTS 
C NBLOT«! CM.COMP PLOTS 
C N»10T«? LINE PRINTFB P| OTi 
C NRLOT«! BOTH (I AMD ?i 
C READ NOCOi/«MSTEp»NRAN!),NPf l\|,r.,PtOT 
3 0 0 0 0 

C INPK«! NE;' INPUT RAIiJS 
C INPK»? MS* STARTING ROHTlNc GAT'S 
C INPK«! USr GAINS IN STORAGE 
C INPMi. USf INPUT GAINS IN STORAGE 
C READ 1NPK 

1 
C NCONT«0 DINOT COMOMTF OPTTM'.L Gd'iS - USr IMP'JT GAINS AND DATA IN 
C        C'WARIANCE AND Tlr-r WES"0 JSt" ANALYSlb ONLY 
C NCONT»! COMPUTE OPTIMA). GAINS 
C NCONT«? COMPUTE OPTIMAL GftlNS KIT" AUUKATir fj   SELFCYION ON CONTROL »»AT 
C READ NCONT 

I 
C READ FLIGHT CONDITION MUMPER 
M230S 

NX - NO OF STATES 
NR - NO OF RESPONSES 
NU - NO Or CONTROL INPUTS 
NN - NO Or DISTURnANCE INOKTS 
NF - NO OF FEEDBACK STATES 
NG - NO OF OUST INPUTS 
NCS - NO OF COMMAND INPUTS * NO OF COMMAND STATES 
NGLG - NO OF OUST LIFT GROWTH STATES 
NSCRR - START OF CONTROL PATE RfS^ONSE I'l THE RESPONSE VECTOR 
READ NX.N->.NU.NNtNF.NC.NCS.NGLG,NSCRR 

?«37 2 ??e u  6 on 
C GO TO ?0» TF INPK.GT.I 

Figure 87.     KONPACT-2 Input Data (Employing DIAK to 
Evaluate Covariance Responses) 
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y-y^v^rü'   /■■■,;:' ^«^^'«^/)M^-^..----^^.o^^KW^^ffil^^ ■  V.   :■.■■    ■   ■ 

C f»E»D (NORiini.I^I.NX» 
i ? 3 » s A 7 8 9lolU'l1U^sl6lrlB|-*^fl?l^??^^4?5^6^7^'l 

£ ZM CONTINUE 
C f IS STATf TRANSITION H*TPI« 
(»f*0 TAPE riB HATPM f 
C 61 IS CONTROL INPUT "»ATRIX 
READ TAPE fnp MATRIX «1 
C 0? IS DISTURBANCE INPUT MAttfU 

.tEAD TAPt.fOR HATPIN 0? 
C «I IS INITIAL CONDITION MiTRI« 
BEAD CARD Er)R MATRI« »I 

C XLOXL IS STATE LIMIT - PATE LIMrT MATPM 
READ CARD FnR MATRIX «LD«L 

C'CLIS CoilMAMO LEVEL MATRIX 
«CAD CARD ffiR MATRIX CL 

C H IS STATF RESPONSF MATRIX 
READ TAPE EOR MATRIX H 
C O IS COHlROC RESPONSE HAlRIX 
KAO TARE E-iR MATRI« 0 
C AN IS NCAStACMCMT MATRIX 
«CAS TAPE fnR MATRIX AM 
C ■« IS INITIAL rECDRACK r.AJN MATetx 
READ CARD EOR MATRIX RK 

C • If OUAOPATIC HCinMTS MATRIX 
MCAO CAM fOR MATRIX 0 
.1 i «MMtoe ti f. z .uea*oe-io 3 3 
|7|T  *TS«M9F-t3l8IS   .lOfitOOC-iOitiC 
7««*   *I*MtflE-lie«?6   .R0(<»0CE-!)?727 

-JXU- »UiAAOt  «U*3»   JCcfiOnE  l»l -.. 

C tOUN-R «MOTHCR RUN 
. c tmmmt MO WMC RUNS 

C READ  IOUW 
I 

.lOeOOBE-R«  T  7 
iooooi)E-n?i?i 

.StOOOOE  0*1010   .60000SE 06 
ir00eoE-IU323   .;00900E-13 

.|00'>OOF.>IO?<)29  .200UROE-1330JO   .ZOOOWC-IO 

MT» 

Figure 87.   KONPACT-2 Input Data (Employing DIAK to 
Evaluate Covariance Responses   (Concluded) 
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c is* INPUT nm 
«LS* OAT» 
C RE»0 tr 0*T» IS ON CARDS ONLY OR ON CAHDS »XO TAPE 
OATA OH  CARDS AND TAPE 
C If OATA IS OH CARDS A«p T*pe HEAD TH: LASEl. TO OBTAIN DATA ON TAPE 
STSTEX NO A PLANT-r*20 ( CONVERTED ^LEASTAB C5A A/C . ACTUATO* • 60ST MODEL » 
C INSERT DATA ON CAPDS I' ANT 

C NAKE LIST DATA EOR LSA 
NAME 
M 0 UEIDOT UE300T UEAMI UESOOT UEoUOT UCTOOT 
UEAOOT UE4D0T UEIOHOT UEMOOT uEiaooT UE1300T UEIAOOT ueisooT 
UEI600T UEI ues ue* UES UE6 UE7 ue« 
UE9 UCIO UCII DEI 2. UEI 3 Ut|* UE1S UEI« 
«A «Et <FO 0I P? P3 Pfc P5 
Pi KO • 1 Tl B? rt 03 T3 
BA T4 IS TS 3103T imoT B2DOT T2D0T 
B3D9T TJDOT o*OOT TfcOOT B503T TSDOT ALPHA OCG 
DEL A OIL El DELEO •R HOOT A2IF A21R AFUS 
TfuS UpELA UDFLfl UOELEf ETAS 
END or LSA DATA 
♦ STOP 

Figure 88.   KONPACT-2 Input Data (to Prepare Frequency 
Domain Data for LSA Program) 
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■ :■■:■ ■---■      ■■ 

• 

OiT*   '•-fi»  LS« (Sro4T/-w«5ri 
lOrNTlFICAT JONMfTS.'.  Mlü 

»»IMT   =,rSTFM   kilTfrl« 
COMDUTF   P'JL?S 
COMPD'E   /tROSCl/'F'-ftfil 
COMPU1F   BSD 
PLOT   "SOaiNESP.n.l.lc. 
C0MP(JTF  /ePnS(Tl/!:T4r,> 
COMPUTE  PSO 
PLOT   ^SUtLlNEA^.O.).)' , 
COMPUTE   ZEPftSlll/'li'tlt.) 
CPMPUiF  PSD 
PLOT   JSO(LrNlEA3«.*.i 11". 
COMPUTE   ZE*05(n/.,rELU 
COMPUTE psn 
PLOT °<iu(Li'<EAP<,';.' •! i. 
COMPU'E   ^EPOSial/'lJl'EL^l 
COHPU'E  PSD 
PLOT   ^OCLINEAI-u.l«! <. 
COMPUTE  ZEPOSiTl/UOFLfI 
COMPUTE  PSD 
PLOT   ^SO(LT''!EAJ.,l.!,)(i, 
COMPUTE   ZEROS (O/ET«»}) 
COMPU'E  PSD 
PLOT  r^D(LIf!EAa.i).l.li). 
COMPUTF   ZEPOSIO/UOrLAl 
COMPUTE PSD 
PLOT ^sDarwp.rt.r.i'.. 
COMPUTE  Z£ROS(n/!IOELEI) 
COMPUTE  PSO 
PLOT  oSDILItJEAP,«,!,!". 
COMPUTE   ZEPOS(itE3/FTA(il 
COMPUTE PSD 
PLOT '■'SIJ(LfNEA0'',.t.n. 
COMPUTE  ZE»OS(lir3/ijOFLA 
COMPUTE  PSD 
PLOT  PSOILlNEAP.nl.lO. 
COMPU'E   ZePOS(UE3/|iOELE 
COMPUTE  PSD 
PLOT   "SOdlNEAP.U.I.l". 
END 

■J»C 

i .«.3E l.") 

• '.JE 1«J) 

J...0F 17) 

.UOE II) 

r.-.OE 17) 

iri.it is) 

..7.ft) 

■ i I ..)E OS) 

»«0 . itt.öE  li«»l 

) 
• •'.tiE-Ol) 

I) 
•i.tE 0»» 

a. (■. »■".UE  6*1 

■ 

Figure 89,     LSA Input Data (to Evaluate Power Spectral Density) 
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I 

SECTION VII 

CONCLUSIONS AND RECOMMENDATIONS 

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/ 

LSA data be reinvestigated and refined to meet the torsional moment con- 

straint and phase/gain margin requirements. 
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