
AD-A096 597 BOEING MIL ITARY 
AIRPLANE CO SEATTLE 

WA 
F/ 1/3

ANALYSIS OF EJECTION SEAT STABILITY USING EASY PROGRAM. VOLUME -ETC(U)
SEP AG C L WEST, B R UMMEL, R F YURCZYK F33615 79-C-3407

UNCL7ASSIFIED AFWAL-TR-BI 3014 VOL-1 NL4II E IEEEEEEEEEEEEEEEEEEEEEEE
IEEEEEEEEEEEEE
EIIIEEEEEEIIEE
EIIIIEEEEEIIEE
EIIIhIIIhhEIhE
IEIIEIhEEEIhEE



I E
AFWAL-TR-80 -3014
VOLUME I

ANALYSIS OF EJECTION SEAT STABILITY USING EASY PROGRAM

SChristopher L. West

Brian R. Ummel

Roger F. Yurczyk

Boeing Military Airplane Company F

P.O. Box 3707 C-
Seattle, Washington 98124. - ,

SEPTEMBER 1980

Final Report for Period May 1979 to September 1980

Approved for public release; distribution unlimited

p Flight Dynamics Laboratory

C Air Force Wright Aeronautical Laboratory

C Air Force Systems Command

W Wright-Patterson Air Force Base, Ohio 45433

81 3 17 031

. A. . I



NOTICE

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever, and the fact that the
government may have formulated, furnished, or in any way supplied the
said drawings, specifications, or other data, is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

This technical report has been reviewed and is approved for publica-
tion.

LANNY A. IINES \ 41AMES M. PETERS, Acting Chief
Project Engineer Aircrew Escape Group

Crew Escape & Subsystems Branch
Vehicle Equipment Division *

FOR THE COMMANDER

AMBROSE B. NUTT
Director
Vehicle Equipment Division

"If your address has changed, if you wish to be removed from our
mailing list, or if the addressee is no longer employed by your organiza-
tion please notify AFWAL/FIER, Wright-Patterson AFB, OH 45433 to help us
maintain a current mailing list."

Copies of this report should not be returned unless return is required
by security considerations, contractual obligations, or notice on a specific
document.

AIR FORCE/56780/17 February 1981 - 75

AL2



-"--d .. . . ..- ....... - .... -- -.. .. . .I

SECURITy ASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS

BEFORE COMPLETING FORM
2.TGOVT ACCESSION NO. 3. C L R

It dav~ft" #Re-&W PERIOD COVERED

)NALYSIS OF'EJECTION SEAT STABILITY USING EASY Final re , - , V
PY,ROGRAMa ~ ' May W79-ft SepokMM,

YVOLUME 1. .. PEROMING ORG. REPORT NuMBW

0. CONTRACT OR GRANT NUMBER(s)

Christopher L.IWest
Brian R.. Ummel F33615-79-C-34 7
Roger F.i'Yurczyk / "

~Bflt'"Ir.:e - 2_--'. .. N NAMEA ADDRESS to. PROGRAM ELEMENT. PROJECT. TASK
AREA A WORK UNIT NUMBERS

Boeing Military Airplane Company

11. CONTROLLING OFFICE NAME AND ADDRESS & " . 3Flight Dynamics Laboratory ' SepIllM066P.,]#H .

Air Force Wright Aeronautical Laboratories Is. NUMBER OF PAGESAir Force Systems Command, WPAFB, Ohio 45433 675

14. MONITORING AGENCY NAME & ADORESS(It different from Conttolling Office) IS. SECURITY CLASS. (of this report)

Unclassified

1S.. DECLASSIFICATION,'DOWNGRAOING

Co 
SCHEDULE

16. DISTRIBUTION STATEMENT (of thi. Report)

STATEMENT A - "Approved for public release; distribution unlimited."

17. DISTRIBUTION STATEMENT (of the abetrt entered In Block 20, if different from Report)

is. SUPPLEMENTARY NOTES

VOLUME I containing the source code listing of the EASY5 computer program is
proprietary data to Boeing Military Airplane Company for a three year period
following the completion of the contract, unless restriction agreement
renewed by Contractor and Controlling office.

1S. KEY WORDS (Continue on revete cide it necessary and Identify by block number)

Computer Simulation
Stability & Control
Ejection Seat

20. ABSTRACT (Continuo an reverse side If neceeeary and Identify by block number)

.High performance combat aircraft have extended the maneuvering/operating range
into regimes that exceed the capabilities of current ejection seat systems.
One of the problems encountered involves the unstable rotational characteristic!
of the typical ejection seat, resulting in a decreased probability of survival
due to the reorientation of the ejecting crewmember into an dttitude less toler-
ant to acceleration. Furthermore, an unstable ejection seat may neither clear
the airframe, nor provide adequate ground clearance. The capability to simulat
the trajectory of an escape system, and to determine its stability

DD I jAN7 1473 EDITION O" I NOV65IS O1SOLETE

SECURITY CLASSIFICATION OF THIS PAGE (When Dce Entered)

'+Li413 -i



SECURITY CLASSIFICATION OF TNfS PAGE(Wh1en Deo Entered)

#20 continued.
,characteristics using classical stability and control methods, is required to
enhance the development of both active and passive stability augmentation
systems.

The Simulation and Analysis of In-Flight Escape System Techniques (SAFEST)
computer program, developed by the AFFDL for the analysis of occupied ejection
seat stability characteristics, is a six degree of freedom simulation of an
ejection system. SAFEST uses a fourth order Runge-Kutta integrator with a fixed
time step to calculate the trajectories for the seat/man, man alone, airplane,
drag parachute, and the recovery parachute. However, SAFEST does not have the
capability to perform classical stability analyses.

The EASY program, originally developed by Boeing under Air Force Contract, is a
general purpose program for the linear and nonlinear analysis of system dyna-
mics using classical techniques. It has been used to model a variety of systems
including environmental control systems, aircraft flight controls and dynamics,
space vehicle dynamics, electrical power generation, rapid transit vehicles and
air cushion landing systems.

The objective of this development effort was to develop an ejection seat classi-
cal stability analysis capability by incorporating SAFEST simulation subroutines
into the EASY~standard component library. The resultant computer program des-
cribed in this User Manual/document is EASY And SAFEST Integration for the
Evaluation of Stability and Trajectory (EASIEST).

Although EASY was originally developed under contract to the Air Force, addi-
tional Boeing funded research and development effort was undertaken to improve
the program and increase its capability. The resultant improved version, EASY5,
formed the basis for development of EASIEST. Because these added capabilities
were developed using Boeing funds, they remain proprietary to the Boeing
Company. Therefore, the program documentation/user manual is contained in two
volumes. ,Volume I is a "stand-alone' user manual describing the EASIEST program
characteristics and complete information on the use of the program and how to
apply it to ejection seat dynamics and control analysis. It contains listings
of the procedure files, models, analysis, standard components, and subroutines.
Volume II is Boeing proprietary and contains only the source code listings of
EASY5.

SECURITY CLASSIFICATION OF '1415 PAGE14, Dot. Enmed)



FOREWORD

This report describes research work performed by the Boeing Military
Airplane Company, Seattle, Washington, for the Flight Dynamics Laboratory,
Air Force Wright Aeronautical Laboratory, Wright-Patterson Air Force Base,

Ohio, under Contract No. F33615-79-C-3407, Project 2402, "Vehicle Equip-

ment Technology," work unit 24020328, "Ejection Seat Stability and Controlr

Analytical Computer Program." Project engineer for the contract was Lanny

A. Jines, AFWAL/FIER. This research work is part of an effort to develop

an escape system computer simulation for performance analysis of ejection

seat dynamics during escape. This report is in two volumes and combines

the technical report and user manual. Volume I is the EASIEST "stand
alone" user manual. Volume II contains the Boeing proprietary EASY5 source
code. Volume II shall not be disclosed outside of Government agencies for

a three-year period following completion of this contract and may be
extended for an additional three-year period or successive three-year
periods, by agreement between The Boeing Company and the Government.

The work reported herein was performed during the period of May 1979 to
September 1980.

Roger F. Yurczyk served as the program manager. The technical work was

performed by Christopher L. West and Brian R. Ummel, with consultation from
John D. Burroughs.
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SUMMARY

High performance combat aircraft have extended the maneuvering/operating

range into regimes that exceed the capabilities of current ejection seat

systems. One of the problems encountered involves the unstable rotational

characteristics of the typical ejection seat, resulting in a decreased

probability of survival due to the reorientation of the ejecting crew-

member into an attitude less tolerant to acceleration. Furthermore, an

unstable ejection seat may neither clear the airframe, nor provide

adequate ground clearance. The capability to simulate the trajectory of an

escape system, and to determine its stability characteristics using class-

ical stability and control methods, is required to enhance the development

of both active and passive stability augmentation systems.

The Simulation and Analysis of In-Flight Escape System Techniques (SAFEST)

computer program, developed by the AFFOL for the analysis of occupied

ejection seat stability characteristics, is a six-degree-of-freedom simu-

lation of an ejection system. SAFEST uses a fourth order Runge-Kutta

integrator with a fixed time step to calculate the trajectories for the

seat/man, man alone, airplane, drag parachute, and the recovery parachute.

However, SAFEST does not have the capability to perform classical stabil-

ity analyses.

The EASY program, originally developed by Boeing under Air Force Contract,

is a general purpose program for the linear and nonlinear analysis of

system dynamics using classical techniques. It has been used to model a

variety of systems, including environmental control systems, aircraft

flight controls and dynamics, space vehicle dynamics, electrical power

generation, rapid transit vehicles and air cushion landing systems.

The objective of this development effort was to develop an ejection seat

classical stability analysis capability by incorporating SAFEST simulation

subroutines into the EASY standard component library. The resultant com-

puter program described in this user manual/document is the EASY And SAFEST

Integration for the Evaluation of Stability and Trajectory (EASIEST).

xtii



Although EASY was originally developed under contract to the Air Force,

additional Boeing funded research and development effort was undertaken to

improve the program and increase its capability. The resultant improved

version, EASY5, formed the basis for development of EASIEST. Because these

added capabilities were developed using Boeing funds, they remain propri-

etary to The Boeing Company. Therefore, the program documentation/user

manual is contained in two volumes. Volume I is a "stand alone" user

manual describing the EASIEST program and complete information on the use

of the program and how to apply it to ejection seat dynamics and control

analysis. Volume II is Boeing proprietary and contains only the EASY5

source code.
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SECTION I

INTRODUCTION

The objective of the research work described in this document was to

develop a stability analysis capability for ejection seat performance.

This was accomplished by modifying ejection seat simulation subroutines

from an Air Force Flight Dynamics Laboratory (AFFDL) computer program,

Simulation and Analysis of In-Flight Escape System Techniques (SAFEST),

into a component library compatible with the EASY computer program. The

resultant computer program described in this document has been termed the

EASY and SAFEST Integration for the Evaluation of Stability and Trajectory

(EASIEST).

Technology improvements in advanced combat aircraft have expanded the

operational maneuvering envelope beyond the capability of current ejection

seats. The aerodynamic instability of ejection seats during entrance into

the air stream has led to tumbling, spinning, parachute shroud fouling, and

a variety of system failures. The resultant loads may exceed the tolerance

limits of the human body. Experience from combat aircraft involving fatal-

ities and severe injuries points to the need for the development of stable

ejection seats whose performance is designed to be within human tolerance

limits.

The AFFDL has an active technology program to enhance the stability of an

ejection seat. One aspect of the current technology has been the develop-

ment of SAFEST, an escape system computer program for performance analysis

of ejection seat dynamics. However, an ejection seat stability study

utilizing the SAFEST program demands numerous simulation runs. The

results obtained then require followup analytical data reduction to iden-

tify the system stability characteristics.

The EASY program was originally developed under an Air Force contract to

provide methods for modeling and analyzing aircraft environmental control

systems. In 1976, a second Air Force contract extended the application of

the program to include aircraft flight dynamics. Since October 1976, a

. .. . . . . .. . . . . . . . . . . . . .. .. ... . . .. . . I. I . ... i... . . . .. . . . . I I. . . .. " ... " .. |111



Boeing-f unded research and development effort has been undertaken to mod-

ify the program for use on a wide variety of control system analyses.
Additional effort during the last half of 1977 and 1978 resulted in the
development of the EASY5 program. The program now includes component
models for many types of vehicles and control components, matrix and vector
notation at all program levels, capability to model and analyze continuous

and discrete systems, larger modeling capacity, and the ability to store
time history data on magnetic tape, to name a few.

EASY5, with its additional capability, was used as the basis for the
development of EASIEST. Because the advanced features of EASY5 were devel-
oped by Boeing-funded research, they remain proprietary to the Boeing
Company. Therefore, the program has been documented in two separate
volumes. Volume I is a complete "stand alone" user manual. Volume II is

Boeing proprietary and contains only the listings of the EASY5 source code.

In the context of this document, EASY refers to the basic dynamics analysis
program (Model Generation Program and Analysis Program) as developed under

Air Force Contract F33615-76-C-3100 and modified under contract F33615-4
76-C-3165. EASY5 refers to the latest version of the EASY program which is
Boeing proprietary. EASIEST refers to the standard components and algo-

rithms developed specifically for ejiection seat system analysis.

The EASY5 program is a user oriented computer programn designed to provide a

simplified way to describe and analyze linear and nonlinear dynamic
systems. This simplified system description is then used for a wide
variety of system analyses including conventional linear analysis and non-

linear simulation. The EASY5 computer program consists of a Model Genera-

tion Program and an Analysis Program. Both continuous and sampled data
systems may be described and analyzed. The modeling of most of the systems
is accomplished by describing the system in terms of standard components
which are subroutines that model specific hardware items, like rate gyros,

or perform certain functions such as wind gust generation. The models of

these standard components have been constructed in a general fashion so
that by proper choice of input parameters and tables, a wide range of



specific, required system components can be modeled by each standard com-

ponent. If a portion of a particular system to be studied cannot be
described by using one of the standard components, FORTRAN statements can

be directly included in the model description to implement those portions

of the system. Using a simplified description of the system model, the
EASY5 Model Generation Program generates the required FORTRAN subroutines
which accurately represent the model in program form. This computer gener-
ated model can then be analyzed by any of thE nonlinear, linear, dynamic,
or steady state evaluation techniques available in the EASY5 Analysis
Program. The capabilities include the following:

o Algebraic sensitivity

0 Eigenvalue and Eigenvalue sensitivity* determination

o Frequency response (Bode, Nyquist, and Nichols plots)

o Linear model generation
o Nonlinear simulation (time histories)

0 Optimal control synthesis*

o Root locus*

o Stabi1i ty mar gins*
0 Stability matrix calculation

o Steady state analysis

*These analyses are not available for discrete systems.

Volume I of this document provides information on the use of the EASIEST

program and how to apply it to ejection seat dynamics and control analysis.
Section II of Volume I presents the details of how to use the Model
Generation Program to construct a model. Section III presents the details

of how to conduct a system analysis with the Analysis Program. It dis-

cusses how to input the model data, set initial conditions, designate plots
and to select the different analysis options. Section IV describes the
EASIEST components which are used to form the ejection seat dynamic models.
Section V contains the procedure for program execution. Section VI pre-

sents an ejection seat analysis example. Section VII describes the proce-
dure for the modification of a standard component. Section VIII contains a



discussion of the numerical integration options available. Section IX

presents a discussion of the methods used for discrete system analysis.

Lists of Model Generation and Analysis Program commands for easy reference

are available in Appendices A and B.

Appendix C presents a program checklist to help ensure that the program is

being properly utilized.

Appendix D contains input and output tables for all the EASIEST standard

components. Descriptive figures are also presented for the more complex

standard components.

Appendix E contains the listing of program AEROMED, a postprocessor which

calculates the aeromedical variables.

Appendix F contains a listing of the EASIEST procedure file.

Appendix G presents listings of the EASIEST standard components, and

Appendix H contains associated subroutine listings.

Appendix I has the FILOAD input data. FILOAD is a program which creates a

random access file from input data that defines the variable names on the

calling sequence for each standard component.

Appendix J contains the EASIEST F-4E maneuvering coefficients for the

airplane component.

Appendix K contains input and output tables for the EASY5 standard compo-

nents developed under previous contracts.

Appendices L and M present descriptions of analysis calculations and opti-

mal controller design, reproduced from Sections 4.4 and 4.5 of reference 1.

Appendix N presents a supplementary ejection seat analysis example.
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SECTION II

MODEL GENERATION

The EASY5 Model Generation Program uses a block diagram type of approach
for constructing the different system models. It is based upon the assump-
tion that the system analyst will construct a detailed schematic block

diagram of the system to be analyzed. This detailed schematic will then be
changed to a form containing standard components FORTRAN. The parts of a

system which cannot be modeled using these standard components are
included by appropriate FORTRAN statements in the system description.

All interconnections between the different standard components and the

aforementioned FORTRAN statements are accomplished by the Model Generation
Program. The analyst draws the block diagram by specifying the location of
each standard component or FORTRAN block in the schematic diagrama and all

of the components that provide inputs to that component. The Model Genera-
tion Program then generates name labels and the proper interconnections
between the specified components. This is accomplished by matching the
input quantities required by each component to the output quantities of the
components specified as providing inputs.

After processing the complete system model description, the Model Genera-

tion Program generates the schematic diagram of the model showing all of
the interconnections between the components in a mannner similar to the
analyst's original diagram. It shows the quantities such as forces,
moments, velocities, etc., that are used to form each interconnection.
This schematic is produced on the lineprinter and provides a rapid graphic

check on the program's interpretation of the model description.

In addition, the program produces a complete list of the input data that
will be required by each component to complete the model description. The

scalar and vector parameters and tabular data required for the analysis are
included in this list. The program assumes that any quantity not supplied

by another component will be supplied as a fixed parameter by the analyst.

5



Thus, requests for nonparameter items in the input data list reveal any
connections that have been omitted from the system model description.

1. NAMING CONVENTION

Every variable or state must have a unique name. FORTRAN limits these
to seven characters. For standard components, the name is associated with
the standard component name.

a. Standard Component Naming Conventions

All standard components are given names consisting of two char-

acters, the first of which is alphabetical. Thus we have LA for lag, CT
for catapult, SL for sled, etc. A specific component in a model is
distinguished from other components of the same type by adding one or two

more characters to the standard component name. These characters are
usually numeric but can also be alphabetical or blanks. For example, a

moodel using ten of the same type may have these components designated as:

LAl1, LA 2, LA3 ....... LA10

If matrix component notation is used, a single component may be defined as:

LA 1, N=10

This results in a single component LA I with a 10 vector assigned to those
inputs and outputs with variable array length capability.

b. State, Variable, Parameter, and Table Naming Conventions

A consistent approach has been taken to the naming of inputs and

outputs for standard components. This convention is denoted by Figure 1.

As described in the figure, the standard component name is shown as the
fourth and fifth character of the total element name. The last two char-
acters are used to distinguish between several of the same component. The

first three characters are used to designate the inputs and outputs of the

components. The specific names of the input and output quantities for the

6



INPUT/OUTPUT OR TABLE NAMES

PHYSICAL QUANTITY STANDARD SPECfFIC

OR TABLE NAME COMP. NAME COMP. IDENTIFIER

_ __--7 CHARACTER NAME

PORT NUMBER SPECIFIC COMP. NAME

(IF REQ'D)

Figure 1. Character Assignment in Input/Output or Table Name



EASIEST components are listed on Appendix D. If a variable is a vector,

subscripts must be added to the name when referring to a particular element

in the array. An example of this would be S2 LA09 (2).

All of the input, output, and tabular quantities required by each component

in a system model must have unique FORTRAN names. For standard components,
these quantities are given names consisting of up to three characters that

describe the physical quantity they represent. Since a single component

may have several inputs or outputs of the same physical type, the program

adds a "port" number as the second or third character of the physical
quantity name to prevent such a duplication.

The physical quantities that are outputs of a standard component are spe-

cifically identified by adding the four character name of that component to
the three character name of the physical quantity. In this way, unique

seven character FORTRAN names are generated for all output quantities of

the system model components. As an example, the output for standard

component LA23 would be 52 LA23.

Input quantities to a component that are generated by another component

carry the names of the component that generates them. Any inputs that are

not satisfied by other model components are assumed to be parameters and

are assigned the name of the component where they are an input.

If a component requires tabular data as an input, unique table names are
generated just as scalar input quantity names by adding the component name

to the table name. As an example, the input table for standard component

SR11 would be TRFSR11.

All parameter, variable, and state quantities are set as real quantities
even if their name starts with the FORTRAN integer letters 1, J, K, L,
M, N. Names added to the model via the ADD commands can consist of any
valid FORTRAN name of up to seven characters. These names must not dupli-

cate any name generated by the precompiler or other ADD statement.



2. MODEL DESCRIPTION

The Model Generation Program is a sophisticated precompiler which
accepts model description instructions, and uses them to generate a
FORTRAN model of the system. An EASY5 system model description contains

numeric values, standard component names, and standard input and output

quantity names. The instructions, referred to as "program commands," are

made up of one or more functionally descriptive words.

The EASY5 commands may be best understood by using an example to describe a

simple ejection seat model. The EASY5 system model description for it is

given in Table 1.

As is seen in Table 1, the model description consists of a series of

statements. Each statement specifies the location of each component in the

schematic diagram and a list of all of the components that provide inputs

to that component. The purpose of the location of the component in the

schematic is to allow the Model Generation Program to use the line printer

to draw a schematic of the model, such as shown in Figure 2. On the line

printer drawn schematic, the input quantities to each component are shown.

This can then be used to check functional flow for the diagram.

a. Phrases and Delimiters

The system model description is interpreted by the Model Genera-
tion Program from the comm~and phrases following the program commands. The

phrases must be separated by any one of the delimiter symbols shown in

Table 2.

Commients can be inserted in the model description or analysis data by
placing a "f*" in column 1. These data cards will be ignored by the Model

Generation or analysis programs.
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TABLE 2

EASY5 Command Phrase Delimiters

-equal sign

comua

(left parenthesis

)right parenthesis

three or more blanks

b. Commiand Phrases

The EASY5 command phrases are described in this section. They

are presented in a sequence similar to that in which they would be used in

system model descriptions. For easy reference, they are listed at the end
of this section in alphabetical order and in Appendix A.

MODEL DESCRIPTION

The MODEL DESCRIPTION program command is used to indicate the start of a
new system model. This command may be followed, on the same line, by a
title of up to 60 characters. This title will be used throughout the
printout to identify various program output schematics and program list-

ings. In the example shown in Table 1., the title is "MODEL CONTAINING AG,
SL, RL, CT, SE, RS, AND CE COMPONENTS".

LOCATION

The LOCATION program comm~and indicates the start of a new component in the
system model. This conmmand must be followed by a numeric value phrase that

specifies the location of the component on the model schematic. Thus, in

the example of Table 1, the location number of the component AG is 029 and
component SE is 055, etc. To be a valid component location, the last two

digits of this number must be a number between 1 and 80. The unit column of
this number refers to a column on the schematic, while the tens column
refers to a row. The hundreds column is used to specify additional pages,

12



if needed, for the schematic. Thus the numbers which would be valid

location numbers for components on the first page, PAGE 0, of a system

schematic are:

001, 013, 051, 080

These same locations on the second page of the schematic, PAGE 1, would be:

101, 113, 151, 180

The location number phrase is followed by the name of the component at that

location. A LOCATION command must be given only once for each component.

This means that once a LOCATION statement is started for a component, the

complete description of that component must be given.

Certain components have variable length vectors associated with them. The

number of elements in these vectors can be specified by providing a compon-

ent dimension statement, N= or M=. Examples of this are:

LOCATION=002 LG I N=3 INPUTS=....

LOCATION=524 SM N=12 INPUTS=....

LOCATION=913 IM N=3,M=4 INPUTS= ....

The N or M command must be the next command following the component name in

the location statement. The phrase following the N or M command must be a

number which specifies the dimensions of the arrays used by the component.

The N or M commands can be applied to only those standard components which

are designated to be capable of vector or matrix use as shown in the

standard components lists contained in Appendix K. (None of the EASIEST

components described in Appendix 0 require this command.)

Two characters immediately following the component name are used to desig-

nate multiple occurences of the same type of component within the model

description. Thus the following are all valid component identifiers:

13



LG 1 LG15 LGIN LG2

This implies four occurences of the component LG.

Component arrays can also be identified in the same fashion.

LG1,N=3 LG15,N=4 LG2,N=5 LG,N=3

The above example identifies different distinctive lag filters with dimen-

sions of 3, 4, 5, and 3 respectively. In each of the above examples, the

Model Generation Program will use the blank space as a character in identi-

fying the components. Thus LG 1 and LG1 are different components.

If a portion of a system cannot be conveniently modeled using standard
components, a block of FORTRAN statements may be used. The location of the
FORTRAN block in the system schematic diagram is specified by using the
component name FORT. The use of this technique is described in the FORTRAN
STATEMENTS section.

INPUTS

The INPUTS command indicates that the comma separated phrases following
this commvand contain the names of the components that provide the necessary
inputs to the component at that location.

In order to better understand the ways to connect component inputs and
outputs, a description of these characteristics is needed. Figure 3 shows

the three typical types of components and their connections. The first

example in this figure shows an input/output configuration that has one
input and one output, both designated by the letter S. Part 1 specifies

the input, while part 2 the output. This type of component usually per-

forms a mathematical operation. A second type of input/output configura-

tion is also used for components that model specific physical items. For

these components, the labels represent quantities that have a definitive
meaning. Component TO in Figure 3 is an example of this. The input

14



WO (3)

TO3)W3
TD EA(3)

Figure 3. Typical Component Connections
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quantity, T, is a vector which represents the torque applied to the
vehicle. The output quantities are the vectors WD, angular acceleration,
W, angular rate and EA, Euler angle. A third type of component has
multiple inputs and/or outputs designated by S with a port associated with
it. Component SW in Figure 3 is an example of this type. Extra care must

be used defining the inputs and output connections to this device to assure
proper signal hookup.

Between the components, three different levels of connection specification
can be used in a model description:

1. Default (only component names are specified)

Connections are made between all unconnected inputs and outputs to
the first ports where a match of physical quantity names occurs. (Non-
port inputs and outputs are also connected if a name match occurs.)
For example:

LOCATION =045 SE INPUTS =RL

2. Ports Specified

Connections are made between matching physical quantities for all
unconnected inputs and outputs of the specified ports. (Non-port
inputs and outputs are also connected if a name match occurs.) For

example:

LOCATION = 045 SE INPUTS = RL (1=1)

3. Physical Quantities Specified

Connections are made between only those quantities specified. Pre-

vious connections cannot be over-ridden. For example:

LOCATION = 045 RS INPUTS = SE (SRP=XPB)

For many components, the input and output are single quantities and their

connections can be made through the program default option without speci-

fying the variable names. Thus, in the following example, component LG 1

at location 002 receives inputs from component MC 1:

16



LOCATION=002 LG 1 N=3 INPUTS:MC I

In this example, the command phrase INPUTS is followed by a component name

MC 1. The output name of MC and the input to the LG component have the same

name, i.e., "S". Under this condition, no instruction other than speci-

fying the input component is required.

For some components, there are multiple input and/or output "ports", which

require the use of port numbers (SI, S2, S3, S4 etc.). The designation of

these port numbers are defined in the standard components input/output

lists. For multiple input ports, the port number must be specified as part

of the INPUTS statement as shown in the following example:

LOCATION=11O MC 1 INPUTS=IT I(S=S,1), TF I(S=S,3)

It must be noted that the output quantity comes first, followed by the

INPUT quantity name and port designation.

Port numbers refer to different physical connection points on a standard

component. Once a connection is made between a port, such as port 2, of

one component to another port, such as port 1, of a second component,

inputs and outputs for ports other than I and 2 will not be connected even

though they may have matching physical quantity names.

Some standard components can be used with variable dimensions. This fea-

ture allows the array length of a standard component with this capability

to be specified. Thus, in the following example, the multiply and add

component MC 1 and integrator components IT 1 and IT 2 are each defined to

have three vectors as their inputs and outputs. The INPUTS function

connects the three integrator outputs (IT 1) to the port 1 inputs and the

integrator outputs (IT 2) to the port 3 inputs as shown in the following

example:

LOCATION=052 MC 1 N=3 INPUTS=IT 1(S=S,1),IT 2(S=S,3)

17



LOCATION=032 IT 1 N=3 INPUTS=MC I(S=S)

LOCATION=072 IT 2 N=3 INPUTS=MC I(S=S)

If the input ports are not specified, the program default option will make

the port selection in the order that they appear in the standard components

list description. Thus, the following coding example would have accom-

plished the same objective.

LOCATION=052 MC 1 N=3 INPUTS=IT 1, IT 2

LOCATION-032 IT 1 N=3 INPUTS=MC 1

LOCATION--072 IT 2 N=3 INPUTS=MC I

For certain components, such as control elements, the inputs to the compo-

nent can be any physical quantity in the model. For these components, the

input component names must be supplemented by the name of the particular

output quantity that is to provide the input. As an example, consider a

component that represents a linear first order lag transfer function. If

the transfer function component's output, S, is to be the input tcique, T,

of the seat equations of motion, then the following statement would indi-

cate to the program that, of the outputs of LG 1, S was to be used as the

input, T, to the Seat Equations of Motion, SE 1:

LOCATION=005 SE 1 INPUTS=LG I(S=T)

Input/output quantities may be either scalar, vector, or two dimensional

arrays. Connections between array quantities are checked for compatible

dimensions by the EASY5 Model Generation Program precompiler. An element

of an output array can be used to drive a scalar input. Such a connection

can be specified as:

LOCATION--043 LA INPUTS=MM(A(2,3)=S)

18



Here A is a two dimensional array output by a component MM. Element 2, 3 of

this array will drive input S of component LA. Numeric values following an

output quantity array name are assumed to be element designations if

enclosed in parenthesis. If any other delimiter is used, they are assumed

to be port designations.

Inputs to standard components from FORTRAN blocks are provided by using the

name FORT for the component name in the input expression, i.e.:

LOCATION=024 LA INPUTS=FORT(COMP2(2)=S)

The FORTRAN component subscripted output quantity COMP2(2) will be con-

nected to the input, S, of the standard component, LA. A discussion of

using FORTRAN components is provided in the FORTRAN section. If a standard

component is driven by both standard components and FORTRAN blocks, the

standard component inputs must be specified before the FORT inputs.

Inputs to FORTRAN blocks may be either the outputs of standard components

or the outputs of other FORTRAN blocks. Since the FORTRAN blocks do not

have predefined input quantity names, the format used for specifying their

inputs is different than that used for standard components. The complete

name of the output quantities providing the inputs are required. The

output names must contain enough information to uniquely define the source

of the input. Thus, the complete output name of any standard component

output must be given, i.e.:

LOCATION=63 FORT INPUTS=S2 LA, PITCH, ROLL

Here the quantity S2 LA is the output of the standard component LA. PITCH

and ROLL are the outputs of some other FORTRAN block. The above INPUTS

statement refers to the output of the scalar LA component as S2 LA, not S,2

LA. The output quantity names must always be defined this way for use in

FORTRAN component inputs since the EASY precompiler would interpret S, 2 LA

as two separate input names.
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FORTRAN STATEMENTS

The FORTRAN STATEMENTS program command allows the system analyst to sup-
plemnent the standard EASY5 components with FORTRAN statements. Using this

feature, the analyst can introduce his own program logic, DO loops, etc.,
as necessary to model any system not conveniently described with standard

EASY5 components. Using this feature of the program, the analyst must
perform many of the detailed connections and naming of variables that are
normally accomplished by the EASY5 program. In return for these added

tasks, the analyst gains a great deal of freedom and flexibility in forming

details of his system model. To add a block of FORTRAN statements to the

model, have it drawn on the schematic and included in implicit equation
checking, the following convention must be used:

0 A LOCATION statement with the component name FORT is placed
before the FORTRAN STATEMENTS command. Input variables are
specified by giving their names following the TINPUTS command as

described previously. These names may be either standard compo-
nent output names or the outputs of other FORTRAN components,
but must conform to the convention defined above.

0 Outputs are specified by placing the ADD VARIABLES command fol-

lowing the INPUTS command. These quantities, either scalar or

matrix or a combination, will be added to the model and assigned
as outputs from the specific FORTRAN component. These output
names may have up to seven characters.

o Parameter values, either scalar or matrix, are specified by the

ADD PARAMETERS or ADD TABLES commands. These commands are added
after the ADD VARIABLES command. These quantities will be added

to the model and their values will be set in the Analysis Pro-
gram. Parameter and table names may also have up to seven

characters.

Thus the form for each FORTRAN component is:
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LOCATION=063 FORT INPUTS=S2 LA,ALPHA

ADD VARIABLES=BETA,GAMMA(3,3)

ADD PARAMETERS=COEFFS(3,2),GAIN

ADD TABLES=AEROTAB(250),3,AIRDATA(500),1

FORTRAN STATEMENTS

The lines before the FORTRAN STATEMENTS command (except ADD PARAMETERS and

ADD TABLES) are required to specify the schematic location and the inputs

and outputs to the block. If all of these are omitted, the FORTRAN

statements will not appear in the schematic and will not be included in the

implicit equation checking, which is described later under END OF MODEL.

Only those quantities designated by ADD VARIABLES can be visibly connected

to other standard components or FORTRAN blocks. The ADD commands are

discussed next and details of the model schematic drawing appear in Sec-

tion 11.3. The ADD commands are used instead of dimension statements for

the terms too be used in the FORTRAN statements. The FORTRAN statements

can then include any FORTRAN IV required to describe the item being mod-

eled. To simplify a number of these statements, a matrix arithmetic

language has been developed which can be used within the FORTRAN statements

to simplify the model description. A complete description of the matrix

macro language is contained in Section IV.

ADD VARIABLES

ADD PARAMETERS

ADD TABLES

The ADD commands are used in conjunction with the FORTRAN STATEMENTS com-

mand to add variables, parameters, and tables that occur within the user

supplied FORTRAN statements, to the EASY5 generated system model.
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Quantities that are not specified by one of these commands cannot be
accessed or manipulated by the EASY5 Analysis Program. See the examples in
the FORTRAN section above for the proper order and use of the LOCATION,
INPUTS, ADD, and FORTRAN STATEMENTS commands. Before discussing these

commnands, a few definitions of the terms are in order.

Variables: Variables are all dynamic time varying scalar or matrix quan-

tities in the system model that are not states. In general,
variables are related to states by fixed algebraic relation-

shi ps.

Parameters: Parameters are constant scalar or matrix quantities in the
system model. Parameters can be manipulated by the analyst

to alter the system model. Default values are provided for

certain parameters. The parameter values are set during the

analysis option of the program.

Tables: Tables are constant nonscalar quantities in the system model.
Tables are used to represent algebraic functional relation-
ships with one, two or three independent variables. All

table values are input as part of the analysis option of the

program.

The format for the ADD commands is that the command is followed by one or

more phrases that contain the names of the variables, parameters, or
tables. These names must be unique. All parameter, and variable quanti

ties are typed as Real quantities even if their name starts with the
FORTRAN integer letters 1, J, K, L, M, or N. Names added to the model via
the ADD commnands can consist of any valid FORTRAN name of up to seven
characters. These names must not duplicate any name generated by the
precompiler or another add statement. Variables or parameters may be
scalar, vector, or two dimension arrays. The integrator components, IT or
IN, should be used to define the state variables for the new component
applications if additional states are required. The integrator compor'ents

are straight forward in their use for adding new differential equations to
be solved.
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Matrix parameters are added to the model by placing dimension information,

enclosed in parenthesis, after the parameter name, e.g.,
.1

ADD PARAMETERS=ARRAY(3,6) COEF(6) . . .

Note: The ( and ) delimiters must be used to enclose dimension informa-

tion. Dimensions must be between 1 and 99.

Matrix outputs are created by placing dimension information, enclosed in

parenthesis, after the quantity names, e.g.,

ADD VARIABLES=VAR(3,2)

In addition to each table name, two numbers which specify the amount of
storage to be allocated for the table and the number of independent vari-

ables must follow the table name. Thus to add three tables to a model, the

instruction would be:

ADD TABLES=AEROTAB(i20)2, TARGET(260)3, NOISE(500)1

This would add the two dimensional table AEROTAB with 120 words of storage;

the three dimensional table TARGET with 260 words of storage; and the one

dimensional table NOISE with 500 words of storage. The amount of storage

is given by the formula:

where N= I + J + K + D

N= the total storage required by the table, in words.

I= the number of data points in the first independent variable

table.

J= the number of data points in the second independent vari-

able table. (J=O if there is only one independent vari-

able.)

K= the number of data points in the third independent variable

table (K=O if there are only one or two independent vari-

ables.)
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D= the number of data points in the dependent variable table.

D=I if there is only one independent variable.

D=I*J if there are two independent variables.

D=I*J*K if there are three independent variables.

TABLE DIMENSIONS

The TABLE DIMENSIONS command can be used to specify Standard Component

table dimensions. This is used when the default value for a Standard

Component's table; as specified in the input/output lists, is too large or

too small. This may be used as shown in the following example.

LOCATION=27 FV INPUTS=LA1, LA2

TABLE DIMENSIONS=FTAFV=500

The TABLE DIMENSIONS command in this example would increase the data stor-

age for table FTA of the component FV from the default value of 171 to 500

words.

O.C. INPUTS

O.C. OUTPUTS

The O.C. INPUTS, O.C. OUTPUTS, and other commands starting with the letters

"O.C." are used to include an optirTdl controller in the system model. A

complete description of the calculation methods and theoretical basis for

the optimal controller are presented in Appendix N. An optimal controller

is a general purpose control component which can have an arbitrary number

of inputs and outputs. It is, therefore, necessary for the system analyst

to specify the identity of each optimal controller input and output. This

is done using the O.C. INPUTS and O.C. OUTPUTS commands rather than the

INPUTS command that is used for the other components. Optimal controller

inputs are output quantities, either variables or states, from components

which are used to sense the response of the system being controlled.

Optimal controller outputs are in;'ut quantities, either variables or
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parameters, to components that serve as the actuators to the system being

controlled.

0.0. CRITERIA

The 0.C. CRITERIA command is used to specify those output quantities from
the components that are to be used as the criteria for designing the
optimal controller. These quantities are specified in the same format as

O.C. INPUTS. If no 0.C. CRITERIA are specified, the 0.0. INPUTS are used
as the design criteria. A complete discussion of the use of O.C. CRITERIA
is given in Appendix M.

0.C. ORDER

The D.C. ORDER command can be used to specify the order of the optimal
controller. If the optimal controller order is not specified, it will be
taken as the order of the system model. This will result in a total system
order, (optimal controller plus system model), that is twice the order of
the system model. In most cases, such a high order optimal controller is
unnecessarily complex and impractical. The D.C. ORDER is Ilimited to values
between zero and the system model order.

D.C. MODEL ORDER

The 0.C. MODEL ORDER command can be used to specify that a model order
lower than that of the given system model, be used for the optimal con-
troller design. This command is used when optimal controllers are to be
designed for high order systems. By using a lower order model, the com-
puter memory requirements and computation time can be greatly reduced. A
complete discussion of the use of reduced model orders is given in Section

4.4 of reference 1. This section is reproduced in Appendix N.

0.0. ANALYSIS

The 0.C. ANALYSIS commwTand is used to specify that computer memory require-
ments provided in the system need only be large enough for the analysis of
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an optimal controller. The memory required to analyze a system with an
optimal controller is considerably less than that required to do an optimal
controller design. Thus, if the purpose of a run is to analyze the
performance of an optimal controller which was designed on a previous run,

the O.C. ANALYSIS command can be used to reduce computing costs and flow
time.

END OF MODEL

The END OF MODEL command phrase indicates that model description has been

completed and that the Model Generation Program should proceed with the
generation of the model subroutines. As part of the subroutine generation,-
the model components are checked for implicit relationships. An implicit

relationship occurs when a variable is used as an input to a component
before it has been calculated. This can occur if a variable is used as an
input to a component that preceeds the component that generates the vari-

able. Implicit relations such as this can often be resolved by reordering

the sequence of the components in the model. If such reordering occurs, a

warning message is printed identifying the components affected. It is

possible to create models in which the implicit relationships cannot be
resolved by such a reordering. In this case, a warning message will be
printed stating that analysis results will be invalid. The implicit rela-

tionship must then be resolved by changing this model. Changes such as

placing an additional state in the implicit loop or solving the implicit

relationship algebraically can be used.

PRINT

The PRINT command phrase causes the program to: (1) draw a schematic of
the system model, as shown in Figure 2, (2) print a l ist of input require-
ments for the model; and (3) print a source listing of the FORTRAN subrou-
tines that were generated for the model. The Model Generation Program then
terminates.
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LIST STANDARD COMPONENTS

The LIST STANDARD COMPONENTS command phrase causes the program to print a

list of all standard components. For each standard component, lists of
inputs, outputs, and tables for that component are provided. For each

input, the physical quantity name and port number is given. For each

output, the physical quantity name, port number, and the word STATE is

given, if the quantity is a state. For each table, the table name, the
number of independent variables and the default value for data storage is

provided. This commnand is usually given as the first command of a model
description and will result in a list of all standard component information
as the first output from the Model Generation Program.

PRINT STATEMENTS

The simulation operation of the EASY5 Analysis Program has several print
output options. Most of these, as described in Section III, consist of
fixed formats such as: all states, all variables, or a user furnished list
of variables. An additional option is to execute a set of user furnished

print statements. These print statements are specified as part of the
model description via the PRINT STATEMENTS commnand. The PRINT STATEMENTS

command must be followed by valid FORTRAN statements. These statements

will be executed only when the Analysis program PRINT CONTROL = 8 is
specified along with the desired print output periods. In general, only

FORTRAN PRINT, WRITE, and FORMAT statements would be included as PRINT
STATEMENTS. However, other valid FORTRAN statements can be included if
additional calculations or control logic is desired. Any state, rate,

variable, or parameter in the model is available for use in the PRINT
STATEMENTS. The PRINT STATEMENTS commiand can appear only once in a model,

anywhere between the MODEL DESCRIPTION and END OF MODEL commands. An

example of the PRINT STATEMENT commvand is given below:

PRINT STATEMENTS

WRITE (6,111) AMISS, XLOC, YLOC, TIME

I11 FORMAT (MISS DISTANCE = ,G12.5, *AT XX = ,G12.5,

1 *AND Y =,G12.5, 3X, *TIME = G12.5)
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DEBUG

The DEBUG conmmand may be used to place print statements between each

Standard Component in the model. These print statements will be executed

only when the PRINT command is given to the Analysis Program. The printout
that occurs will be that specified by the PRINT CONTROL command. This

command is very helpful in locating the cause of arithmetic errors in a
model. This command should be placed before the END OF MODEL ccommand. It

should be removed from the model description once the model is free of

arithmetic errors.

ALPHABETICAL LIST OF COMMANDS

ADD PARAMETERS

ADD TABLES

ADD VARIABLES

DEBUG

END OF MODEL

FORTRAN STATEMENTS

INPUTS

LIST STANDARD COMPONENTS

LOCATION
MODEL DESCRIPTION

O.C. ANALYSIS

O.C. CRITERIA

O.C. INPUTS

O.C. MODEL ORDER

O.C. ORDER

O.C. OUTPUTS

PRINT

PRINT STATEMENTS

TABLE DIMENSION
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3. MODEL SCHEMATIC

The Model Generation Program produces a schematic diagram of the

system being modeled. This schematic is generated on the line printer with

the computer printout. Its purpose it to provide a means of rapidly

locating errors in the model description.

In order to construct a schematic diagram in an efficient manner with a

reasonable size program, it was necessary to establish some simple rules

for symbol generation, component connection paths, and labeling. If these

rules are kept in mind when laying out a schematic for the system, the

EASYS produced schematic will match that developed by the analyst. If the

rules are violated by the analyst's schematic, the EASY5 schematic will

still be correct but may contain some unusual component connection paths,

and some labeling information may be overwritten.

a. Standard Schematic Form

The EASY5 schematic diagrams are produced on a standard 11" by

14" lineprinter page with 80 component locations per page. A standard form

containing only the location numbers can be obtained by executing the EASY5

Model Generation Program with the single program command, PRINT. This form

can then be reproduced and the copies used as forms for drawing system

model schematics.

b. Input Quantity Labeling

The names of the physical quantities that are input to one

component from another component are listed adjacent to the downstream

component symbol. The physical quantity name, i.e., first three charac-

ters of the quantity being driven, is also given. These labels are placed

near the connecting line that joins the two components. Since these names

are composed of the physical quantity name and the name of the component

that generates the information, the source of the input is evident from the

name itself. Parameter and tabular inputs to a component are not shown on

the schematic.
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C. Component Connection Paths

In order to simplify the EASY5 schematic drawing subroutine,

it was necessary to limit the types of connecting paths between components

to a few basic routes. These paths are shown in Figure 4. Connections

between components on the same horizontal or vertical line are straight-

forward. However, connections between components that do not share a
horizontal or vertical line require at least a two segment path. These

paths have been arbitrarily chosen to follow a clockwise route. It is,

therefore, advisable that components that are on diagonal locations be

placed in a clockwise sequence. If counterclockwise flow between compo-

nents is necessary, it can be accommodated by placing the components on the

same horizontal or vertical lines. The EASY5 schematic drawing subroutine
does not go around components that are on a connection path. Such compo-

nents are "run-over" by the connecting line.

d. Additional Pages

The EASY5 schematic diagram may be broken down into as many
pages as are necessary. No attempt is made to draw connecting paths
between components located on different pages. It is, therefore, advis-

able to minimize the number of connecting paths between pages. This can

usually be done by grouping components with many interconnections on the

same page and placing page boundaries between such groups of components.

e. Guidelines For Schematic Layout

The following guidelines will help in creating schematic lay-

outs that can be easily produced by the Model Generation Program.

0 Try to place connected components on the same horizontal or vertical

line.

o Avoid placing components on adjacent location points.

o Place diagonal components so that flow is clockwise.

o Group components to minimize flow paths between pages.
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4. WARNING MESSAGES

One or more of the following warning messages will occur if the

program is unable to interpret a portion of the model description or

encounters problems in assembling the system model. These messages will be

preceded by: ***WARNING*** or ***NOTICE***. The symbols xxx and zzz are

used to indicate phrases from the model description that are included as

part of the warning message. The following messages are listed in alpha-
betical order:

1. ADD COMMAND MUST FOLLOW A "LOCATION=N FORT" COMMAND

The ADD VARIABLES command must follow a FORTRAN component location com-

mand.

2. CAN'T IDENTIFY SOURCE OF xxx INPUT TO LOCATION U

Cannot locate the source of xxx which is an input to component at loca-

tion U.

3. CAN'T IDENTIFY xxx AS A STANDARD COMPONENT.

xxx will contain the first two characters of the phrase which cannot be

identified as a command or standard component. This message will often

follow other warning messages as the program makes successive attempts to

interpret the given phrase.

4. CAN'T IDENTIFY xxx AS A VALID INPUT TO zzz

The input quantity xxx for component zzz cannot be identified. t

5. CAN'T IDENTIFY xxx AS A VALID OUTPUT FROM zzz

The quantity xxx cannot be identified as an output from zzz.
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6. CAN'T LOCATE FORTRAN COMPONENT xxx

Cannot locate FORTRAN component xxx statements.

7. CAN'T LOCATE O.C. INPUT, xxx, WILL RENAME AS: zzz

Check spelling of name xxx or that the quantity xxx has been renamed as a

result of being driven by another component. h
8. CAN'T LOCATE O.C. OUTPUT, xxx

Check spelling of name xxx.

9. COMPONENT xxx DEFINITION WASN'T COMPLETED BEFORE STARTING THE DEFINI-

TION OF COMPONENT zzz

The command INPUTS was not given between the component names xxx and zzz.

Check for proper spelling of INPUTS and a valid delimiter after the phrase

xxx.

10. COMPONENT xxx HAS ALREADY BEEN DEFINED

11. CROSS PRODUCT IS ONLY DEFINED FOR 3 VECTORS

12. DIMENSIONS HAVE NOT BEEN GIVEN FOR xxx

Dimensions of input matrices must be defined before being used in a matrix

expression.

13. DIMENSIONS OF xxx AND zzz ARE INCOMPATIBLE

Dimensions of input matrices in matrix expressions are incompatible.

14. DIMENSIONS OF xxx DO NOT MATCH THOSE OF zzz

Dimension mismatch occurred during interconnection of matrices.
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15. LOCATION NO. xxx FOR COMPONENT zzz HAS LAST TWO DIGITS OUTSIDE THE

ALLOWABLE RANGE 1 TO 80. NO SYMBOL WILL BE PLACED IN SCHEMATIC FOR

THIS COMPONENT

This message will occur at the end of the model description for a component

zzz which has an invalid location number. The system model may still be

valid, but the schematic will not contain this component.

16. MATRIX xxx IS BEING DRIVEN BY A SCALAR QUANTITY zzz

This is likely to produce erroneous results.

17. MODES CANNOT BE SPECIFIED FOR COMPONENT xxx

The dimensions statements N=, M= can only be used on designated components.

18. NO OPTIMAL CONTROL INPUTS WERE SPECIFIED

Check that "O.C. INPUTS" command was used to specify optimal inputs.

19. NO OPTIMAL CONTROL OUTPUTS WERE SPECIFIED

Check that "O.C. OUTPUTS" command was used to specify optimal controller

outputs.

20. NO xxx OUTPUTS MATCH UNSATISFIED zzz INPUTS

Check that it was intended to drive component zzz with component xxx or

that the inputs to zzz have been previously satisfied by other component

connections.

21. O.C. MODEL ORDER CANNOT BE SPECIFIED GREATER THAN MODEL ORDER

O.C. model order will be set to n.
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22. O.C. ORDER CANNOT BE SPECIFIED GREATER THAN MODEL ORDER

O.C. order will be set to n.

23. ONLY 63 INPUTS + OUTPUTS ARE ALLOWED

Each component is limited to 63 inputs + outputs.

24. ONLY 100 VARIABLE DIMENSION COMPONENTS ARE ALLOWED

Only 100 variable dimension components are allowed in a given model.

25. SCALAR QUANTITY xxx IS BEING DRIVEN BY MATRIX zzz

The first element of matrix will be used to drive the scalar.

26. SYNTAX ERROR

Syntax error occurred in matrix expression.

27. TABLE NAME xxx MUST BE FOLLOWED BY A NUMERIC DIMENSION RATHER THAN zzz

When using the ADD TABLES command, it is necessary to provide !.he maximum

amount of storage to be allocated for the table as well as the table name.

This storage value must be a numeric quantity.

28. THE FOLLOWING COMPONENTS FORM AN IMPLICIT LOOP. MODEL RESULTS WILL BE

INVALID. xxx, zzz,.

Models must be explicit. Implicit loops can often be corrected by insert-

ing a component with a state variable as its output, e.g., a simple linear

lag, LA.

29. THE NUMBER OF O.C. INPUTS, OUTPUTS, OR CRITERIA VARIABLES MUST BE 63

OR LESS XXX WILL NOT BE LOADED
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30. THE SEQUENCE OF THE FOLLOWING COMPONENTS HAS BEEN ALTERED TO FORM AN

EXPLICIT MODEL. xxx, zzz,.

The model component sequence as given contained an implicit relationship.

By altering the component sequence, it was possible to form an explicit

model.

31. xxx IS NOT A VALID DIMENSION

The phrase xxx should be numeric to be a dimension phrase.

32. xxx IS NOT A VALID INPUT QUANTITY OR PORT DESIGNATION FOR COMPONENT

zzz

The phrase xxx cannot be located as one of the input quantities or input

ports of the component zzz. No connections will occur. Check the list of

standard components for the proper spelling or port designations for this

component.

33. xxx IS NOT A VALID LOCATION NUMBER

The LOCATION command must be followed by a numeric location number.

34. xxx IS NOT A VALID PORT DESIGNATION FOR INPUT COMPONENT zzz. ERRO-

NEOUS CONNECTIONS MAY OCCUR.

The phrase xxx cannot be located as a valid input port for the component

zzz. Connections will be attempted using the upstream output port that was

identified.

35. xxx IS NOT A VALID SUBSCRIPT

Subscripts must be numeric. The use of parenthesis as delimiter after

array name implies a subscript is given.
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36. xxx IS NOT A VALID SUBSCRIPT FOR FORTRAN OUTPUT zzz

The quantity xxx is not a valid subscript for FORTRAN output quantity zzz.

37. xxx IS NOT AVAILABLE AS INPUT

Cannot locate xxx as FORTRAN input to standard component.

38. xxx ISN'T NUMERIC O.C. ORDER MUST BE NUMERIC QUANTITY.

39. xxx MUST BE A SQUARE MATRIX

Simultaneous equation solution is valid only for square coefficient

matrix.
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SECTION III

DYNAMIC ANALYSIS OF CONTINUOUS OR DISCRETE SYSTEMS

The EASY5 Analysis Program allows several different dynamic, static, lin-

ear, or nonlinear analysis techniques to be used on the dynamic system
model generated by the Model Generation Program. In addition to normal

analysis techniques, optimal linear controllers based on Kalman optimal
linear regulator and Kalman filter theory can be synthesized by the pro-

gram. The performance of such optimal controllers when operating with the

nonlinear system can be analyzed using any of the analysis techniques.

Both continuous systems, i.e., those described by ordinary nonlinear dif-

ferential equations, and discrete systems, i.e., those described by dif-
ferential and discrete difference equations, can be modeled and analyzed

by the EASY5 program. The analysis techniques automatically switch to
discrete methods* if one of the discrete components, DE, DF, DL, DT, DZ, or
SH is included in the system model. All data input, output, and analysis

commands are the same for both continuous and discrete systems. The only

restriction for discrete systems is that the total number of sampling
periods is restricted to 1O.*"* This refers to the sampling period parame-
ters, TAU, for each discrete component. The name of these parameters must
always start with the letters TAU, and no other parameter may start with
the letters TAU.

A description of the control of the program and of the analytical methods

is given in Sections 111.1 through 111.16. An alphabetical listing of the
analysis program commands is given in Appendix B of this document. Check

lists for each analysis are given in Appendix C. For a description of
continuous system techniques and numerical methods, see reference 1, Sec-

tion 4. For discrete methods, see Section IX.

*The Root Locus, stability margin, eigenvalue sensitivity, and optimal

controller design options are not available for discrete systems.
**Sample periods must be integer multiples of one another.
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1. MODEL INPUT DATA

A dynamic system model requires that the values of numerous model
parameters, tables and initial conditions, be provided to complete the
model description. Sections 111.1, 111.2, and 111.3 describe the methods

used to specify parameter values, tables, and matrices.

a. Scaler Data

PARAMETER VALUES

This program command allows the numeric values of parameters to be loaded

into the system model. The PARAMETER VALUES command is followed by one or
more parameter names followed by a numeric value of ten characters or less.

Each name and its value are separated by commas or another one of the
standard delimiter symbols. This command is used to specify the values of
all system model parameters at the beginning of an analysis. It may also

be used at any point between analyses to modify the value of one or more
model parameters. A default value of .99999 is provided for all parameters
not specified.

PARAMETER VALUES =MASS = 10., AREA = 50, SW AG =1,

CCGSE= .48,0,-.75, CW SE=210, STIPC=1O.57,.

b. Tabular Data

TABLE

If tabular data is required by the system model, it should be loaded with

the other parameter values before any of the analysis commands described in

Sections 111.4 to 111.13 are issued. Tables may be modified between
analyses by loading new values. The tables required by an EASYS generated

model are specified in the Model Generation Program Input Requirements

List. These tables may have either one, two, or three independent
variables. All data items are in a free field format with each item having
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10 characters or less separated by commas or other standard delimiter. The

data items required for each table are placed in the following format:

Line 1 TABLE Table name NX NY NZ

Line 2* Z table values

Line 3* Y table values

Line 4* X taole values

Line 5* D table values

For this input, the following definitions apply:

Table Name - The seven character table name generated by the EASY

Model Generation Program.

NX - The number of points in the first independent variable

table.

NY** - The number of points in the second independent vari-

able table.

NZ*** - The number of points in the third independent variable

table.

Z table*** - Table of NZ third independent variable values.

Y table** - Table of NY second independent variable values.

X table - Table of NX first independent table values.

D table - Tables of dependent variable values.

*As many lines or cards as required may be used. Each table must start

with a new line or card and NZ, NY, NX, and NX*NY*NZ points must be given

per table.
**These items are omitted for tables with one independent variable.

***These items are omitted for tables with one or two independent

variables.
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A copy of all tabular input data is printed as it is interpreted from the
data, unless the OMIT TABLE PRINTOUT commnand has been given. The following
example shows the data for a one and a two independent variable table.

Line 1 TABLE, TAB-ONE, 10
Line 2 1, 2, 3, 4, 5, 6, 7, 8, 9, 10

Line 3 11, 12, 13, 14, 15, 16, 17, 18, 19, 110

Line 4 TABLE, TAB-TWO, 5, 4

Line 5 10.3, 20.4, 30.5, 40.6
Line 6 1, 2, 3,4, 5
Line 7 11, 12, 13, 14, 15
Line 8 21, 22, 23, 24, 25
Line 9 31, 32, 33, 34, 35

Line 10 41, 42, 43, 44, 45

The pri ntout of these tables would be:

TABLE TAB-ONE

FIRST INDEPENDENT VARIABLE TABLE
1.000 2.000 3.000 4.000 5.000 6.000 7.000 8.000 9.000 10.00

DEPENDENT VARIABLE TABLE

11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 110.00

TABLE TAB-TWO

SECOND INDEPENDENT VARIABLE TABLE

10.30 20.40 30.50 40.60

FIRST INDEPENDENT VARIABLE TABLE

1.000 2.000 3.000 4.000 5.000
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DEPENDENT VARIABLE TABLE

11.00 12.00 13.00 14.00 15.00

21.00 22.00 23.00 24.00 25.00
31.00 32.00 33.00 34.00 35.00

41.00 42.00 43.00 44.00 45.00

THREE INDEPENDENT VARIABLE TABLE EXAMPLE

Line 1 TABLE=FTAFW 3 2 2

Line 2 1,2

Line 3 3,4

Line 4 5,6,7

Line 5 111,112,113

Line 6 121,122,123

Line 7 211,212,213

Line 8 221,222,223

The printout of this table would be:

TABLE FTAFW

THIRD INDEPENDENT VARIABLE TABLE

1,000 2,000

SECOND INDEPENDENT VARIABLE TABLE

3,000 4,000

FIRST INDEPENDENT VARIABLE TABLE

5,000 6,000 7,000

DEPENDENT VARIABLE TABLE
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THIRD INDEPENDENT VARIABLE =1,000

111.0 112.0 113.0

121.0 122.0 123.0

THIRD INDEPENDENT VARIABLE = 2,000

211.0 212.0 213.0

221.0 222.0 223.0

OMIT TABLE PRINTOUT

The OMIT TABLE PRINTOUT commnand may be used to suppress the printback of

table data. This command is often used on production runs or models with

large amounts of constant tabular data. A second occurrence of this

cormmand causes table printback to be restored.

C. Matrix Data

Matrix Parameters can be one or two dimensional arrays. The

matrix input format must contain the matrix name, the input method, and the
appropriate matrix elements. If the input method is not specified, a

default of input by columns is assumed. If the default mode is used,

however, the user must be careful to:

o Input the exact number of elements defined by the dimensions in

the Model Generation Program since the maximum dimensions are
not checked by EASY5. With this method, the user must accept

this responsibility.

0 Not exceed ten characters per matrix element.
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If the default option is not used, parameter arrays can be loaded by any of

the following conventions after inserting the PARAMETER VALUES command:

COLUMN INPUT

ADATA, C (1, 1) 1, 2, 3, 4, 5 Starts at element i, 1

ADATA, C (1, 2) 6, 7, 8, 9, 10 Starts at element 1, 2

ROW INPUT

BOATA, R (2, 3) 7, 8, 9, 10 Starts at element 2, 3

BDATA, R (1, 2) 3, 6, 9, 10 Starts at element 1, 2

DIAGONAL INPUT

COEF, D (2, 4) .3, .4, .5 Starts at element 2, 4

ZERO Array - then load by row

COEF, Z, R (2, 2) 1, 2, 3

i036 .:
Set array to infinite, "Infinite" = ;o06

CUEF, I

Input by Column starting at element 1, 1 (default option)

VECTOR = 1, 2, 3, 4, 5

ELEMENT Input

ADATA (1, 2) = 12, (3, 4) = 16, (2, 3) = 21

Note: "(" must be used as delimiter immediately following array name.

2. INITIAL CONOITION, ERROR, ANL) INTEGRATION CONTROLS

INITIAL CONOITIONS

ERROR CONTROLS

INT CONTROLS
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These program coimmands may be used to specify integrator initial condition

values, error controls, or status, whether active (= 1) or frozen (= 0).
The default values that are provided are 0.0 for initial conditions, 0.001

for error controls, and 1 for integration controls. These are furnished by
the EASY5 Analysis Program. However, it is strongly recommnended that

values appropriate to the particular system model be furnished for the
initial conditions and error controls.

Each of these commands is followed by phrases of the form of a state name

followed by a numeric value. State quantities that are vectors or matrices
may be input by the same conventions as for parameters. The following

shows an example of how these commands are used:

INITIAL CONDITIONS VELOCITY 50., ANGLE =2., U SD = 512, 362,0.
ERROR CONTROLS VELOCITY .1, ANGLE =.01, U SD(3) .0001

INT CONTROLS VELOCITY =0, ANGLE 1, STROKE =1

ALL STATES

NO STATES

These program commuands may be used to activate or freeze all system inte-

grators. These commands are normally used together with the INT CONTROLS

command to specify the desired integrator configuration.

INITIAL TIME = t

This program commnand allows the initial value of time to be specified. The

default value of initial time is zero. The INITIAL TIME cormand is used

with mociels that contain time dependent features where it may be desirable

to have time at the beginning of a simulation run or during a steady state
analysis be some value other than zero.

PRINT
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This command, PRINT, causes the states to be set to the initial conditions,

time to equal INITIAL TIME, and the model executed and printed output

requested via the PRINT CONTROL command.

3. INITIAL CONDITION COMMANDS

XIC-X

XIC-XIC1

XIC-XIC2

XIC-XIC3

XIC1-XIC

XIC2-XIC

XIC3-XIC

These program commands are used to transfer data from the current state

vector, X, to the initial condition vector, XIC, and between the XIC vector

and three auxiliary initial condition vectors XIC1, XIC2, XIC3. The fol-

lowing shows how these commands would be used:

XICl-XIC, XIC-X, XIC2=XIC

The three program commands shown above would take the current operating

point (initial condition vector) and store it in vector XICl; then transfer

the current state, X, into XIC; and then store that value of XIC in XIC2.

CALC XIC

This command allows initial conditions to be calculated from manually

input parameters or initial conditions. This command, CALC XIC, causes the

state to be set to the values input manually for XIC; an integer flag in

common block /CICCAL/ to be set to 1, and the model to be executed.

Initial condition calculations can be placed in the model that will be

executed only if the flag equals 1. Upon exiting from the model, the
initial condition array XIC is set equal to the state array X and the print

routine is called. The initial condition flag is reset to 0.

46



4. SIMULATION COMMANDS

SIMULATE

This program command initiates simulation operation. Before the simulate

command is used, the following program values must be set:

TINC = time increment, seconds

TMAX = duration of the simulation run, seconds

INT MODE = integrator mode control

OUTRATE = output rate

PRATE = print rate

PRINT CONTROL = print control variable

These program commands specify the integration time increment, duration of

simulation run, the integration type, the simulation output rate, the
printing rate, and the quantity of printing, at each point in time. These

quantities must be specified before the first use of the SIMULATE command.

For discrete systems, the time increment, TINC, should be an integer sub-

multiple of the sample periods. Thus, if sample periods were .01 and .04,

TINC should be selected such that: n*TINC=.O1, where n is an integer. The

EASY5 Analysis Program will check TINC and adjust it if necessary to

satisfy this requirement. The output control OUTRATE will also be adjusted

to maintain approximately the same data output rate.

The integration mode control, INT MODE, allows one of six different inte-

gration methods to be selected according to the description given in

Table 3. The default value of INT MODE is 6. A description of tnese

integration methods and a guide to their use is given in Section VIII.
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TABLE 3

Integration Method Selection

INT MODE Method

1 Variable Step, Variable Order Gear

2 Variable Step 4th Order Runga-Kutta

3 Fixed Step Huen Method, 2nd Order

4 Fixed Step Euler, 1st Order

5 Adams-Bashforth predictor/Adams-Moulton Corrector,

Orders 2-12.

6 Stiff Gear

The time increment, TINC, provides the integrator time step size, in sec-

onds, for the fixed step integrators. TINC also provides the report

interval for which data will be available for printing or plotting. The

default value for TINC is 0.1.

The duration of a simulation calculation is specified by the TMAX parameter

in seconds. The default value of TMAX is 1.

The output rate parameter, OUTRATE, determines the rate at which simula-

tion data is added to plots. Thus, if OUTRATE is set equal to 10, data will

be plotted every 10th time increment, TINC. This feature is normally used

only when a fixed step size integrator is specified. With such an integra-

tor, the time increment is usually quite small, and excessive plotteo

output would be generated if it were not for this sampling feature provided

by the OUTRATE parameter. The default value of OUTRATE is 1. OUTRATE

should only be set to positive integer values.

The number of data samples plotted for a simulation analysis is given by:

No. of Plotted Samples TMAX + i
TINC*OUTRATE
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For most simulation operations, the plot output is the primary data. The

line printer output options provided by the PRINT CONTROL parameter allow a
wide range in the amount of detailed information about the simulated system
to be printed. The value of the PRINT CONTROL parameter sets the quality
of data printed at each print report interval according to Table 4.
Options 1 through 4 give "snap-shots" of all states, rates, variables, and
parameters of the system model at a particular point in time. Option 5

provides tabular lists of up to 40 specified quantities. Options 6 ana 7

are used with the steady state analysis options. Options 6 and 7 are used

with the steady state analysis options. Option 8 uses the user provided
print statements from the model description. The default value for PRIN~T

CONTROL is 0.

TABLE 4

Print Control Values

PRINT CONTROL Resultant Lineprinter Output

0 None

1 All states, rates, and time
2 All states, rates, variables, and time

3 All states, rates, variables, and parameters at
time = 0

4 All states, rates, variables, and parameters

5 Time and the quantities spoecifiea via PRINT VARI-

ABLES cormmand

6 All states, rates, variables, and parameters at
each STEADY STATE iteration

7 All states, rates, variables, parameters, and sys-

tem Jacobian matrix at each STEADY STATE iteration

8 User furnished PRINT STATEMENTS (See Model G~enera-

tion Section II.2.b)

The PRATE parameter determines the sampling rate at which the simulation

data specified by the PRINT CONTROL parameter is presented on the line-
printer. Thus, if PRATE is set equal to five, data will be printed on the
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line printer every fifth time it is added to the output plots. The default

value of PRATE is 1. PRATE should only be set to positive integer values.

The number of data samples printed for a simulation analysis is thus given

by:

= TMAX
No. of Plotted Samples TINC*OUTRATE* PRATE + 1

An example of the use of these commands is shown below:

PRINT CONTROL = 3, TINC = .01, TMAX = 10.,

INT MODE - 3, OUTRATE = 10, PRATE = 10, SIMULATE

In the example, the fixed step Huen integration method would be used with a

step size of .01 second. The simulation would run for 10 seconds. Plotted

output would occur every .1 seconds, (10*.01), and printed output would

occur every 1.0 seconds (10*10*.01).

TINC2

OUTRATE2

PRATE2

PRINT2

PRINT2 FROM, tl, TO, t2

For some applications, a single set of output controls is not satisfactory.

For example, it might be desirable to have a hign sampling rate during an

initial transient followed by a slower sampling rate, or to have a high

sampling rate around a critical event. To satisfy this requirement, a

second set of control values can be assigned to the program values TINC,

OUTRATE, PRATE, and PRINT CONTROL. These are specified as:

TINC2, OUTRATE2, PRATE2, PRINT2
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These values can be requested during a time interval via the commana:

PRINT2 FROM, tI, TO, t 2

Here t1 is the time to start the seconG output option and t is the time to1 2
revert to the original output option as given by: TINC, OUTRATE, PRATE,

and PRINT CONTROL. An example of the analysis commands for this type of

operation is:

PRINT CONTROL = 4, TINC = .0i, TMAX = 10

OUTRATE = 10, PRATE = 10, OUTRATE2 1,

PRINT2 = 8, PRINT2 FROM, 8., TO, 9., SIMULATE

In the example, the simulation would run for 10 seconds with a step size of

.01 seconds. The initial plotted output would be every 0.1, (10*.01),

seconds and printed output would occur every i., (10*10*.01) second.

Between 8 ana 9 seconds, the plotted and printed output rates would be

increased to every .01, (1*.01), and 0.1, (10*1*.O1) seconds and would

consist of model furnished PRINT STATEMENTS (print option 8).

The second output options can also be activated by events occurring within

the model. This can be done by setting a print flag variable, PFLAG,

within the model EQMO subroutine to a non-zero value. As long as PFLAb has

a non-zero value, the second output options will be in effect. When PFLAG

is set to zero, the original output options are restored. PFLAG can be set

by an IF test contained in a FORTRAl STATEMENT in the model. An example ot

tis type operation is:

FORTRAN STATEMENT

PFLAG = 0

IF (RANGE .LT. 100.) PFLAG = 1
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In this example, if the variable range becomes less than 100, the secono

print option will occur.

PRINT VARIABLES

This program command allows up to 40 variables to be specified for printing

using option 5 of the PRINT CONTROL. This command is followed by from one

to 40 state, rate, variable scalar, or subscripted names separated by

delimiters. This command deletes all previously stored PRINT VARIABLES

names. A column format will be used if the number of quantities being

printed is less than or equal to 10. If more than 10 quantities are

specified, the name and value of each scalar or subscripted vector quantity

will be printed in a format similar to that of print options 1, 2, or 3. An

example of this use is:

PRINT VARIABLES = SI DEl, S1 DE2, Wi DE2, S2 LA(3j

5. PLOT DESIGNATION COMMANDS

DISPLAY1

DISPLAY2

DISPLAY3

DISPLAY4

DISPLAY5

DISPLAY6

These program commands are used to define the quantities to be displayed by

off-line plots or written on external tapes for simulation or steady state

calculations. These commands must be issued before the simulation or

steady state analysis is requested. From one to five plots may be speci-

fied per display. Each plot is specified by stating the dependent variable

and the independent variable separated by the letters VS. If desired, the

dependent and independent axis scale ranges can also be specified. These

scales will be used if the MANUAL SCALES commands are given. The indepen-

dent scale range is specified by the word XRANGE followea by the minimum
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and maximum values for this scale. The dependent scale similarly is

spceified by the word YRANGE. If scale ranges are not specified, values

will be used that span the given data. For more than one plot on a page, a

common independent variable must be used.

The following example shows two ways to specify plots:

DISPLAY1

ANGLE, VS, TIME, YRANGE = -2,4

STROKE, VS, TIME, YRANGE =-.5,.5

PI DEI, VS, TIME, YRANGE = 0,60

DISPLAY2

P1, CE, VS, TIME, YRANGE = -20,20

P1, DE2, VS, TIME, YRANGE = -15,15

PRESSURE, VS, TIME, YRANGE = -100,100

THECE, VS, TIME, YRANGE = -5,5

DISPLAY3

STROKE, VS, PRESSURE, YRANGE = -1.5, XRANGE = 300,500

SI MANUAL SCALES

SS MANUAL SCALES

SI AUTO SCALES

SS AUTO SCALES

The SI MANUAL SCALES and SS MANUAL SCALES commands allow the plotted output

requested by the DISPLAY commands to be plotted on manual scales specified

by the YRANGE and XRANGE commands. If manual scales are requested, manual

scales must be given and will be used for all plots. The SI prefix is for

simulation data and the SS is for steady state analysis. The SI AUTO

SCALES and SS AUTO SCALES commands can be used to return plotting to the

automatic scaling mode. Auto Scales are selected so that they span each

plotted quantity. The auto scale option is the default used until manual

scales are requested.

PLOT ON

PLOT OFF
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These program commands allow the plotted output to be turned on or off.

The default condition is PLOT OFF. It is, therefore, necessary to include

the PLOT ON command before requesting any analysis from which plots are

desired. The PLOT OFF and PLOT ON commands can be issued between analysis

requests if it is desired to omit the plotting of certain analysis

results.

OMIT PLOT POINTS

Boxes are normally drawn around each plotted data point. This command

supresses these boxes. A second occurrence of this command restores the

boxes around plotted data points.

CALCOMP

PRINTER PLOTS

SC4020

MTS PLOTS

Plots are routed to a particular physical device by specifying the above

comnands prior to the analysis which generates plotted data. Printer
plots, !MTS plots, and either CALCOMP or SC4020 plots may be generated in

the same run.

PLOT

ID

TITLE

The PLOT ID program command allows an identification label to be placed as

the first page of plotted output. Up to 48 characters may follow the

delimiter that follows the PLOT ID commana. This identification must be

used to place mailing information on the plotted output.

The TITLE cummand allows a common title to be placed on all plotted output.

Up to 74 characters may follow the delimiter that follows the TITLE com-

mand. The TITLE command may be changed before each analysis. Once
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defined, the title remains in effect until a new title is entered. Exam-

ples of these commands are shown below:

PLOT ID = EX USER **M/S 70-16**

TITLE = FLEX MODE CASE

6. STEADY STATE COMMANDS

STEADY STATE

This program initiates the calculation of the system steady state. Associ-
ated with this commnand are the program name and values:

1. SS PARAM~ETER = steady state parameter.

2. SS START = initial value of steady state parameter.

3. SS STOP = final value of steady state parameter.

4. SS POINTS = number of values the steady state parameter
takes going from SS START to SS STOP.

5. SS ITERATIONS = maximum number of iterations allowed per steady

state calculation.

6. PRINT CONTROL = print control variable.

SS PARAMETER specifies the parameter to scan from the value SS START to SS

STOP in SS POINTS steps. SS ITERATIONS specifies an upper limit on the
number of iterations to be used to calculate a steady state. The default

value of SS ITERATIONS is 30. If the SS PARAMETER is blank, a single
steady state calculation will occur. The steady state parameter can be any
valid parameter name.

The PRINT CONTROL parameter provides all the print control functions des-

cribed in Section 111.4 for simulation operation plus two extra forms, 6
and 7, which may be used to track the steady state iteration process.

The following example will scan the parameter RPM over the range from 19000
to 16000 in five steps. At the end of the steady state calculation, the
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system stability will be checked to assure that a stable steady state

exists.

SS PARAMETER =RPM, SS START =19000, SS STOP = 16000

SS POINTS = 5, STEADY STATE.

If plots of the steady state scan are desired, these plots should be

defined using the DISPLAY comm~ands prior to initiating the steady state
calculations. Only those plots which have an independent variable dif-

ferent from time will be plotted.

In the following example, the steady state parameter is set to a blank
phrase. This is accomplished by placing the SS PARAMETER command phrase at
the end of a command i ne. If it is desired to follow the SS PARAMETER

program name with other instructions, then the form: SS PARAMETER = NONE

may be used. In either case, this causes a single steady state calculation

to occur at the current operating point. The results of this calculation

are then loaded into the initial condition vector, XIC. The initial

default value of SS PARAMETER is a blank phrase so that single steady state
calculations will be performed, unless this parameter is set to a non blank

name.

SS PARAMETER=

STEADY STATE

XIC- X

7. LINEAR ANALYSIS COMMANDS

LINEAR ANALYSIS

This program command causes the calculation of a linearizea version of the

given nonlinear model at the operating point specified by XIC and then
calculates the eigenvalues of this linear approximation. A printout of the
following quantities are generated by this comm~and:
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1. The state operating point (INITIAL CONDITIONS)

2. The state perturbation size (ERROR CONTROL)

3. The integrator status (INT CONTROL)

4. The rates at the operating point

For continuous systems:

5. The system stability matrix

6. A measure of the linearity of each element of the stability

matrix if a nonlinear condition is detected.

7. The system eigenvalues, real and imaginery parts, natural fre-

quencies, and damping ratios.

For discrete systems:

8. Continuous states stability matrix (displays inputs to contin-

uous states)

9. Transition matrix for each sample period (displays inputs to

discrete states at each sample period)

10. Total system transition matrix

11. System eigenvalues, real and imaginary parts in both Z and S

planes and natural frequencies and damping ratios in the S

plane.

EIGENVECTOR

The EIGENVECTOR command is similar to the LINEAR ANALYSIS command. How-

ever, in response to this command, the modal matrix comprised of the system

eigenvectors is also calculated and printed. This command can only be used

with models that contain an optimal controller, due to core requirements.
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8. STABILITY MARGIN COMMANDS

STABILITY MARGINS

This program command initiates the calculation of the stability margins
for those parameters specified by the SM PARAMETERS command. The maximum
and minimum values that each specified parameter can take for stable system
operation and the oscillation frequencies that result if either boundary
is violated are determined.

SM PARAMETERS

This program command allows up to ten parameters to be specified for
stability margin calculations. The command is followed by from one to ten
parameter names separated by delimiters. This command destroys all pre-

viously stored stability margin parameters.

An example use of these commands is given b~elow: k

SM PARAMETERS = GK1TC, GK2TG

STABILITY MARGINS

These commands cause the stability margins to be calculated for the two
parameters, GK1TC and GK2TC.

A summary of stability margins and frequencies is printed along with the
nominal system eigenvalues, and the system eigenvalues with each stability
margin parameter set equal to zero. If no upper or lower stability margin
is located for a particular stability margin parameter, the summary array
will contain the number 1111. in those locations for which no margin limit

was determined.

The stability margin search is limited to parameter values of the same
algebraic sign as the nominal value. Thus, for example, zero is the lowest
magnitude that will be considered for the lower stability boundary of a

parameter with a positive nominal value.

58



9. FREQUENCY RESPONSE COMMANDS

TRANSFER FUNCTION

TF INPUT

TF OUTPUT

These program commands are usea to initiate the calculation of a frequency

response function, between any two specified points in the model. The

following command phrases are used to set up the desired transfer function:

TF INPUT = transfer function input variable

TF OUTPUT = transfer function output variable

They are used to specify the input and output points in the system model.

These quantities must be set to the desired names before requesting the

frequency response calculation. They may be set to any valid state, rate,

variable, or parameter name. The command TRANSFER FUNCTION causes the

frequency response function to be executed at that point.

The transfer function poles and zeros are printed output. For discrete

systems, these roots are given in both the Z plane and S plane.

BODE

NYQUIST

NICHOLS

These program commands specify the format to be used for the frequency

response plots. The format must be specified Defore requesting the TRANS-

FER FUNCTION analysis. If not specified, the default will be a Bode plot

format.

TF AUTO SCALES

TF MANUAL SCALES

FREQ MIN

FREQ MAX
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These program commands are used to set the frequency range of the frequency

response plots. It can be either automatically determined by the range of

eigenvalues or be specified by the following command phrases:

1. FREQ MIN = minimum frequency, r.p.s.

2. FREQ MAX = maximum frequency, r.p.s.

The default condition is for automatic scales.

In the automatic mode, the minimum and maximum frequencies will be one

decade below and one decade above the lowest non zero and highest natural

frequency. For discrete systems, the upper frequency is Dounded by the

Nyquist frequency of the system. Frequency points are concentrated around

lightly damped natural frequencies to better define these critical areas.

The following example will generate a transfer function from C4 MC to S2 LA

with automatic frequency values for the plotted results in a Nichol's chart

format.

TF INPUT = C4 MC, TF OUTPUT S2 LA

NICHOLS, TRANSFER FUNCTION

10. ROOT LOCUS COMMANDS

ROOT LOCUS

RL PARAMETER

RL START

RL STOP

RL POINTS

These program commands initiate the calculation of a root locus. The

following commands are used to select the parameter and the ranges for the

locus.

60 .................... I.



1. RL PARAMETER = root locus parameter name

2. RL START = initial value of root locus parameter

3. RL STOP = final value of root locus parameter

4. RL POINTS = number of rootings to be made going from RL START

to RL STOP

They specify the parameter to scan from the value RL START to RL STOP in RL

POINTS steps. The default values of RL PARAMETER, RL START, RL STOP, and

RL POINTS are; blank, 0., 1., and 6. respectively.

The root locus parameter, like the steady state parameter, can be either a

valid parameter name or a state variable name followed by the phrase IC.

This latter usage is meaningful only if the specified state variable has

been frozen using the INT CONTROL command. In this way, a root locus can

be performed as a function of the operating point value of a frozen state

variable.

RL PARAMETER = ZO TF, RL START =0, RL STOP = 5, RL POINTS =6,

ROOT LOCUS

In this example, the root locus parameter ZO TF is scanned from 0 to 5 in

six equally spaced steps.

RL MANUAL SCALES, REAL MAX=5, IMAG MAX=5, INT CONTROL, SPEED=O

RL PARAMETER = SPEED, IC, RL START = 35, RL STOP = 45

ROUT LOCUS

In this example, manual scales are specified for the root locus plots. The

SPEED state variable is then frozen and a root locus is performea on the

SPEED operating point.

RL AUTO SCALES

RL MANUAL SCALES

REAL MIN

REAL MAX
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IMAG MIN

IMAG MAX

These program commands allow the scales of the root locus plots to be

either automatically determinea by the range of eigenvalues or to be speci-

fied by control commands. The following command definitions are used to

set plot scales:

1. REAL MIN = minimum real axis range, r.p.s.

2. REAL MAX = maximum real axis range, r.p.s.
3. IMAG MIN = minimum imaginary axis range, r.p.s.
4. IMAG MAX = maximum imaginary axis range, r.p.s.

The default condition is for automatic scales.

11. EIGENVALUE SENSITIVITY COMMANDS

EIGEN PARAMETER

EIGEN SENSITIVITY

These program commands cause a linear approximation of the given nonlinear

model to be generated and then evaluates the sensitivity of the system

eigenvalues to a parameter specified by the command phrase EIUEN

PARAMETER.

In the following example, the sensitivity of system eigen~alues to the

parameter GPITF will be calculated.

EIGEN PARAMETER = GPITF, EIGEN SENSITIVITY
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12. FUNCTION SCAN COVANDS

SCAN1

SCAN2

DEPEN

INDEPi

INDEP2

START1

STOPI

START2

DELTA2

CURVES2

These program comands initiate and control the calculation of general

algebraic functions of one or two independent variables. The following

definitions are used to specify the control parameters and bounds for the

calculation.

1. DEPEN = dependent variable

2. INDEP1 = 1st independent variable

3. INDEP2 = 2nd independent variable

4. START1 = starting point of 1st independent variable

5. STOP1 = stopping point of 1st independent variable

6. START2 = starting point of 2nd independent variable

7. DELTA2 = increment of 2nd independent variable

8. CURVES2 = number of values of 2nd independent variable

These commands specify the dependent and independent variables and scan

ranges of these quantities. These quantities must be set to their desired

values, before requesting the general algebraic function evaluation. If a

single function is requested, i.e., SCAN1, only items 1,2,4, and 5 need be

specified.

DEPEN = W2 TU, INDEPI = EH SH, INDEP2 = Si DE2, STARTI = -30

STOPI = 100, START2 = 10, DELTA2 = 20, CURVC2L = 6

SCAN2
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In the above example, the quantity W2 TU will be calculated as a function

of quantities EN SH and S1 DE2. Six curves will be generated with W2 TU

ranging from -30 to 100 and S1 DE2 being stepped from 10 to 20 in 6 steps of

2 each.

13. OPTINAL CONTROLLER DESIGN COMMANDS

In order to design an optimal controller using the EASY program, it is

necessary to specify the inputs and outputs of the optimal controller as

part of the system model description. This is accomplished as described in

Section II.2.b. Once a model has been generated that contains an optimal

controller and the specified input-output connections to the other model

components, many different controllers can be designed. These variations

are made by varying the operating point or the optimal controller design

criteria. The following paragraphs describe how the optimal controller

operating point and criteria are specified.

Once an optimal controller has been designed, it may be desired to save

that design for further analysis on subsequent analysis runs. Program

commands are provided to save the data arrays which specify a particular

optimal controller and to read such data on subsequent analysis runs.

O.C. DATA

The O.C. DATA command specifies that the following command phases contain

data for one or more of the ten different data arrays related to optimal

controllers. The name of each of these arrays and a brief aescription of

its use is given below. For a more complete description of each array and

its use, see Section 4.5 of reference 1.

Optimal Controller - Operating Point Specification

YOP - Optimal controller input operating point (set-point array. YOP

is an ns dimensional array, where ns is the number of inputs to

the optimal controller. Default values of zero are provided

for this array.
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UOP- Optimal controller output operating point (set-point) array.

UOP is an nu dimensional array, where nu is the number of

outputs from the optimal controller. Default values of zero

are provided for this array.

Optimal Controller Criteria Specification

Q - Optimal controller criteria weights array. Q is an nc dimen-

sional array, where nc is the number of optimal controller

criteria variables. Q contains the diagonal elements of the

positive semi-definite weighting matrix which gives the impor-

tance of the various criteria variables relative to each other

and the controller outputs. Off diagonal elements are assumed

equal to zero. If the criteria variables are not specified,

they are assumed to be the optimal controller inputs. Default

values of 1 are provided for this array.

RU -Optimal controller control weights array. RU is an nu dimen-

sional array, where nu is the number of optimal controller

outputs. RU contains the diagonal elements* of the positive

definite matrix which gives the importance of the various con-

troller outputs relative to each other and the criteria vari-

ables. Off diagonal elements are assumed equal to zero.

Default values of 1 are provided for this array.

CD - System model disturbance covariance array. DC is an n dimen-

sional array, where nx is the order of the system model. DC

contains the diagonal elements* of the model disturbance covar-

iance matrix which gives the uncertainty of various model

states relative to each other and the sensed quantities. Off

diagonal elements are assumed equal to zero. Larger values in

CD imply greater uncertainty (less confidence) in the system

model accuracy. Default values based on the ERROR vector and

the model stability matrix are provided for this array.

I
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CS - Optimal controller inputs disturbance covariance array. CS is

an ns dimensional array, where ns is the number of inputs to the

optimal controller. CS contains the diagonal elements* of the

sensed quantity disturbance covariance matrix which gives the

uncertainty of various sensed quantities relative to each other

and the model states. Off diagonal examples are assumed equal

to zero. Larger values in CS imply greater uncertainty (less

confidence) in the sensea quantity accuracy. Default values

based on the ERROR vector and the model sensor matrix are pro-

vided for this array.

Optimal Controller Specification

These inputs are required only for reloading a previously designed optimal

controller. Default values of zero are provided for these arrays until

nonzero values are calculated via the DESIGN O.C. command.

G - Optimal controller gain array. G is an nu by nrc dimensional

array, where nu is the number of outputs from the nrc is the

order of the optimal controller.

S - Optimal controller sensor array. S is an nrc by ns dimensional

array, where nrc is the order of the optimal controller and ns

is the number of inputs to the optimal controller.

AK - Optimal controller stability matrix array. AK is an nrc by nrc

dimensional array where nrc is the order of the optimal

controller.

FK - Optimal controller d.c. gain matrix array. FK is an nu by ns

dimensional array where n u is the number of outputs from and ns
is the number of inputs to the optimal controller.
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Optimal controller array data may be entered in a free field format with

each data item separated by a comma or another one of the standard delimi-

ters. Data may be entered along either a row, column or diagonal line of

the array. The row and column location is given for only the first element

specified. The following input values are loaded ifi the subsequent row,
column, diagonal elements of the array. The letters, C, R, and 0 signal

the start of a new Column, Row, or Diagonal input. They must be followed

by the row and column number at which data loading is to start. A column

number of 1 must be given for the one dimensional arrays: YOP, UOP, Q, RU,

CD, and CS. The letter Z causes all elements of the array to be set to

zero. This comnand may be used to advantage when loading a sparse array.

If the number of data values exceeds either the row or column dimension of

the array, the excess values are ignored by the program.

The following example demonstrate the loading of data into the optimal Is

controller arrays.

PROGRAM COMMANDS

O.C. DATA

YOP = C (1,1) 553.2, 546, -2.56, 7

RESULTS - Assuming YOP is a 4x1 array.

553.2

546.
YOP -2.56

7.00
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DESIGN O.C.

The DESIGN O.C. command initiates the optimal controller design process.

Before issuing this command, the following items should be accomplished:

1. Specify the optimal controller operating point by loading the

arrays YOP and UOP.

2. Place the system model at the desired operating point.

3. Specify those optimal controller criteria arrays Q, RU, CU, and

CS which you wish to differ from the default values.

The DESIGN O.C. command causes a linear model of the system to be generated

and an optimal controller to be designed. The design results are printed

and loaded into the optimal controller arrays G, S, AK, and FK. Manual

modifications to the optimal controller can be made via the O.C. DATA

command.

SAVE O.C.

The SAVE O.C. command causes the optimal controller arrays G, S, AK, and FK

to be placed on local file TAPE3 in a format compatible with the O.C. DATA

command. This file may be saved as a permanent file or punched as data

cards by the appropriate control cards. By including tnese cards or
records in the input data for subsequent analysis runs, it is possible to

perform further analyses on a pt.viously calculated optimal controller.

Such optimal controller data could be used in conjunction with the O.C.

ANALYSIS command to the Model Generation Program. As described in Section

II.2.b, the O.C. ANALYSIS command allows analyses to be performed on a

previously designed optimal controller with less computer central memory

than is required to perform the optimal controller design.
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14. WARNING MESSAGES

One or more of the following warning messages will occur if the
program encounters difficulty in interpreting analysis instructions or
performing an analysis. These messages will be preceded by:

**WARNING**

The symbols xxx, zzz, or nnn are used to indicate phrases from the analysis
description that are included as part of the warning message. The follow-
ing messages are listed in alphabetical order:

1. A VALID PARAMETER NAME MUST PRECEDE THE NUMERIC VALUE nnn

This message indicates that a valid parameter name was not identified
preceding the numeric value nnn. Check for missing delimiters or mis-
spelled parameter name.

2. ALGEBRAIC LOOP WITH GAIN OF nnn EXISTS BETWEEN INPUT AND OUTPUT THIS
TRANSFER FUNCTION CAN NOT BE DETERMINED.

See Appendix M for a description of this limitation to the transfer
function analysis method.

3. ALL ROOTS CANCELED. THIS CASE WILL BE SKIPPED

This indicates TF output is not conected to TFD input. Check model, TF
input, and TF output specifications.

4. nn IS NOT A VALID SUBSCRIPT

Subscripts must be numeric.
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7
5. xxx IS NOT A VALID TABLE NAME

Check spelling of table name.

6. xxx IS NOT A VALID TABLE NAME FOR THIS MODEL. DATA WILL BE IGNORED

Check spelling of table name.

7. CAN'T FIND GREATEST COMMON DIVISOR FOR THE FOLLOWING SAMPLE RATES

Check sample period values.

8. CAN'T FIND LEAST COMMON MULTIPLE FOR THE FOLLOWING SAMPLE RATES

Check sample period values.

9. CAN'T IDENTIFY xxx AS A VALID EIGENVALUE SENSITIVITY PARAMETER

Check spelling of eigenvalue sensitivity parameter or for missing

delimiters.

10. CAN'T IDENTIFY xxx AS A VALID PRINT VARIABLE

Check spelling of xxx or for missing delimiters.

11. CAN'T IDENTIFY xxx AS A VALID ROOT LOCUS

Check spelling of xxx or for missing delimiters.

12. CAN'T IDENTIFY xxx AS A VALID SCAN PARAMETER

Check spelling of xxx or for missing delimiters.
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13. CAN'T IDENTIFY xxx AS A VALID STABILITY MARGIN PARAMETER

Check spelling of xxx or for missing delimiters.

14. CAN'T IDENTIFY xxx AS A VALID STEADY STATE PARAMETER

Check spelling of xxx or for missing delimiters.

15. CAN'T IDENTIFY xxx AS A VALID TRANSFER FUNCTION INPUT (OUTPUT)

PARAMETER

Check spelling of xxx or for missing delimiters.

16. xxx CAN'T BE SET EQUAL TO zzz. VALUE MUST BE NUMERIC

Check for missing numeric value or delimiters.

17. CAN'T IDENTIFY xxx VALUE WILL BE IGNORED V

This will result in not setting the quantity intended by xxx to its new

value. Check for spelling of xxx or for missing delimiters.

18. CAN'T INTEPRET xxx

The phrase xxx cannot be recognized as a valid program command, program

name, or program value. Check spelling of xxx or for missing delimiters.

19. CAN'T LOAD CRITERIA ARRAYS WHEN IN ANALYSIS ONLY MODE

The O.C. ANALYSIS command was issued to the Model Generation program when

it created the system model. Therefore, an optimal control design, which

used this criteria arrays, cannot be performed.
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20. INVALID SUBSCRIPT DETECTED

Subscript outside valid range for this array.

21. SUBSCRIPT VALUES nn OR nn ARE TOO LARGE FOR xxx

Subscripts outside allowable range.

22. WORK SPACE WAS NOT PROVIDED IN MODEL FOR OPTIMAL CONTROLLER DESIGN OR

EIGENVECTOR CALC.

An optimal controller must be specified in model description in order to

have work storage for optimal control design of eigenvector calculation.

23. nnn EXCEEDS THE ALLOWABLE INDEX RANGE FOR xxx THIS QUANTITY WILL NOT

BE DEFINED

The number nnn was outside the allowable range of states, rates, variables,

or parameters. Therefore, the name xxx cannot be assigned as a name for

the nnnth state, rate, variable or parameter.

24. nn IS OUTSIDE ALLOWABLE INDEX RANGE. zzz WILL NOT BE DEFINED

Index number nn must be between I and number of states, variables, or

parameters, (whichever is applicable).

25. FAILED TO CONVERGE TO ZERO PHASE

The search procedure described in Appendix M failed to converge to zero

phase. The stability margin for the indicated parameter cannot be deter-

mined by this method.
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26. MORE THAN 10 UNIQUE SAMPLE RATES LOCATED

Only 10 different sample rates allowed.

27. NO SAMPLING PERIODS ARE GIVEN

Sampling period parameters TAU xxx could not be located. These names can

not be redefined.

28. NOMINAL SYSTEM UNSTABLE

The nominal system is unstable. The stability margins of the specified
parameters will be calculated, but these bounds will be "non-critical"
bounds since the nominal system is unstable. See Section 4.4.4 of refer-

ence 1 for a discussion of critical and noncritical stability boundaries.

29. NON-ALPHA NAME ON THIS CARD --- xxx. WILL IGNORE THIS CARD

The table inputs routine expected an alphanumeric table name but encoun-

tered a numeric value on the data card printed. Check the sequence and

number of tabular data cards to assure that they match those required by
the model's tables and table input formats. See Section III.1.b for
correct f ormats.

30. NUN-NUMERIC DATA ON THIS CARD --- xx. WILL READ NEXT TABLE

The table input routine expected a numeric value but encountered an alpha-

numeric name on the data card printed. Check that the sequence and number

of tabular data cards matches the model's tables and table input formats.

See Section III.1.b for correct formats.



31. nnn PRIMARY AND xxx SECONDARY INDEPENDENT VARIABLE POINTS EXCEEDS THE

zzz WORD STORAGE LIMIT FOR THE FOLLOWING TABLE. SOME DATA WILL BE

LOST

See Section 11.2 for a discussion on how to set the maximum number of data

points allowed for each table.

32. SIMULATION WILL NOT BE RUN DUE TO FAILURE TO REACH VALIU STEADY STATE

A failure of the steady state analysis followed by a request to transfer X
into XIC causes an interlock to be set which will prevent a simulation run

from beginning from an erroneous initial condition.

33. WORK SPACE WAS NOT PROVIDED IN MODEL FOR OPTIMAL CONTROLLER DESIGN

Either no optimal controller was specified to the Model Generation Program

or the O.C. ANALYSIS mode was indicated. In either case, only analyses and

not DESIGN O.C. can be performed with this model.

34. *** WARNING *** MATRIX IS SINGULAR *** INITIAL SYSTEM IS NOT

DIAGONALIZABLE

This message is generated in the system reduction program and is the result

of multiple eigenvalues with a single eigenvector. This means that the
system is not able to be diagonalized and that a Jordan type reduction is

required. Processing is stopped and reduction is not completea. This

message can arrise either in the reduction of the initial model equations

or in the reduction of the controller.
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35. *** WARNING *** QR FAILED TO CONVERGE IN XX STEPS

This message generated in the system reduction program is the result of the

extremely rare event of the eigenvalue calculation failure.

36. ** DUE TO xxx UNSTABLE EIGENVALUES. SYSTEM REDUCTION TO xxx IS

IMPOSSIBLE

This message generated in the system reduction program is the result of the

number of unstable eigenvalues in the system to be reduced being greater

than the requested order for the reduced system. This message can arise

either in the reduction of the initial system or in the reduction of the

controller.

37. ** CONTROL WEIGHTING NOT POSITIVE DEFINITE

This message generated in the calculation of the optimal feedback matrix in

the result of loss of significance in the calculation of the control

weighting matrix. Since the default check is made, this is a rare event.

38. ... QR ALGORITHM FAILED TO CONVERGE

*... SYSTEM MAY BE UNSTABILIZABLE

This message generated in the calculation of the optimal feedback matrix is

the result of the QR algorithm failure and is a rare event.

39. ... SPECTRAL FACTORIZATION OF EIGENVALUES NOT OBTAINED

**... SYSTEM MAY BE UNSTABILIZABLE

This message generated in the calculation of the optimal feedback matrix is

the result of an eigenvalue with a zero real part preventing spectral

factorization. It is the result normally of an uncontrollable mode with an

eigenvalue with a zero or very small real part.
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40. **... MATRIX IS SINGULAR

*... SYSTEM PLUS ADJOINT EQUATIONS NOT DIAGONALIZABLE OR

SYSTEM IS UNSTABILIZABLE

This message generated in the calculation of the optimal feedback matrix is

the result of the set of pseido eigenvectors calculated for the partitioned

eigenvalues being singular in the top block. This condition normally means

that an unstable, uncontrollable mode existed in the original system.

Another, nut rare possibility is that due to multiple eigenvalues, the

system plus adjoint equations was not diagonalizable.

41. **... OR FAILED TO CONVERGE

**... SYSTEM MAY BE UNOBSERVABLE

This message is generated during the calculation of the Kalman filter and

is the result of the QR algorithm failure and is a rare event.

42. **... SPECTRAL FACTORIZATION OF EIGENVALUES NOT OBTAINED

**... SYSTEM MAY BE UNOBSERVABLE

This message is generated during the calculation of the Kalman filter and

is the result of an eigenvalue with zero real part preventing spectral

factorization. It is normally the result of an unobservable mode with an

eigenvalue with zero or very small real part.

43. **.. MATRIX IS SINGULAR

**.. SYSTEM MAY BE UNOBSERVABLE

This message is generated during the calculation of the Kalman filter and

is normally the result of an unstable unobservable mode. Like the c.se in
the gain matrix calculation (Section 4.6.30 of reference 1), it can rarely

be the result of the system and adjoint equations being undiagonalizable.
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44. **... QR ALGORITHM FAILRED TO CONVERGE

This message occurs when during a simple eigenvalue calculation, conver-

gence was not obtained. This is a rare event.

45. **... SYSTEM HAS SINGULAR ALGEBRAIC LOOP

This message generated during the adjustment of the controller is the

result of cancellation in algebraic feedforward and feedback loops. It can

normally be corrected by the use of an alternative adjustment method.

15. RENAMING MODEL INPUTS AND OUTPUTS

For some applications, it may be desirable to rename the parameters,

states, rates, and variables created by EASY5 standard components. This

can be done by the following analysis program commands:

DEFINE PARAMETERS

DEFINE STATES

DEFINE RATES

DEFINE VARIABLES

Each command is followed by pairs of names. The first name is the EASY5

standard component name. The second name is the desired new name. For

example, the outputs of the lag component LA may be changed to AILERON, and

the lag gain and time constant may be changed to KSERVO and TSERVO.

DEFINE STATES = $2 LA = AILERON

DEFINE PARAMETERS = GAILA = KSERVO, TC LA = TSERVO

Once a quantity has been redefined, all references to that quantity in

analysis program commands must utilize the new name. The subroutine EQMO,

which is prepared by the EASY5 Model Generation Program, will still refer

to all quantities by their original EASY5 generated names.
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16. COMPUTING TYPE ZERO TRANSFER FUNCTIONS WITH EASY

A continuous dynamical system (with prescribed input and output quanti-
ties) has a Type Zero transfer function if either:

1. A change quantity in the input has an immediate change in the

output quantity

or equivalently:
2. The order of the numerator of the transfer function is the same

as the order of the denominator

The method currently used by the EASY Dynamic Analysis Program is unable to

compute transfer functions of systems of Type Zero. This will be remedied

in the future, but the following provides an interim method:

A. In the model description file:

1. Add a new LA standard component. We will name this component
LATF but you may use any unused component identifier.

2. Connect the output of the new LA component to the original system
input quantity.

B. In the system analysis file:

1. Set the parameters for the new LA component as

ZOLATF = 1 ZILATF = 0 POLATF = -1.0E28

2. Change the TF INPUT quantity from the original quantity to S1
LATF

C. Submit job using new model description and analysis files.

0. The results of the TRANSFER FUNCTION analysis will provide:

1. The zeros and poles of the original system plus a pole at 10 28

radians per second. This extra pole should be ignored.
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2. The frequency response will be the correct frequency response

for the original system up to frequencies above 1020 radians per

second.

These high frequency values can be suppressed from the lineprinter

output and the graphs by using the TF MANUAL SCALES option.
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SECTION IV

STANDARD COMPONENTS AND EASIEST SUBROUTINES

This section describes the EASIEST standard components available for

system modeling that were designed from the SAFEST computer program. Other

components that may be used by the analyst in conjunction with the EASIEST

routines are described in Appendix K.

1. Standard Components

The following is a list of the EASIEST standard components:

NAME DESCRIPTION

AB Attached body (survival kit)

AE Airplane

AG Atmospheric properties

AM Aeromedical

AP Aerodynamic plate

AS Seat aerodynamics

CE Crewperson

CS Airplane control surfaces

CT Catapult

DR DART

GP Simple parachute mortar and restraints

LI Parachute lines

MP Parachute mortar ana restraints

PC parachute

RL Rails

RS Restraints

SE Seat equations of motion

SL Sled

SP STAPAC

SR Sustainer rocket

WB Weight and balance
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This .section gives an explanation of each of the aforementioned ejection

seat components. These descriptions are intended to assist the user in

utilizing them to model escape systems. Input/output tables and descrip-

tive figures for each of these components are presented in alphabetical

order in Appendix D, and should be thoroughly examined before modeling an

ejection system.

A source listing of the EASIEST components and associated subroutines are

presented in Appendices G and H. These listings have been thoroughly

commented to provide additional information on how the algorithms were

coded and to assist in solving special case errors.

STANDARD COMPONENT AB

This component is simply the equations of motion for a point mass. It was

designed to model a survival kit attached to the crew member, but can be

used to simulate any object that might be attached to the escape system.

Component restraints (RS) is used to restrain AB to its parent object. The

input/output list for this component is given in Appdendix D. Inputs

include the forces and torques that act on the point mass, as well as it's

inertial properties.

STANDARD COMPONENT AE

This component models the EASIEST airplane. The airplane is internally

trimed by the STEADY STATE command to the airspeed and altitude specified

by the user. Control surface and thrust commands that maneuver the air-

plane after trim are interpreted as being an addition to the settings

required for trim. Additional inputs include the forces and torques from

the DART, rails, and catapult components. An example of a model that uses

component AE is given in Appendix N. Additional airplane information is

presented in Section IV.3.

Component AE was written to use existing SAFEST aerodynamic coefficient

tables and table look-up routines with the exception that coefficient
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input data has been reorganized so they contain the coefficients in the

following order:

NR COEFFICIENT

LOCATION NAME DESCRIPTION

1 CZO Z axis bias coefficient

2 CZAD Variation of CZO with alpha dot

3 CZQ Variation of CZO with pitch rate

4 CZDE Variation of CZO with elevator position

5 CZDA Variation of CZO with aileron position

6 CXO X axis bias coefficient

7 CXDA Variation of CXO with aileron position

8 CMO Pitching moment bias coefficient

9 CMAD Variation of CMO with alpha dot

10 CZQ Variation of CMO with pitch rate

11 CMDE Variation of CMO with elevator position

12 CMDA Variation of CMO with aileron position

13 CYB Variation of CY with beta

14 CYP Variation of CY with roll rate

15 CYR Variation of CY with yaw rate

16 CYDR Variation of CY with rudder position

17 CYDA Variation of CY with aileron position

18 CLB Variation of Cl with beta

19 CLP Variation of C1 with roll rate

20 CLR Variation of C1 with yaw rate

21 CLDR Variation of C1 with rudder position

22 CLDA Variation of C1 with aileron position

23 CNB Variation of Cn with beta

24 CNP Variation of Cn with roll rate

25 CNR Variation of Cn with yaw rate

26 CNDR Variation of Cn with rudder position

27 CNOA Variation of Cn with aileron position
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A listing of the F4E airplane maneuvering coefficients modified to be used

with EASIEST is shown in Appendix J.

Component CS (airplane control surfaces) can be used to maneuver the

airplane. The method employed to do this is described in this section

under the heading STANDARD COMPONENT CS. This component is also included

in the example presented in Appendix N.

STANDARD COMPONENT AG

Component AG calculates the atmospheric density and the speed of sound,

while supplying the wind velocity to the model. It should be the first

component specified in the Model generation Program input file, and must be

included in all EASIEST models.

Note that variables H, BP, and TE must be initialized if a non-standard

atmosphere is to be used with the model. Setting variable BP to zero,

which is it's default, establishes a standard atmosphere. The wind vel-

ocity input vector provides the capability to model an ejection system

where adverse winds (i.e., storm cells, turbulence, down drafts, etc.)

could be a factor in an ejection seat design. This feature may be valuable

when using the EASIEST program to investigate an aircraft accident.

During initialization (CALC XIC command), component AG establishes the

atmospheric properties from the input parameters. Subsequent passes

through the model updates the wind vector. If a standard component needs

atmospheric data, it is acquired by a call to subroutine ATMOS, which

refers to the ENTRY ATMOS statement in component AG.

STANDARD COMPONENT AM

This component acts essentially as the interface between program Aeromed,

the aeromedical post processer, and either component SE (seat equations of

motion) or CE (crewperson). The routine writes onto TAPE 7 the aeromedical

parameters and variables required by Aeromed. This process is initiated by
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a flag that is an input into the component. No more than 4000 variable

sets can be written to this tape at a time interval no less than 0.001

seconds, or the integrator report interval, TINC, whichever is the

largest. (See Section 111.4 for an explanation of TINC.)

Components CE and SE both calculate the aeromedical variables, and either

one can be used to drive the aeromedical inputs in this component. Note

that most of the required parameter inputs have specific defaults, which

can be adjusted by the user if necessary.

STANDARD COMPONENT AP

This EASY module calculates the seat body axis force and torque components

acting on the ejection seat from an attached object, such as an airfoil

device or inflatable afterbody designed to augment the stability of the

ejection seat. Appendix D presents its input/output lists. Inputs include

the tables that define the x-axis and the z-axis force coefficients, the

plate centroid in the seat coordinate system, and the airplane z-axis

position at the point where the plate centroid enters the windstream. The

plate centroid acts as the origin of the plate coordinate system, and the

plate can be rotated about this point with respect to the seat. Figure 22

provides an input/output overview for this component.

STANDARD COMPONENT AS

Component AS determines the aerodynamic forces and torques that are

exerted on the seat. It employs the same coefficient input data and table

look-up routines as the SAFEST program. The input/output information is

contained in Appdendix D. Inputs include emergence coefficients, the yaw,

pitch, and roll damping derivatives, and a table that defines the exposed

area of the seat as a function of the exposed length during emergence.

Figure 23 presents a diagram that helps to explain the function of compon-

ent AS.
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Both the rocket on and rocket off aerodynamic coefficient tables are avail-

able at any given time to accommodate the situation where two ejection

seats are being modeled, one of which has its rocket on, the other off.

Each of these coefficient tables are hard coded into this component, and

contain the six basic aerodynamic coefficients: the three body axis force

coefficients (CX, CY, CZ), and the three body axis torque coefficients (Cl,

Cm, Cn).

STANDARD COMPONENT CE

This EASIEST standard component computes the aerodynamic forces and

torques acting on the percentile crewperson that is specified in the CE

input data. These forces and torques are then summed with the other forces

and torques acting on him (parachute lines, seat restraints, etc.) to

determine the linear and angular rates to be used by the integrator. The

input/output listings are presented in Appendix D.

Note that the moments and products of inertia for the crewmember are

required inputs. The values for these parameters should reflect the iner-

tial properties of a seated crewmember whose percentile is approximately

the same as that specified in the input data. At seat/crewmember separa-

tion, new moment and product of inertia vectors are calculated via a table

look-up on data hard coded into the component, with the independent vari-

able being the crew member percentile. The aerodynamic reference area and

length are also determined by this table look-up, as is the crewmember

weight. The weight of the crewmember's clothing and equipment is a sepa-

rate parameter input.

STANDARD COMPONENT CS

This component can be employed to move the rudder, elevator, and ailerons

of the airplane component (AE). All three control surfaces may be moved

simultaneously or individually according to the input parameters specified

by the user. These parameters include the simulation time after which the

control surface rates are calculated, the commanded position, and a time
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constant that is employed by a first order lag function to determine the
rates. The input/output data is given in Appendix 0.

COMPONENT CT

Ccomponent CT determines the forces and momients acting on the seat and
airplane from a closed tube catapult. The states in this module include

the internal friction energy, heat loss, catapult work, and the propellant

web consumed. These states are used to calculate the internal temperature
of the catapult, from which the pressure is calculated by using the equa-
tion of state with the chamber volume and the mass of the burned propel-
lant. The force can then be calculated from the geometry of the catapult

pressure chamber.

The input/output parameters are shown in Addendix 0, and include the flag

for catapult ignition, the unloaded catapult length, and the catapult
propellant consumption table. Figure 24 presents an overview of some of

the required inputs, and should be helpful in visualizing the geometry and
operation of the catapult. Note that input TDE is available as the time
interval over which the catapult force decays to zero after stripoff. This
decay period should prevent the variable step integrators from the
difficulties associated with sudden rate changes.

STANDARD COMPONENT DR

This standard component simulates the "DART" stabilizing device that can
be used by an ejection seat to correct for adverse pitch and roll induced

by aerodynamic torques and the offset caused by improper allignment of the

seat center of gravity with the sustainer rocket thrust vector. It is not

effective in providing corrective torques about the yaw axis.

The DART is a simple device which consists of a line that is connected at

one end to the airplane, and at the other end to a bridle attached to the

bottom of the seat. This line passes through a braking device, whose force
is calculated from a table that is an input into the component. This
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table, as well as the other input/outputs, are explained in Appendix D. In

addition, Figure 25 provides a descriptive diagram for this component.

STANDARD COMPONENT GP

This standard component is a simplified version of component MP (parachute

mortar), in that a table look-up is used to find the mortar force as a

function of time, instead of the equation of state method employed by MP.

The input/output list is given in Appendix D. Due to a configuration where

the mortar force vector may not pass through the parachute center of

gravity, inputs for both the position of the parachute attachment point and

the seat deployment impulse arm are reqf . ed. In this situation, the force

imparted from the gun to the pack is assumed to act parallel to that of the

gun impulse vector.

Component GP also has the task of restraining the parachute to the seat

prior to mortar initiation. When the mortar is fired, and the chute is

propelled away from the seat, the restraint logic prevents the parachute

from moving perpendicular to the mortar impulse vector until the mortar

reaches stripoff. Mortar stripoff is defined as the time the mortar force

reaches zero, which is set in the mortar force input table. When the

mortar reaches stripoff, the forces and torques acting on the seat and

parachute calculated by the restraint logic are set to zero. However,

these forces and torques may be gradually reduced to zero over a time

period, defined by input DCE, if desired by the user. This capability was

included in the component to prevent the variable step integrators from

having difficulty with a sudden rate change.

STANDARD COMPONENT LI

This component calculates the forces and torques that are imparted from a

loaded parachute line onto an object that is being decelerated by a para-

chute. The input/output list is shown in Appendix D. The inputs include

the states from both the decelerated object and parachute. Additional
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inputs define the bridle configuration and the parachute line characteris-

tics.

The subroutines that are used by component LI include LILOAD, which calcu-

lates the line load; LIBRIDL, a routine that determines the force applica-

tion point; and LILINE, an algorithm that calculates various line param-

eters. LILOAD is the line model described in reference 2. Subroutine

LIBRIDL can accommodate bridles that have one through four attachment

points. If there is only one attachment point, the force application point

is set equal to the position of attachment point one, and the input defin-

ing the bridle apex, namely APX, should be set to zero. Variables calcu-

lated in LILINE include the parachute line length, defined as the distance

from the stretched canopy center of gravity to the force application point.

STANDARD COMPONENT MP

This module is the EASIEST parachute mortar model, and closely resembles

components CT (catapult) and RS (restraints), in that logic similar to that

in CT is employed to calculate the force generated by a closed tube tele-

scoping catapult, while the RS logic is used to maintain the parachute's

position on the seat until the mortar is initiated. From mortar initiation

until stripoff, the restraint logic maintains the parachute on a path that

is defined by its seat attachment point and the mortar force vector.

Appendix D gives the inputs and outputs for this component. Inputs include

parameters that define the characteristics of the mortar's performance and

the spring and damping constants for the restraints. Input TDE is the time

interval over which the mortar and restraint forces decay to zero. This

input was included to prevent the variable step integrators from having

difficulties with sudden rate changes.

STANDARD COMPONENT PC

This module is the EASIEST parachute model. It is capable of modeling

either a drag chute or a recovery chute by setting the input data to
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correspond to the type of parachute desired. The inputs include variables

from components LI and the parachute mortar (GP or MP), as indicated in the

input/output descriptions in Appendix D. Additional information concern-

ing the input data is presented in Figure 26.

This component calculates rates for both the parachute pack, defined as the

parachute container and the canopy/lines contained within it, and the

canopy. Prior to linestretch, the mass of the canopy is set at one pound

and driven to the calculated stretched canopy center of gravity by a

spring, whose characteristics are defined by input parameters CSP and DPG.

After linestretch, the parachute container separates from the canopy, with

only the force of gravity acting on it. However, since the container has a

coordinate sytem attached to it, its rotation must be stopped to prevent

the Euler angle singularity, an occurrence which reduces execution effi-

ciency when using the variable step integrators. This is accomplished with

input DPG, a user defined vector which induces a braking torque about all

three axes of the pack's coordinate system. Another input, TEM, is the

time duration over which the aerodynamic forces are factored during para-

chute emergence into the windstream. It also performs a similar function

when the lines are severed, ensuring variable step integrator efficiency.

This algorithm is separated into three distinct phases. Phase one is

concerned with the parachute dynamics prior to parachute launch. Forces

acting on the parachute include the mortar and the restraints. Forces

acting on the canopy, which is treated as a separated object, are the

spring forces that maintain its position in the pack. Phase two models the

parachute from launch to linestretch. Forces that act on the pack include

the parachute stripout force and the aerodynamic forces. Forces that are

exerted on the canopy are the spring forces that drive the canopy to its

center of gravity position along the parachute lines. The center of

gravity position is passed to this component from component LI (parachute

lines). Phase three takes into account the forces that act on the canopy

after linestretch, which include the aerodynamic and line forces, as well

as the mass acquisition force as the parachute inflates.
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STANDARD COMPONENT RL

This standard component determines the forces and moments that act on the

vehicle and the seat while the slider blocks are in contact with the rails.
The resulting forces and moments acting on the seat and the vehicle are due
to rail elasticity and rail to slider block friction forces. The input!

output table is given in Appendix 0. Note that states from components SE

and the vehicle (AE or SL) are required inputs, and must be accounted for

by the component hookups in the Model Generation Program input data. Other
inputs include the slider block friction coefficient, and the ejection
direction flag. Figure 27 provides an additional explanation for some of

the inputs, and helps to explain the rail/slider block geometry.

STANDARD COMPONENT RS

This EASIEST component is the module which restrains one object to another,

such as the crewanember to the seat. The input and output data is given in

Appendix 0. The nomenclature for this component defines the parEnt body as
that object in whose coordinate system the attachment point is defined.
The second object is referred to as the attached body. The inputs to this

component include the attachment point where the attached body is con-
strained. The two bodies are held in the relative position defined by the

input data by a set of springs which exert both torques and forces on the

constrained bodies. The bodies are held together until a switch is set by

the sequencer, which is described in Section IV.3.

STANDARD COMPONENT SE

This component sumns the forces and torques that act on the seat, and then

determines the seat body axis angular and linear rates. The composite seat
inertial properties are fed to this component from component WB (weight and
balance) if an object is pinned to the seat, as in the case of the
sustainer rocket (SR). Otherwise, the inertial properties are inputed

directly into the component. Note that the equations of motion were
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written so that the linear states apply to the seat reference point rather

than the seat center of gravity.

The input/output variables and parameters are given in Appendix 0. All

pyrotechnic devices, such as the catapult, should have their forces and

torques feed into SE via the ports labeled F1 and Ti. The forces and

torques sent to this component from non-pyrotechnic sources, such as the

aerodynamics, should use ports F2 and T2. This constraint is to help the

user to organize the inputs into component SE.

STANDARD COMPONENT SL

Component SL is the EASIEST sled model. The linear velocity and position

vectors should be initialized in the Analysis Program input data by the
INITIAL CONDITIONS command. The angular velocity vector must be initial-

ized to zero, as explained in Section IVA3. Note that the names of the SL
states have the same names as those of the airplane, simplifying the
process of interchanging the two vehicles in a model file. Appendix D

gi ves a list of the input/output information. Note that the velocity
vectors are defined with respect to the sled body axis.

STANDARD COMPONENT SP

This component simulates the STAPAC ejection seat stability device. It

consists of a vernier rocket motor connected to a single-degree-of-freedom
gyroscope. It can be mounted on the ejection seat to provide a correcting

torque for either an adverse yaw, pitch, or roll.

Appendix D supplies the input/output names assigned to this component,

while Figure 28 explains the coordinate systems attached to the rocket and

the gyroscope. The Euler angles that define the orientation of the rocket

and the gyroscope coordinate systems in the seat reference frame are
states. Consequently, they must be initialized in the analysis file.
Proper initialization can model either a yaw, pitch, or roll STAPAC. Once

the gyroscope wheel is spun up and the gimbal uncaged, the seat body axis
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angular velocities are projected onto the gimbal axis. If an angular

velocity component exists on the input axis of the gyroscope, as shown in

Figure 29, the gyro processes, rotating the vernier rock to provide a

correcting torque. The forces and torques generated by this rocket are

then passed to component SE (seat equations of motion).

Figure 29 provides additional information on the inputs to this component.

It explains the biasing effect of the gimbal spring, and what is meant by

the thrustline offset. In addition, input TSU specifies a time duration

over which the gyroscope wheel accelerates to its uncaged angular veloc-

ity. This prevents the variable step integrators from encountering an

extreme rate change.

STANDARD COMPONENT SR

The purpose of this module is to calculate the forces and torques that act

on the ejection seat from the sustainer rocket. In addition, the inertial

properties of the rocket propellant grain are calculated as the rocket

burns, and made available to component WB (weight and balance) for the

composite seat weight and balance calculation.

Appendix D contains a list of SR input/output descriptions. Figure 30

presents a pictorial explanation of some of these inputs and variables. As

shown in the figure, the rocket has a coordinate system attached to the

propellant grain center of gravity. In addition, the rocket nozzle has its

own corrdinate system, with the thrust vector acting along the negative

direction of its z-axis. The location of the origin of the propellant

grain is with respect to the seat coordinate system, as are its Euler

angles. The location of the rocket nozzle's origin and Euler angles are

defined with respect to the propellant grain coordinate system. Because

the propellant weight is a state, it must be initialized in the analysis

file.

During initialization, the specific impulse of the rocket and the initial

propellant moments of inertia are calculated. Once the rocket is switched

on by the sequencer, the force generated by the rocket is determined by a
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table look-up, the propellant consumption rate is calculated, and the
moments and products of inertia of the propellant are updated and rotated
into the seat coordinate system.

An additional capability of this module includes utilizing it to model an

ejection seat with a "thrust vector control" sustainer rocket. This is
demonstrated in the model that is presented in Appendix N.

STANDARD COMPONENT WB

This EASIEST component determines the composite center of gravity and
inertial properties of the ejection seat. The sustainer rocket propellant
is included in this calculation, but ejection seat components which uti-
lize springs to couple themselves to the seat are excluded. This component

can accommodate up to three attached bodies.

The input/output information for W8 is given in Appendix 0. The inputs
include the number of attached bodies, the seat body axis position vector
of the basic seat center of gravity, the basic seat moments and products of
inertia about the seat center of gravity, and the basic seat weight. In

addition, the seat system location of each attached body center of gravity
is a required input, along with its weight, and the moments and products of
inertia rotated into the seat system. The outputs include the following

composite seat properties:

a. Weight

b. Center of gravity in the seat body axis system

C. Moments of inertia about the seat center of gravity

d. Products of inertia about the seat center of gravity

These outputs are passed to component SE to be utilized by the seat equa-

tions of motion.
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2. SUBROUTINES

The EASIEST subroutines (not standard components) listed in Appendix

H that are utilized by the EASIEST standard components are available to the
analyst for system modeling, and can he used with the FORTRAN STATEMENTS
comiand. Additional subroutines, whose listings are available in Volume

11, Section III, of this document, can also be used in system modeling.

3. MODELING WITH THE EASIEST COMPONENTS

This section covers modeling requirements and methods which must be

satisfied when an analyst models an escape system with the EASIEST compo-

nents. It also will help to explain how to resolve certain problems that

may be encountered.

Any of the EASIEST components may be employed as often as required in
system modeling. However, component AG (atmospheric properties) must be

included in all EASIEST models, since it controls a common statement vari-
able used by some EASIEST components, and supplies atmospheric information
to PC (parachute), AS (seat aerodynamics), CE (crewperson), and AE (air-

plane).

A specific sequence of analysis commands should be followed to properly
define input parameters and to initialize the model. The analysis file for
the examples in Section VI and Appendix N demonstrate this procedure, and

it is listed as follows:

(1) TABLE - allows for the input of a required table.

(2) PARAMETER VALUES - precedes the defining of parameter values.

(3) INITIAL CONDITIONS - permits the initialization of state vari-
ables (seat velocity, for example).

(4) CALC XIC - allows for the calculation of variables derived from

input parameters (the sustainer rocket's specific impulse, for
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example). Parameters not defined after the PARAMETER VALUES

command are set equal to their default values.

(5) INT CONTROLS - freeze the required states prior to the issuance

of the STEADY STATE command.

(6) STEADY STATE - drives all objects attached to the seat by the

restraint components to their attachment position, and deter-

mines their velocities.

(7) XIC-X - transfers the states calculated by the steady state sol-

ver into the initial conditions vector.

(8) ALL STATES or INT CONTROLS - specifies which states will be used

by the subsequent analysis commands.

(9) Desired analysis commands (SIMULATE, LINEAR ANALYSIS, etc.).

A trim scheme has been devised to initialize the states of the physical

objects attached to the ejection seat by the restraint components, such as

the crewperson and the parachutes. If the sled or airplane is used in the

component, the only states that need to be initialized are the vehicle's

linear velocity, angular position, and the linear position vectors.

(Note: The angular velocity vector of the vehicle must be set to zero,

since the steady state scheme cannot accommodate non-zero angular veloci-

ties.) After the CALC XIC command is given, all of the vehicle's states are

then frozen by the INT CONTROLS command. Model states that are not

directly associated with the dynamics of physical objects must also be

frozen. These include the states associated with the catapult (CT), mortar

(MP), parachute lines (LI), sustainer rocket (SR), and STAPAC (SP). If any

of these states are not frozen, the EASY steady state solver will not be

able to solve for a steady state, and the command will terminate.
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The user must be aware that the STEADY STATE command can calculate an

undesired steady state, with the seat driven to an attitude where the plane
formed by the slider blocks is perpendicular to the rails. An inverted

steady state is also possible. This situation can easily be avoided by

initializing the states of the seat as near to their steady state operating
point as possible.

Another method to assist the steady state solver is to set the value of

parameter SW in component AG to 0.0 before issuing the STEADY STATE
command. This prevents the parent objects in the model from "seeing" the

forces and torques applied to them by the restraint components. For

example, the seat component (SE) will receive rail and catapult forces and
torques, but will not receive the forces and torques from the components

which restrain the crewperson and the parachutes to it. Likewise, the
crewperson will receive forces and torques from the restraints which hold

him in the seat, but will not see any forces or torques from anything

attached to him. Once a steady state has been calculated with SW AG set toI
zero, SW AG must be redefined to a value of 1.0, an XIC-X command given,

and then the STEADY STATE command repeated. This scheme has been included

in the model only as an additional capability, and as a rule it does not

have to be implemented.

If an analyst desires to determine the steady state of a seat in a model
where there is no vehicle (i.e., the seat is unsupported), then the user
must perform the following tasks within the previously described command

sequence:

(1) Freeze all of the states in component SE.

(2) Define SW AG to be equal to zero. (Not required if there are no

objects attached to the seat.)

(3) Set TM SE equal to the desired earth frame linear trim velocity.

(4) Issue the STEADY STATE command.
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(5) Redefine SW AG to be equal to one. (Not required if there are no
objects attached to the seat.)

The parameter SW AG, when set to 0.0, has the additional capability of
setting the acceleration of gravity to zero throughout the model. If the
acceleration of gravity is not set to zero before issuing the STEADY STATE
command when the seat is unsupported, the restraint springs would have to
load up to resist the acceleration of gravity. After unfreezing the seat

states, the model would no longer be at a steady state operating point.

The implementation of the airplane component requires a slightly different

procedure. The basic sequence of simulation commands outlined earlier in
this section should be adhered to; however, prior to the STEADY STATE
command, the only airplane states that need to be frozen are EAPAE(1),
XAPAE(1, and XAPAE(2). In addition, the states associated with the con-
trol surface component (CS) must be frozen if it is employed in the model.
The earth system trim velocity and altitude are required inputs into com-
ponent AE, and should be set to the desired values. Appendix N contains an

example of an EASY model that employs the AE component. The aforementioned
method of assisting the EASY steady state solver with SW AG is also demon-
strated in this example.

When component AE is included in a model, the airplane aerodynamic coeffi-

cients must be made available to it. The procedure used to submit an
EASIEST run that includes component AE is explained in Section V. An
example of a set of coefficients formatted for component AE is given in
Appendix J.

When employing any of the restraint components (namely, RL, RS, GP, or MP)

in a model, the spring and damping constants associated with them must be
defined in such a manner as to set the system's natural frequencies below
approximately 1000, and the damping ratios between 0.6 and 0.9. The
recommended approach to do this is to first set the angular and linear
spring terms according to the magnitude of the attached object's inertial
properties when compared to those of its parent object. In other words, a
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crewperson attached to the seat must have larger spring constants than,

let's say, a parachute that is also mounted on the seat, since the crew-

person has the larger inertial properties of the two objects. The user

should ensure that the spring terms are large enough so that very little

deflection is required to impart the force required to drive the attached

object along with the escape system.

The example given in Section VI can be used as a basis for establishing the

appropriate spring and damping constants. The next step is to execute the

analysis program through a STEADY STATE task, and then investigate the

natural frequencies and damping ratios to ensure they are within toler-

ances. If they are not, the integrator could have difficulties with the

system during a simulation. Therefore, the damping constants and spring

terms should be manipulated until reasonable results are obtained. Due to

the nature of a complex model, such as the one shown in Section VI, there

could be some low damping ratios that are very difficult to eliminate.

Note that both components CE and SE contain the human spine model, whose

0.2240 damping ratio cannot be manipulated by the user.

After a simulation is made with a variable step integrator, a time step

limitation count is printed for each model state. A time step limitation

occurs when the integrator encounters an extreme rate change. If this

should happen, the integrator reduces its timestep and performs a recovery

process to ensure simulation accuracy. However, this can significantly

increase the central processor time required for the simulation. Conse-

quently, many of the EASIEST components have schemes to prevent large

changes in rates. For example, the catapult force can be decayed over a

time period specified by the user, instead of abruptly being set to zero at

stripoff. Specific information on components which have this capability

is presented in Section IV.1.

The approach the analyst takes to construct a complex system model can

influence the amount of time it requires. Perhaps the most efficient

method is to assemble the model a few components at a time, modifying the

98



model and analysis input files during each design interation to acconmmo-
date the components being added. As an example, the user could construct a
model using only the sled, rails, and seat components. Once this small
model is verified by the various analysis capabilities available in the
EASY program, a crewperson component could then be added, and the checkout
process repeated. This approach lends itself to correcting problems as

they occur, as well as building better designed models.

4. SEQUENCING AN EASIEST MODEL

During the operation of an ejection seat, a variety of discrete events
occur that mark transition points in the ejection sequence. Examples
include the ignition of a rocket, the burnout of a rocket, and the separa-
tion of one object from another. Each such event occurs when either some

timing device within the ejection seat triggers it, an event that occurred
in some other part of the seat caused a physical switch to be thrown wich

triggers it, or the event is defined by the physical status of all or part
of the ejection seat and that status has been attained. For example, the

seat leaving the guide rails can trigger the sustainer rocket ignition, or
the deployment of a parachute can trigger the sustainer rocket ignition, or
the deployment of a parachute may be triggered by time in one type of seat
design, or by seat speed and/or altitude in another.

In order to allow the EASIEST program to be used in modeling many types of
ejection seats, a flexible system has been developed for simulating this
event triggering. The fundamental elements of this system are:

a. If an event occurs in one component and knowledge of this occur-
rence is required by other components, the component in which
the event occurs is provided with an output which is:

(1) Set equal to zero if the event has not yet occurred (or in

some cases, has occurred but is no longer occurring)
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(2) Set equal to one if the event has occurred (or in some cases

is now occurring)

This type of flag is called an "event triggered flag."

b. If an event inside a component is triggered by something outside

the component (including time), then that component has been

provided with an input which must be:

(1) Set equal to zero if the event is not to begin (or, if

occurring, should stop)
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SECTION V

PROCEDURES FOR INSTALLING AND SUBMITTING

AN EASIEST RUN

The purpose of this section is to explain the EASY5 installation procedure

on the ASD computer, and how to submit an EASIEST run.

1. INSTALLING THE EASY5 PROGRAM

The source code for the EASY5 computer program and the EASIEST

standard components was delivered to AFWAL/FIER on tape L02377. This tape

contains 17 files in the following order (the volume and section where the

corresponding File listing resides is given in parenthesis where

appropriate):

1. EZSTPRC - EASIEST procedure file (Volume 1, Appendix F)

2. BACOMPS - Source for the EASY5 standard components (not

EASIEST), associated subroutines and functions

(Volume 2, Section 111.5)

3. COMPASS - Assembly Language Utility Program (Volume 2,

Section 11.5)

4. EZSTFTN - Source for the EASIEST standard components, asso-

ciated subroutines and functions (Volume I, Appen-

dicies G and H)

5. FILOADS - Source for FILOAD. (Volume II, Section 11.4)

6. FILDAT - Input data for FILOAD (Volume I, Appendix I)

101



7. EASYS - Source for the Model Generation program (Volume 2,

Section II.1)

8. EASY5 - Relocatables for the Model Generation Program

9. NONSIMS - Source for the Analysis Program (Volume 2,

Section 11.2)

10. NONSIM5 - Relocatables for the Analysis Program

11. NSMPPTS - Source for the Printer Plot Program (Volume 2,

Section 111.3)

12. AEROMED - Source for the EASIEST Aeromedical post processor

(Volume 1, Appendix E)

13. F4EMAN EASIEST F-4E aerodynamic maneuvering coefficients

(Volume 1, Appendix J)

14. MCORR - Model description for the example in Volume 1,

Section VI

15. ACORR - Analysis file for the example in Volume 1,

Section VI

16. MODAPP - Model description for the example in Volume 1,

Appendix N

17. ANALAPP - Analysis file for the example in Volume 1,

Appendix N.

To execute the procedure to install the entire EASY5/EASIEST package from

the delivery tape, route the following deck to the ASD computer input queue

after instructing the tape library to mount tape number L02377:
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EZ5,T300,IO1000,CM100000,NT1.D790183,EASIEST TAPE RUN

REQUEST,TAPE,NT,PE,VSN=L02377.

COPYBF,TAPE,TEMP.

BEGIN,EZSTGEN,TEMP,TPW = password for proprietary EASY source files.

This procedure will unload the delivery tape, compile the source programs,

and catalog all necessary files. In addition, a sample EASIEST run will be

submitted, using the same model description and analysis files as the

example in Volume I, Section VI.

2. PROCEDURE FOR SUBMITTING AN EASIEST RUN

The following method provides a simple procedure for submitting an

EASIEST run into the batch input queue of the ASD computer:

1. Prepare the EASIEST model description file and the EASIEST

analysis file as described in the previous section. These files

should be stored on your account as permanent files.

2. From an ASD Intercom terminal, which is in the command mode,

attach the EASIEST Procedure file using the fcllowing command:

ATTACH,EZSTPRC.

To perform correctly, this file must be attached with local file

name EZSTPRC.

3. To initiate the procedure, type:

BEGIN, SUBRUN,EZSTPRC,mfname,afname,TIME=t,INOUT=i,CORE~c,

COEF=j,NOLIST,AEROMED..

where:

a. "mfile" is the name of the permanent file containing your

model description (this entry is required),
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b. "afname" is the name of the permanent file containing your

analysis data (this entry is required),

c. "t" is the cpu time in seconds to be allocated for this run

(this entry is required only if you wish the allocation to

differ from the default of t=100),

d. "i" is the input-output time in seconds to be allocated for

this run (this entry can occur anywhere in the BEGIN state-

ment after afname and is required only if you wish the

allocation to differ from the default of i=I00),

e. "c" is the cpu core space in octal to be allocated for this

run (this entry can occur anywhere after afname and is only

required is you wish the allocation to differ from the

default of c=115000),

f. "j" is the name of the permanent file which contains the

aerodynamic coefficients for the EASIEST airplane. If the

airplane is not included in the model, "COEF=j" should not

be entered.

g. If entered, "NOLIST" deletes the FTN listing from the

SUBRUN procedure. Do not include this entry if you wish the

FTN listing to be written to output.

h. If specified, "AEROMED" executes the aeromedical post-

processor. To suppress execution, do not include this

entry.
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SECTION VI

EJECTION SEAT ANALYSIS EXAMPLE

This section presents an example of an ejection seat simulation for a model
that was assembled using the EASIEST components. All of the EASIEST
components were employed in this model, with the exception of AE
(Airplane), CS (Airplane Control Surfaces), DR (DART), and AP (Aerodynamic
Plate). The implementation of these four components into a model is
demonstrated in Appendix N, which also includes a thrust vector control
system that was added by using the FORTRAN STATEMENTS command.

Figure 5 presents the model description file used to define the escape
system model. The instructions on how this file was assembled are given in
Section II. Figure 6 shows the flow chart that was constructed by the
Model Generation Program from the instructions contained in the model
file. Figure 7 contains the analysis file that was used to define the
input tables and parameters. It also initializes the states, and contains

the commvands that dictate how the model is to be analyzed. An explanation
of the commands used by this file is presented in Section III. Figures 8

and 9 show the respective outputs of the steady state analysis and the
simulation analysis. Printer plots are shown in Figure 10.
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SECTION VII

CREATING AND MODIFYING STANDARD COMPONENTS

EASIEST is a collection of components designed to be used with the EASY

Dynamic Analysis System (EASY), and any additions or modifications to the

EASIEST components should take this into account. Before we describe the

steps required to modify EASIEST, we give a brief introduction to the

structure of EASY emphasizing the constraints that the structure puts on

components used with it.

EASY consists of the EASY Model Generation Program and the EASY Analysis

Program, plus various routines, files, and procedures to maintain and

execute these two programs. EASY uses the EASY Model Generation Program

to convert the user's model description file into a FORTRAN subroutine

called EQMO. Each time a standard component is specified in the user's

model a call is generated in EQMO to the subroutine with the same two

character name as the standard component name. The EASY Model Generation

Program generates these calls using data contained in a random access

file called EZSTDBF. This file contains the names and specificatons of

all inputs, outputs, and tables for each component. EQMO is used by the

EASY Analysis Program under direction of the user's analysis file in the

following way: given the value of time and the values of all the state

variables in the model, compute the rates at which the state variables

would be changing at that time. Note that the values of the state

variables are not computed by EQMO or its subroutine (including standard

component subroutines). The states are computed by the EASY Analysis

Program using the rate data provided by EQMO. The rate data is used in

different ways during different analyses (simulation, steady state,

linear analysis, etc.). Therefore we have:

Constraint #1. The user should make no changes to a standard

component subroutine or any subroutine called by a standard

component subroutine which results in a value to be assigned to

a state variable.
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Exception: during the CALC XIC analysis the EASY Analysis Program

expects EQMO to compute state variables. Examples of how to set this

up can be seen by examining the FORTRAN code of some of the existing

standard components.

Each standard component consists of a FORTRAN subroutine in the EASIEST

library with the same name as the two character standard component name and

three records on a random access permanent file EZSTDBF. If QZ was an EASIEST

standard component, then EZSTDBF would contain records called QZINPT, QZOUTP,

and QZTABS. QBTABS contains one word for each table used by the component

plus one word containing the number of tables. QZOUTP contains one word for

each of the component's output quantities plus one word containing the nunber

of output quantities. QZINPT contains one word for each input quantity

(excluding tables) and one word containing the number of input quantities.

These records are used by the EASY Model Generation Program to construct the

calls in EQMO to the standard component subroutines. The calling sequences

are constructed in the following order: one entry for each table, followed by

one entry for each output quantity, followed by one entry for each input

quantity. The exception is that an output quantity of a component which is

declared to be a state variable will have only one entry in EZSTOBF, but will

have three entries in the calling sequence of the component's FORTRAN

SUBROUTINE, one for the value of the state variable itself (typed real), one

for the value of the rate of the state variable (real), and one for a

integration control flag (integer), in that order. The order of the calling

sequence generated must correspond to the order of quantities in the

SUBROUTINE card in the standard component subroutine. Therefore we have:

Constraint #2: Every change effecting the SUBROUTINE card of the

standard component subroutine must be accompanied by a corresponding

change in the component's records in EZSTDBF, and visa versa.

The steps required to modify EASIEST depend upon the type of modification

being made. Each type is discussed below.
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1. MODIFYING THE FORTRAN SUBROUTINE OF AN EXISTING STANDARD COMPONENT

The FORTRAN source code for the EASIEST standard components is stored on
permanent file EZSTFTN (SN=AFFDL,no passwords). This file also contains
source code of routines used by the standard component routines. The contents
of this file can be cataloged by editing the file with INTERCOM EDITOR and

typing:

L,A,/SUBROUT/
The listing produced on the terminal will be called the "catalog listing".
Note that function subroutines do not appear in the catalog. They are located

at the end of EZSTFIN, and should not affect the modifying procedures. Each
subroutine in the listing resides on a separate record of EZSTFTN and you
should note the record number of the subroutine you wish to change. Also, the
line numbers on the catalog listing can be used in conjunction with the line
numbers on the current FTN output listing to locate the line(s) of EZSTFTN to

be changed.

Once the changes have been made, the edit file should be saved and cataloged
as a new cycle of EZSTFTN, and the previous cycle should be purged from the
disk. The EASIEST library EZSTLIB must now be updated to reflect the changes
made to the source code. To do this attach file EZSTPRC (SN=AFFDL, PW=PSWD)

and type:

BEGIN,COMPILE,EXSTPRC,nCODE=cc

where:
1. n is the record number of the record on EZSTFTN you changed (this

number can be obtained by counting down on the catalog listing

described above),
2.cc is a two character code used in the output listing filename,

3. tid is identifier of the terminal into whose print queue you wish
the FTN output listing placed (this entry is required only if you

wish the output listing directed to a terminal other than the default

terminal AB).

A successful execution of this procedure means that EZSTFTN has now been
updated to reflect your change. If the FTN compiler does not accept the
changes you made to EZSTFTN, the COMPILE procedure will leave the EASIEST
library unchanged and make the FTN output listing containing the error
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description available as local file FTNLIST. This file can be examined from

the terminal using the INTERCOM EDITOR or PAGE utilities. When the trouble is
located, correct EZSTFTN and rerun the compile procedure as described above.

2. MODIFYING THE RANDOM ACCESS FILE EZSTDBF.

If changes are made to a standard component subroutine involving either

the number or characteristics of the components inputs, outputs, or tables,

then in addition to the steps given in section VII.l for altering the

component's FORTRAN subroutine, the component's EZSTBDF records must be

altered so that the EASY Model Generation Program will alter the generated

calling sequences for the component. EZSTDBF is altered using a program called
FILOAD which in turn is executed from an INTERCOM terminal using a procedure

called DBFMOD contained on the procedure file EZSTPRC. DBFMOD requires the

user to supply a permanent file containing all the data to build the record or

records being modified. This file can have any otherwise unused name; for

illustrative purposes we will assume it is called DBFDATA. For each record of

EZSTDBF being modified the file DBFDATA must contain the following data:

i. A line describing the number on entries in the record in the form:
"xxINPUTS=n", or "xxOUTPS=n", or "xxTABS=n"

where xx is the component name and n is the number of inputs, outputs, or

tables.

ii. One or more lines containing the names and specifications of tne

inputs, outputs, or tables for the component. Each of these lines (except

possibly the last) must contain entries for eight quantities. Each entry

consists of exactly ten characters including spaces and must begin in

columns 1,11,21,31,41,51,61,71, or 81 of the line. These entries must be

placed eight to a line until the specified nunber of quantities has been

given. Each of the entries has the following format:

Character Contents

1-3 the quantity name (inputs, outputs, or tables)

5-6 the quantity row dimension, if any (inputs,outputs)

7-8 the quantity column dimension if any (inputs,outputs)

9 the quantity port number if any (inputs,outputs)

10 =S if a state (outputs only)

total storage allocation (tables only)

number of independent variables (tables only)
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The dimensions can be one or two digit numbers or can be the symbols N or

M which allows the dimensions of the quantity to be set in the model

description file. If any input or output quantity of a component is to

have variable dimensions, the DBFDATA file should also have a seperate

line of the form:

MODES = xx

where xx is the component name.

If more than one record of EZSTDBF is to be modified, the input data for each
re ord can be placed on successive lines of DBFDATA.

An easy way to generate the file DBFDATA is to have the procedure DBFMOD

generate a local file TMPDATA which contains all the input data to build

EZSTDBF as it is now. To do this:

1. Create a permanent file DUMPFIL (no password) containing "DUMP

FILE" on a single line of text.

2. Attach the procedure file EZSTPRC;

3. While in INTERCOM command mode type:

BEGIN,DBFMOD, EZSTPRC,DUMPFIL,EZSTDBF,TMPDATA

Upon successful completion of DBFMOD you will have a local file TMPDATA

containing all the input data required to generate the current version of

EZSTDBF. The file DUMPFIL can now be purged. Using the INTERCOM EDITOR

utility, delete all lines of TMPDATA pertaining to records of EZSTDBF not

being modified, make the desired changes to the remaining lines, and save the

edit file as DBFDATA.

Once you have the revised DBFMOD input data prepared on file DBFDATA and have

cataloged DBFDATA on your account (with no password), attach the file EZSTPRC

as before if you have returned it, and type:

BEGIN,DBFMOD,EZSTPRC,DBFDATA,EZSTDBF

Upon successful completion of this procedure, EZSTDBF will have been updated.

You may now purge the file DBFDATA. It is recommended that the model

description file of the next EASIEST run you submit contain the first line

LIST STANDARD COMPONENTS

This will cause the lineprinter output from that run to contain a listing of

all the input, output, and table data for all the standard components. From

this listing you can verify that the desired changes have been made to EZSTOBF.
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3. CREATING A NEW EASIEST STANDARD COMPONENT

Creating a new component for EASIEST consists of constructing the source

FORTRAN code, merging that code into the EASIEST library and constructing the

input, output, and table descriptions for the random access file EZSTDBF.

The FORTRAN source code for the new component subroutine and any new

subroutines needed by your component subroutine should be prepared on a

separate file following the constraints above. This code can then be merged

into the EASIEST source as follows:

1. Attach the file EZSTFTN and, using INTERCOM EDITOR utility, obtain a

"catalog listing' of EZSTFTN as described in section VII.l. Determine the

proper position for your new subroutine so that the "Catalog listing"

will remain alphabetical.

2. Request a permanent file PF by typing:

REQUEST,PF,*PF

3. Copy the subroutines that are to preceed the new subroutine on EZSTFTN

onto the file PF by typing:

COPYCR,EZSTFTN,PF,n

where n is the number of subroutine to preceed the new one. n can be

obtained by counting down on the "catalog listing" of EZSTFTN.

4. Copy the source code of the new subroutine onto PF using

COPY,f,PF

where f is the name of the file containing the new source code. Note that

file f must be attached before you do the copy.

5. Copy all the remaining subroutines from EZSTFTN onto PF using

COPYCR,EZSTFTN,pf,999

The terminal will respond with the number of records copied. This number

should be checked against the "catalog listing" to make sure that all the

subroutines have been copied. As added insurance, use the INTERCOM EDITOR

utility to make a "catalog listing" of file PF and check that PF has the

expected structure.

6. Catalog PF as new cycle of EZSTFTN using

CATALOG,PF,EZSTFTN,RP=999
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7. Purge the previous high cycle of EZSTFTN

PURGE,EZSTFTN

RETURN,EZSTFTN,PF

8. The new routine can now be compiled and merged into EZSTLIB using the

procedure COMPILE as described in section VII.1. If more than one subroutine is

to be added, repeat the above steps.

To include the input, output, and table data for the new component into EZSTDBF,
create a permanent file DBFDATA as described in section VII.2. Usually you will

have to supply data for three EZSTDBF records, xxINPT, xxOUTP, and xxTABS, where

xx is the new component name. However, if the new component has no quantities of a

certain type (inputs, outputs, or tables), then no input data of that type need

be given. When the file DBFDATA is prepared and cataloged (no password), you can

execute the procedure DBFMOD by typing:

ATTACH,EZSTPRC.

BEGIN,DBFMOD,EZSTPRC,DBFDATA,EZSTDBF

The terminal will type (among other things):

xx WILL BE ADDED AS A NEW STANDARD COMPONENT

You should include LIST STANDARD COMPONENTS command in the model descrip-

tion file of your next EASIEST run to verify that the inputs, outputs, and tables

have been specified correctly.

4. LIBRARY EZSTLIB SIZE REDUCTION

Every time the procedure COMPILE is execute, the EASIEST library file

EZSTLIB will grow in size. When this size becomes unreasonable EZSTLIB should be

rebuilt anew from the source file EZSTFTN by typing the following sequence from

an INTERCOM terminal in command mode:

ATTACH,EZSTPRC.

BEGIN,COMPALL, EZSTPRC,EZSTFIN,EZSTLIB

The successful completion of this procedure will mean that a new (smaller) cycle

of EZSTLIB has been cataloged. The previous high cycle can then be deleted. The

FORTRAN output listing from the FTN compilation phase is left available for

routing to a lineprinter as local file ALLLIST.
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SECTION VIII

DESCRIPTION AND GUIDE TO USE OF NUMERICAL INTEGRATION

The purpose of this section is: (1) to document changes (as they relate to

the user) in integration methods used in the EASY program; (2) to describe

local error control procedures in the three automatic integrators - NRKVS,

STIFF GEAR, and ADAMS; and(3) to discuss the appropriate use of each

method.

1. CHANGES IN INTEGRATORS

Several inadequacies in the integrators used in early versions of

EASY were identified and subsequently remedied in the EASY5 program. In

particular, the error control technique in the NRKVS integrator was

reworked and the Hindmarsh version of C. W. Gear's integrator was

implemented. The Hindmarsh version, called GEAR, also includes minor

changes, such as dynamic dimensioning and the capability to input EASY5

error controls.

The resulting set of improved integrators are accessed by the EASY5 user

through the integration method parameter, INT MODE. INT MODE can be set to

any integer from 1 to 6 with the default being 6. The six integrators

which are available are listed below.

a. DIFSUB: The original version of Gear's method.

b. NRKVS: The improved Runge-Kutta variable step integrator.

c. HEUNS: Second order fixed step explicit method.

d. Euler: First order fixed step explicit method.

e. ADAMS: Automatic step-size/order selection methods using Adams-

Bashforth predictor/Adams-Moulton corrector pairs of (2nd through

12th) order. (Non-stiff option of GEAR.)

f. STIFF GEAR: The stiffly stable GEAR formulas.
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The choice of the best integration method depends on a number of considera-
tions. User requiremlents, problem characteristics, and the stability and
accuracy of the method all must be considered. A more complete discussion
of these considerations can be found in standard texts. It is the purpose
of this section to present summnary information to help the user with his
integrator selection. The second and third sections discuss accuracy,
error control, and stability in more detail and can be consulted if inte-
gration problems develop or simply to gain a better understanding of the
processes involved.

2. GENERAL SELECTION GUIDELINES

Many times the best and only way to choose a method is by trial and
error. Below are some general observations:

a. If no special knowledge is available about the system, try Method 5:
ADAMS.

b. If a large amount of output is desired at small time increments,
Methods 5 or 6 will use interpolation rather than generate smaller
time steps if output points are smaller than current step sizes.
However frequent restarting will cause the cost of an entire tran-
sient simulation to increase.

C. If function evaluation can only be calculated at fixed time steps due
to sampling data or tabular information, use Methods 3 or 4. Method 3
is more efficient if the time step is obviously small enough to
generate necessary accuracy. Given a fixed time step, Method 4 will
be more accurate than method 3 provided h 0 is within the stability
region (Figure 11) for the methods.

d. If the system has frequent derivative discontinuities (shocks, phase
changes, hard step-like forces, etc) Method 2: NRKVS is reconmmended.
Unlike Methods 5 and 6, Method 2 is negatively impacted by a large
number of output points at small time increments (i.e., if the output
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time increments are smaller than the natural step size, then the
method will be found to use more integration steps and thus be more

costly).

e. Method 1 is not recommended. If the system is initially unstable or
discontinuous and eventually is stiff, we recommend using Method 2,
then switching to Method 6 rather than using Method 1.

f. If the problem is stiff (i.e., large spread in eigenvalues), Method 6:
STIFF GEAR is recommended. This is also the default option if no

method is specified.

It should be noted, however, that problems with large eigenvalues (with

negative real parts) do not automatically indicate that one should use

STIFF GEAR. For example, consider the system:

(1) x= -x

for time Oteb

X2 - -ioOX 2

Th i s i s an uncoup I ed system (and might seem art if i c i al ),but coup Ied systems often
display the behavior of rapidly damping components such as X2. If one was
integrati ng (1) as a system and the important var i ablewas X, and bwas large, then
a large step size could be used provided the numerical integration of X was

damping to zero (i.e., stable). In such a case, a STIFF method would be
appropriate. On the other hand, if b was small (e.g., b = 0.0001) and X2 was the
component of interest (where relative accuracy is important), then an efficient
integrator of Adams type or perhaps a Runge-Kutta method would be appropriate.

Thus, the decision to use STIFF GEAR or not depends on both the user
requirements for accuracy and the eigenvalues of the system.
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3. ACCURACY AND ERROR CONTROL

It is useful to establish notation and review some basic concepts.

Consider the ordinary differential equation (ODE)

(2) X(t) - f(t,X(t)) with a t<b

with the initial condition X(a) = X0. Equation (2) is an initial value

problem. The EASY5 program sets up and solves first order systems of such

equations (i.e., equations of the form of equation (2) with X a vector and

f a vector valued function). Initial value methods for integrating ODE's

produce a sequence Xj of approximations to the solution X such that Xj

X(tj) where to = a and tj - tj.1 + hj for j = 1,N. The sequence hj are

called steps or step sizes. For Methods 3 and 4 (Heun's and Euler's

methods), the step sizes are fixed throughout the integration and are set

by the user through the parameter TINC. For the other methods, the step

sizes are selected by the integration algorithm as the integration pro-

ceeds. These "adaptive" methods estimate the local truncation error at

each step of the integration, accept or reject the approximation, and

predict the next step size to be tried. Local truncation error can be

loosely thought of as the error incurred during one-step of the integration

process given that all previous approximates are exact. The order of a

method is a crude measure of accuracy. A method is said to be of order p if

it is exact for pth order polynomials. The adaptive EASY5 integrators

(Methods 1, 2, 5, and 6) strive to keep the step size small enough to

insure reasonable local error which in turn should produce a small global

error. Whether or not the global error is indeed small will depend on both

the problem and the stability of the method. (Stability is discussed in

the next section.)

The adaptive integrators measure the local truncation error by comparing

two estimates of the solution that theoretically differ in only high order

terms from the Taylor's expansion of the solution over the current step.

The details of how this is done in each method is not important here except

as to how it relates to the EASY5 integration controls. The user is asked
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to input an array of controls associated with each state of the system via

the ERROR CONTROL command. The array, which we shall call ERROR(I), is a

measure of significance of the corresponding Ith state of the system. To

be precise ERROR(I) is a value below which the Ith state is in some sense

considered negligible by integrators 1, 2, 5, and 6. There are two methods

of error control employed by the four methods. Method 2, NRKVS, is

described first, Error control in Methods 1, 5, and 6 are basically the

same and will be discussed second.

In NRKVS, the initial step size Ho is chosen as a function of TINC. To be

precise Ho  .01 * TINC.

Subsequent step sizes are selected on the basis of local error control

estimates. There are a number of refinements in NRKVS that will not be

discussed; however, the basic error control is governed by the following

quantity, Q,

(3) Q= max FE LTE I)
(()3RROR(1) + JX(1)J* ERROR(1)

where LTE(I) is the local truncation error estimate for the Ith state of

the solution as calculated by comparing a 4th order solution to a 5th order

solution, X(I) is a recent history size measure of the Ith state (initially

set to the initial value), and ERROR(I) is the user input error control.

The integrator strives to make Q = 1. If Q<1, the step size on the next

integration step is increased. If Q > 10, the current step is rejected and

a new smaller step size is calculated for another attempt. In order to

interpret the effect of the input controls, ERROR( I), one need only set Q =

I (the desired value for Q) and examine the relation (2) for the maximal

choice of I. That is, for some I, if Q = 1, then

(4) Q = 1 = LTE(I)

ERROR(I) + Y(1)I * ERROR(I)
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Thus by rewriting (4) we have that

LTE(I) = ERROR(I) + 7(I) * ERROR(I).

i.e., the LTE is close to the ERROR + X'ERROR. If X(I) has been small,

ERROR (I) dominates the right hand side of (4), and the error control is
essentially absolute error. On the other hand, if X(I) is very large,

X(I)*ERROR(I) will dominate; and thus relative error is controlled. As a

rule of thumb, the user should input the level at which he considers the

solution negligible (i.e., tolerably small enough to ignore). If the

solution gets large, then lOglo(ERROR) will roughly give the number of

significant digits of accuracy (locally).

The use of input controls ERROR(I) differs for Methods 1, 5 and 6. A local

truncation error LTE is computed by the integrator. The Euclidean error is

controlled, i.e.,

i2

is required to be less than (EPS)2 where NEQ is the number of equations,

XMAX(I) is the maximum of the Ith component of X over the course of the

integration. The user impacts this control by effecting the initializa-

tion of XMAX(I) and the choice of EPS. EPS is chosen as follows:

EPS = MIN (ERROR(I))
(1)

with the constraint that EPS ' .01. If ERROR(I) 4 I.E-12 for all I, then

EPS is set to 1.E-4. The initialization of XMAX(1) is given by

XMAX(I) = ERROR(I) /EPS
IF (XMAX(I).EQ.O) XMAX(I) - 1.
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The net effect of these initializations for EPS and the XMAX array result

in the ERROR array being used in a similar manner to its use in NRKVS. For

example, if EPS - .001 and ERROR - .001, then XMAX - 1.0 and error control

is essentially absolute error until the solution X(I) exceeds 1. If X(I)

grows the error processing will gradually become relative since XMAX is set

equal to X whenever X exceeds it. If the solution grows to a maximum

value, and then decays, the error control will be relative to that

maximum.

The user must remember that EPS Is set by the smallest ERROR(I). Thus, in

a two component system, if ERROR(1) = .001, and ERROR(2) - 1.0, the result-

ing controls will be as follows:

EPS - .001; XMAX(1) - 1; XMAX(2) - 100.

Thus, if X(1) - X(2) - 0 initially the integrator considers values less

than 0.001 negligible for X(1) and values less than 1.0 negligible for

X(2). This is quite similar to what NRKVS would do with these same inputs

for ERROR(1) and ERROR(2).

4. STABILITY

The theoretical basis for error control and convergence of numerical

integration methods is rooted in the underlying assumption that the step

size is small (in fact, approaching zero). In practice, of course, the

step size is not necessarily small and certainly not zero. In fact, the

larger the step size, the fewer the steps required, and hence, the greater

the economy of integration. The behavior of integration methods when the

step size gets large will generally depend on both the problem and the

"stability" of the method. All the EASY5 integrators are at least "condi-

tionally stable". That is, there exists a threshold size, ho, such that

for steps of h ho the integration procedure will produce damping approxi-

mations to damping components. To be precise, consider the equation

(5) X(t) - XX

159

- - --- S



where A is any complex number. If X has negative real part, the equation

is said to be mathematically stable, and its solution may be oscillatory

but definitely will damp with time. Given a method, one can calculate a

stability region in the complex plane which depicts the region in the h

plane for which the integration scheme will produce a damping solution to

equation (5). That is, given a X, the product hA must be within the

absolute stability region for the method to produce a damping solution.

Generally, if one uses a step size h outside this region for more than a

few successive steps, numerical instability will occur producing a diver-

gent "solution" even for a stable system. This, in fact, often happens

with fixed step methods. Adaptive integrators will automatically rEject

these numbers and cut the step size, thereby increasing work (not because

of accuracy) but because of stability. For systems of nonlinear differen-

tial equations, in equation (5) corresponds to the eigenvalues of the

system. In Figure 11, the stability regions for Runge-Kutta methods of

orders 1-5 are shown. The method will be stable provided hA is within

these closed regions.

The region marked p=1 is valid for Euler's method (No. 4 in EASYS). Thus

if, for example, A = -1000, hA is required to be > -2 in order to produce

meaningful results. This, in fact, implies that h < .002. The region p=2

corresponds to Heun's method which is Method 3 in EASY5. For X = -1000,

h must also be less than .002 for stability. In this case, since Method 4

uses only one function evaluation per step and Method 3 uses two, the Euler

method would be more efficient on X(t) = -lOOX if minimal accuracy were

needed. On the other hand, if extremely accurate results were required,

and the user intended to use small step sizes well within the stable

regions, then the higher order accuracy of Heun's method would more than

justify its extra function evaluation.

For a certain class of equations (stiff equations) the eigenvalues may vary

considerably between components. For example, consider

1 - -1000
X2 = -X2
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The user often demands greater accuracy in X2than in X1  Assume f or the
moment these equations are coupled. Then XIdrives the step size used f or
the system. It is in this situation that large stability regions are
desirable, for then a large step size can be used.

The p - 4 and p = 5 regions in Figure 11 are then stability regions that

apply to the Runge-Kutta method NRKVS. The underlying method is 4th order
in NRI(VS; however, the error control mechanism performs an extrapolation
to achieve a fifth order approximation to the computed 4th order estimate.
The difference between the two is then used to estimate the error. The
reported solution is the fifth order estimate; hence p - 5 is the true
region of interest.

The Adams-Moulton formulas, Method 5, have stability regions given in
Figure 12 for orders 3-6. (The Adams-Moulton methods are the corrector of
the predictor-corrector pairs used in Method 5.) A corrector formula is
implicit and if interated to convergence, will have the stability shown in
Figure 12. However, the implementation of the Adams formulas in this code

(and most Adams' codes) uses prediction with only one correction. The
resulting stability regions are reduced. A sample of these regions for
orders 1, 2, 3, 4, 5, 6, 9, and 10 are given in Figure 13a through h. The
solid lines are for the Adams-Bashforth predictors; the dotted lines are
for the Adans-Bashforth predict with the Adams-Moulton corrector of the
same order (one correction); and the dashed lines are order k predict/order
k+1 correct. The dotted lines represent the actual implementation in
EAS Y5.

Thus far, the stability regions discussed have all been finite (bounded)
regions of the plane. Consequently, to remain 4n the stability region of
the plane for any A~ with very large absolute value, one must use a very
small step size. The advantage of the STIFF GEAR formulas (Method 6 in
EASY5) is that their stability regions have infinite extent. rhis is shown
graphically in Figures 14 and 15 .For orders K=1,2, these methods are A-
stable which means that for any X with negative real part Xh will fall
within the stable region for any h > 0. The higher order formulas
(Figure 15 )impose restrictions on the size of the imaginary part of that
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Figure 14. Stability Regions for STIFF GEAR Formulas of Orders 4-6
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allow for large values of h. For example, the sixth order formula requires

small h if X is -1000 + 1000i, but for X - -1000 the sixth order formula

is stable for all values of h ) 0. In the EASY5 program, implementation

of STIFF GEAR the order may vary from one to five. Since Methods 1, 5, 6

are variable order codes, they will range over various orders during the

integration. If the eigenvalues are close to the imaginary axis, Method 6

will probably use only orders 1, 2, and possibly 3 if it is constrained by

stability. These highly stable methods generally require more function

evaluations than the other methods mentioned (due to internal approxima-

tions to the Jacobian of the system required to solve implicit equations).
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SECTION IX

DISCRETE SYSTEM ANALYSIS TECHNIQUES

1. INTRODUCTION

The discrete system analyses of the EASY program are based on the
state space approach described by Kalman and Bertram in Reference I . The

EASY analyses utilize the single and multirate sampling capabilities of

the original analysis. Other capabilities such as the analysis of nonsyn-

chronous, noninstantaneous, multiple order, and random sampling are not

currently implemented in the EASY program. The EASY program analyses
parallel those of the M-DELTA program. However, whereas the M-DELTA pro-
gram requires the user to input the A and B matrices that described the
system, the EASY program calculates these matrices from a nonlinear system

model described in terms of standard modeling components.

Only the linear analyses of the EASY program utilize the techniques of
Kalman and Bertram. Since only the eigenvalues of the system are used in

these analyses, the system equations will be simplified in the following

derivations by treating the system as autonomous.

2. SYSTEM EQUATIONS

A discrete system may be described by the following three types of

states:

a. Continuous States

b. Delay States

c. Sample and Hold States

The continuous states may vary continuously as a function of time and are

each defined by a first order ordinary differential equation. Delay states
are defined at only discrete points in time by first order difference

equations. Sample and hold states maintain constant values except at
discrete points in time where they may jump to new values. Figure 16 shows

an example of each state type.
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!I

Let the continuous delay and sample state be grouped together as three

state vectors:

Xc " VECTOR OF CONTINUOUS STATES

Xd VECTOR OF DELAY STATES

X~ o VECTOR OF SAMPLE STATES

The total system state vector of dimension Y +6 + is formed into the

single partitioned vector:

- (I)

a. Continuous System Stability Matrix

Between sample instants, the autonomous system behavior is
I des cr ibed by:

U AX (2)

The system stability matrix A between sampling instants may be expressed as

the partitioned matrix:

Acc 0 Acsl

0o0_ (3)

The form of the system stability matrix demnstrates that only the contin-

uous states have non-zero rates, i.e., can change between sampling
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instants, and that the continuous state rates are functions of only the

continuous states and sample states.

b. Discrete System Transition Matrix

At sampling instants, the system behavior is described by:

(t+ BX(t-) (4)

For a single rate sampling system, the discrete transition matrix B will be

of the form:

-Fdc Vdd 0

LAsc a 0j (5)

The form of the transition matrix at sampling instants demonstrates that

the continuous states remain unchanged, i.e., the upper Y rows contain
only an identity matrix. The discrete states are functions of only the

continuous and delay states at the previous sample instant.

c. Continuous System Transition Matrix

Equation (4) describes the instantaneous changes that occur in

the system at sample instants while equation (2) describes the system

between sampling instants. In order to combine these two types of behav-

ior, we will convert the continuous description of (2) into a transition

matrix that describes the transition between two sample instants.
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Expanding (2):

i.c c c X-iC + CS IS

(6)

Take Laplace transform

sX s)- X~c( 0) = ccs + Acs~js(s)

s~~)- id(O) a 7

SX5(S) - i 0

Rearrange terms to solve for X (S), Xd~) n

_ -~) a X~)

Xc(5)Is uAI c] c]O

X(s) IdA. (0)

Take inverse Laplace transform:

.c() Acc? X (0) +A C-1 [ez'CCT 1 Ac, A, (0)

(9)
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Equation (9) is in the form of a transition equation from an initial time

to a final time r . It is also of the same form as equation (4) and may be

written as:

x(4) -0() (O) (10)

Where:

/ : 0_ = 1
------ -------Lo :ot: I J

When written in this form, we see that the transition matrix of the system

between sampling instants is composed of the exponential decay term eAccT

due to the continuous states plus the effect of the step input from the

sample states. The discrete states are constant between sampling instants

as evidenced by the identity terms.

d. Calculation of Continuous System Transition Matrix

If the continuous system matrix A has Y independent eigenvec-

tors, the exponential function Ae cT may be expressed as:

.ACCT - WeAr" W_"  (12)

where: W modal matrix of A, eigenvectors

A diagonal matrix of Acc eigenvalues

The second term in the (i) matrix may be expressed as:

l - Acs 0 e(13)
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This spectural factorization approach is used by the EASY program to cal-

culate the transition matrix 4'

If the continuous system stability matrix Acc does not have Y independent

eigenvectors, this is detected by the program and a Pade approximation
method is used to calculate eAccr . This occurs in a continuous system in

which components with exactly the same eigenvalues appear in a series
connection. The sixth order Pade approximation is:

CC 7'Ac ,3 ,2,3
-cc A -cc2 - c311 1 A~c +4 2 + _.L 3

(14)

3. Combined System Transition Matrix

It is proved by Kalman and Bertram in reference 1 that the stability
of a periodic system is determined by the eigenvalues of the combined
system transition matrix, that is, the transition matrix that describes K
one complete system of the system operation.

a. Single Sample Rate

For a single sample rate system, the transition matrix would be
obtained by the product of one B matrix, as given in (4) with one I
matrix as given in (10). Such a system is shown in Figure 17. The

continuous system stability matrix for this system would be:

-10 0 10

A- 0 0 (15)

[0 0 0
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Figure 17. Single Sampling Rate Example
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Figure 78L Pictorial Representation of Single Sampling Rate Transition Matrices
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The discrete system transition matrix would be:

F 1.0 0o 0
B- -.009901 .9900 01

U-.004975 1.0 a](16)

The continuous system transition matrix for this system is:

!!(.01) .eo 0 1 (17

A complete cycle of this system occurs after one sample period as shown in
Figure 18. The system transition is given by:

Y(.0i+) *6 *0(.01)BX(0) - ±(.01+)i(0) (18)

The total system transition matrix:

.90436 .09516 0

t(.00990 .9900 2 19

[ 90436 .095161
--. 009901 .9901]

(20)
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Note that the final system transition matrix product is shown as a 2 x 2

rather than a 3 x 3 matrix. The sample state, X3 , has a zero column in the
final transition matrix, and therefore, contributes nothing to the state

of the system at the next sample period. The row and colun corresponding

to this state may, therefore, be dropped from the total system stability

matrix at this point in the analysis. This will occur in general for all

sample states in a model. However, in order to express the total system
transition matrix as a simple product of matrices, it is necessary to carry

the sample states along in the matrix calculation until the final transi-

tion matrix is formed.

b. Integer Multiple Sampling Rate

For a multiple sampling rate system, we will first consider the

special case where the larger sample periods are all integer multiples of

all smaller sample periods. An example of such a system is shown in Figure

19. Here the sampling periods are: T = .01 and T2 = .04. Our objective

is to build the total system transition matrix, if (.04+), that spans one

complete cycle of the multirate system as Shown in Figure 20, one complete

cycle occurs for this system after four samples of the fastest sampling
rate. The total system transition matrix, (.04+), can be expressed as:

_(.04+) - [ __ 01  ] . .04  (22)

by means of the transition property of transition matrices. For the

multirate case, there is a 8 matrix for each sampling rate. The

multirate B matrices shown in (22) differ only slightly from the single

rate form of (5). They are of the form:0 0o
S 8dc E~dd9sc Isd 1ss  (23)

The rows of B , corresponding to discrete states which db not change at

period 1 are equal to the corresponding row from an identity matrix. The
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rows of B T corresponding to sampler states of the period r have zero

elements in B . Thus the only difference between B T and the B matrix

shown in (5) is the possible addition of ones on the diagonal of B for

those sample states corresponding to periods other than i .

This may be seen by examining the matrices for the example system of

Figure 19.

Continuous system stability matrix:

"o 1 0 0 o0
0 0 0 0 02

A 0 0 0 0 0 0

0 0 0 0 0 0 (24)

0 0 0 0 0 0

-0 0 0 0 0 Q

Discrete transition matrix for sample period .01:

10 0 0 00
0 1 0 00 0

0 -2.994 .8176 0 0 0

-. 01 0 0 0 1 0 0 (25)

0 18.42 1 0 0 0

Lo 0 0 001
Discrete transition matrix for sample period .04:

0 1 a 0 0 0

0 0 1 0 0 0 (26)
-04" 2.560 47.15 2.560 .6629 0 0

0 0 0 0 1 0

-8.595 -158.3 -8.595 1 o 0

One point should be made regarding the model of Figure 19. The sample

state X5 is redundant since it Is in a path that only leads to other

discrete states. Sample states are normally used only in paths that lead

from delay states to continuous states. In order to simplify the assembly

of discrete system models, the EASY program models of all digital filters
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contain a sample state on their output. However, during the calculation of
the B matrices by the EASY Analysis program, these samplers are treated as
being closed, for all sample periods which are modulo their sample rate.
This causes the sampler X 5 to pass information from continuous state X2and
delay state X3on to discrete states X4and X6. Thus, the 8.4matrix has
the correct no-zero elements (4,2), (4,3), (6,2), and (6,3) that would
occur if the sample state X5had been omitted from the model.

The functional form of equation (22) can be extended to any number of
sampling rates as long as each larger sample period is an integer multiple
of the next lower sample period. Thus if:

N2 - 2T

N3 a 37
(27)

Nn TnfTn-1

then the total system transition matrix is

The EASY program is currently dimensioned for n =10, i.e., up to ten
different sampling rates may occur in one model.

C. Noninteger Multiple Sampling Rates
For noninteger multiple sampling rates, the simple expression of

(28) cannot be used. However, the same technique of building up the total
system transition matrix from a continuous system transition matrix and a

series of discrete system transition matrices still applies. For example,
consider the system shown in Figure 19 with sample periods of 0.02 and 0.03
in place of 0.01 and 0.04. Figure 21 shows a pictorial representation of

the transitions that take place to complete a cycle.

The total system transition matrix can be expressed in terms of the basic

transition matrices as follows:
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±(.06+) . _Z(.o1) B.ot '(o1) B.o3 t-(-01) B.o2 2(.o1) B. 0 2  (.23 (29)

In this case it is necessary to introduce a continuous system transition
matrix that spans a period, .01, which is less than the smallest given
sampling period, 1 -.02. The total system period, .06, is also greater
than the largest given sampling period, ?2 .03.

In general, the continuous system transition matrix is required for a
period, 70' which is the greatestcommon divisor of the sample periods:

7 a g.c.d. (71, t 2 , " " " " ) (30)

The total system period, Tmax, will be the least common multiple of the
sample periods.

Tmax a l.c.m. (7 1 9 .'.•• 2 • (31)

In order to form the total system transition matrix, the quantities r and0
Tma are calculated. The total period Tmax is then scanned in increments
of '0 and the appropriate power of ( ( r0), and BT matrices are multi-
plied together to form the total system transition matrix. This capability
is not currently available in the EASY program.
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APPENDIX A

1< EASY5 - MODEL GENERATION - COMMANDS

Format Description

ADD PARAMETERS = q ,q2(nl,n2) Add parameters to model (also dimensions)

ADD TABLES = tj,nln,t2,n2,n, Add tables to model

ADD VARIABLES = ql,q 2(nl,n 2 ) Add variables to model (also dimensions)

*Comment # Add comment to model description

DEBUG Add debug print statements to model

DIAGNOSTIC CONTROL = n Control diagnostic printout from model

genera -n program

END OF MODEL Specify end of model description

FORT Specify user Fortr'n Component

FORTRAN STATEMENTS Specify start of FORIRAN statements
L1

L2

INPUTS = Cl(qout = qid' Specify source of inputs to components

FORT(qout = qin )

LIST STANDARD COMPONENTS Request listing of standard components

LOCATION = nI n2 n3  Specify component location on schematic

Matrix arithmetic # Compact Matrix Algebra

MODEL DESCRIPTION = test Specify start of model description

O.C. ANALYSIS Specify only analyses-no O.C. DESIGN

O.C. CRITERIA = ql,q 2,... Specify O.C. criteria variables

O.C. INPUTS = ql,q 2  Specify O.C. input variables

O.C. MODEL ORDER = n Specify model order to be used for O.C.

DESIGN

O.C. ORDER = n Specify optimal controller order

O.C. OUTPUTS = ql,q 2,... Specify O.C. output variables
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Format Description

PRINT Request printed model output
Standard Components # Standard Comnponents ---- see list

C,N = n,, M n i Dimension Standard Component
TABLE DIMENSION t t1=n1, Specify table standard component

t 2 n 21Table dimensions
/*EOR # End of record for mini-time-share file

#Not a commiand

Modifier Notations Phrase Delimiters

C1  Standard component name =equal sign

L Line of FORTRAN source code ,commna

n1-Integer number (left parenthesis

q- Input or output quantity
name )right parenthesis

- Table name three or more blanks
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APPENDIX B

EASY5 - ANALYSIS - COMMANDS

ALL STATES Activate all model states (DEFAULT)

CALCOMP Requests plots on CalComp plotter

CALC XIC Allows manual I.C. calculations

DEFINE PARAMETERS = p1=P2,... Define parameter names

DEFINE RATES r 1=r2,... Define rate names

DEFINE STATES = l=S2,... Define state names

DEFINE VARIABLES = vl=v 2,... Define variable names

DESIGN O.C. Initiate optimal controller design

DISPLAYi i = 1,2,3,4,5,6 Specify quantities to be plotted

ql,vs,TIME (5 plots/display 6 displays = max 30 plots

Max 3000 points/display set)

q2,vs,q 3

EIGEN SENSITIVITY Initiate eigenvalue sensitivity

calculation

EIGEN PARAMETER = pi

ERROR CONTROL = st=n1 ,... Specify integrator error controls

INITIAL CONDITIONS = s1=nl,... Specify initial conditions/operating

point

INITIAL TIME n Specify initial value of time

INT CONTROL = s1=ni,... Activate or freeze model states

LINEAR ANALYSIS Initiate linear analysis
Matrix Parameters* Input matrix parameter values

MTS PLOTS Requests plots on MTS plotter

NO STATES Freeze all model states

O.C. DATA Input optimal controller data

YOP;UOP;Q;RU;CD;

CS;G;S;A;FK

185



OMIT PLOT POINTS Omit boxes around plot points

OMIT TABLE PRINTOUT Omit print back of table inputs

PARAMETER VALUES = pl=n1 ,... Input parameter values

PLOT ALL TABLES Request plots of all tables

PLOT ID = text Specify plot identification

PLOT OFF Deactivate plotting (DEFAULT)

PLOT ON Activate plotting

PLOT TABLES = tl,t 2,... Requests plots of specified tables

PRINT Initiate single pring pass through model

PRINT2 Specify second print option

PRINT VARIABLES = ql,...q 10  Specify columnar option print variables

(PRINT CONTROL=5)

PRINTER PLOTS Requests plots on line printer

ROOT LOCUS Initiate root locus analysis

RL PARAMETER = p Specify root locus parameter

RL START = n Specify initial value of RL PARAMETER

RL STOP = n Specify final value of RL PARAMETER

RL POINTS = n Specify number of root locus points

RL MANUAL SCALES Request manual root locus plot scales

REAL MIN = n Real axis minimum scale value

REAL MAX = n Real axis maximum scale value

IMAG MIN = n Imaginary axis min. scale value

IMAG MAX - n Imaginary axis max. scale value

RL AUTO SCALES Request auto plot scales (DEFAULT)

SAVE O.C. Write optimal controller arrays to TAPE3

SCANI Initiate one dimensional function scan

DEPEN q Specify 2nd dependent variable

START2 = n Specify initial value of INDEP2

DELTA2 = n Specify increment size for INDEP2

CURVES2 = n Specify number of values for INDEP2

(Also requires DEPEN, INDEPI,

STARTI, STOPI)
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SC4020 Request plots on SC4020 microfilm

SIMULATE Initiate simulation (Time History)

PRINT CONTROL = n Specify print option

PRINT2 = n

PRATE = n Request printout every n plot

intervals

PRATE2 = n

OUTRATE = n Request plot points every n*TINC

OUTRATE2 = n

INT MODE = n Specify integration method

TINC = n Specify integrator report interval

TINC2 = n

TMAX = n Specify time history duration

SI MANUAL SCALES Request manual simulation plot scales

SI AUTO SCALES Request auto plot scales (DEFAULT)

STABILITY MARGINS Initiate stability margin calculation

SM PARAMETERS = P.... pIO Specify stability margin parameters

STEADY STATE Initiate steady state calculation

SS PARAMETER = p Specify SS parameter (optional)

SS START = n Specify initial value of SS PARAMETER

SS STOP n Specify final value of SS PARAMETER

SS POINTS = n Specify number of SS calculations

SS ITERATIONS = n Specify number if iterations to be used

SS MANUAL SCALES Request manual plot scales

SS AUTO SCALES Request auto plot scales (DEFAULT)

TABLE = t ,n ,n ,n Input tabular data

(table data)

TITLE = text Specify plot title
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TRANSFER FUNCTION Initiate transfer function calculation

TF INPUT = q Specify transfer function input

quantity

TF OUTPUT = q Specify transfer function output

quantity

BODE Request Bode format for plots

NICHOLS Request Nichols format for plots

NYQUIST Request Nyquist format for plots j
TF MANUAL SCALES Request manual plot scales

FREQ MIN = n Specify minimum frequency r.p.s.

FREQ MAX = n Specify maximum frequency r.p.s.

TF AUTO SCALES Request auto plot scales (DEFAULT)

XIC-X Transfer state to initial condition

vector

XICi-XIC i=1,2,3 Transfer XIC to one of 3 storage vectors

XIC-XIC i  i=1,2,3 Retrieve XIC from one of 3 storage

vectors

/*EOF End of file for mini-time-share file

#Not a Command

Modifier Notations Phrase Delimiters

ni - numeric value - equal sign

pi parameter name , comma

qi - parameter, variable, state, or rate name ( left parenthesis

r, - rate name ( right parenthesis

si - state name three or more blanks

ti - table name

vi - variable name
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APPENDIX C

ANALYSIS CHECKLISTS

Before requesting any of the EASY5 analyses, certain program commands

should be issued to assure that the analysis will be successful. These

program commands will place the system model in the proper configuration

and complete the analysis specification. The following pages provide

check lists of program commands that snould be considered before request-

ing each analysis. The analyses are listed in alphabetical order.

LINEAR ANALYSIS

Model Data

TITLE

PARAMETER VALUES

TABLES

INITIAL CONDITIONS

Integrator Configuration

INT CONTROL

ERROR CONTROL

D.C. DESIGN

Model Data

TITLE

PARAMETER VALUES

TABLES

INITIAL CONDITIONS

O.C. DATA: YOP,UOP,Q,RU,CD,CS

Integrator Configuration

ALL STATES

ERROR CONTROL
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ROOT LOCUS

Model Data

TITLE

PARAMETER VALUES

TABLES

INITIAL CONDITIONS

Integration Configurations

INT CONTROL

ERROR CONTROL

Root Locus Specifications

RL PARAMETER

RL START

RL STOP

RL POINTS

Output Controls

RL MANUAL SCALES

RL AUTO SCALES

REAL MIN

REAL MAX

IMAG MIN

IMAG MAX

SCANI, SCAN2

Model Data

PARAMETER VALUES

TITLE

PARAMETER VALUES

TABLES

INITIAL CONDITIONS
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Scan Specifications

DEPEN

INDEPI

INDEP2

START1

STOPI

START2

DELTA2

CURVES2

SIMULATE

Integration Control

TINC TINC2

TMAX
INT MODE

ERROR CONTROL

INT CONTROL

Output Controls

OUTRATE OUTRATE2

PRATE PRATE2
PRINT CONTROL PRINT2
DISPLAYI, 2, 3, 4, 5

PLOT ON

PLOT TITLE

PLOT ID

SI MANUAL SCALES

SI AUTO SCALES
PRINTER PLOTS

PRINT2 FROM, __, TO,
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STABILITY MARGINS

Model Data

TITLE

PARAMETER VALUES

TABLES

INITIAL CONDITIONS

Integration Configuration

INT CONTROL

ERROR CONTROL

Stability Margin Specification

SM PARAMETERS

STEADY STATE

Model Data

TITLE

PARAMETER VALUES

TABLES

INITIAL CONDITIONS

Integration Configuration

INT CONTROL

ERROR CONTROL

Note: Steady state cannot be found for system with eigenvalue at origin.

Output Controls

PRINT CONTROL

DISPLAYl, 2, 3, 4, 5, 6

PLOT ON

PRINTER PLOT

PLOT TITLE

PLOT ID

SS MANUAL SCALES

SS AUTO SCALES
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Steady State Specifications

SS PARAMETER

SS START

SS STOP

SS POINTS

SS ITERATIONS

TRANSFER FUNCTION

Model Data

TITLE

PARAMETER VALUES

TABLES

INITIAL CONDITIONS

Integrator Configuration

INT CONTROL

ERROR CONTROL

Transfer Function Specification

TF INPUT

TF OUTPUT

BODE, NICHOLS, NYQUIST

Output Controls

TF MANUAL SCALES

TF AUTO SCALES

FREQ MIN

FREQ MAX
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APPENDIX D

EASIEST INPUT/OUTPUT LISTS AND ASSOCIATED FIGURES

This appendix contains input and output tables for all the EASIEST standard

components. Descriptive figures are also presented for the more complex

components.
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AB

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

WT WEIGHT OF THE LB
ATTACHED BODY

BMI(3) ATTACHED BODY SLUG-FT 2

MOMENTS OF INERTIA
: (IXX, IYY,IZZ)

BPI(3) ATTACHED BODY SLUG-FT2

PRODUCTS OF INERTIA
(IXY, IXZIYZ)

FAB(3)* RS X,Y,Z BODY AXIS LB
FORCE COMPONENTS

TAB(3)* RS X,Y,Z BODY AXIS FT-LB
TORQUE COMPONENTS

FAU(3)* AUXILIARY X,Y,Z LB
BODY AXIS FORCE
COMPONENTS

TAU(3)* AUXILIARY X,Y,Z FT-LB
BODY AXIS TORQUE
COMPONENTS

TRM(3)* RS X,Y,Z PARENT BODY FT/SEC
EARTH VELOCITY COM-
PONENTS FOR CALCULATING
THE LINEAR POSITION
RATES DURING TRIM

*Default value 0
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AB

PORT
NAME NO. DESCRIPTION UNITS

UAB(3)* X,Y,Z BODY AX:S FT/SEC
LINEAR VELOCITY
VECTOR OF THE
ATTACHED BODY

XAB(3)* X,Y,Z EARTH LINEAR FT
POSITION VECTOR OF
THE ATTACHED BODY

WAB(3)* X,Y,Z BODY AXIS DEG/SEC
ANGULAR VELOCITY
VECTOR OF THE
ATTACHED BODY

EAB(3)* EARTH TO ATTACHED DEG
BODY EULER ANGLES
(YAW, PITCH, ROLL)

*These output quantities are states
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AE

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

AW AIRPLANE WEIGHT LB

B WINGSPAN OF AIRPLANE FT

C MEAN AERODYNAMIC CHORD FT

S REFERENCE AREA FT2

XCP AIRPLANE X-AXIS POSITION FT
OF THE CENTER OF PRESSURE

AMI(3) MOMENT OF INERTIA VECTOR SLUG-FT 2

ABOUT THE AIRPLANE C.G.
(IXX,IYY,IZZ)

API(3) PRODUCT OF INERTIA VECTOR SLUG-FT 2

ABOUT THE AIRPLANE C.G.
(IXYIXZIYZ)

THR* EXTERNAL THRUST SETTING LB

AIL* EXTERNAL AILERON SETTING DEG

ELE* EXTERNAL ELEVATOR SETTING DEG

RUD* EXTERNAL RUDDER SETTING DEG

XEN(3) X,Y,Z AIRPLANE BODY AXIS FT
POSITION VECTOR OF THE
ENGINE

END(3) AIRPLANE BODY AXIS
DIRECTION COSINES OF THE
ENGINE THRUST VECTOR

TAL DESIRED TRIM AIRPLANE FT
ALTITUDE

TVE DESIRED TRIM AIRPLANE FT/SEC
VELOCITY

*Default value 0
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AE

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

FRA(3)* 1 RL X,Y,Z AIRPLANE BODY LB
AXIS FORCE COMPONENTS
ACTING ON THE AIRPLANE
FROM THE RAILS

TRA(3)* 1 RL X,Y,Z AIRPLANE BODY AXIS FT-LB

TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
RAILS

FCA(3)* 1 CT X,Y,Z AIRPLANE BODY AXIS LB
FORCE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
CATAPULT

TCA(3)* 1 CT X,Y,Z AIRPLANE BODY AXIS FT-LB
TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
CATAPULT

FDA(3)* 1 DR X,Y,Z AIRPLANE BODY AXIS LB
FORCE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
DART

TDA(3)* 1 DR X,Y,Z AIRPLANE BODY AXIS FT-LB
TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
DART

FRA(3)* 2 RL X,Y,Z AIRPLANE BODY AXIS LB
FORCE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
RAILS

TRA(3)* 2 RL X,Y,Z AIRPLANE BODY AXIS FT-LB
TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
RAILS

FCA(3)* 2 CT X,Y,Z AIRPLANE BODY AXIS LB
FORCE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
CATAPULT

*Default value = 0.
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AE

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

TCA(3)* 2 CT X,Y,Z AIRPLANE BODY AXIS FT-LB
TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
CATAPULT

FDA(3)* 2 DR X,Y,Z AIRPLANE BODY AXIS LB
FORCE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
DART

TDA(3)* 2 DR X,Y,Z AIRPLANE BODY AXIS FT-LB
TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
DART

CPF PRINT FLAG FOR THE AERO-
DYNAMIC COEFFICIENTS

*Default value = 0
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AE

PORT
NAME NO. DESCRIPTION UNITS

UAP(3)* X,Y,Z AIRPLANE BODY AXIS FT/SEC
LINEAR VELOCITY VECTOR
OF THE AIRPLANE

XAP(3)* X,Y,Z EARTH LINEAR POSITION FT
VECTOR OF THE AIRPLANE

WAP(3)* X,Y,Z AIRPLANE BODY AXIS DEG/SEC
ANGULAR VELOCITY VECTOR
OF THE AIRPLANE

EAP(3)* EARTH TO AIRPLANE DEG
EULER ANGLES (YAW, PITCH,
ROLL)

TRM(4)* TRIM CONTROL SETTINGS
1) THROTTLE
2) AILERON
3) ELEVATOR
4) RUDDER

ALP AIRPLANE ANGLE OF ATTACK DEG

BET AIRPLANE SIDESLIP ANGLE DEG

VM AIRPLANE MACH NUMBER

ALT AIRPLANE ALTITUDE ABOVE FT
SEA LEVEL

*These output quantities are states
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AG

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

H REFERENCE ALTITUDE WITH FT
RESPECT TO SEA LEVEL

WIN(3) X,Y,Z INERTIAL SYSTEM FT/SEC
WIND COMPONENTS

BP* BAROMETRIC PRESSURE AT IN HG
REFERENCE ALTUTIDE

TE TEMPERATURE AT REFERENCE DEG F
ALTITUDE

SW** GRAVITY SWITCH FOR
UNSUPPORTED SEAT

0 = GRAVITY OFF
I = GRAVITY ON

PORT

NAME NO. DESCRIPTION UNITS

VS VELOCITY OF SOUND FT/SEC

RHO AIR DENSITY SLUG/FT 3

*Default value = 0
**Default value = 1

NOTE: H, BP, AND TE MUST BE INITIALIZED FOR A NON-STANDARD
ATMOSPHERE. A STANDARD ATMOSPHERE IS ESTABLISHED
WHEN BP EQUALS ZERO (DEFAULT)
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AM

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

FL FLAG TO INITIATE
AEROMED CALCULATIONS
(1 = START)

PRT FLAG SENT TO PROGRAM
AEROMED TO PRINT THE
AEROMEDICAL VARIABLES
(I = PRINT)
**DEFAULT = 0*

EXP MEDICAL INJURY EXPONENT
**DEFAULT = 2**

GXP THE LIMIT VALUE FOR THE G's
X-AXIS POSITIVE AEROMED
LOAD FACTOR
**DEFAULT = 35**

GXN THE LIMIT VALUE FOR THE G's
X-AXIS NEGATIVE AEROMED
LOAD FACTOR

**DEFAULT = 30**

GYL THE LIMIT VALUE FOR THE G's
Y-AXIS AEROMED LOAD FACTOR

**DEFAULT = 15**

GZL THE LIMIT VALUE FOR THE GIs
Z-AXIS NEGATIVE AEROMED
LOAD FACTOR

**DEFAULT = 12**

DRP LIMIT VALUE OF THE
DYNAMIC RESPONSE WHEN
THE ACCELERATION VECTOR
IS FORWARD OF THE PLANE
OF THE SEAT BACK

**DEFAULT = 18**

ORN LIMIT VALUE OF THE
DYNAMIC RESPONSE WHEN
THE ACCELERATION VECTOR
IS AFT OF THE PLANE OF
THE SEAT BACK

**DEFAULT = 16**
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AM

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

RDL ACCELERATION RADICAL
LIMIT

DR SE or CE DYNAMIC RESPONSE

GX SE or CE X-AXIS LOAD FACTOR G's

GY SE or CE Y-AXIS LOAD FACTOR G's

GZ SE or CE Z-AXIS LOAD FACTOR G's
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AM

PORT

NAME NO. DESCRIPTION UNITS

DRE DYNAMIC RESPONSE

RAD ACCELERATION RADICAL -

PTS CURRENT NUMBER OF DATA -

SETS WRITTEN TO TAPE 7

PTI VALUE OF TIME WHEN THE SEC
LAST DATA SET WAS
WRITTEN TO TAPE 7
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AP

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

TCX PLATE SYSTEM X-AXIS FORCE
COEFFICIENT TABLE:

PLATE ANGLE OF ATTACK DEG
(INDEPENDENT)
PLATE X-AXIS COEFFICIENT -
(DEPENDENT)

TCZ PLATE SYSTEM Z-AXIS FORCE
COEFFICIENT TABLE:

PLATE ANGLE OF ATTACK DEG
(INDENPENDENT)
PLATE Z-AXIS COEFFICIENT
(DEPENDENT)

UP** EJECTION DIRECTION FLAG
WITH RESPECT TO THE
AIRPLANE
1 = UPWARD
-1 = DOWNWARD

XPC(3) X,Y,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE
PLATE CENTROID

PA REFERENCE AREA OF THE FT2

ATTACHED PLATE

EPL'(3) SEAT TO PLATE EULER DEG
ANGLES

ZEM* AIRPLANE BODY Z-AXIS POSI- FT
TION OF THE PLATE CENTROID
WHEN IT ENTERS THE
WINDSTREAM

SRP(3) SE X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE SEAT
REFERENCE POINT

UST(3) SE X,Y,Z SEAT BODY AXIS LINEAR FT/SEC
VELOCITY VECTOR OF THE SEAT
REFERENCE POINT

*Default value = 0.
**Default value = 1.
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AP

NORMALLY
PORT DRIVENNAME NO. BY DESCRIPTION 

UNITSEST(3) SE EARTH TO SEAT EULER ANGLES DEG

(YAW, PITCH, ROLL)
WST(3) SE X,Y,Z SEAT BODY AXIS DEG/SEC

ANGULAR VELOCITY VECTOR
OF THE SEAT

XAP(3)* AE or SL X,Y,Z EARTH SYSTEM FTPOSITION VECTOR OF THE KAIRPLANE CENTER OF
GRAVITY

EAP(3)* AE or SL EARTH TO AIRPLANE DEG

EULER ANGLES DEG

*Default value = 0
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AP

PORT
NAME NO. DESCRIPTION UNITS

F2(3) 1 X,Y,Z SEAT BODY AXIS LB
FORCE COMPONENTS OF
THE ATTACHED PLATE

T2(3) X,Y,Z SEAT BODY AXIS FT-LB
TORQUE COMPONENTS OF
THE ATTACHED PLATE

SW FLAG SET WHEN THE PLATE
CENTROID PENETRATES THE
WINDSTREAM
(1 = PENETRATION)

ALP PLATE ANGLE OF ATTACK DEG

CX X-AXIS FORCE COEFFICIENT

CZ Z-AXIS FORCE COEFFICIENT
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AS

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

TAE EXPOSED AREA TABLE:
EXPOSED LENGTH (INDEPENDENT) FT
EXPOSED AREA (DEPENDENT) FT2

OFF** RL FLAG/TO INDICATE SEAT/RAIL
SEPARATION (1 = SEPARATION)

UP** EJECTION DIRECTION FLAG
WITH RESPECT TO THE AIRPLANE
+1 = UPWARD
-1 = DOWNWARD

ZWS* AIRPLANE BODY Z-AXIS FT
POSITION OF THE WINDSTREAM
BOUNDARY LAYER AT THE POINT
OF SEAT PE4ETRATION

XEM(3)* X,Y,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE
POINT ON THE SEAT
TO INITIALLY PENETRATE
THE WINDSTREAM

CDX* APPROXIMATE SEAT BODY X-AXIS FT
POSITION OF THE CENTER OF
PRESSURE DURING EMERGENCE

ECX** SEAT BODY X-AXIS EMERGENCE
COEFFICIENT

ECY** SEAT Y-AXIS EMERGENCE
COEFFICIENT

ECZ** SEAT Z-AXIS EMERGENCE

COEFFICIENT

CLP* ROLL DAMPING DERIVATIVE 1/DEG

CMQ* PITCH DAMPING DERIVATIVE 1/DEG

CNR* YAW DAMPING DERIVATIVE 1/DEG

S SEAT REFERENCE AREA FT2

*Default value = 0

**Default value = 1
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AS

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

SRP(3) SE X,Y,Z EARTH LINEAR FT
POSITION VECTOR OF THE
SEAT REFERENCE POINT

UST(3) SE X,Y,Z SEAT BODY AXIS FT/SEC
LINEAR VELOCITY VECTOR
OF THE SEAT REFERENCE POINT

EST(3) SE EARTH TO SEAT EULER ANGLES DEG
(YAW, PITCH, ROLL)

WST(3) SE X,Y,Z SEAT BODY AXIS DEG/SEC
ANGULAR VELOCITY VECTOR
OF THE SEAT

DSA(3,3)* RL SEAT TO AIRPLANE
DIRECTION COSINE MATRIX

SRA(3)* RL X,Y,Z AIRPLANE BODY FT
AXIS LINEAR POSITION
VECTOR OF THE SEAT
REFERENCE POINT

RON* SR SUSTAINER ROCKET
FLAG (1=ON O=OFF)

*Default = 0
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AS

PORT
NAME NO. DESCRIPTION UNITS

F2(3) 1 X,Y,Z SEAT BODY AXIS LB
AERODYNAMIC FORCE
COMPONENTS

T2(3) X,Y,Z SEAT BODY AXIS FT-LB
AERODYNAMIC TORQUE
COMPONENTS

ALP SEAT ANGLE OF ATTACK DEG

BET SEAT SIDESLIP ANGLE DEG

VM SEAT MACH NUMBER

Q DYNAMIC PRESSURE LB

CX SEAT BODY X-AXIS
FORCE COEFFICIENT

CY SEAT BODY Y-AXIS
FORCE COEFFICIENT

CZ SEAT BODY Z-AXIS
FORCE COEFFICIENT

CL SEAT BODY AXIS ROLLING
MOMENT COEFFICIENT

CM SEAT BODY AXIS PITCHING
MOMENT COEFFICIENT

CN SEAT BODY AXIS YAWING
MOMENT COEFFICIENT

EXL SEAT EXPOSED LENGTH FT
DURING EMERGENCE

EXA SEAT EXPOSED AREA FT2

DURING EMERGENCE

CEN(3) XY,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE
EMERGED AREA CENTROID

TCZ(20) SEAT Z-AXIS EXPOSED AREA FT
CENTROID LOCATION ARRAY

HD HYDRAULIC DIAMETER FT
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CE

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

SW* FLAG FOR SEAT/CREWPERSON

SEPARATION (1 = SEPARATION)

PC CREWPERSON PERCENTILE

CEW WEIGHT OF THE CREWPERSON LB
CLOTHING AND EQUIPMENT

CMI(3) CREWPERSON MOMENT OF SLUG-FT2

INERTIA VECTOR ABOUT HIS
C.G. (IXX,IYY,IZZ)

CPI(3) CREWPERSON PRODUCT OF SLUG-FT 2

INERTIA VECTOR ABOUT
HIS C.G. (IXY,IXZ,IYZ)

CLP AERODYNAMIC ROLL 1/DEG
DAMPING COEFFICIENT

CMQ AERODYNAMIC PITCH 1/DEG
DAMPING COEFFICIENT

CNR AERODYNAMIC YAW 1/DEG
DAMPING COEFFICIENT

XSP(3)* X,Y,Z CREWPERSON SYSTEM FT
POSITION VECTOR OF THE
BASE OF THE SPINE

FAB(3)* RS X,Y,Z BODY AXIS FORCE LB
COMPONENTS

TAB(3)* RS X,Y,Z BODY AXIS FT-LB
TORQUE COMPONENTS

FDO(3)* LI X,Y,Z BODY AXIS LB
FORCE COMPONENTS

TDO(3)* LI X,Y,Z BODY AXIS FT-LB
TORQUE COMPONENTS

*Default 0
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CE

NORMALLY
PORT DRIVENNAME NO. BY DESCRIPTION UNITS

FAU(3)* X,Y,Z BODY AXIS FORCE LB
COMPONENTS (AUXILIARY
INPUT)

TAU(3)* X,Y,Z BODY AXIS TORQUE FT-LB
COMPONENT (AUXILIARY
INPUT)

TRM(3)* X,Y,Z PARENT BODY INERTIAL FT/SEC
VELOCITY COMPONENTS TO
DETERMINE POSITION RATES
DURING TRIM

*Default = 0
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CE

PORT
NAME NO. DESCRIPTION UNITS

UCP(3)* X,Y,Z CREWPERSON BODY FT/SEC
AXIS LINEAR VELOCITY
VECTOR

XCP(3)* X,Y,Z EARTH SYSTEM
POSITION VECTOR OF THE FTCREWPERSON C.G.

WCP(3)* X,Y,Z CREWPERSON BODY DEG/SEC
AXIS ANGULAR VELOCITY
VECTOR

ECP(3)* EARTH TO CREWPERSON EULER DEG
ANGLES (YAW,PITCH,ROLL)

SCD* SPINAL COMPRESSION FT/SEC

VELOCITY

SC* SPINAL COMPRESSION FT

GX CREWPERSON X-AXIS LOAD G's
FACTOR

GY CREWPERSON Y-AXIS LOAD GIs
FACTOR

GZ CREWPERSON Z-AXIS LOAD GIs

FACTOR

DR DYNAMIC RESPONSE

FAD(3) X,Y,Z CREWPERSON BODY LB
AXIS AERODYNAMIC FORCE
COMPONENTS

TAD(3) X,Y,Z CREWPERSON BODY FT-LB
AXIS AERODYNAMIC TORQUE
COMPONENTS

WT WEIGHT OF THE CREWPERSON LB
PLUS CLOTHING AND
EQUIPMENT

*These output quantities are states.
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CE

PORT
NAME NO. DESCRIPTION UNITS

S AERODYNAMIC REFERENCE AREA FT2

B AERODYNAMIC LATERAL FT
REFERENCE LENGTH

C AERODYNAMIC LONGITUDINAL FT
REFERENCE LENGTH

CIN(4) CREWPERSON INERTIA PROPER- SLUG-FT 2

TIES AFTER SEAT CREWPERSON
SEPARATION (IXX,IYY,IZZ,IXZ)

CX X-AXIS AERODYNAMIC FORCE
COEFFICIENT

CY Y-AXIS AERODYNAMIC FORCE

COEFFICIENT

Cz Z-AXIS AERODYNAMIC FORCE
COEFFICIENT

CL AERODYNAMIC ROLLING MOMENT -

COEFFICIENT

CM AERODYNAMIC PITCHING MOMENT
COEFFICIENT

CN AERODYNAMIC YAWING MOMENT

COEFFICIFNT

ALP CREWPERSON ANGLE OF ATTACK DEG

BET CREWPERSON SIDESLIP ANGLE DEG

VM CREWPERSON MACH NUMBER

Q DYNAMIC PRESSURE LB/FT 2

ALT CREWPERSON ALTITUDE FT

FL SEAT/CREWPERSON
SEPARATION FLAG FOR
OUTPUT
(I = SEPARATION)
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CS

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

COA* AILERON COMMANDED DEG

POSITION

TCA* AILERON TIME CONSTANT SEC

TDA* AILERON RESPONSE SEC
TIME DELAY

COE* ELEVATOR COMMANDED DEG
POSITION

TCE* ELEVATOR TIME CONSTANT SEC

TDE* ELEVATOR RESPONSE TIME SEC
DELAY

COR* RUDDER COMMANDED POSITION DEG

TCR* RUDDER TIME DELAY SEC

TDR* RUDDER RESPONSE TIME DELAY SEC

TRM(4) AE AIRPLANE CONTROL SURFACE DEG
POSITIONS AT TRIM
1) --NOT USED--
2) AILERON
3) ELEVATOR
4) RUDDER

*Default values = 0
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CS

PORT
NAME NO. DESCRIPTION UNITS

AIL* AILERON DEFLECTION FROM DEG
ITS TRIM POSITION

ELE* ELEVATOR DEFLECTION FROM DEG
ITS TRIM POSITION

RUD* RUDDER DEFLECTION FROM DEG
ITS TRIM POSITION

*These output quantities are states
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CT

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

TCP CATAPULT PROPELLANT
CONSUMPTION TABLE:

PROPELLANT WEB CONSUMED IN
(INDEPENDENT)
PROPELLPNT CONSUMED SLUGS
(DEPENDENT)

SW FLAG FOR CATAPULT IGNITION
(1 = CATAPULT ON)

UP* EJECTION DIRECTION FLAG
WITH RESPECT TO THE
AIRPLANE
+1 = UPWARD
-1 = DOWNWARD

SAP(3) X,Y,Z SEAT BODY AXIS LINEAR FT
POSITION VECTOR OF THE
CATAPULT ATTACHMENT POINT
ON THE SEAT

AAP(3) XY,Z AIRPLANE BODY AXIS FT
LINEAR POSITION VECTOR OF
THE CATAPULT ATTACHMENT
POINT ON THE AIRPLANE

UCL UNLOADED CATAPULT LENGTH FT

CSK CATAPULT STROKE FT

VI INITIAL FREE VOLUME IN3

PA PISTON AREA IN2

PT TANG RELEASE PRESSURE LBS/IN 2

CBP CATAPULT BURST PRESSURE LBS/IN 2

C MASS OF TOTAL PROPELLANT SLUGS

CI IGNITER PROPELLANT MASS SLUGS

PMW PROPELLANT MOLECULAR WEIGHT LB/LB-MOLE

SK CATAPULT SPRING CONSTANT LB/FT

*Default value = 1.
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CT

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

CK CATAPULT DAMPING CONSTANT LB/FT/SEC

CAM RATIO OF SPECIFIC HEATS -

TF CONSTANT VOLUME FLAME DEG K
TEMPERATURE

Cl FRICTION PROPORTIONALITY LB/LB/IN 2

CONSTANT

C2 HEAT LOSS CONSTANT
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CT

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

B BURN RATE PROPORTIONALITY IN/SEC/(LB/IN 2)

CONSTANT

BXP BURN RATE EXPONENT

TI CATAPULT TEMPERATURE DEG K
PRIOR TO IGNITION

TDE* CATAPULT FORCE DECAY TIME SEC

SRP(3) SE X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
SEAT REFERENCE POINT

UST(3) SE X,Y,Z SEAT BODY AXIS LINEAR FT/SEC
VELOCITY VECTOR OF THE
SEAT REFERENCE POINT

EST(3) SE EARTH TO SEAT EULER ANGLES DEG
(YAW,PITCH,ROLL)

WST(3) SE X,Y,Z SEAT BODY AXIS ANGULAR DEG/SEC
VELOCITY VECTOR OF THE SEAT

XAP(3) AE or SL X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
AIRPLANE

UAP(3) AE or SL X,Y,Z AIRPLANE BODY AXIS FT/SEC
LINEAR VELOCITY VECTOR OF
THE AIRPLANE CENTER OF
GRAVITY

EAP(3) AE or SL EARTH TO AIRPLANE EULER DEG
ANGLES (YAW,PITCH,ROLL)

WAP(3) AE or SL X,Y,Z AIRPLANE BODY AXIS DEG/SEC
ANGULAR VELOCITY VECTOR
OF THE AIRPLANE

*Default value = 0
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CT

PORT
NAME NO. DESCRIPTION UNITS

EF* INTERNAL FRICTION ENERGY FT-LB

EL* HEAT LOSS FT-LB

WK* CATAPULT WORK FT-LB

WB* PROPELLANT WEB CONSUMED IN

FL CATAPULT MODE FLAG
0 = PRIOR TO IGNITION
I = CATAPULT IGNITION
2 = CATAPULT STRIPOFF
3 = CATAPULT OFF

FON STRIPOFF FLAG FOR SUSTAINER
ROCKET COMPONENT

FCA(3) X,Y,Z AIRPLANE BODY AXIS LB
FORCE COMPONENTS OF THE
CATAPULT ON THE AIRPLANE

TCA(3) 1 X,Y,Z AIRPLANE BODY AXIS FT-LB
TORQUE COMPONENTS OF THE
CATAPULT ON THE AIRPLANE

FI(3) 1 X,YZ SEAT BODY AXIS FORCE LB
COMPONENTS OF THE CATAPULT
ON THE SEAT

T1(3) 1 X,Y,Z SEAT BODY AXIS TORQUE FT-LB
COMPONENTS OF THE CATAPULT
ON THE SEAT

CF CATAPULT FORCE MAGNITUDE LB

CEX CATAPULT EXTENSION FT

CV CATAPULT EXTENSION VELOCITY FT/SEC

TLO INITIAL LENGTH OF THE IN
CATAPULT PRESSURE CHAMBER

PC CIRCUMFERENCE OF THE IN
CATAPULT PRESSURE CHAMBER

*These output quantities are states.
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CT

PORT
NAME NO. DESCRIPTION UNITS

R GAS CONSTANT FT-LBF/SLUG-K

CVH CONSTANT VOLUME FT-LBF/SLUG-K
SPECIFIC HEAT

TSO CATAPULT STRIPOFF SEC
TIME

FSO CATAPULT FORCE AT LB
STRIPOFF
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DR

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

TBF DART BRAKING FORCE TABLE:
LINE LENGTH (INDEPENDENT) FT
BRAKING FORCE (DEPENDENT) LB

DAP(3) XY,Z AIRPLANE BODY AXIS FT
LINEAR POSITION VECTOR OF
THE DART ATTACHMENT POINT

DBA(3) X,Y,Z SEAT BODY AXIS FT
LINEAR POSITION VECTOR OF
THE DEPLOYED DART BRIDLE
APEX

XAP(3) AE or SL X,Y,Z EARTH LINEAR FT
POSITION VECTOR OF THE
AIRPLANE CENTER OF GRAVITY

EAP(3) AE or SL EARTH TO AIRPLANE EULER DEG
ANGLES (YAW,PITCH,ROLL)

SRP(3) SE X,Y,Z EARTH LINEAR POSI- FT
TION VECTOR OF THE SEAT
REFERENCE POINT

EST(3) SE EARTH TO SEAT EULER DEG
ANGLES (YAW,PITCH,ROLL)
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OR

PORT

NAME NO. DESCRIPTION UNITS

F2(3) 1 X,Y,Z SEAT BODY AXIS LB
FORCE COMPONENTS OF THE
DART ON THE SEAT

T2(3) X,Y,Z SEAT BODY AXIS FT-LB
TORQUE COMPONENTS OF THE
DART ON THE SEAT

FDA(3) X,Y,Z AIRPLANE BODY AXIS LB
FORCE COMPONENTS OF THE
DART ON THE AIRPLANE

TDA(3) X,Y,Z AIRPLANE BODY AXIS FT-LB
TORQUE COMPONENTS OF THE
DART ON THE AIRPLANE

DLL DISTANCE BETWEEN THE FT
BRIDLE APEX AND THE
AIRPLANE ATTACHMENT
POINT

DBF DART BRAKING FORCE LB

SW DART MODE FLAG
0 = PRIOR TO DART
I = DART ON
2 z DART OFF
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GP

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

TMF PARACHUTE MORTAR FORCE TABLE:
TIME (INDEPENDENT VARIABLE) SEC
MORTAR FORCE (DEPENDENT
VARIABLE) LB

SW FLAG TO INITIATE MORTAR
(1 = ON)

UV(3) X,Y,Z SEAT BODY AXIS MORTAR
FORCE DIRECTION UNIT VECTOR
ACTING ON THE PARACHUTE PACK

XMO(3) X,Y,Z SEAT BODY AXIS LINEAR FT
POSITION VECTOR OF THE
PARACHUTE DEPLOYMENT IMPULSE
MOMENT ARM

XYZ(3) X,Y,Z SEAT BODY AXIS LINEAR FT
POSITION VECTOR OF THE
PARACHUTE PACK ATTACHMENT
POINT

EA(3) SEAT TO PARACHUTE PACK DEG
ATTACHMENT ATTITUDE EULER
ANGLES (YAW, PITCH, ROLL)

XR PARACHUTE SHELF LINEAR LB/FT
SPRING CONSTANT

XD PARACHUTE SHELF LINEAR LB/FT/SEC
DAMPING CONSTANT

ER(3) X,Y,Z PARACHUTE SHELF FT-LB/DEG
ANGULAR SPRING CONSTANTS

ED(3) X,Y,Z PARACHUTE SHELF FT-FT/DEG/SEC
ANGULAR DAMPING CONSTANTS

TDE* TIME DURATION FOR THE MORTAR SEC
FORCES AND TORQUES TO DECAY
AFTER STRIPOFF

SRP(3) SE X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE SEAT
REFERENCE POINT

*Default value - 0.
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GP

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

UST(3) SE X,Y,Z SEAT BODY AXIS LINEAR FT/SEC
VELOCITY VECTOR OF THE
SEAT REFERENCE POINT

EST(3) SE EARTH TO SEAT EULER DEG
ANGLES (YAW,PITCH,ROLL) K

WST(3) SE X,Y,Z SEAT BODY AXIS DEG/SEC
ANGULAR VELOCITY VECTOR
OF THE SEAT

XPP(3) PC X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
PARACHUTE PACK

UPP(3) PC X,Y,Z PARACHUTE PACK BODY FT/SEC
AXIS LINEAR VELC2ITY VECTOR
OF THE PARACHUTE PACK

EPP(3) PC EARTH TO PARACHUTE PACK DEG
EULER ANGLES (YAW,PITCH,
ROLL)

WPP(3) PC X,Y,Z PARACHUTE PACK BODY DEG/SEC
AXIS ANGULAR VELOCITY VECTOR
OF THE PARACHUTE PACK
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GP

PORTNAME NO. DESCRIPTION UNITS
FL 

PARACHUTE MODE FLAG:

0 = PRIOR TO INITIATION
1 = PARACHUTE INITIATION

UP TO LAUNCH
2 = PARACHUTE LAUNCH3 = FORCES AND TORQUES OFF

FMT 
PARACHUTE MORTAR FORCE LB
MAGNITUDE

FI 
X,Y,Z SEAT BODY AXIS FORCE LB
VECTOR ACTING ON THE SEAT

TI 
X,Y,Z SEAT BODY AXIS TORQUE LB
VECTOR ACTING ON THE SEAT

FPP(3) 
X,Y,Z EARTH SYSTEM FORCE LB
VECTOR ACTING ON THE
PARACHUTE PACK

TPP(3) 
X,Y,Z PARACHUTE PACK BODY FT-LB
AXIS TORQUE VECTOR ACTING
ON THE PARACHUTE PACK

TIN 
PARACHUTE MORTAR INITIATION SEC
TIME

FSO(3) 
X,Y,Z SEAT BODY AXIS FORCE LB
COMPONENTS EXERTED ON THE
SEAT AT STRIPOFF

TSO(3) 
X,Y,Z SEAT BODY AXIS TORQUE FT-LB
COMPONENTS EXERTED ON THE
SEAT AT STRIPOFF

FPO(3) 
X,Y,Z EARTH SYSTEM FORCE LB
COMPONENTS EXERTED ON THE
SEAT AT STRIPOFF (LB)

TPO(3) 
X,Y,Z PARACHUTE PACK BODY FT-LB
AXIS TORQUE COMPONENTS
EXERTED ON THE SEAT AT
STRIPOFF

TRM(3) 
X,Y,Z SEAT INERTIAL VELOCITY FT/SEC
COMPONENTS TO PASS TO THE
PARACHUTE COMPONENT
DURING TRIM
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LI

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

TCW STRETCHED CANOPY
WEIGHT TABLE:

STRETCHED LENGTH FT
(INDEPENDENT)

STRETCHED WEIGHT LB
(DEPENDENT)

OFF* FLAG TO SEVER LINES
0 = LINES ATTACHED
1 = LINES SEVERED

BLI NUMBER OF BRIDLE LINES -

APX(3)* X,Y,Z DECELERATED OBJECT FT
BODY AXIS POSITION VECTOR
OF THE BRIDLE APEX

API(3) X,Y,Z DECELERATED OBJECT FT
BODY AXIS POSITION VECTOR
OF THE FIRST BRIDLE LINE
ATTACHMENT POINT

AP2(3)* X,Y,Z DECELERATED OBJECT FT
BODY AXIS POSITION VECTOR
OF THE SECOND BRIDLE LINE
ATTACHMENT POINT

AP3(3)* X,Y,Z DECELERATED OBJECT FT
BODY AXIS POSITION VECTOR
OF THE THIRD BRIDLE LINE
ATTACHMENT POINT

AP4(3)* X,Y,Z DECELERATED OBJECT FT
BODY AXIS POSITION VECTOR
OF THE FOURTH BRIDLE LINE
ATTACHMENT POINT

FTR PARACHUTE LINE MULTIPLI-
CATION FACTOR

FSO CANOPY STRIPOUT FORCE LB

ULL PARACHUTE SUSPENSION LINE IN/IN
ULTIMATE LOAD

ULS PARACHUTE SUSPENSION LINE IN/IN
ULTIMATE STRAIN

*Default value 0
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L I

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

GOR NUMBER OF PARACHUTE GORES

TYP TYPE OF PARACHUTE -

(1 DRAG 2 = RECOVERY)

FL MP or GP MORTAR MODE FLAG
0 = PRIOR TO INITIATION
1 = INITIATION
2 = LAUNCH

XDO(3) SE or CE X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
DECELERATED OBJECT

UDO(3) SE or CE X,Y,Z DECELERATED OBJECT FT/SEC
BODY AXIS LINEAR VELOCITY
VECTOR

EDO(3) SE or CE EARTH TO DECELERATED DEG
OBJECT EULER ANGLES kYAW,
PITCH, ROLL)

WDO(3) SE or CE X,Y,Z DECELERATED OBJECT DEG/SEC
BODY AXIS ANGULAR VELOCITY
COMPONENTS

XPP(3) PC X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
PARACHUTE PACK

UPP(3) PC X,Y,Z EARTH SYSTEM LINEAR FT/SEC
VELOCITY VECTOR OF THE
PARACHUTE PACK

EPP(3) PC EARTH TO PARACHUTE PACK EULER DEG
ANGLES (YAW, PITCH, ROLL)

XPC(3) PC X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
PARACHUTE CANOPY

UPC(3) PC X,Y,Z EARTH SYSTEM LINEAR FT/SEC
VELOCITY VECTOR OF THE
PARACHUTE CANOPY
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LI

PORT
NAME NO. DESCRIPTION UNITS

EC* CREEP STRAIN IN IN/IN
PARACHUTE LINES

TF* TIME DURATION OF A NON- SEC
ZERO LOAD ON THE LINES

FLA PARACHUTE PHASE
0 = PRIOR TO INITIATION
1 = INITIATION
2 = LAUNCH
3 = LINESTRETCH
4 = LINES SEVERED

Swi FLAG SET WHEN PARACHUTE
IS BEHIND THE BRIDLE APEX
(1 = BEHIND)

FDO(3) X,Y,Z DECELERATED OBJECT LB
BODY AXIS FORCE COMPONENTS

TDO(3) X,Y,Z DECELERATED OBJECT FT-LB
BODY AXIS TORQUE COMPONENTS

FLP(3) X,Y,Z EARTH SYSTEM FORCE LB
COMPONENTS ACTING ON THE
PARACHUTE CANOPY

FAP(3) X,Y,Z DECELERATED OBJECT FT
BODY AXIS LINEAR POSITION
VECTOR OF THE FORCE
APPLICATION POINT

VAP(3) X,Y,Z EARTH SYSTEM FT/SEC
VELOCITY COMPONENTS OF THE
FORCE APPLICATION POINT

FLL LINE LOAD LB

ELM MAXIMUM STRAIN EXPERIENCED IN/IN
BY THE PARACHUTE LINE
DURING ITS LOADING HISTORY

*These output quantities are states.

233



LI

PORT
NAME NO. DESCRIPTION UNITS

ELC MAXIMUM STRAIN EXPERIENCED IN/IN
BY THE PARACHUTE LINE DURING
THE CURRENT LOADING CYCLE
ONLY

OEM MAXIMUM NEGATIVE STRAIN RATE 1/SEC
EXPERIENCED BY THE PARACHUTE
LINE DURING ITS LOADING
HISTORY

RMN MAXIMUM NEGATIVE STRAIN RATE 1/SEC
EXPERIENCED BY THE PARACHUTE
LINE DURING THE CURRENT UN-
LOADING CYCLE ONLY

Dis THE DISTANCE FROM THE ORIGIN FT
OF THE DECELERATED OBJECT
TO THE BRIDLE APEX

CON(4) COEFFICIENTS IN THE EQUATION
FOR THE PLANE FORMED BY THE
BRIDLE ATTACHMENT POINTS

TCG(20) STRETCHED CANOPY CENTER OF FT
GRAVITY LOCATION ARRAY

UVL(3) PARACHUTE LINE UNIT VECTOR -

RL PARACHUTE LINE LENGTH FT

RLO UNLOADED PARACHUTE LINE FT
LENGTH

VL RATE OF CHANGE OF LINE LENGTH FT/SEC

VCG VELOCITY OF THE STRETCHED FT/SEC
CANOPY CENTER OF GRAVITY
ALONG THE LINES

PCG STRETCHED CANOPY CENTER OF FT
GRAVITY MEASURED ALONG THE
PARACHUTE LINE FROM THE
PARACHUTE PACK

CWT WEIGHT OF THE CANOPY PULLED LB
FROM THE PARACHUTE PACK
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LI

PORT
NAME NO. DESCRIPTION UNITS

TPE TYPE OF PARACHUTE
(1 = DRAG 2 = RECOVERY)

PVL PREVIOUS TIMESTEP LINE FT/SEC
VELOCITY

TLS TIME AT LINESTRETCH SEC

VLS RATE OF CHANGE OF LINE FT/SEC
LENGTH AT LINESTRETCH
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MP

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

CI FRICTION PROPORTIONALITY LB/LB/IM2

CONSTANT

C2 HEAT LOSS CONSTANT

B BURN RATE PROPORTIONALITY IN/SEC
CONSTANT (LB/IN

BXP BURN RATE EXPONENT

TI MORTAR TEMPERATURE PRIOR DEG K
TO IGNITION

TDE* MORTAR FORCE DECAY TIME SEC

SRP(3) SE X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
SEAT REFERENCE POINT

UST(3) SE X,Y,Z SEAT BODY AXIS LINEAR FT/SEC
VELOCITY VECTOR OF THE SEAT
REFERENCE POINT

EST(3) SE EARTH TO SEAT EULER ANGLES DEG

WST(3) SE X,Y,Z SEAT BOOY AXIS ANGULAR DEG/SEC
VELOCITY VECTOR OF THE SEAT

XPP(3) PC X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
PARACHUTE PACK

UPP(3) PC X,Y,Z EARTH SYSTEM LINEAR FT/SEC
VELOCITY VECTOR OF THE
PARACHUTE PACK

EPP(3) EARTH TO PARACHUTE DEG
PACK EULER ANGLES

WPP(3) X,Y,Z PARACHUTE PACK BODY DEG/SEC
AXIS ANGULAR VELOCITY
VECTOR OF THE PARACHUTE
PACK

*Default value = 0

236

dri



MP
NORMALLY

PORT DRIVENNAME NO. BY DESCRIPTION UNITS
SW FLAG TO INITIATE THE

MORTAR (1 = ON)
XYZ(3) X,Y,Z SEAT BODY AXIS LINEAR FT

POSITION VECTOR OF THE PARA-
CHUTE PACK ATTACHMENT POINT
ON THE SEAT

EA(3) SEAT TO PARACHUTE PACK DEG
ATTACHMENT EULER ANGLES

XR PARACHUTE SHELF LINEAR LB/FT
SPRING CONSTANT

XD PARACHUTE SHELF LINEAR LB/FT/SEC
DAMPING CONSTANT

ER(3) X,Y,Z PARACHUTE SHELF FT-LB/DEG
ANGULAR SPRING CONSTANT

ED(3) X,Y,Z PARACHUTE SHELF FT-LB/DEG/
ANGULAR DAMPING CONSTANT SEC

UV(3) X,Y,Z SEAT BODY AXIS
MORTAR FORCE UNIT VECTOR

CSK MORTAR STROKE FT
VI INITIAL FREE VOLUME IN3

PA PISTON AREA IN2

PT TANG RELEASE PRESSURE LB/IN 2

CBP MORTAR BURST PRESSURE LB/IN 2

C MASS OF TOTAL PROPELLANT SLUGS
CI IGNITER PROPELLANT MASS SLUGS
PMW PROPELLANT MOLECULAR WEIGHT LB/LB-MOLE
GAM RATIO OF SPECIFIC HEATS
TF CONSTANT VOLUME FLAME DEG K

TEMPERATURE
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MP

PORT

NAME NO. DESCRIPTION UNITS

EF* INTERNAL FRICTION ENERGY FT-LB

EL* HEAT LOSS ENERGY FT-LB

WK* MORTAR WORK FT-LB

WB* PROPELLANT WEB BURNED IN

FL MORTAR MODE FLAG
0 = PRIOR TO INITIATION
1 = INITIATION
2 = LAUNCH
3 = MORTAR OFF

F1(3) 1 X,Y,Z SEAT BODY AXIS FORCE LB
COMPONENTS OF THE MORTAR
AND RESTRAINTS ON THE SEAT

TI(3) 1 XY,Z SEAT BODY AXIS TORQUE FT-LB
COMPONENTS OF THE MORTAR
AND RESTRAINTS ON THE SEAT

FPP(3) XY,Z EARTH SYSTEM FORCE LB
COMPONENTS OF THE MORTAR
AND RESTRAINTS ON THE
PARACHUTE PACK

TPP(3) XY,Z PARACHUTE PACK BODY FT-LB
AXIS TORQUE COMPONENTS OF
THE MORTAR AND RESTRAINTS
ON THE PARACHUTE PACK

FM MORTAR FORCE MAGNITUDE LB

EXM MORTAR EXTENSION FT

VM MORTAR EXTENSION VELOCITY FT/SEC

TSO MORTAR STRIPOFF TIME SEC

FSO FORCE AT MORTAR STRIPOFF LB

TRM(3) X,Y,Z SEAT EARTH SYSTEM FT/SEC
VELOCITY COMPONENTS TO
PASS TO THE PARACHUTE
COMPONENT DURING TRIM

*These output quantities are states
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PC

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

STI INFLATED PARACHUTE DRAG AREA FT2

RCS CIRCUMFERENCE OF THE FILLED FT
CANOPY PLUS ONE QUARTER OF

THAT DISTANCE

RFM REEF MODE FLAG -
0 = CHUTE NOT REEFED
1 = TIME OF DISREEF SET AT

PARACHUTE INITIATION
2 = TIME OF DISREEF SET AT

LINESTRETCH

RFD REEF DELAY TIME SEC

RFS PRODUCT OF REFERENCE AREA FT2

AND TANGENT FORCE COEFFI-
CIENT WHEN REEFED

B CONSTANT USED IN THE EQUA-
TION THAT CALCULATES SCD
OF THE REEFED PARACHUTE

CI CONSTANT USED IN THE EQUA- -

TION TO COMPUTE THE CANOPY
INFLATION 'TIME

CT(3) CONSTANTS USED IN THE EQUA- -

TION THAT CALCULATES THE
TANGENTIAL DRAG AREA

CN(3) CONSTANTS USED IN THE EQUA- -

TION THAT CALCULATES THE
NORMAL DRAG AREA

CM(2) CONSTANTS USED IN THE MACH -

EFFECTS EQUATION

FD WAKE TO FREE STREAM RATIO

PWT TOTAL WEIGHT OF THE PARA- LB
CHUTE PACK

PMI(3) PARACHUTE PACK MOMENTS OF SLUG-FT2

INERTIA (IXX,IYY,IZZ)
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PC

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

PPI(3) PARACHUTE PACK PRODUCTS OF SLUG-FT2

INERTIA (IXY,IXZ,IYZ)

TEM* TIME DURATION FOR SEC
PARACHUTE EMERGENCE

CSP** PARACHUTE CANOPY LB/FT
SPRING CONSTANT

CDP*** PARACHUTE CANOPY LB/FT/SEC
DAMPING CONSTANT

FLA LI PARACHUTE MODE FLAG -

0 = PRIOR TO INITIATION
1 = INITIATION
2 = LAUNCH
3 = LINESTRETCH
4 = LINES SEVERED

FLP(3) LI X,Y,Z EARTH SYSTEM FORCE LB
COMPONENTS ACTING ON
THE PARACHUTE FROM THE
LINES

FPP(3) GP or MP X,Y,Z EARTH SYSTEM FORCE LB
COMPONENTS ACTING ON THE
PACK FROM THE RESTRAINTS
AND MORTAR

TPP(3) GP or MP X,Y,Z PARACHUTE PACK BODY FT-LB
AXIS TORQUE COMPONENTS
ACTING ON THE PACK FROM
THE RESTRAINTS

VAP LI X,Y,Z EARTH SYSTEM FT/SEC
VELOCITY COMPONENTS OF
THE FORCE APPLICATION
POINT

UVL(3) LI EARTH SYSTEM PARACHUTE
LINE UNIT VECTOR

*Default value = 0
**Default value = 2000.
***Default value = 14.
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PC

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

RL LI PARACHUTE LINE LENGTH FT

VCG(3) LI VELOCITY OF THE CANOPY FT/SEC
CENTER OF GRAVITY ALONG
THE PARACHUTE LINES

PCG LI STRETCHED CANOPY CENTER FT
OF GRAVITY MEASURED ALONG
THE PARACHUTE LINE FROM
THE PARACHUTE PACK

CWT LI WEIGHT OF THE CANOPY DRAWN LB
FROM THE PACK

TPE LI TYPE OF PARACHUTE
1 = DRAG
2 = RECOVERY

TRM(3) GP or MP X,Y,Z PARENT BODY EARTH FT/SEC
SYSTEM VELOCITY COMPONENTS
TO DETERMINE THE POSITION
RATES DURING TRIM
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PC

PORT
NAME NO. DESCRIPTION UNITS

UPP(3)* X,Y,Z EARTH SYSTEM FT/SEC
LINEAR VELOCITY VECTOR
OF THE PARACHUTE PACK
CENTER OF GRAVITY

XPP(3)* X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE

PARACHUTE PACK CENTER OF
GRAVITY

WPP(3)* XY,Z PARACHUTE PACK BODY DEG/SEC
AXIS ANGULAR VELOCITY
VECTOR

EPP(3)* EARTH TO PARACHUTE PACK DEG
EULER ANGLES (YAW, PITCH,
ROLL)

UPC(3)* X,Y,Z EARTH SYSTEM LINEAR FT/SEC
VELOCITY VECTOR OF THE
PARACHUTE CANOPY

XPC(3)* X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
PARACHUTE CANOPY

PHA PARACHUTE PHASE
1 = PRIOR TO PARACHUTE

LAUNCH
2 = FROM LAUNCH UP TO LINE-

STRETCH
3 = AFTER LINESTRETCH

*These output quantities are states
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PC

PORT
NAME NO. DESCRIPTION UNITS

SW FLAG TO INDICATE PARACHUTE -

AERODYNAMIC CALCULATION
MODE:
0 = PRIOR TO LAUNCH
1 = FROM PARACHUTE LAUNCH

TO LINESTRETCH

2 = DURING INFLATION
3 = DURING REEFING
4 = AFTER REEFING
5 = PARACHUTE INFLATED

FLI(3)* X,Y,Z EARTH SYSTEM LB
AERODYNAMIC LIFT
COMPONENTS

FDR(3)* X,Y,Z EARTH SYSTEM LB
AERODYNAMIC DRAG
COMPONENTS

FMA(3) X,Y,Z EARTH SYSTEM LB
FORCE COMPONENTS ACTING
ON THE CANOPY DUE TO
AIR MASS ACQUISITION
FORCE

RM RADIUS OF THE SPHERE FT
REPRESENTING THE INFLATED
CANOPY

VOL VOLUME OF THE FILLED FT3

CANOPY

TLA PARACHUTE LAUNCH TIME OR SEC
LINE SEVERING TIME

TLS LINESTRETCH TIME SEC

TDS TIME AT WHICH DISREEF
OCCURS SEC

*Acting on the pack before linestretch
Acting on the canopy after linestretch
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PORT

NAME NO. DESCRIPTION UNITS

DT'I PARACHUTE CANOPY INFLA- SEC

TION TIME

TDU TIME DURATION OF REEFED SEC

PARACHUTE

TRF TIME AT WHICH THE CHUTE SEC
IS REEFED
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RL

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

BLI(3) X,Y,Z SEAT AXIS POSITION FT
VECTOR OF THE RIGHT LOWER
BLOCK

BL2(3) XY,Z SEAT AXIS POSITION FT
VECTOR OF THE RIGHT MIDDLE
BLOCK

BL3(3) X,Y,Z SEAT AXIS POSITION FT
VECTOR OF THE RIGHT UPPER
BLOCK

BL4(3) X,Y,Z SEAT AXIS POSITION FT
VECTOR OF THE LEFT LOWER
BLOCK

BL5(3) X,Y,Z SEAT AXIS POSITION FT
VECTOR OF THE LEFT MIDDLE
BLOCK

BL6(3) X,Y,Z SEAT AXIS POSITION FT
VECTOR OF THE LEFT UPPER
BLOCK

UP EJECTION DIRECTION FLAG
+1 = UPWARD WRT THE

AIRPLANE
-1 = DOWNWARD WRT THE

AIRPLANE

RLR RIGHT RAIL Z COORDINATE FT
OF THE END OF THE RIGHT
RAIL

XRR(3) X,Y,Z AIRPLANE POSITION FT
VECTOR OF THE ORIGIN OF
THE RIGHT RAIL COORDINATE
SYSTEM

RLL LEFT RAIL Z COORDINATE OF FT
THE END OF THE LEFT RAIL
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RL

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

XRL(3) X,Y,Z AIRPLANE POSITION FT
VECTOR OF THE ORIGIN OF
THE LEFT RAIL COORDINATE
SYSTEM

ERL(3) AIRPLANE TO RAILS EULER DEG

ANGLES (YAW,PITCH,ROLL)

SPR(2) X,Y RAIL SPRING CONSTANTS LB/FT

DPG (2) X,Y RAIL DAMPING CONSTANTS LB/FT/SEC

SBF SLIDER BLOCK FRICTION -
COEFFICIENT

ZTS RIGHT RAIL AXIS Z COORDINATE FT
OF THE KEY BLOCK AT TRIP
SWITCH CONTACT

BTS TRIP SWITCH KEY BLOCK NUMBER
1 = BOTTOM RIGHT BLOCK
2 = MIDDLE RIGHT BLOCK
3 = TOP RIGHT BLOCK

CPT(3) X,Y,Z AIRPLANE POSITION FT
VECTOR OF THE CRITICAL
CLEARANCE POINT

SRP(3) SE X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE SEAT
REFERENCE POINT

UST(3) SE X,Y,Z SEAT BODY AXIS LINEAR FT/SEC
VELOCITY VECTOR OF THE SEAT
REFERENCE POINT

EST(3) SE EARTH TO SEAT EULER ANGLES DEG
(YAW,PITCH,ROLL)

WST(3) SE X,Y,Z SEAT BODY AXIS ANGULAR DEG/SEC
VELOCITY VECTOR OF THE SEAT

XAP(3) AE or SL X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
AIRPLANE
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RL

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

UAP(3) AE or SL X,Y,Z AIRPLANE BODY AXIS FT/SEC
LINEAR VELOCITY VECTOR OF
THE AIRPLANE

EAP(3) AE or SL EARTH TO AIRPLANE EULER DEG
ANGLES (YAW, PITCH, ROLL)

WAP(3) AE or SL X,Y,Z AIRPLANE BODY AXIS DEG/SEC
ANGULAR VELOCITY VECTOR

2i

I

I
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RL

PORT
NAME NO. DESCRIPTION UNITS

F2(3) 1 X,Y,Z SEAT BODY AXIS FORCE LB
COMPONENTS ON THE SEAT
FROM THE RAILS

T2(3) X,Y,Z SEAT BODY AXIS TORQUE FT-LB
COMPONENTS ON THE SEAT
FROM THE RAILS

FR1(3) 1 X,Y,Z AIRPLANE BODY AXIS LB
FORCE COMPONENTS ON THE
AIRPLANE FROM THE RAILS

TR1(3) 1 X,Y,Z AIRPLANE BODY AXIS FT-LB
TORQUE COMPONENTS ON THE
AIRPLANE FROM THE RAILS

FL STROKE FLAG -
0 = GUIDED
1 = UNGUIDED

FTS TRIP SWITCH CONTACT
FLAG (1 = ON)

TTS TRIP SWITCH CONTACT TIME SEC

OFF SEAT/RAIL SEPARATION FLAG
(1 = SEPARATION)

DSA (3,3) SEAT TO AIRPLANE DIRECTION
COSINE MATRIX

SRA(3) X,Y,Z AIRPLANE COORDINATE FT
SYSTEM LINEAR POSITION
VECTOR OF THE SRP

DIS DISTANCE FROM THE CRITICAL FT
POINT TO THE SEAT REFERENCE
POINT

TM(3) X,Y,Z EARTH VELOCITY COMPONENTS FT/SEC
OF THE VEHICLE TO PASS TO THE
SEAT DURING TRIM
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RS

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

FL FLAG TO RELEASE ATTACHED -

BODY (1 = RELEASE)

XYZ(3) X,Y,Z PARENT BODY AXIS FT
LINEAR POSITION VECTOR
OF THE ATTACHMENT POINT

EA(3) PARENT BODY TO ATTACHED DEG
BODY ATTACHMENT POSITION
EULER ANGLES (YAW,PITCH,
ROLL)

XPB(3) X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
PARENT BODY

UPB(3) X,Y,Z PARENT BODY AXIS FT/SEC
LINEAR VELOCITY VECTOR OF
THE PARENT BODY

EPB(3) EARTH TO PARENT BODY DEG
EULER ANGLES (YAW,PITCH,
ROLL)

WPB(3) X,Y,Z BODY AXIS ANGULAR DEG/SEC
VELOCITY VECTOR OF THE
PARENT BODY

XAB(3) XY,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
ATTACHED BODY

UAB(3) X,Y,Z ATTACHED BODY AXIS FT/SEC
LINEAR VELOCITY VECTOR OF
THE ATTACHED BODY

EAB(3) EARTH TO ATTACHED BODY EULER DEG
ANGLES (YAW,PITCH,ROLL)

WAB(3) X,Y,Z ATTACHED BODY AXIS DEG/SEC
ANGULAR VELOCITY VECTOR
OF THE ATTACHED BODY
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RS

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

XR LINEAR SPRING CONSTANT LB/FT

XD LINEAR DAMPING CONSTANT LB/FT/SEC

ER(3) X,Y,Z ANGULAR SPRING CONSTANT FT-LB/DEG

ED(3) X,Y,Z ANGULAR DAMPING CONSTANT FT-LB/DEG/SEC

2'
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RS

PORT
NAME NO. DESCRIPTION UNITS

FPB(3) X,Y,Z PARENT BODY AXIS LB
FORCE VECTOR

TPB(3) X,Y,Z PARENT BODY AXIS FT-LB
TORQUE VECTOR

FAB(3) X,Y,Z ATTACHED BODY AXIS LB'
FORCE VECTOR

TAB(3) X,Y,Z ATTACHED BODY AXIS FT-LB
TORQUE VECTOR

TRM(3) X,Y,Z PARENT BODY EARTH FT/SEC
SYSTEM VELOCITY COMPONENTS
TO PASS TO THE ATTACHED BODY
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SE

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

F1(3)* 1 TO 9 X,Y,Z SEAT BODY AXIS FORCE LBS
COMPONENTS GENERATED BY
A PYROTECHNIC DEVICE

Tl(3)* 1 TO 9 X,Y,Z SEAT BODY AXIS TORQUE FT-LBS
COMPONENTS ABOUT THE SRP
GENERATED BY A PYROTECHNIC
DEVICE

F2(3)* 1 TO 9 XY,Z SEAT BODY AXIS FORCE LBS
COMPONENTS GENERATED BY
A NON-PYROTECHNIC DEVICE

T2(3)* 1 TO 9 X,Y,Z SEAT BODY AXIS TORQUE FT-LBS
COMPONENTS ABOUT THE SRP
GENERATED BY A NON-
PYROTECHNIC DEVICE

CW WB COMPOSITE WEIGHT OF THE SEAT LBS

CCG(3) WB X,Y,Z SEAT AXIS SYSTEM FT
COMPOSITE CENTER OF GRAVITY

CMI(3) WB MOMENT OF INERTIA SLUG-FT2
VECTOR ABOUT THE SEAT
REFERENCE POINT FOR THE
COMPOSITE SEAT (IXY, IYY, IZZ)

CPI(3) WB PRODUCT OF INERTIA SLUG-FT2
VECTOR ABOUT THE SEAT
REFERENCE POINT FOR THE
COMPOSITE SEAT (IXY,IXZ,IYZ)

TM(3) RL X,Y,Z VEHICLE EARTH FT/SEC
VELOCITY COMPONENTS TO
DETERMINE THE POSITION
RATE DURING TRIM

* Default = 0.
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SE

PORT
NAME NO. DESCRIPTION UNITS

UST(3)* X,Y,Z SEAT BODY AXIS FT/SEC
LINEAR VELOCITY VECTOR
OF THE SEAT REFERENCE POINT

SRP(3)* X,Y,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
SEAT REFERENCE POINT

WST(3)* X,Y,Z SEAT BODY AXIS DEG/SEC
ANGULAR VELOCITY VECTOR
OF THE SEAT

EST(3)* EARTH TO SEAT EULER DEG

ANGLES (YAW,PITCH,ROLL)

ALT SEAT ALTITUDE FT

* These output quantities are states.
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SL

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

UD(3)* X,Y,Z SLED SYSTEM LINEAR FT/SEC/SEC
VELOCITY RATE VECTOR

WD(3)* XY,Z SLED SYSTEM ANGULAR DEG/SEC/SEC
VELOCITY RATE VECTOR

*Default value = 0.

PORT
NAME NO. DESCRIPTION UNITS

UAP(3)* XY,Z SLED BODY AXIS FT/SEC
LINEAR VELOCITY COMPONENTS

XAP(3)* XY,Z EARTH SYSTEM LINEAR FT
POSITION VECTOR OF THE
SLED

WAP(3)* XY,Z SLED BODY AXIS DEG/SEC
ANGULAR VELOCITY
COMPONENTS

EAP(3)* EARTH TO SLED EULER ANGLES DEG
(YAW,PITCH,ROLL)

*These output quantities are states.
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SP

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS
TRF ROCKET TABLE:

TIME (INDEPENDENT) SEC
FORCE (DEPENDENT) LBS

TMA MECHANICAL ADVANTAGE TABLE:
GIMBAL ANGLE (INDEPENDENT) DEG
MECHANICAL ADVANTAGE
(DEPENDENT)

TST SPRING MOMENT TABLE:
GIMBAL ANGLE (INDEPENDENT) DEG
SPRING TORQUE (DEPENDENT) FT-LBS

FL STAPAC IGNITION FLAG
(1 = STAPAC ON)

YPR STAPAC APPLICATION FLAG
1 = YAW STAPAC
2 = PITCH STAPAC
3 = ROLL STAPAC

AVW ANGULAR VELOCITY OF DEG/SEC
GYROSCOPE WHEEL

WMI MOMENT OF INERTIA OF THE SLUG-FT 2

WHEEL ABOUT ITS SPIN AXIS

SMI MOMENT OF INERTIA OF THE SLUG-FT 2

SYSTEM LESS THE ROCKET
ABOUT THE GIMBAL AXIS

RII MOMENT OF INERTIA OF THE SLUG-FT 2

ROCKET PRIOR TO IGNITION

RIF MOMENT OF INERTIA OF THE SLUG-FT 2

ROCKET AFTER BURNOUT

XR(3) X,Y,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE
ROCKET NOZZLE
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SP

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

UV(3)** X,Y,Z ROCKET FORCE UNIT -

VECTOR IN THE ROCKET
COORDINATE SYSTEM

GSA GIMBAL MOTION STOP IN THE DEG

NEGATIVE ROLL DIRECTION
(MEASURED FROM THE CAGED
POSITION)

GSF GIMBAL MOTION STOP IN THE DEG

POSITIVE ROLL DIRECTION
(MEASURED FROM THE CAGED
POSITION)

SPR GIMBAL STOP ANGULAR RIGIDITY FT-LB/DEG

DPG GIMBAL STOP ANGULAR DAMPING FT-LB/DEG/SEC

FMT LOAD AT MAXIMUM FRICTION LBS

MX MAXIMUM FRICTION FT-LB

TNF FRICTION AT NO THRUST FT-LB

TOS THRUSTLINE OFFSET FT

TSU* GYROSCOPE WHEEL SPINUP SEC
TIME (SEC)

GMA* GIMBAL ANGULAR VELOCITY DEG/SEC

AT MAXIMUM FRICTION

WST(3) SE X,Y,Z SEAT BODY AXI DEG/SEC
ANGULAR VELOCITY VECTOR
OF THE SEAT

I

*Defaults = 0.
**Defaults: UV(1) = 0.

UV(2) - 0.
UV(3) - -1.
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SP

PORT
NAME NO. DESCRIPTION UNITS

WG* GIMBAL SYSTEM X-AXIS DEG/SEC
ANGULAR VELOCITY

ESG(3)* SEAT TO GIMBAL EULER DEG
ANGLES (YAW,PITCH,ROLL)

ESR(3)* SEAT TO ROCKET EULER DEG
ANGLES (YAW,PITCH,ROLL)

PHA STAPAC OPERATIONAL PHASE
0 = BEFORE IGNITION
1 = STAPAC IGNITION
2 = STAPAC BURNOUT

F1(3) 1 X,Y,Z SEAT BODY AXIS LB
FORCE COMPONENTS OF
STAPAC ON THE SEAT

T1(3) 1 X,Y,Z SEAT BODY AXIS TORQUE FT-LB
COMPONENTS OF STAPAC ON THE
SEAT

TIN TIME AT STAPAC INITIATION SEC

ECA SEAT TO GIMBAL ROLL EULER DEG
ANGLE AT THE CAGED POSITION

*These output quantities are states.
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SR

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

TRF ROCKET TABLE:
TIME (INDEPENDENT SEC
FORCE (DEPENDENT) LBS

FON CT SUSTAINER IGNITION FLAG
(1 = ROCKET ON)

PCG(3) X,Y,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE
PROPELLANT CENTER OF
GRAVITY

EA(3) SEAT TO ROCKET PROPELLANT DEG
EULER ANGLES (YAW,PITCH,
ROLL)

XRN(3) X,Y,Z PROPELLANT SYSTEM FT
POSITION VECTOR OF THE
ROCKET NOZZLE

YAW YAW EULER ANGLE OF THE DEG
THRUST VECTOR IN THE
PROPELLANT COORDINATE
SYSTEM

PIT PITCH EULER ANGLE OF THE DEG
THRUST VECTOR IN THE
PROPELLANT COORDINATE
SYSTEM

PL PROPELLANT GRAIN LENGTH FT

POD PROPELLANT GRAIN OUTSIDE FT
DIAMETER

PID PROPELLANT GRAIN INSIDE FT
DIAMETER
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SR

PORT
NAME NO. DESCRIPTION UNITS

W* WEIGHT OF UNBURNED LB
PROPELLANT

PHA ROCKET PHASE
0 = BEFORE IGNITION
1 = ROCKET BURN
2 = ROCKET OFF

RON ROCKET ON FLAG
(1 = ON 0 = OFF)

F1(3) 1 X,Y,Z SEAT BODY AXIS LB
FORCE COMPONENTS

T1(3) 1 X,Y,Z SEAT BODY AXIS FT-LB
TORQUE COMPONENTS

X(3) 1 X,Y,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE
PROPELLANT CENTER OF
GRAVITY

BM(3) 1 X,Y,Z UNBURNED ROCKET SLUG-FT2
PROPELLANT MOMENTS OF
INERTIA (IXX,IYY,IZZ)

BP(3) UNBURNED ROCKET PROPELLANT SLUG-FT 2

PRODUCTS OF INERTIA (IXY,
IXZ,IYZ)

FR SUSTAINER ROCKET FORCE LB
MAGNITUDE

PWI INITIAL WEIGHT OF THE LB
PROPELLANT

SPI ROCKET PROPELLANT SPECIFIC LB-SEC/LB

IMPULSE

RHO ROCKET PROPELLANT DENSITY LB/FT3

VWI INITIAL VIRTUAL WEIGHT LB

TMI(3) PROPELLANT MOMENTS OF INERTIA SLUG-FT 2

AS IF IT WERE A SOLID GRAIN

TIG ROCKET IGNITION TIME SEC

*This output quantity is a state.
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WB

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

AB NUMBER OF ATTACHED BODIES

SW BASIC SEAT WEIGHT LB

SX(3) X,Y,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE
BASIC SEAT CENTER OF
GRAVITY

SM(3) MOMENT OF INERTIA VECTOR SLUG-FT2

ABOUT THE C.G. FOR THE
BASIC SEAT (IXX,IYY,IZZ)

SP(3) PRODUCT OF INERTIA VECTOR SLUG-FT2

ABOUT THE C.G. FOR THE BASIC
SEAT (IXY,IXZ,IYZ)

W* 1 SR WEIGHT OF BODY ONE LB

X(3)* 1 SR X,Y,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE
CENTER OF GRAVITY FOR
BODY ONE

BM(3)* 1 SR MOMENT OF INERTIA VECTOR SLUG-FT2
FOR BODY ONE TRANSFORMED
INTO THE SEAT SYSTEM
(IXX, IYY,IZZ)

BP(3)* 1 SR PRODUCT OF INERTIA VECTOR SLUG-FT2
FOR BODY ONE TRANSFORMED
INTO THE SEAT SYSTEM
(IXYIXZ, IYZ)

W* 2 WEIGHT OF BODY TWO LB

X(3)* 2 X,Y,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE
CENTER OF GRAVITY FOR
BODY TWO

BM(3)* 2 MOMENT OF INERTIA VECTOR SLUG-FT 2

FOR BODY TWO TRANSFORMED
INTO THE SEAT SYSTEM
(IXX, IYY,IZZ)

*Default value - 0.
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WB

NORMALLY
PORT DRIVEN

NAME NO. BY DESCRIPTION UNITS

BP(3)* 2 PRODUCT OF INERTIA VECTOR SLUG-FT2

FOR BODY TWO TRANSFORMED
INTO THE SEAT SYSTEM
(IXY,IXZIIYZ)

W* 3 WEIGHT OF BODY THREE LB

X(3)* 3 X,Y,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE
CENTER OF GRAVITY FOR
BODY THREE

BMI(3)* 3 MOMENT OF INERTIA VECTOR SLUG-FT 2

FOR BODY THREE TRANSFORMED
INTO THE SEAT SYSTEM
(IXX, IYY,IZZ)

BP(3)* 3 PRODUCT OF INERTIA VECTOR SLUG-FT2
FOR BODY THREE TRANSFORMED
INTO THE SEAT SYSTEM
(IXY,IXZ,IYZ)

*Default Value = 0.

Note - All moments and products of inertial must be rotated into the seat
coodinate system.
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WB

PORT
NAME NO. DESCRIPTION UNITS

CW COMPOSITE WEIGHT OF THE SEAT LB

CCG(3) X,Y,Z SEAT BODY AXIS FT
COMPOSITE CENTER OF
GRAVITY

CMI(3) MOMENT OF INERTIA VECTOR SLUG-FT 2

ABOUT THE C.G. FOR THE
COMPOSITE SEAT (IXX,IYY,IZZ)

CPI(3) PRODUCT OF INERTIA VECTOR SLUG-FT2

ABOUT THE C.G. FOR THE
COMPOSITE SEAT (IXY,IXZ,IYZ)
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APPENDIX E

PROGRAM AEROMED

This appendix contains program AEROMED, the aeromedical post processor.

2
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PROGRAM AEROM-D (OUTPUTiTAPE79 TAPE6=OUTPUT?
C

OIM-NSION IIMt(4000),A (4000)tGY(4000),GZ(4000)DR(4000),
* RAD(4000),RADXY (400),RADL(4000J

C NOTICE...........

C; A PORTION OF THIS PROGRAM EVALUATES ACCELERATION DATA
E; ESEN71ALLY IN ACCORDANCE WITH ACCEPIEO AEROMEDICAL
(. PRO'CEDURES., THESE KINDS OF RESULTS ARE THEN NORMALLY USE;D

C 106ETHER WITH OTHER FACTORS TO DETERMINE ACCEPTABILITY OF
C ACCELERATION LOADS APPLIt-D TO THtL EJECTEE.

C THE LVALUATION METHOD HAS BEEN ADOPTED HERE TO SERVE AS A
C FOUNDAILUN FOR CREATINtv FIGURES OF MERIT RELATED TO THE

I. PERFURMANLE OF A PARTICULAR ESCAPE SYSTEM CONFIGURATION.
C THERE IS THEN AN OPPORTUNITY TO COMPARE, BY STANDARD MEANS,
C THE PEkFORMANCE OF ONE CONFIGURATION WITH THAT OF OTHERS
C AND OUMPARED IN TERMS OF THE MOST FUNUAMENTAL AND CRITICAL
C PARAMLIKS OF PERFORMANCE OF ANY ESCAPE SYSTEM, NAMELY,
L. ALCEV- RATILN LOADS UO THE HUMAN EJECTEE.
f.
C THIS PRU6RAM THEREFORE SERVES AS AN ENGINEERING TOOL ONLY
C AND SHOULD NOT BE CONSIDERED AN ACCEPTABLE AEROMEDICAL
C EVALUATION TOOL TO M-ASURE ACCEPTABILITY OF AN ESCAPE SYSTEM
L FOR SAFE JPERA7IUNAL USE.
C
C *44** INITIALIZAIION *****

C
GXMAX = GYMAX = GMAX = JRMAX = ROMAX = -10.

GXMIN = GYMIN = GZMIN =ORMIN = ROMIN = 1O.
TINjUKY = EXPERNC = 0

L
C *** REALj THE AEROMED PARAMETERS FROM TAPE7 **4*
C

REWINP 7
RrAb(-7, 10) PRTt XPGXPGXNtGY LGZL,URPDRNRDL

10 FORMAT(9Ff.Z-.4)
C
C ***** READ THE AEROMLD VARIABLES FROM TAP-7 **

C
NPIS 4000
S=0

zO I = 1+ 1
IF/I.GT.*0&&J GCJ TO 35
ReAD (7,10) TIM.(1),OK(1),GX(I),GY(I),GZ( )

,L

IFCEOFI)) 30,25

i-5 GXII) = -GXII) .

GY(I) = -GY(I)

GO TO 20

30 NPTS = I - 1

C £ m" LAL.ULATE RADXY AND RADZ *4*4*
C

35) DU 40 I=kNPTS
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GXL =GXP

IF(CvX(I).LI.O.0) GXL = AN
DRL = ORP
IF(GX(I).LT.0.O1 CJRI = DRN
RAUAYII) =(GX(1)/6XL)**2 + iY(Ib/GYL)**2

40 RADLCI) =(DR(I)/ORLI**2

L **** CALCULATE THIE Z-AXIS TOLERANCE RATIO FOR EACH WINDOW **

N 0
50 N N +I

1 =0
KADZI4AX =0r

60 j = +I

IF(1IME(J)oGTsTIME(N)+0O6.3) 60O TO 70
IF(6Z(J).GE.O.) RAOZMAX = AMAXI(RAUZ(JitRAOZMAX)
IF(GZIJ)*LT*0.) RADZMAX = AMAXI(GitJ)/GLL)**2tRADLMAX)
IF(J.EQ.t4PTS) GU TO 90
I + I+

GO TO 60
c
L. DILIEiMINL THlE ACLLtRATION RADJICAL ...

10 RADII4) = SQRT (RADZMAX + RAOXY(Nfl
L
L UPDATE THtE UNSAFE LOAD EXPLRItNCL FACTOR ......
C,

IF(RUiL.bE.RAO(N)) (G0 TO 80
TINjURY =TINJURY + (RADIN)-RDL)$**XP * (TIME(N+1)-TIME(N))

C UPDATE THL TOTAL LOAD tAPERlENCE FACTOR ...

SO kXPaRNLC EXPERNC + RAD(N)**EAP * (TU'*iCN"1)-TIME(N))

GO TO 50
90 N =N- I

TMAX = TIME(N
c
C **** CALCULAht Tti SAEt LUAO EXPERIENCE- FACTOR **

TINJURY = TINJURY/TIME(N)
EAPERNC EXPERNC/TIME(N)
THRLAT = EXPERNC. - TINJURY

C, ***** LAL(.ULATE Tht MAXLMUM4 AND MINUMUM AERUMEDILAL VARIAI3LES***

I

GXMAX = AMAXI(GXMAXvGA(I)J
IF(6AMAX.EQ.CA(L)) b XMAXT =TIMt(I)
6YMAX = AMAX1(GYMAX96Y(l))

GZMAX = AMAX1(GiMAXGZ(I))
IF(GZMAX.EQ.GLII)) GZM4AXT = TIME(I
ORMAX =AMAXJ(CJRMAADRti))
IF(DRMAX.EQ.DR1I)) LoRMAXT = TL(l)
ROMAX =AMAXI.(R(MAXvkAC(i))
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IF(IcDMAX.EQ*RAD(I)) RDMiAXT = TIME(I)
C

GXKIN = AMINI(GXMlNGXII))
IF(GXMINoEQ*GX(I)) GXMINT = TIMk:(I)
GYMIN = AMINL(GYMINtGY(J))
IF(GYMIN.EQ.GY(l)) 6YMINT =TII4EMI
GZMIN =AMIN1(GMN#(GZLt)f

100 1F(6ZMIN.EQ.GL(I)) 6ZMINT =TIME(I

f. **$*4 WRITE TO THL OwljPuT FILE **

WRITE (69110) IMAX
ilo FORMAT (Itilt *HUjMAN TOLERANCE ANALY.,PS THROUGH *tF1O.39

* * SECOND4 OF THE SIMULATION*///,
* * AEROMEUICAL S16N CONVENTION ***o.*//,
* * GX = *ACCLL, 6Y = 4ACCELP GL = -ACCEL *..*/)i

IF(PRT.EjQ.1.) WRITE(6#120)

Ak~p FORM4AT (//4X*TiME*t9X,*(iX*,IOX,*GY*,1OX,*GL*,1OX,*ORI*,8X, *RAO*,//t

IF(PRT.EQ.1.) WRITE(69130) (TIMEtI),GX(I),GY(l),GZ(I),JR( I),
* RADII) ,I=1,N)

A30 FikMAT(lXtF7.3,4Fl2.ZFII.2)

W.(ITc(6P140) bAXMAX,6XMAXT .GYAXGYMAATGZMAX,&ZMAXT,
* GXMlINLAM1NTGYMINGYMINTGZMIN,GZMINT,
* DORMAX,ORMAXT ,RUMAXRDMAXT

i'40 FORMAI (Z(IHO/)t* GAMAX *tF14.29* TIME = t4*9/
** GYMAX =*,FA4.2t* TIME = F43t/

** fmZMAX *tF14o2,* TIME = P1.#/
** 6AJ4JN =*PF14.29* TIME =*t4.9/

** GYMIN = sF14.29$ TIME =*,4.#/
* GZ.MlN =*PF14.ZP4 TIME = *F4 ,/

** DRIMAX =*9Fl3.2,* TIME = Fl.t/

* RAUiMAX *,F13.29* TIME = *,F14.3)

WRITt (69150G) EXPLuANCtTHREAT,TINJUkY
150 FURMAT £2(IHO/)P* F16URES OF MERIT.s....... .... *,////,

** L XPER1ENCE FACTOR - TOTAL LOAD = *

** LXPtRltNLE FACTOR - SAFE LUAD = *

* * LAPERIENCE FACTOR - UNSAFE LOAD = *
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APPENDIX F

EASIEST PROCEDURE FILES

This appendix contains listings of the EASIEST procedure files. The

procedure for attaching these files and submitting an EASIEST run is

given in Section V.
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EASIEST PROCEDURE FILE - LATEST REVISION DEC 12, 1980r

THIS FILE CONTAINS THE CCL PROCEDURES REQUIRED TO EXECUTE AND MAINTAIN THE
EASIEST CREW ESCAPE SIMULATION PROGRAM

PROCEDURE DIRECTORY

SUBRUN - PROCEDURE TO SUBMIT A BATCH EASIEST RUN
DBFMOD - PROCEDURE TO MODIFY THE EASIEST DATA BASE FILE
COMPILE - PROCEDURE TO COMPILE A SINGLE EASIEST COMPONENT
COMPALL - PROCEDURE TO COMPILE AN ENTIRE SOURCE LIBRARY
EZSTGEN - PROCEDURE TO GENERATE EASIEST FROM DELIVERY TAPE

SEE THE EASIEST MANUAL FOR COMPLETE USAGE INFORMATION

*EO

.RCSUBRUN,MODFILE ,ANLFILE ,TIME=100, INOUT=100,

CORE= 11599,I DENTEZ5,COE F =Or,NOL IST=OUTPUT/',AEROMED=U/YES.
RETURN, JOB,PF,MODFILE,ANFILE.
REQUEST,JOB,*Q.
COPYCR, JOBFILE, JOB.
ATTACH,MODFILE.
COPYCF,MODFILE, JOB.
ATTACH,ANLFILE.
COPYCF,ANLFILE,JOB.
ROUTE(JOB,DC=IN,TID=Z1 ,ST=CSA)
RETURN,MODFILE,ANLFILE,JOB,JOBFILE.
.DATA,JOBFILE
IDENTT TIME,IO INOUT,CM CORE. D790183,CREW ESCAPE EASIEST JOB
ATTACH(COMPLIB,MR=1)
ATTACH(EZSTLIB,MR=1)
LIBRARY(EZSTLIB,COMPLIB)
COPYCF, INPUT,MODEL.
REWIND,MODEL.
ATTACH(EASY5 ,MR=1)
ATTACH(TAPE78=EZSTDBF,MR=1)
MAP(OFF)
LDSET(PRESET=ZERO)
EASY5(MODEL)
RETURN(MODEL,EASY5,EASY,TAPE78,TAPE7,TAPE8,TAPE1O,TAPE11,TAPE12)
REWIND(TAPE9)
RFL,CORE.
FTN( I=TAPE9,B=EZFORT,R=2,EL=F,L=NOLIST,ROUND)
COPYCF, INPUT,ANFIL.
REWIND,ANFIL.
RETURN (TAPE3)
1FF, .NOT.NUM(COEF),NOAIRP.
ATTACH(TAPE3=COEF,MR=1)
ENDIF,NOAIRP.
REWIND(EZFORT)
ATTACH(NONSIM5,MR=1)
COPYLM(NONSIM5,EZFORT,NONSIMT)
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REvWINJ( NONSIMT)
RETURN(EZFORT,NONSIM5,MAPFILE)
LDSET( PRESET=ZERO,MAP=SB/MAPFILE)
NONSIMT(ANFIL)
SKIP,NOMAP.
EXIT,U.
REWIND,MAPFILE.
COPYCF,MAPFILE,OUTPUT.
EXIT.
ENDIF,NOMAP.
IFE, .NOT.NUM(AEROMED) ,NOAERO
REWINDTAPE7.
ATTACH(AROiAEDB,MR=1)
LDSET(CPRESET=ZERO)
AROMEDB.
RETURN,AROMEDB.
ENDIF,NOAERO.
EXIT, U.
REWIND(TAPE30)
RETURN(TAPE25,INIT-,INTERP,NONSIM,SIBTCH,TFBTCH,RLBTCH)
RETURN(SMBTCH,ANFIL,NONSIMT)
ATTACH(NSMPPT,MR=I)
LDSET( PRESET=ZERO)
NSMPPT(PL=99999)
EXIT.
*EOR

*EOR
.PROC,DBFMOD,INFILE,DBFILE=EZSTDBF,LSTFILE.
RETURN,TAPE3, TAPE78,COM~PL LB.FILOAD5.
RETURN,LSTFILE, INFILE,PF,DBFILE ,EZSTDBF.
ATTACH, TAPE3=INFILE.
EX IT, U.
ATTACH,TAPE78=DBFILE.
EXIT,U.
SET,R 1=0.
IFE,FILE(TAPE78,AS),PURGE.
SET,R1=l.
ENDIF ,PURGE.
REQUEST,TAPE79 ,*PF.
ATTACH, F!LOAD5.
ATTACH,COMPLIB.
LIBRARY,COMPL lB.
MAP,OFF.
LOSET, PRESET=ZERO.
FILOAD5.
LIBRARY.
CATALOG,TAPE79,DBFILE ,RP=999.
IFE,Rl=1,NOPURGE.
PURGE ,TAPE 78.
ENDIF,NOPURGE.
RETURN,DBFILE.
CONNECT,OUTPUT.
COPVCR,MESFILE ,OUTPUT.
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RETURN, TAPE 78 , TAPE79, F ILOAD5,COMPL IB, TAPE 3, MESF ILE.
IFE,FILE(TAPE9,AS) ,NOLIST.
REWINDTAPE9.
COPYCF ,TAPE9,LSTFILE.
RETURNTAPE9.
COPYCR,MESFILE,OUTPUT.
ENDIF,NOLIST.
REVERT.
EXIT.
LIBRARY.
CONNECT, OUTPUT.
SKIPF,MESFILE,2.
COPYCR,MESFILE,OUTPUT.
RETURN, TAPE 78, TAPE 79, F ILOAD5, COMPL IB, TAPE 3,ME SFILE.
REVERT.
.DATA,MESFILE.
DBFMOD PROCEDURE HAS SUCCESSFULLY EXECUTED.
A NEW CYCLE OF DBFILE HAS BEEN CREATED.
THE PREVIOUS HIGHEST NUMBERED CYCLE OF DBFILE
(IF ONE EXISTED) HAS BEEN PURGED...
EOR

COMPONENT INPUT DATA IS AVAILABLE ON LOCAL
FILE LSTFILE ..
.EOR
DBFMOD PROCEDURE HAS ABORTED..
NO NEW CYCLE OF DBFILE HAS BEEN CREATED...
PREVIOUS CYCLE (IF ANY) STILL EXISTS.
* EOR

*EOR
.PROC,COMPILE ,N,CODE=V'.
RETURN,PF,EZSTFTN,ONEREL,ONEFTN,FTNLIST,LIBLIST.
REQUEST,FTNLIST,*Q.
ATTACH,EZSTFTN.
SKIPF,EZSTFTN,N.
BKSP,EZSTFTN.
COPYCR, EZSTFTN ,ONEFTN.
REWIND,ONEFTN.
RE TURN, EZS TF TN.
FTN,I=ONEFTN,B=ONEREL,R=2,L=FTNLIST.
ROUTE,FTNLIST,DC=PR,TID=Zl,ST=CSA,FID=F N CODE.
SKIP,Al.
EXIT, S.
REWIND,MESFILE.
CONNECT ,OUTPUT.
COPYBR,MESFILE ,OUTPUT.
RETURN,ONEFTN,ONEREL,MESFILE.
REVERT ,ABORT.
ENDIF,A1.
RETURN ,EZSTLI B.
ATTACH,EZSTL lB.
EDITLIB, I=DIRECT,L=LIBLIST.
EXTEND, EZSTL lB.
REWIND,MESFILE.
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SKIPF,MESFILE.
CONNECT, OUTPUT.
COPYBR,MESFILE ,OUTPUT.
RETURN, ONEFTN, EZSTLI0, ONEREL,L IBL IST, DIRECT, MESFILE.
REVERT.
EXIT,S.
REWIND,MESFILE.
SKIPF,MESFILE.

COPYBR,MESFILE ,OUTPUT.
RETURN,DIRECT,ONEREL,MESFILE.
REVERT,ABORT.
.DATA,DIRECT.
LIBRARY(EZSTLIB,OLD)
REWIND(ONEREL)
RE PLACE*, ON EREL)
FINISH.
E NDR U N
* EOF.
.DATA,MESFILE.
FORTRAN ERRORS DURING COMPILATION.PROCEDURE ABORTED
FORTRAN LISTING WITH ERROR DESCRIPTION AVAILABLE ON FILE FTNLIST
* EOR
COMPILE PROCEDURE SUCCESSFULLY EXECUTED
* EOR
LIBRARY MODIFY ERROR..COMPILE PROCEDURE TERMINATED
* EOF
*EOR

* EOR
.PROC,COMPALL,SOURCE,LIBRARY,NOLIST.
RETURN,SOURCE,RELOC,PACK, LIBRARY.
ATTACH, SOURCE.
COMBINE, SOURCE,PACK,999.
RETURN,SOURCE.
RE WIND, PACK.
FTN,I=PACK,L=LIST,B=RELOC,R=2,OPT=2,ROUND.
REQUEST,LIBARY,*PF.
EDITLIB, I=DIRECT,L=q.
CATALOG,LIBARY,RP=999.
EXIT,U.
RETURN,RELOC, PACK,LIBARY.
REVERT.
DATA, DIRECT.
LIBRARY(LIBARY,NEW)
REW IND( RELOC)
ADD(*,RELOC)
FINISH.
ENDRUN.
FEOF

*EOR
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PROCEDURE EZSTGEN

THIS PROCEDURE WILL GENERATE THE EASIEST PROGRAM FROM THE
EASIEST DELIVERY TAPE

INSTRUCTIONS

TO EXECUTE THIS PROCEDURE SUBMIT THE FOLOWING DECK TO
THE ASD COMPUTER INPUT QUEUE AFTER INSTRUCTING THE TAPE
LIBRARY TO MOUNT TAPE NUMBER L02377:

EZ5,T3OO,IOIO00,CM1OOOOO,NT1. D79018383,EASIEST TAPE RUN
REQUEST,TAPE ,NT,PE,VSN=L02377.
COPYBF,TAPE,TEMP.
BEGIN, EZSTGEN,TEMP, TPW=

SUBMITTING THE ABOVE DECK WILL BOOTSTRAP LOAD AND EXECUTE THE
FOLLOWING PROCEDURE

*EOR
.PROC,EZSTGEN,TPW.
RE WI NDAPE.

* COPYTF,EZSTPRC,2
COPYTF,BACOMPS,1

* COPYTF,COMPASS,l.
RE QUE ST ,T SOUR , *PF.
COPYBR ,BACOMPS, TSOUR ,999.
COPYBR,COMPASS,TSOUR,999.
CATALOG, rSOUR.
RETURN,TSOUR.
RETURN, BACOMPS ,COMPASS.
BEGIN,COMPALL,TEMP,TSOUR,COMPLIB,LIST=V.
ATTACH, TSOUR.
PURGE, TSOUR.
RETURN, TSOUR.
COPYTF,EZSTFTN,1.
BEGIN,COMPALL,TEMP,EZSTFTN,EZSTLIB,LIST=Q.
COPYTF, FILOADS,1.
COMPL,FILOADS,FILOAD5,V.
COPYTF,FILDAT,1.
BEGIN,DBFMOD,TEMP,FILDAT.
COPYTF,EASYS,V.

* COPYTF,EASY5,1
COMPL,EASYS,EASY5,1.
COPYTF,NONSIMS,gr.

* COPYTF,NONSIM5,1.
COMPL,NONSIMS,NONSIM5,1.
COPYTF ,NSMPPTS ,1.
COMPL ,NSMPPTS ,NSMPPT ,q.
COPY TF,AEROMED,1.
COMPL ,AEROMED ,AROMEDB , .
COPYTF,F4EMAN,2.
COPYTF,MCORR,2.
COPYTF,ACORR,2.
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C OPYVTFMODAPP,2
COPYTF ,ANALAPP,2.
BEGIN,SUBRUN,TEMP,MCORR,ACORR,TIME=1500,INOUT=1500,CORE=230000,AEROMED.
.DATA,COPYTF.
.PROC,COPYTF,FILE,CODE.
SET,Rl=CODE.
RETURN, FILE.
REQUEST,FILE,*PF.
COPYBF,TAPE ,FILE.
REWIND, FILE.
IFERI. NE .2, NOPASS.
CATL,R FLE,ROPA99,K=PW
IFEL,R1 .E,NPASS.K=PW
REVERT.
ENDIF ,NOPASS.
CATALOG,FILE,RP=999.
REWIND, FILE.
IFE,R1.NE.1 ,NODROP.
RETURN, ILE.
ENDIF,NODROP.
REVERT.
* FOF
* DATA, COMPL.
* PROC,COMPL,SOURCE,FILE,CODE.
SET,Rl=CODE.
REWIND, SOURCE, PACK.
COMBINE, SOURCE,PACK,999.
RETURN, SOURCE ,RELOC, PF.
REWIND,PACK.
REQUEST,PF,*PF.
IFE,R1 ,NE.O',NOCOPY.
FTN,I=PACK,L=Q,ROUND,OPT=2,B=RELOC.
COPYLM, FILE,RELOC,PF.
RETURN,RELOC, FILE.
ELSE,NOCOPY.
FTN, I=PACK,L=Q',OPT=2,ROUND,B=PF.
IFE,R1 .NE .2,NOPASS.
ENDIF,NOCOPY.
CATALOG,PF, FILE,RP=999.
RETURN, PF,PACK.
REVERT.
ENDIF,NOPASS.
CATALOG, PF ,FILE,RP=999.
RETURN,PF,PACK.
REVERT.
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APPENDIX G

EASIEST STANDARD COMPONENTS

This appendix contains listings of the EASIEST standard components

which include the following:

NAME DESCRIPTION

AB Attached body (Survival Kit)

AE Airplane

AG Atmospheric oroperties

AM Aeromedical

AP Aerodynamic plate

AS Seat aerodynamics

CE Crewperson

CS Airplane control surfaces

CT Catapult

DR DART

GP Simple parachute mortar and restraints

LI Parachute lines

MP Parachute mortar

PC Parachute

RL Rails

RS Restraints

SE Ejection seat

SL Sled

SP STAPAC

SR Sustainer rocket

WB Weight and balance
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SUBROUTINE AB IUAbUAIlUAbXAoXABDIXABWABWABOtlWABI
* EAdvEAtDvIEAbt
*WT 9bMltoP I ,FAu , TAB 9FAUv TAU 9TRM)

L LAS'IEST AT1ALHLL) tbOUY CUMPONENT

L, UESIGNEU dY C.L. W~EST
i.ALAST MuDIFIEG - EMoiER a, 1960

.

L. LINEAR VELOCITIES - BOY AXIS

L. UAE,(3) - XYL LINEAR VELOCITY VECTOR OF THE ATTACHED
C toOuY (FI/SEC)
c UAoU(3) - X,YZ LINEAR~ VELOCITY RATE VECTOR OF THE ATTALHED
L. BODY (FT/SEC/StL)
L. IUAcD(3) - lNTEGLRATIC'N CONTROL

L LlNtAR POSITIONS - EARTH SYSTEM
c

4. XAb(3) -XYZ LINEAR POsITIUN VECTOR OF THE ATTACHED BODY (FT)
L. AAbu(3) -X,YZ LINEAR POSIfIN RATE VECTOR OF THE ATTACHED
L. allUY (FT/S%..)

IxAn(3) -INTEGRATION CONTRJL

C ANt.JLAK VELOCITIES - bUDY AXIS

C. WAb(.1) - XvYvZ ANGULAR VELOCITY COMPONENTS - PtQtR (DE6/SEC)
C. WABU(.i) - XYL ANGULAR VELOCITY RATE COMPONENTS (UEG/SEC/SEC)
U IWAc6(a) - INTEGRATION CONTROL

C EULER ANt.LES -- EARTH TO ATTACHED BODY - YAWPITCHRULL

- ABI3) - EARTH TO ATTACHED BODY EULER ANGLES (DEG)
C. AbL(3) - cULLR ANG..LE RATES (UEG/SE.)
C. IEAO(- ) - INTEGRAION CONTOKL

C *--**.** Ab INPUTS s******

C wI - WtIGHT Of THE ATTACHEL) 6ODY (LO)
6 MIts) - ATTACHtU BUOY MOMENTS OF INERTIA - IXX9IYY,IZZ

( SLUiG-FT*$z)
L. 6PIli ) - ATTACHED 8L]DY PRODUCTS Us; INERTIA - IXYVIXL9IYL
L. ( SLUkv-FT**2)

FAb(3) - XYji OCJY AXIS FORCE CL)MPONENTS FROM THE RESTRAINTS (LB)
L. TAb(iJ - XYtL bJDY AXIS~ TORQUE COMPONENTS FROM THE RESTRAINTS (Lcd)
L. FAi&A.>) - AUXILIARY XYvz BODY AXIS FORCE COMPONENTS (LB)
L. IAL,(3) - AUXILIARY XtYZ OUUY AXIS TORQUE COMPONENTS IFT-Ld)
C TRM(3) - A,YZ PARENT bODY EARTH VELOCILY COMPUNENTS FOR

C.. LALCULATING THt LINEAR POSITION RATES DURING TRIM (FT/SEC)
4-

C. DIMENSIONS OF CALLIN6 ARGUMENTS oo.

UlftlENSIN tjAt(3) ,LAtD(3), IUAat3),XAd(3),XAaD(.i)tIXAa(3)t
* kVAb(31tWAiJ(aJ,1WAo(3),EAt3(3) ,EABU(3)91EA,6(3),
* t~6MIt3IoPl(i),FAbt3),TAb(3) ,FAU(3) ,TAU(3) ,TRM(3)
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L IN1~$NAL JMENSIONS .

C.JMMLJN /LICCAL/ 1IL.AL
CUMMON /COVtRLY/ INtST
CUMVION /C-liSFLG/ S SFLLU
LUMMON' / C.10 lKEAb,1WRI1LipIL)AG
CJAIA RPU90PR /04 9 57o29578~
DATA tjRAV /52.174/

C

DLI 10 1=19a
1&(I-AM() LQJ. G.Y9yv9i) FAti1) z0
iF(FAU(i) .EQ. U.99999) FAUMI = 0
1F(]Ab(l) .t4. U.99999) TAd(I) =

10 Ia(TAUtU tWI. 0.99999) TAUM = 0
TRMtII TRMi4) = TKU't() = U

C SLI UP ILh ATTACH-EUj 8UIUY INERTIA TE.MSUR

T I tt k 1 f,2) = -g3Pill)
TINERUI,3) =-oP1l~)

115R(vl -6PItZi

TINER(2,3) =-iPli3i

TINLaIAJ13 = -t6P1(g4
TINtiR(392) =dl-,

C CH-ANx FROM OUAJREES TO RADLANS ...

u~u 3c 1=11,i

L- CALCULATL IHE DiRL.TiJN )~l~:MATh1C.E ....

CAL6h JlaKtUS C(jLAqEAoI1a(
A.ALL IRANS (UAtpULA9393)

C LALCULAkL IHE IlAL FGaKC2 AND tORJUE DuE TO THE EXTERNAL
FLAsCLS ANji GkAVIiY ...

Fil) =F^64~1) +* FAUCIl WT * atAfI,3) *SSFLG

'40 TM ) IAOA1) + TAUIII
L-
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C

L LALLULATL T1NtR * WALik ...

CALL MATMPY (TLMP 1,TlNLiC,4AblR,3t3vIU

L. LALCULAIc WAhuIR X (TINtK * WA81K) ...

CALL. LRSPRD (TLMP4.,WAdlRTEMPI)

,. SUM TERMS TO 06sIAIN TOTAL JURQUt ...

Uj 50 1=1,3
t)% TcMP'3(1) =111) - TkMP2ti)

L CALCULATE WABDIR ...

CAL-. LULQS (TINERTaMP1,TEMP3,TEMP2,3, 1,3,3,3, .E-IA, IERRUR)
IF(ILRRuR.Nb.l) GO Tj 70

ou FJkMAT(/* INER11A MATR 1 A uF THE ATlACHE) &OUY IS SINGULAR ... *

*RUN STCAPPLLJ./)
S*TOP~

40 UUL aU 1=1,3
b(. IF~lWAdNI).NE.O) WAbU(i) =TkI4PI(I) * LPR

C ***** kLLR ANGLEL LQUATIONS *s
L

L
CALL LARATE (TEM~PIPWABIRiAO1R)
O&J 9(1 1=19zi

11(i IH-iEAb(II.NE.0J EA6D(1) = TtMPI(I) *DPR

*$pa* L1NLAR VELOLIIY L4.UATiONS **

L

L. CALLLATL WAbXK X UAo

LALL LR.%PRLU (T0MPlWAoiRjuAd)

L LALCULATt I-/M ...
4.

AdMAS.S = WT/GRAV
LJ 100 1=1,3

iL~iu (tMP4(lI = F(iI/AdMAS4
C
L. ALLJLA~t UA60....

L.
uu 114) Lj,3

IlLL Ii-(LUAo(i).Nc.1) LJADU( Tz:MPZAI) -TLI4P1(I)

L

CL ** LiNLAR POSITION E.JUATIUNS***
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CALL MATMPY (TEMPi,0AtUAoq3,3vl)
J)u 120 1=113

12U LFI1XAo.1I.*NE.) XAtIL(l) = TEMi'111)
L

L. StiSTRACI TRIM VELOCITY FROM4 POSIIIJN RATES DURING TRIM
L

iF(INsI.NE.31) GO TU ±'tL

JO 136 1=1,3
130 1F(IXAb(I).NL.O) XAbJI1) =XAbL)(l) -TKMM1

140 RLTuRM
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SLUK~iINE AE (UAI',UAPjl,,UAP,XAP$XAPUIXAPtWAP9WAP),IdA,,
* EAP LAPICA,TKlTRMUlTkMALPHAobETAVMACHALT,
* AWECSvXLPLPAM1,API,
* ATkRAAILAELEARUOXkNit:NOTALT, TVELt
* FRAlTKAIFC.A1vTCAI9FJAI9TLAIv
* FKAi.,TKAZFC.A~,TCA2,I-uA2,TOA2,CPF)

L * THE EASIEST AIRPLANE COMPONENT **

C TH-I,,j RLUTINL I-,- A SIX uEGREE UF eREEUUM MOUEL OF AN AIRPLANE

L. 11L AERL~uYNAMIC LOEFFICEINTS ARE REAL) FROM TAPE3
L

,L THlE AIRPLANE TRIM IS PKOvIutEG lNTEKNALLY uSINi, EASY STEAJY STATE
L. ANALV..IS
C

uCLmNTROL SURFACE ANu ITHRUST CUMMANDO, INPUT 3Y THE USEK AFTER
C TRIM WILL bL INTLRPRE1Eij AS bEING AN ADDITION TO THE SETTINuiS
C. KLQ.UIREU FUR TRIM

L USI%,.NEj BY B. UMMEL AND C..L. WEST
C L#4ST MUuiFltD - UkCtMBER op 19dU
C
L $****#**AL OUIPUTl '****b**

C
L. LINEAR VELOCITIES - BOLJY AXIS
L
L. UAP(3) - XYtZ LINEAR VELOCITY VECTOR OF THE AIRPLANE CENTER
C UF GRAVITY (FT/SEC)

L UAPbu(3) - X,YZ LINEAR VbLOLlTY RATE VECTOR OF THE AIRPLANE
c ~CENTER OF uRAVITY (FT/SEC/SEC)

L. IUAP(3) - INTEGRAIIUiN CONTROL
L

C. LINEAR Vi.-bITION. - EARTH ,-YSIEM
C
L XAP(3) - XY,1 LINEAR POSITION VEC.TOR OF THE AIRPLANE CENTER

L OF GRAVITY (FT)
C. XAPU(1 - XYjZ LINEAR POSITIUN RAlt VEC.TOR OF THE AIRPLANE

6 CENTER OF GRAVITY (Fi/SEC)
C. IXAP(.3) - INTEI.KATiUN LUNIKUL

C ANGULLAR VELOCITIES - oL3DY AXIS
L

L 4AP(3) - XYL ANULAR VELOCITY COMPONENTS - P,.jR COEG/SEC.)
L. WAPUI(3) - A,Y,Z ANGULAR VaLOCITY RATE COMPONENTS COEG/Sac/sEL)

I UI- INTEGRATION CONTRUL

k,. EULER ANGLES -- EARTH TO btJLY AXIS -- YA4,IPITCHtRULL
G

tAPIi ) - EARTH TO AIRPLANE EULLR ANi,LES (DEG)
L CAPD(3) - tULER ANG.LE RATtb (DLG/SLC)
L ILAP(33 - INTEGRATA.UN CUNinKUL

C T.~iM CLJNTKRUL STATES -- TkM(4)9TRML)14)pITRM(4)

L TRm(I) = TRIM Tl-uFTLt SETTING
TRMt~k) = ]KIM AILERON SETTING
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fl...
C TRM(3) = TRIM ELEVATOR SETTING
L TkMit) = TRIM RUUULK StTlIN6

L
L ALPHA - ANGLE OF ATTALK (DEG)

L otlA - SIJESLIP ANGLE (DEV)
L VMALH - MACH NUMBER
C ALT - ALTITUDE AbUVL SEA LLVtL (FT)

L,***~#$S$ At INPU)z4**,****
L

4- AW - AIRPLANE WtlGHI (LB)

C B - WIN6SPAN (FctI)
C. - MEAN AtKUuYNAMIL.. CHORD (FEET)

c S - REFERENCE AREA (FT**k)
L XLP - AIRPLANE BOY X-AXIS POSIT3N OF THE CENIER
4OF PReSsURe (FT)

I-LP - AIRPLANE BUOY Z-AXIS POSITION OF THE CENTER
L OF PRESSURE (FT)
I AMi(3) - MOMENTS OF INERTIA -- IXXIYY,ILZ

( SLUu-F I*2 )I

L API(3) - PRUUuCTS OF INcRTIA IXYIXZIYZ
4. (!SLUL-F 1*4-2)
C XiriR - EXTEKINAL THRUST SETTING (LB)
C XAIL - EXTERNAL AILERON SETTING (DEG)
C AELE - EXTLANAL tLtVATOR SEITING (DEG)
L XiUD - EXTERNAL RUuDtR SETTING (DEt)
L A tN(3) - XYZ AIRPLANe dODY AXIS POSITION VtCTOR
L OF THE tNGiNE (FT)
L ENU(3) - AIRPLANE 6UOY AXIS DIRECTION COSINES
L O THE eNGINE THRUST vECTOR
C TALT - DESiRED TRIM AIRPLANE ALTITUDE (FT)
C IVEL - DESIRto TRIM AIRPLANE SPEED (FT/SECI
4-FKA1(3) - PORT ONL XY,Z AIRPLANE bODY AXIS FORCE COMPONENTS
L ACTINu ON THE AIRPLANE FROM THE RAILS (La)
C TRAI(3) - PORT ONE XYZ AIRPLANE BODY AXIS TORWUL COMPONENTS
LACTING ON THE AIRPLANE FROM ITE RAILS (FT-LB)
L tCAI(3) - PORT ONE XYL AIRPLANE BODY AXiS FURCE COMPONENT.
L ACTING ON THE AiRPLANc FROM THE CATAPULT (Ld)
C ILA1(3) - PORT ONE X,Y,L AIRPLANE BODY AXIS TORQUE COMPONENTS
C ACrINu ON THE AIRPLANE FROM THE CATAPULT IFT-Lb)
C FuAI(3) - PURI LoNt X,Y,L AIKPLANE oODY AXIS FORCE COMPONENTS
C ACTING ON THE AIRPLANE FROM THE DART (Lo)
L TUAi(3) - PuRT ONL X,YL AIRPLANE oJOY AXIS TORQUE COMPONENTS
L A&TINU, ON THE AIRPLANE FROM THE DART (FT-LB)
L l-KAE3) - PJRT IWO Xvf,Z AIRPLANE uODY AXIS FORCE COMPONENTS
L - ACTiNG ON THE AIRPLANE FROM THE RAILS (LO)
L TRAZ(3) - PORT TWO AY,L AIRPLANE BUOY AXIS TORQUE COMPONENTS

ALTIN6 ON THE AIRPLANE FROM THE RAILS (FT-LO)
FCA213) - PORT TIO AYZ AIRPLANE BODY AXIS FURCE COMPONENTS

L ACTING ON THE AIRPLANE FROM THE CATAPULT (Lb)
C TAz(,) - PURI TWU XYtL 4iKPLANE BODY AXIS TORwUE COMPONENTS
4ACTiN,, ON THE AIRPLANE FROM THE CATAPULT (FT-LO)
C FUA2(3) - PORT IAu XYs AIRPLANE BODY AXIS FORCE COMPONENTS
C ACTIN oN THE AIRPLANE FROM THE uART (Ld)
L TDAba3) - PURL IWO XYvL AIRPLANE 6OUY AXIS TORQUE COMPONENTS
L ACTING ON THE AIRPLANE FROM THE DART (FT-LB)

CPF - PRINT FLAG FOR AEKUbYNA4IC COEFFiLIENTS
L
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L. *$#$ *$ UATA DLLLARATIONS *******
L

C LALL1LN4, SrQUENLL 01 tN: ,CN ...

L JMtttaS1UN XAP(3) ,AAPLU3),AAP(3),UAP(3),UAPD(3),IUAP(3),

* WAIV(3),WAPLL13),hLiAP(3),EAP(3) ,EAPD(3),IEAP(3),
* 1~RMI't) TRm&j(4),1Ti(M(43,
* AMI(J)tAPI(3htXN(3)9Nbt3)v
* k-kKAI(. ) ,IAI3) ,FCAIU.),rCALC3),FDA(3),TDA1(3),
* H~FA4(3) ,TRA.(3) ,r-A&A3),TCA2(33 ,FDA4(3),TDAZ(3)

L INTERNAL DIMENSIONS...

* 1E?PIN,) ,HtF3) ,rt(RAV( 3),FENG(31,FC0R(3JFRCD(3),
FAUKO(3) ,I U)IILG()CD(,TAER(3)ivAPIRS(3),
TiMPi(3),TkMP23)TEMP3(31,EAPLR(319WAPLR(3J,

- R(2000J ,ITPLJT~bJ),FOKMAT(8JTITLE(bI

LjMMGN/REUL3N/NK(6U)
C.JMMUN/CICCAL/ILCAL
LGjMM6ft/CUVRLY/ INST
LUtMMU/Clil/ lRfiAUPIW(i~i,fIAG
DATA URAV /3Z.1-14/

L

L)ATA RPOL)Pt(IFLAuP / .01745.329t 5.29578, 0/

L. **4*4*c* *****
C *S INITIALIZATION **

i(ILLAL *Nt. 11 GO TO 11~0
XAPCs) = -TALT
UAHIJ = 1VtL
IF(XCP EQ. 0.99999) ACP = 0
iI(LP *EQ. UJ.99999) ZLP = 0j
±e-;XTH-R *EQ. 0.99999) ATHR = 0
IF(XAIL EQ. 0.99999) XAIL = 0
iFIXLLE EQ~. 0.9999'9) AtLk = 0
!FlAkkjA EQ. 0.99999) M(LJL= U
IF(CPF .EQ. U.99999) CPF = U

Ia-(FRAII.I) tw. 0.99999) F-RA1CI) = 0
iF(TRAL(1) L~W. U.999991 TRAItli =0
iJFLAIII) *ri3. U.99'99) FLAi(I) z

IFITCAiA(I) EQ). 0.999v9) TCA3.I1) = u
iF(t-U~AIl) EQw. U.99999) FQAI~lJi U
La-(TUAl(1) cW. 0.99999) TUAI(l) = 0
1I~l-KAi~Ii) EQ. 0.99999) FRAZ(I) = 0
Ir(TRAk(i) E61. 0.129999) IRAZ(i) 0
iI-(FCAl-A1) Lw. 0.99999) FLAZ(i) U
Ir(TCAe.(I) EW. U.99999) TCAZt1) = C
I-(i-DA& (i) EQ. U.9992991 FOA2CI) U
IF(luAk(l) cQ). 0.99999) roAZil) =0

6 C.UNIINUL
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L. .tl UP AIRPLANE INEtTIA T:NSOR

TINatLqI) = AMI(I)

TiNLR(i,3) = -API(t')
TINskK~~i) = -API(L)
TINtK(Z9Z) = AMI~il
TINkkl2t3) -- API(31
TINLK(3vi) =-AP1(Zi

liNLN(3,2) =-API(. )
TIN~k(39i) =A14(31

C-------RLAU AkDYNAMIL TAbLES FROM TAPE3

IF(IF-LAG.EQ.1) GO 10 l1lU
IFLAG~I
RwtIN 3

If- (LPF.t.1.0)WvKIlth (v, )
1lu F0RMAT(k.,Xq#AtRJJYNA41C LOEFm-1C1ENTS FOR~ THE AIRPLANE*)

R.tAbut,aJ) NTEMP
z0 i-URMAT(1614)

RtA()(3t£u) (ITPLO1(I3,=lqNrEMPJ
NTPM1=NTEMP-1
"4K Ii)=5
uU 30 I1,vNTEPMI

.1.0 NK(Ii1)=NR(1J+ITPLOT(I).1

4U FURMAT(913,15))
IF(CPF.EJ. .0 )WRITE~bv50)

50 FURI4AT (ltO)

NI tmP=TPLOT (1)
IFffttLMPoLL.0) GO TO 110
Ni tMP=NKCNTtMP)+ITPLOT(2)
N1 tMP1=1TPLOT L,)
NlLMP=NR(N7hMP1 J+ITPLOT(-t)
RtAU(3,8Ci) FORMAT

bu t:JRMAT(bAIO)
RLAuJ09FORMAT) IR( )qi=NTEMPNTEMPI)

vo' FuRMqAII'lbtbAIJ

14.0 FtJRMAT('(169F!4.6))
Gu TO 60

C. -- LLJNVtRT ANbULAR KATE!S .ANO LULER ANGLES TO RADIANS

11Ci uu 12.. 1=193
EAPIRM = EAP(i)*KPU

140 WAPIRtlI = WAP(I)*RPU

C -- LuIPUkE EAaRTH v AIRPLANE AND AIRPLANE TO EARTH
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4. LIKLCIION COSINE MATkICES
4.

CALL DIKLObS (wAqA~iK)
'.ALL iRANS (LAt~UIAv3v3)

L

ALJA =Ab.SILA)

U R=(TRM('t)+XRUUi)

IL .jOTAIN .4PLLD OF SOuNO, AIR LUhNSITY9 AND WIND VELOCITY

C ALI = -XAP(3)

CALL AIMOS (AZ9RHOALTqUWtUOO)

LC - PUT WIND INTO BODY CuURDiNATES
C

CALL MATMPY (LiWB,LLAvUW,3,3,1.)

C --- ALJ WIND VcLOLITY IU AIRPLANE VELOCITY

uO(3)=UAP(3 i-UWrd(i)
C

AERO VARIAdLES
L

ALPHA =ARTAN2(UC,(3)lUbjCIk)*UPR
CuSA CUS(ALPHA*KPU)
SiNA SIN(ALPHA*RPU)
CALL (iOIPRD (VbAR2vUOUUt.3.i
VoAR= SQRT(VbAR4)
bL]A= ASINtUO(2)/VMAR)*iPR
VMALI, = VOAR/AL

A:.= .5*KO*V6Ak2*slj

L. ---- LUMPUlt STAoILlY AXI:) ANGULAR RATES
L

WAPIR.'.A) = WMPIRUI)*..OSA + WAPIR(3 )*SINA
WAPIS(Z)= WAPIK(4)
WAPKS(-)= -wAPIKti)*SlNA + WAPIR(31$CUSA

C

L CALLULATt THL AtKiJOYNAIL CUEFFILItNYS ***~***

L - eAN.,.Ftk AcRLJ VAKIAdLcj TO THE R ARRAY -

C
K411 VMALH

k~)=ALPHA
R(( = BETA

L - - L AX~IS FGRCt COEkFFICIENTS
C
ZbIAS CutFFICItNT 1its TKUM
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CALL LOOK (NR(lhRk,LZ0)
4.. VARIAlI~oA UF CZGi WITH ALP~HA D0I

CALL LOOK (NR(2),KCZAUi)
L. VARIATiUN OF CLO WITH PITCH RATE ...

CALL LOUK (NRL3) vRtZW)
L VARIATION4 OF CZO WITH LLLVAIUK POSITION

CALL LOOK (NR(4),u{,CZDE)
C VARIATION OF CZO WITH AXLeRUN PO.4iTION

CALL LOOK (NR(5)tRvLZUA)

Z - X-AXIS FORCE CUEFFICIENTS

L. BIAS utFFICIENT FOR TRIM
R(4)=CZO
CALL LObUaI( 1R(b)vRvCXC')

C VARIATION OF CXO WITH AILERON PUSITIUN
CALL LOOKi (NR(73,RtCX)A)

C

L. SIAS COEFFICIENT FUR TRIM ...

CALL LOOK INR(d3,RC.MG)
C VARiAIIO14 OF CMU WITH ALPHA OT...

CALL LOOK (NR19),kCf4AJ)
L. VARIATION OF CMO WITH PITCH RATE ...

CALL LOOK (NR(IO)*RtCMQ)
L VARIATION OF CMU WITH LLLVATUR POSITION

CALL LOOK (NRIII)tRCMOEI
L VARiATAOh OF CMO WITH AILERON POSITION

CALL LOJOK fNVRl12)RCMA)
L.
L SIL FORCE LOEFI-ICIENTi,

L VAKIATION OF CY WITH 8LTA
LALL LaUK (NKti3),KvCYo;,J *

L VAKIATiUN OF CY WITH ROLL RATE ...
CALL LOOK (NK(114)YRPCYV)

L VARIATIUN QF LY WITH YAW RATE
CALL LCOK (Nk(151,K9(CYR)

L VARIATION OF i.Y WITH RUUDER PtJSITION ...
CALL LOOK (NRtI.b)wRtCYUR)

L VARIATION OF CY WITH AILkLRUN uEFLECTION
CALL LOOK (NR(17)sRCYOA)

L
C ROLLING, MOMtP4T CtJLFFICIENTS
C
C VARIATION uF CL WITH bET7A,*..

CALL LOOK (hA(18iqkCLd
C VAKIATiu* OF CL WITH RULL RATL ...

CALL LOOK (NR(19),RCLP)
L VARIATION OF LL WITH YAW RATL ...

CALL LOOK (NR(2UdKLLK)
LVAKLIAN OF CL WITH KUuUtR UEFLECTIJN

CALL LJUK (NRjZI,)qRLLak3
L VARIATIUN OF LL WIH ALLRON DEFLECTION

CALL LOOK (N4R(Z2)bRvCLDA)

C YAWIN&7 MOMENT Gc0FFlCIi:NT;
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C VARIATIUM~ OF CN WITH 8LTA ...
CALL LUaK (NRI23)lk#CN6)

L. VARIATIU4 OF CN WITH ROLL RATE ...
CALL LJOK (NRIe.4)gRs%-.NP)

4L VAkiAlIUN OF LN WITH YAW RATE ...
CALL LOOK (~ NR(Z5)vRCNk)

C VARIATION UF LN WITH RODuEK DEFLECTION ...
CALL LUUK (NR(2o),kCNOR)

L VARIlIuN OF- LN WITH AILERON DEFLECTION
CALL LOUK (Nk(z7),RvLNUA)

L
C - PkINI ACRO COLFILIItN TzS DuRING PRINT TASK ONLY

IFtINST.ti.60b)WRlTtdb9i45)VMALH-,ALPHABETACL0,CLAO,
. LL,LLUI,*CZuACXGCXACM0,C4AOCMQCMO1,PCMOA,CYS,CYP,
. LYRCYDRCYDAtCL&,CLPCLRCLu R,CLL)A,CN8,CNP,LNR,,CNUR,CNUA

125 FUkA4AI(/* AIRPLANE AERU CJEFIFCILNTS I-JR MACH=*,GI.2.5,
ALPHA=*9614l.59$ cbA=*,Glt4.5/* LZU =*tGI.2.59* CZAD='*,112.5t
LZW =*,G12.5,* LLUL=*tGl?.59* CtjA=*,(;IZ.5,* Cxo =*,(G2.5/

*4 CXOA=**Gii.5v* LMG 'GI., CMAO)=#,Gi2.5t* CMQ =*,G12.5,
* CM0E=*t6IZ.5p* 0 A=*qlZ.5/0 CYid =',Gl.5,* CYP =*G25

*LYR =*,GLL.5,* LYDR=*,Gli.5,* CYDA=*pGIZ.5,* CLB =$,G12.5/
** CLP =,(,j2.5,* I- K CLDR=*,(2 12.5,* CLDA=*,G12.5,
* CN* =*,,,12.5,* LNP =**GIZ.5~/* CNR =:xGl2.59* CNDR=*qk-.l2.5,

L *~ LINEAR VELOCITY EQUATIONS **

C
L COMPUTt THE FORCE UUt 10 6RAVITY

L

AMAS S = AW/GRAV
i-GRAV(I) = AW * DEAl 1,3)
FURAV(2) =AW * UEA(4,.,)
FuRAV(3) =AW * DEAI3,3)

L -- LALLULATt TH-E FUK~Ca uUt TO THt CORIDLI.% ACCELERATION

CALL LRSPRD (FLURWAPIR*UAP)
it) 1.~i. 1=1,3

I.>u FCOR(i) = -FCORII) * AMASS
C,

L ~LALLLJLAlt THL tNUINL FORCES ---

tl1hkUST = TkM(1)+XTHR
00 140 1=1,3

140 FLN(.AI) =ElHRUST * &NU(I

C ---- COMPUTE THE FUKCES FKDJM THL
L RAILS, CATAPULTs, ANL* THE UAKrS

IDU t-RCDI) = FRAI(1) + FrAZ(lI FCAlCI) + FCA2(i)+

* FUAjIl) + I-OAk(l)
L

(.ALCULAht rHE bO0.JY AAIS AERODYNAMIC FOR~CES
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C (i:XCEPT THOSt USING ALPHA DOT)

L

FA = WAS*(CX0+CXDA*AUA)

iCYDA*jA)
FL = 4AS*(0Z+CZOE*UE+CZDA*ADAlC02V*CZQ*WAPIRSt2J)

L LHANGL FkaM STA61LIlY AXIS TLI BUOY AXIS ...

FALROM1 = FZ SiNA - I COSA
FAERO(2) =FY
FAcK001 = -FZ *LJL3oA -FX * INA

L.

C - TuTAL FORCES ACTING ON AIRPLANE EXCEPT FOR ALPHA DOT EFFECTS

uO 160 1=1,3
160 FIJ)I FGRAV(I) + COK(I) +FENG(I) +FRCD(I) +FAERUM)

L

L. -- SOLVE FOR LINLAR ALLRATIONS USING FORCES INCLUfUING ALPHA GOT EFFECT

L VAk (CO2y CLAD *W~AS /(uAP(1)**2 + UAP(3)**Zl
OLN = AMASS -VAR ( UAP(1)*LOSA - UAP(3)*SINA)

7LMPI(kJ = (FII)-(FIIk*CO3,A +. F(3)*SINAI*VAR*UAP(1)/AMASS)/DEN
1LMPLi4) = F12) / AMASS
TEMP1(.)) = (F(31-(i:(1)*COSA +F(3)*SINA)*VAR*UAP(3)/AMASSI/UEN

JO 170 1=1,3
17U lf-(1JAPCI).NE.0) UAleO(I) = TEMPIMI

IL 4**4 LiNI:AR PUSiTIUN k.jUA713NS **

L

CALL MAT?4PY (TkMP1,O#A~vUAPp3w3pl)
00 180 1=193

C

LALCULATE THE tNGINkt TORwjUt ---

CALL CRSPRD (TLNGXENqFkNG)

C CALCULAlkt Tria T~JRCUL u.Ut TO THL
L. RAILSp LATAPuLrS, AN~o LAKTS

uu 190 1=1,3
190 TkCtil = TRAIt I) +TRA -(I) + TCAMI) + TCA2A1)

IUAICI) * TOAZ2U)

L ~LLULATE THE AEROLJYNAMIL TLJRQUE
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ALODiI = UAP(I)4UAPOL3)-U.AP(jJ)dAPD(I))/(UAPI3)**24UA.P1 )*se)

TX=ASo(CLb*A4(LLLPWAPRSi)4CLR9,'APRS(3)'P6O2VCLUR*UR
* +LLUA*UA)

TYZ~eASC*C4COV*ICMAUALOUTLM.*WAPIRS(Z) )+CM~t*DE4CMDA*AOA)
TL=As~d(LNbTA(LNPWAPIS(1)LNR*APIRS(3))*bD2V4CNDR*DR

+ CNDA*UA)

CkIAN6L i-KUM STAbILITY a^XIS TO OUY AXIS

TALROMI z IX 'PCOSA -U 'P SINA - ZCP * FAERO(i)
TAERO(4) = Y -ACP 'PFAtEaUO0i + 4LV 4 FAERUMI
TAEROa) z TA ' SINA T L * COSA + ACP * FAERtJ(Z)

L L~4ALCULAhL THiL TOTAL TORQUE ACrINL) N THE AIRPLANE ---

ZC.O T(i)= ILNG(l) + 1k(.u(I) * IALRUCI
C

PRINT AIRPLANE FLJRCLS ANj. [LJRQULES UURIN, PR<INT TASK UJNLY

IF(k-NfL.I)Wi&)IT(ONIJI1,3),(1-CD(I),IzI,31(TRCD(Iv),I1,)

*(FAtIRU(I ),11,3,(TAROfi),Ii3)FXFYFZ,'XTYTAL)OT
elt. FQRMAII'P AIRPLANt FORCES ANLJ IOR(.UkS*/* FRC.URAV. =*,3G,12.59

* t-C.CJRi.LIS#j,>GL2.5/* FRC.ENGINE =*93GIZ.59* TRQ.tN6lNE =

* ,Gli.!/* FRC.LJSEAT z*j3(U12.5,* Tk~j.iJSI:AT z*,3Gl2.5/
. i-RKL.AEk&) l Kw.AEKU ''P,3G1-.t)/
9FAER0.ST.AX.=*, 4)6i2.5,'P TA~kUoST.AX.=93G12.5/
tAiRPLANE ALPHA UOT=*,G14.5//)

L C.MLLULATL TINtLR * ,4APIK........

CALL IIATMPY (rTLMPltII&R,&AIg,3,3,l)

L. LALLULATL WAPIkX A(1INLR, * WdAPIR)
C

CALL LRSPRL. I1EMP~,qWAPiRvTtMPl)
C
L SLUM ILKMS 10 UbTAIN 10TAL TORQUE

2'G ri.IP31i) = I) - ILMP2(II

L bsLl UP TtMPURAKY iNERTiA TENsJR ...

uji 23a.J=1

C

CALL LUtWS tTNtMLNMPI,r.1P,IEMP~t,3,1,3,j:$jI.-4,IERJRI

'C0( FK~MATI* INi.RILA MAIKIX OF AIRPLANL IS SINGULAR ... RUNI ,TJPPEDv)
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C

2oO lF(IWAP(1).Nk.OJ WAPU(l) =TEMPIII)*DPR

C **4' EULER ANGLE EQUAT IONS #*.

CALL LARATL (IEMP19WAPIRVEAPIK)
00 210 1=19zs

C ***# TRIM L~tIC *$*~*

C
TKMb( ii=TRMO(2)=TRMIJC3)=TRMU(4)=O
IFIINST.PNa,3L) GO TO 280
Ir(ITR4IJNL~.U) TRMOII) =TVEL - VBAR
lF(lTRf4(Z).NE.0J TRMD(2) = +.OI*WAPIR(1)* EAPIRM3
lFITXM.U(3)oNE.0) TftMD0.) = *.Gl*WAPIR(2)-.OO1*XAPU(3)

-.OO01*(TALTiXAP(3))
lFIITRMI'i).NE.0) IRMD(4) = l.OL#WAPIR(3)

Z3U RLTURN
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SubkOUTINE AG. (VSRHOt
tWIN, LiPtTc.,SW

jIMLN41UN WINC3)twiNU(3 )
COPIMON /CIC.CAL/ iCCAL
COMAUI /CSSFLG/ SSFLU
COIMMuN /COVRLY/ INST
LummuN /CI.O/ IRcAD~qbdRITLlJiAU
UATA ILIFLZ /01U/

~.uLSIG.N~L bY C.L. WLST
C LA:iT M~JwIFI~u - uECEtMiLR ov L96C,

-THE S1AALJAID 4-OMPONLNT wHICH ULTcRMINLS Ti-t AIR JENSITY9 SPEED OF
LSJUNO, AND THE WIND VtLOLITY AT A PRLSCRIdtO 4LTITUDE IN A STANUARD

L UR NUNd-ZJAfDARU ATMOSPHERE. IN AD~j1TION, IT SETS A FLAG WHICH FaRces
L. THL ACCLtLLRATIUN uF 69rAVITY TO bE ZERO FUR THFE STEADY STATt CALCULATION

4-uI- AN LuqsuPPORTtL) SLAT. TIlS FLAG CAN ALSC bE USED TO ASSIST THE STEADY
L STATE SULVtR WITH A SUPPURTLL, SEAT* AS EXPLAINED IN THiE D~OCUMENT.
L. THIS LUMP'J~tNT MUST bE INCLuvcA IN THE MODEL GENcRATIUN PROGRAM INPUT
L. I-ILE i-UK ALL tASILST MUDEL~i.
C

i. $~*$* A[# OUTPUTS ***4*s**

a. VS - VtLLIIY uFi SLIUNU (IT/SLCI
RHLA - AIR utNsITY L!)Lu ,/FT**3J

L .**..*.* AO INPUTS $**#4**

C
0L H - HEiAti[ AbUVL aLA LEVEL

L WIN - XIY9L EARTH SYSTEM WiNU COMPUL~NTS (FT/SLC)
L- 00D - OAROMtTRIC PktiSUKE AT THE REFERENCE ALTITUDE (IN. HG)

(AN UNlNIIl^LIitD 3kR NON-FOSITINVE VALUE OF BP
LAUStS A SIANDARD ATMOSPHERE TO tiE USED)

L- TL. - TcMPtRAIURL Al Tilt REFEREN~a ALTITUDE (DEF F)
L S - bikAVITY SWITLH FOR UNSUPPORTLD SEA] STEAUY STAfT CAL.CULATION
L U =GRAVITY OFF (UNSUPPORTED SLAT)
L L = GKAVITY UN

DO 5 L=193
5 WINIJII) zWiNMi

SSFL.J
iF(SW..NL.Ol i:LI = SW
lr(r Li.L.0 AND. INSI.E(.3IJ 4!FLG =0

L. ***** CHtC.K TO -Set IV Ti-It LALC XIC C6jMMAND HA.. bEEN GIVEN 4L****

IF-FL..I.) Gu 10 7J
l ICC.AL.EQ.l) LU TL 0
WRIltl6q,jO)

.U, tFUMAl(//2X,*WAANlN6 - Fria CALC XIC COMMAND HAS NOT oEEN*,
** IVN...... tXtLulljN TERMINATED. *,//)

L- ittiIALILATILSN *
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L
20 VS =RHO =0

IF(sw.Ew.O.99999) Sw 1.u
FLI= SW
FL2 1.
IF~bP OLE. 0.0 OUR. bP E4 .99999) bp~o.0

IFtbPL -EQ. 0.0) h = E z 0.0
LF(bPt k:W. 0.0) 6a0 10 70
AdPI = (aP 14./.3

TO = ATt + O.0.5btb * H
TRATLO =ATUTO
PO = AoP * (TRATIO)**5.256
bt3" 10 70

LN1RY AIMOS

DU 30 11,p3
.O WINCI) =WINUd1)

1i-t6Pt ONiE. 0.0) GO To 60

IL **W** STANDARD ATMOSPhLRE***

LFIH(~T,6,,2. 60, TO 4U

C ALTIIUL btL0W THE 7RUPOPAUSE...

TKAIlO 1.0 - 0.0000obb109 * H
PRATILU TRATIO**5.456
VS =1110-75 * SQR~TTakA710)
(3J 10 50

CALThlI~ Ad0VE THL TROsPtPAUSE ......

40 PRATIO = U*(40.H/blo
VS =970.9579

5u RHO = i962.*PRATlU/(vs*.Z)

L **s NUN-STANUARUj AIMUSPHERt **

60 1 = TO - 0.003566 * H
P' = PO (T/TUJ*s5.456

V:.= ('ts.02) * SQRI(Tl
RHO = P/f L715.*T)

C

tNUi
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SU8RCJU71NL AM (JRERADPIS,PTI,
* FL,PRT,EXP,UxpGANLYLGZLDRP,ORN,RDL,

O R 96A 9 %Y ILL

6Il.). R~uIINE WRITES UNTO TAPE7 AEROMEDICAL PARAMETERS AND VARIABLES
L. 10 dt USED dY PRUGRAM ALRuMED. NO MORE THAN 4000 VARIABLc SETS ARE
C WKITIEN Al A TIME INTt.KVAL OF NO LESS THAN 0.001 SECONDS.
4..

L. ULS16N OY C.L. WEST
L. LA.3T MUUI-It) - UECEMbER 6, 19bU

L. $*** U~UITS *#

L. URL - DYNAMIC Rt.zPUNSt
L RAU - ACCELERATION KAUICAL

L. PrS - LJRKENT NUMbER OF DATA SETS WRITTEN TO TAPE3
L PT1 - VALUE Oh- TIML WHiEN Tt1c LAST DATA SET WAS WRITTEN
L. ONTO IAPL3
L
CL ## INPUTS * L* '..

C FL - FLA6 TO INITIATE AEROMr.D CALCULATION (1 = START)
L. PRT - PKUGRAM AtRJMcU FLAG 10 PRINT THE LOAD FACTORS, DYNAMIC

4- RLSPONSE9 ANO Tit ACELtRATION RADICAL (I = PRINT)
L. EAP - MLOICAL INJURY EXPONENT
C UAP - ]HE LIMIT VALUE FOR [HE X-AAIS POSITIVE AEROMED
L LOAD FACTOR (6)

L UAN - THE LIMIT VALUE FUR THE X-AXIS NEGATIVE AEROMED
L. LOAD FACTOR (6)
C, GYL - THE LIMIT VALUE F2OR THE Y-AXIS AEi(OMED LOAD FACTOR()
L GLL - THE LIMIT VALUE FOR~ THE L-AXIS NEGATIVE AEROMED LOAO
L. FACTOR (G)
C UkP - LiMII VALUE OF THE OYNAMIC RESPONSE WHEN THE ACCELERATION

ILVtt.TUR IS FLJRWA$D Oh- THiE PLANE OF THE SEAT BACK
L URN - LIMIT VALUE OF IHL UYNAMIL RESPONSE WHEN THE ACCELERATION
L. VtCTOR IS AFT OF THE PLANE uF THE SLAT BACK
LC U - ALC.ELERATION KAuiCAL LIMIT
L DR - UYNAMIC RESPONSE
c UA - X AXIS LUAU FACTOR (6)
L. GY - Y AXIS LOAD FACTOR h.)
C 6L- Z AXIS LOAD FALTOR (6)

CUMMON /LCCAL/ ILCAL
CGMMON ILOVRLY/ iNSI
CuMMLR4 /CTIME/ TIME
CJMMUN /CPFLAG/ ULM,ITINC
6uMMON /CIO/ IRLADXwRITEIOIAG

CL ** IhIlIALILAliIOft **

IF(1CLAL.NL.I) CO TO ZU
IF(PRT.EQ.O.99999) I'RI U .
if'tXP.td.0.'*9'99J kXP =2.
IF (kvP.zAQ.0.'19999) ipAP =5

IFILA?4.EQ.0..99999) DAN 3sU.

IF(LYL.Ev.0..999j99) uYL L5I.
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IF(6ZL.EQ.0.99999) GZL = 12.
IF~u.P.LQ.0.'i9999) LJRP = I.

IF(DRN.EQ.O.99"19) URN = 1.
IF(RUL.F.Q.0.99999) RO0L =1.0

PIS = ()
PH1 = 0

L WRIlt ALRUOtLCAL PARAMLIERS J~NTO TAP~LI...

WdNITEt1,10) PRTEXPGAPGAtGYLGZLDRPtDRNRDL
10 FORMAI(9 Fl2.4i)

i0 ORE = DR

L CALC.ULAIL THL ACCcLtRATIL)N RADICAL

GXL = (,XP
IP(-6X .LT. 0) GXL =GXN
ORL= k
IF(-16A .LT. 0) ORL = Rti
IFi6Z .GE. 0) RAUZ = (UR/uRL)**z
IF(GZ LT. 0) RADL = (GL/GZL)**2
RAD =SQRT'(IGX/GXL)**2 +(6Y/GYL)**2 RAOZ)

L WAITt AcROMEO1CAL VA~IAbLES ONTU TAPE7

IF(FL.NE.i.1 GO To >~O
IF(IS.GE.4000.) GO TO 30
iI-(lIMt.LT.PI+e.0G1) GO ro 30
IF(IIMC.NE.1) Go TO 30

IF(IUgST.L(J.26) WRITE (7910) TIMEOR,GX,(6Y,GZ
P11 = TIME
PIS PIS + 1.

, u RtI1URN
c.NL
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SUBROUTINE AP (ICX,1LL,
* FT SWALPHA,CXvCZ,
* UPXPCPAcPLvLLMSRPUSTESTWSTXAPEAP)

L
L. * FUKCkS AND MOMENTS ON A SEAT FROM AN ATTACHED PLATE *4*.

C UESIvfttu bY C.L. WEST

L LAST MODIFIED - DECEMbER ot 190
C
L **44*** AP TAc6LtS 44***$*

C

L

C TCLA - PLATE SYSTEM A-AXIS FORCE COEFFICIENT TAdLE

L THE INDEPENDENT VAKIAbLE IS THE PLATE ANGLE OF ATTACK (DEG).
C THE DEPENLENT VARIABLE IS THE PLATE X-AXIS FORCE COEFFICIENT.

C TCZ - PLATE SYSTEM L-AXIS FORE COUEFFICIENT TABLE
L
C A THE INULPENuENT VAiABLE IS THE PLATE ANGLE OF ATTACK (DEG).
C THE DEPENDENT VARIAbLc IS THE PLATE Z-AXIS FORCE COEFFICIENT.

L.**.44~.* AP OUTPUTS ***4***

C F(3) - AYZ SEAT bODY AXIS FORCE COMPONENTS (LB)
C T(2) - X,,, SEAT 6UOY AXIS TORQUE COMPONENTS (FT-LB)
C SW - FLAG SET WHEN THE PLATL CENTROID PENETRATES THE

PA -WIN REAM (I = PENTTRATION)

c ALPHA - PLATE ANGLE OF AITALK (DEG)
C LX - A AXIS FORCE O-FFINT
C CL - Z AXIS FORCE COEFFI iMENT
L

~. **4~**4*-4AP INPUTS *******

L
L UP - EJECTION DIRECTION FLAG WRIT THE AIRPLANE
C (i = UPWARD -i = DOWNWARD)
C API.i) - AYvZ SEAT BODY AXIS POSITION VECTOR OF THE
C PLATE CENTROID (FT)

PA - REFERENCE AREA OF THE ATTACHED PLATE FT**Z)
L EPLI3) - SEAT TO PLATE EULER ANGLES (DEG)
L ZTM - AIRPLANE bOY Z-AXIS POSITION F THE PLATE YENTROID

C WHEN IT ENTERS THE WINSTREAM (FT)

L- SET TO ZERO WHEN INITIALLY IN WINDSTREAM -
. sAP(.) - ApYtZ EARTH SYSTEM POSITION VECTOR OF THE SEAT

LREFERLNE P01NT (FT) SY A RV C
L US13) -AtYvi SEAT BODY AXIS SYSTEM VELOCITY COMPONENTS
c OF THE SEAT (FT/SE.)
i- ES(3) -EARTH 10 SEAT EULER ANGLES fioEu.)

WST() -AYZ SLAT OYAISYTMNGLRVOCY
COMPONENTS OF PHE SEAT (DEG/SEC)

L XAP() - ,YvL. LAKTH SYSTEM PLSITION VECTOR OF THE
L ~AIRPLANE CEN*TER ul- GRAVITY (FT)

L EAP(J) - EARTH TO AIRPLANE EULER ANGLES (DEG)

C

L ALLING :>EqUENCE JiLNSIUNS ......

JIMLNSION TCX(5),TCL(5),F(3),T(3),APC(3),EPL(3),
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SRP(3),UST(.3,),ESTt3),WST(3),XAP(3),LAP(3)

OIMLN5SIJN EPLLR(3),LAPiR,),vE:STIR(3),WSTIR(3),DES(3,3),
* OEST(3t3).iDEAt3,3),APLA(3)tXPCE (3),UPLE(3),
* DSP(3,:J ,btP(393) ,UPL(i) ,UW(3),UO(3),
* DPS(3,3) FP 0,i

COMMUN /CTLML/ TIME
CUM14ON /CICCAL/ ICCAL
CUMMON /COVRLY/ IN41
COMMON /Clu/ IRLAD91WKITt,1UlA ,

UATA FP(2) / 0. / '

DATA RPUDOPR / *017'ttojZiv, 57.29578/
L

L ** INITIALIZATION **

L 4****44**#4**

c.
IF(ILLAL.Nk.l) 60O TO di
IF(uP.LQ.0.99999) uP = 1.
IFUtEM.EQ.0.99999) IEM = U
SW = U
IF(ZLM.EQ.0) SW = 1.
QU. lu 1=1,3
IF(XAP(I) t~Q. 0.99999) XAP(il = 0
IF(LAP(l) .IQ. 0.99i99V) EAPtl) = 0
F11) =0

l±0 T(l) =0

L ,iVPASS ROUTINE IF DUkIMN, STEADY STATE WHEN THE PLATE 1S NOT INITIALLY
L IN Tmkt WlkUSTREAM ...
L.
20 IFI1NSI.tQ.31 .ANU. SW.LW.0) GO TO 70

L
L. CUNVtRT I-kCM DEGREES hi RADIANS ...
L

DO 30 1;-193
3D tSllR(I) = ESTLI) * RPO

C
L CALCULATE THE DIRLCTION COSINE MATRICIES ...
L

CALL UiRCOS (DESES]IR)
CALL TRANS (UESTLjLS,3931

C.
L CONTROL FLAGS ...

IF(SW.A.1.1.0) GO 7U 50i

C LALCLJLA1L THE CENTROLU iPOSITLONt IN THE AIRPLANt SYSTEM ...

DU 40 1=1,3
40 LAPIRIL) = LAP(l) * KPO

CALL LiIRLOS (DLA*EAPIR)
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CALL VLCXYZ (XPCttXPC,SRP*UEST*2)
CALL VLCXYZ (APCAvAPCcvAAPv0LAq1)

L
(- RETUiRN IF THE~ PLATE HAS NUTI PtNLTRATLO THEt WINDSTREAM ...

IF(ZLtM*4JP.LT.XPCA(3)iJP) tvd TJ) 70
L
C WRITE EMEL6ENCE MESSAL ....

IF(IPST.tQ.Zb *ANU. SW.EQ.C') WRITg:(6145) TIME
45 FaRMAI(/5X9*AtRUUYNAMIC PLATL PENETRATION AT TIME *

F10.494 SEC*/)
IF(ICCAL.NE.11 SW=

C
***PLATE PENtTRAT1UN **

L
L. CLANVLRT FROi DE6,REES ITi KALIAN.*.

L.
5u 00 55 1=193

EPLIKILI = EPL(I) * RPLJ
55 WSTIR(I) = WST(i) * RPU

c.
L CALLULLATc: THE DIRtCTIUN LUS1Nt MATKIC.IES ...

CALL DIRCOS (D.S PlEPLIR)
CALL TRANS (DPS9DSP9.)93)
CALL MAIMPY (OEP,DSP,DES,3,3,3)

C
t LLTERMINE THE VELDC.1TY OF THE PLATE CENTROIU IN THE EARTH
C SYSTEM

CALL VkLXYZ (UPLEUSTXPCqwESTIRqDESTl

L. ObTAIN THiE AIR DENSITY AND WIND VrLDC.ITY ...
C

LALL ATMOS (VS,RHL3,-St(P43),UWL.,,Oi
C
L SUBTRA61T ]HE WINO VLLOLITY FROM THE PLATE VELOCITY

o c0O 11,R3
00C UGMI = UPLkII - uw(l)

L
L TI(AN.SFURM THE EARTH VELOCITY INTU IHE PLATE SYSTEM ..
I-

CALL MA7MPY (UPLtDLPvUG~a,3vIi
L.
C CALCLLATL THE AIRSPEED OF THE PLATL ...
C

CALL DOIPRD fVoAR2,UPL9UPL,3)
L

OE DTLK~MINt THE P~LATE At4GLt OF ATTACK ...
L

ALPHA =ARTAN21UPL(3)vUPLC1)) * UPR
L-
C PERFORM, THE TA6LE SEARCH FUR CX ANu.. CALCLAIE ITS FORCE

NTCA = CX(k)
LA sIBLUJ (ALPHAICAt4)hTCX(NTCX'4),1,-NTCXI
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FP(¢) = CX * .5 R RHO * VBAR2 * PA
L
C PERFURM THE TABLE SEARCH FOR CZ AND CALCULATE ITS FORCE
C

NTCZ = TCZ(2)
CL = TBLU1 (ALPHAICZ(4)TCL(NTCZ 4)tlt-NTCZ)
FP(3) = CZ * .5 * KHO * VBAR2 * PA

C

L TRANSFORM TIH FORCES TO THE SEAT SYSTEM

CALL TRANS (OPSvOSPt3,3)
CALL MATMPY (FiDPSIFP3,3tl)

C
L CALCULAIL THE MOMENTS ON THE SEAT FROM THE PLATE ......

C
CALL CRSPRO IlXPCF)

C
3O RETURN

END
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SuoROIINt AS (TA.,
* FTALPHAvbTAVMACHQCXtCYtCZtCLCMCNCXLEXA

* CEN1T pT" pLriD,
* OFFUPZWStXEMCDXECXECYECZCLPtCMQCNRSSRP
* USTvtSTvWSTvDASRAvRUN)

- *~.s~#****AS TAbLES ***#$**L
C

L TAE - EXPOSED AREA TAbLE
L

C THE INDtPtNuENT VARIAdLL I THE EXPOSED LENGTH (FT).
ITHE UEPENDENT VARIABLE IS THE EXPOSED AREA IFT**2)
C
L. AS OUTPUTS *******

f.
F( ) - XYqZ SLAI SUDY AXiS AEKODYNAMIL FORCE COMPONENTS (LB)

C T3) - XvY, SEAT BODY AXIS AERODYNAMIC TORQUE COMPONENTS (FT-LB)
L ALPHA - SEAT ANGLE OF ATTACK (DEG)
c BETA - SEAT SILOESLIP ANGLE (DEG)
C VMACH - SEAT MACh NUMBER
C Q - DYNAMIC PRESSURE (Lo/FT*42)
L CA - SEAT bODY A-AXIS FORCE COEFFICIENT
C LY - SEAT BODY Y-AXIS FORCE COEFFICIENT
C Cz - SEAT bODY A-AXIS FORCE COEFFICIENT
L CL - SEAT BOOT AXIS KOLLINL MOMENT COEFFICIENT
L CM - SEAT d.jY AXIS PITCHING MOMENT CJEFFICIENT
L CN - SEAT BOUY AXIS YAWING MOMENT COEFFICIENT
C EXL - SEAT/CREwP EXPOSED LENGTH DURING EMERGENCE (FT)

EXA - SEAT/CRLWP tXPOStU AREA DURING EMERGENCE (FT**2)
L CLNT(3) - XYZ SEAT BODY AXIS POSITON VECTLR OF THE
L CtNTROIU OF THE EMERGED AREA (FT)
L TCL(Zu) - SEAT CENTROLD LOCATION ARRAY (FT)
C Hu - HYDRALIL DIAMETER (FT)
C
L.s**ss** AS INP~UTS ~*****~
C

L OFF - FLAG TO INDICATE SEAT/RAIL SEPARATION (I = SEPARATION)
L UP - EJECTION DIRELIION FLAG WRT THE AIRPLANE
C (+i z UPWARD -I = DOWNWARD)
C LWS - AIRPLANE 6OUY Z-AXIS POSMOIDN OF THE WINDTKEAM
L BOUNDRY LAYck AT THE POINT OF SEAT PENETRATION (FT)
Z. XEM - X, vZ SEAT BODY AXIS POSITION VECTOR OF THE INITIAL
L PUINT TO PENETRATE THE WINO)STREAM (FT)
L COX - SEAT BODY X-AXIS POITON OF THE CENTER OF PRESSURE
C UURING SEAT LMERtbNCE (IfT)
c LCX - SEAT BODY X-AXIS EMeRgeNCE COEFFICIENT
L ELY - SEAT BODY Y-AXIS EMERGENCE COEFFICIENT
L ELZ - SEAT BODY Z-AXIS EMeRgeNCE COEFFICIENT
C CLP - ROLL DAMP INb UEkIVAILVE (DE6-1)
A. CMf - PITCH DAMPING DERIVATIVE (DEG-i)
L CNR - YAW LAMPING uERIVATIVE (DLG-i)
C S - SEAT REFEKNCE AREA (FT**Z)
Z SRPIo) - XYrZ EARTH POSITN VECTOR OF THE SEAT REFERENCE POINT (FT)
L UsT(3) - XY#L SEAT BODY AXIS SYSTEM VELOCITY COMPONENTS
C OF THE SEAT I(T/ C)
C EST(3) - EARTH TO SEAT LULEA ANGLES IDEG)
L WST(3) - XY9Z SEAT bOOY AXIS SYSTEM ANGULAR VELOCITIES
L OF THE SEAl (uEG/StC)
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C. SA(393) - EAT TO AIRPLANt DIRtCTIUN COSINES
C SRA - XYl AIRPLANt 6001 AXIS POSITION VECTOR OF TiE
c SkAT REFEKtNCt POINT (FT)
C. RON - SUSTAINER ROCKET FLAG (1=ON,G=GFF)

DIMENSION TAE(5),E13iT(i),XEM(31,SRP(3),UST(3),
* EST(3)qWST(3),DSA43q3)9SRA(3)

DIMENSION ALF(72) ,BLT(b)vAMACH(4+)v
* COEF(6),C&NTI3) ,DkS(3.3),UW13),UWB(3),UU(3),
* XI(3),CONS(4),OC(3),XEMA(3),ESTIR(3) ,TCZ(20J

COMMON /CICCAL/ ICCAL
COMMON /C.OVRLY/ INST
COMMON /CIO/ IRrAD91WRTIi)IAG

CUMN4.TN /RK'TON/
I 1.XJN (189 6,94)9

* ICYUN(Ilpbt4),
* l1CZON(I.8,b,4),
*ICLON (Id 9 6 94)J,
* ILMON(1abb4)9
* ICNON( ld,694)

CUMMON /RKTUFF/
* ICAUFF(16,o#4)9
* ICYOFF(l8,694)t
* ICZOFF(18,694)9
* ICLOFF(181094),
* ICMOFF( ldv*,4)v
* ICNOFF(l4,6,4)

DATA RPD9DPR /.01745329, 57.29578/

DATA ALF
* 0.0 , 5.0 , 10.0 , 15.0 , 20.0 , 25.0 ,

* 30.0 , 35.0 , 40.0 , 45.0 , 50.0 , 55.0 ,

* 60.0 , 65.0 7 0.0 7 5.0 , 80.0 , 5.0 ,

* 90.u 95.0 100.u 105.0 , 110.0 , 11500
* 120.0 , 15.0 , 130.0 q 135.0 , 140.0 , 145.0 ,

* 150 .0 t 1 -v5 0 0 1b6to , 165.0 170.0 , 175.0 ,

* 180.0 , 165.0 190.0 , 195.0 , 200.0 , 205.0 ,

W 210.0 215.0 , 20.0 , 225.0 , 230.0 , 235.0 ,

Z40w0 245.0 , 250.0 , 255.0 , 260.0 , 265.0
Z7. 275.0U 280.0 , 285.0 290.0 , 295.0 ,

300.0 , 3U5*0 v 310.0 , 315.0 9 320.0 1 325.0 ,

330.0 , 335.0 340.( , 345.0 v 350.0 , 355.0 /

UAIA E3LY
* 000 5.0 q 10.0 , 15.0 , 30.0 , 45.0 /

L. NOTt BY LLASSIC DEFINITION OF TERMS, BkTA HERE IS ACTUALLY PSI,
C WHICH IS ALSO (-SLTA)e

4. THIS PECULIARITY WAS ADOPTED TO ACCOMMODATE CONVENTIONAL TAbLE
C LOOK UP ROUTINES WHICH LEMANO THAT THE INDEPENDENT VARIABLE BE
L. LISTED IN ASCENLDING UKDtR.
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L
DATA A4AC.H / .0 0.9 1. ' 1. /

4.
C
L.
C Tnit AkLJYNA14IL DATA IILRt ARE PACKED IN OCTAL INTEGER FORM AT THE
C RATE OF FOUR LUEFFIC1tNTS Vr-R LL)MPUTER WORD ACCORDING TO FOLLOWING
L RAIONALL AND PROCEDURE.
C
L. 1. - ALL LULFF1C1LNTb LIE WITHIN THE RANGE OF -1.5 TO 1.5.

L. k. - THE MAXIMUM POSITIVE: OCTAL INTEGER AVAILABLE IN 1/4 OF A
L. LOMPUTER WORD IS $7711. (lb383 ULCIMAL)
L
CLs - AN INTEGER VERSION OF EACH COEFFICIENT IS CALCULATED AS FOLLOWS0

L. A. LLT THE CUtFF1lENT TOTAL RANGE OF 3.0 CORRESPOND TO THE
L. AVAILABLE INTE%,R RANG~E OF 16383.
C
L. b. THEN THlE INTEGER REPRESENTATION IS 08TAINEDO

L. ICX = (CX - (-1.511/3.O)*16383.

1. ThE RESULTIN6 1IEtaLR IS AUTOMATICALLY STURED AS AN OCTAL
NU~b,:R AND IS AN ACCURATE REPRESENTATION OF THt COEFFICIENT

L. W APPRJXIMATLLY FOUR ULLIMAL PLACES.

L

L.. THE VALUES Di- ICMLICMN AND ICY HAVE BEEN SET EQU~AL TO ZERO
L WHERE bETA IS EQUJAL TO ZkkD.

DATA (t(ICXUN IK,=,bJ11)=,)/
.06I200b304O6702U71'54bIUC210545I111511156 Bpl2l4613Gcd34,13732B,
.l41/(i43 5i 63b3B2234ZI't2Io2o2323B23o2O552112211368,

.2343bj417324b44Z5OOlb~k'73324545251272b375b,27226273402722126737B,

.2o41 325763 555125o!>7i,256:62576b25b762554I3,25312247b12'434323530B,

.23 465 271222l1 ~l~t1b -3DU134157415005B141013455127C612137B,

.1121U10Z375507GdDb3i407550564555ldG55505725OoO42Ob3l4B

DATA (((ICXON (IqJvK)Ilu1d),Jz292hvK=1tI3
.*c00u0U33b503u7255B,01Th310543lll13l1700B,12456121776352614247b,
.L45C.o4i4o7UL5203L7LiZudZU2'52U7332076520b55b.2O11521O132122421736B,
.2351 1242U22',61325116b ,25241U5141253442656 lB,213772741227312270bOB,
,Lb4O bl62654bU7,69b7426z.o26 142260078,2550S55133244o123b123,
.235?12± 7172aI'2421364oi,?04,e01i2621605114725,146113244125b7l7373,,
* 1106b6 110 154iLU6b136,062 (.5 74,O56130545bB ,05561056100o2 24005118

DATA M(ICA(M (I,J#K),I=1,Lb)vj=3,3),K=IvlJ
Ot)Ol3Ob357070t&3U70%bOuO3l37510771637,124741316313534142128,

* 1t77115I471634763iO3O2LU722IC60520268,Z11O211.2i173122253 8
.2345o24i1432471225312B,257I'2156267702?525a,3UO0027742275L22723,,
.26707262. 6io.-b541,s66bbzl1)52704026404S,257552532224o7324070B,
.2372523135222342121i*b2U5117'.416007147768,144413712i501lo25B,
*I(,71C1IO13o74o50ib4dt,43Ub56010553BO55305626657O63UB

DATA (IILXON (I,Jv,I=Ijlol~J=494)vI(v1)/
.06I1auo3400662007341k1,7a1~(i4ol111111Le2078,1454513244L7C414414a,
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.1521316Ok'.17O662OO4la9iO5o7211422132O215O7B,216226.222 1472234Zb,

.235UI2425625UO256758, a6357Z71762 7bO73 )12a,302053O1012761527372B,

.27136,?661 72b661O 128 273442 7b5527563 2706 7B,264334565 5251772434289

.2431.323662224332112I3,2032ico6221565514125B,14O44131511232b115768,
I U7 41030707775(o73514EivOO7-IU62400565(j5532BO055130±56310607206223a

DATA M(IC.AON (1,,K)I1,ld),J=595)9KI,1l)/
*07(j57:500641UtB1 056±~2i1111b5612446Bil4713722146241544IB9
.16215ki5Ul52116i,21534221332245422572,23322342234322411O8,
.233272 170 142025'.34bZb237 266502? 152 2132 2B, 275e 32753227 535275 12B,
.27331 13412754b30052b.302103036.305703044IB,30I75274002637025434B
.252o4e.-433323±50422542d,21U71 I75U2161631477 1B,141321340712664122401
.120571142411ObZ10.,6,b110lI733OU704306741t3,066410670607U5707241B

UJAIA (UICXON (IJK),11,1 ,d~Jz-6,6),K1,tI

* 1102 516352045621I45b,2lc74t2326Z72023345B,237ia241232434224l30B,
.23207,e3470Z42424564,506532b2563426006,262642b45126676267578,
.2106~7213217Zb027416b ,27454275z4277130O13B,2l616273O02667625762B,
.262512516524064 2bl18,2141520332174511657589160751553515243144378,
.13i151s1361241O12U150,113731110210736106358911051110161115611231B

DATA (((ICXUN (,,)1,b,11,22
.042370j4b053U306C373o,066t1(J4b5I0Z53110148,1173212763i40671470569
.1541115b7165lbl7713Bt1ll32113721077Zlu07B,211I12l241aI4302L707,
.1 l623662444L22iZg -72236324',42555826236233iZ626b273748,
.27031lo5502o*3126617b9274214733o2721127161826573257472531124325t
.25040L4li723322k~~.2(161I546160C614627B,134j2l25631ib7710733,
.10U4307204U6306Li5544b ,U50i1lU44b404355(,44248 ,04457U455505 1220533o8

DATA (((ICXUiN (1,JvK),I'1,18)#J=2,2)tK=2,2)/
.0423(0460005170057738,06643075271023110755B9i1586l2727L.375714715,
.15533Lc)20'171312011ba ,201Z*1044201221266,212572144641565221268,
* 2335324d424 -- 422bU03d 92313Li4 122 5054257136 9263402643227b7027555B t
.2LIi6a 7432664Z75o,2'4752l3572725327205b,2b5432575725277243 57B,
.250752406723201k2Lbl8,210221733115a74144438#1334bl234511550107208,
0-177 i~0646z455b1,0Ip4723044754440425B ,042530443005014052158

DATA ((ICAUN (1,JveI,1=1,ji)vj=3v3),K=292J
.04;,1li 2405 -4UoU20Gi,0725C74371022710745B,1156412,3513467i4546t3I
.1,*60116567115622U03u8,2u1754207122U77221153,213542176722267226218,

.23643124127446,4235727725c *53,7i2757Z734JZ7130oo,

.27572271 7227lo427451b,2?76062753127456273078,266442614325364245458,
* 2523224L722330422Ulb6,L053611744itb~i',4604B 134231240111450 10545w,
.0 167"67L10 633605654, 905L360'*43'.0*3370427 28 9043 1104 55 5050 13 051638

UATA (((lCXON (1,JK%),1I2-vb#J44)e(=Z2)/
*0433j0467705301057518,0654073t5AJ14110378 ,116731Z56013472145268,
.1 544165 75 17475 0 343d 62102 1z11521017214368 &1141222 5724~554230676,
.237542't52254o72334Ld,2432b255002655327326B,276562761L,305503040689
*.,u..'275702763j2?,277e400(J2772546821152b420255t247538,l
.255122,tS15234L322L.35,1,2O457l7l571604714701691354012523114(*310515B9
.0764 3770476Q0t1,~ts053U47244412B045I10940045 150.2405255b
0/1
DATA ((ItI(AJN tlqjqv),1l=1b)rJ=5,5)tK=2v2)/
.05.301U564J50a24ZOa5'.1$ ,01235077711u13211574b, 1Z516134.471421715067B,
* 15 7141b747 1752 0*1klb, 2u62173022 i6227058 ,227132304523o45244458,
o2353Ui45422544526311b,2?0772745o30O533O27OB,304763054730400303738,
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*3 Okbl. 23630245302i1a8,3U2U5301753O1O73OO17B,277342737727U225,6618,

.LiO3OiO,5.lCO5O1zB~d,OoaU5U,2OlO577OO5c0bbaO5bOOO56bOOoOO3Oa1726
0/

DATA ((IICXGft tIJvK),1=191b)vJ=6v6JK=2,Z)/

* 27724a76 6 216542 ioO~b ,245 $ 5322131427 1478, 26712265 1025 165 ,5lOlB,
.abi47252202403322611b ,21476202541723116355B,156U214o30I4l5413613,,
.L.,IUU12363117UJ4±11'4BLU45105311110O25t3,OO42100b4j002310O35B

DATA (((ICXON (IqJqK)sl=lqld),J=1,1)qK -3t3)/
*Oe543O3006034'tizB,57 J602GCIj2GCD6c,lll2i1203713,1b14022B,
.*kto15k'3la~b2i-i01t32U362115021532240b,2o5273b22055224358,
.24725473k27ZOOCU7b,2631b472703026431010B,3122231024312b631217B
.31U2 73U6353O6573u 5llt- ,U3533027530 137 27h3 b, 27 1452636 125463244b0bt
.Z524I 4203e3bk2l1 2B 210e41756716404151128, 130111237411O75U7773B,
.Ob1150b113053$2504..ib8S,O3 413L- 02003066034155, 03505040210444t205O338

DATA (((ICXOIN (1,J,K),I=I,18)vJ=2t2)vK=3v3)/
.0254503145O374U45bi5U7Gb2o(#7141G708,110116i12513711B,
. 145Z 1152 7416201 17e-40 ,2U02126521bjL122 103b,222b2222122245123051B,9
.250j50256542335t7078264222747347531216B,34b3lU703155531412B,
. I2563Ci1443C.524.,0405o, 30~.-,&U20730Ob3-27526B, 2706026361254672452 lB,
.25Z112425O23253,.411,210041756i1b23614564B,1324512067110C0u77058,
.C67k66572305O4L4'1il$ ,Ci55032uno3O7503154B ,O3410040160444405056B

LDATA (UICXQN tlJK),1=lvld)vJ=3*3)wK=3,3)/
.0271332137043,bt522,6l37O2lOO7btlOu22412714365JBP
.14I536l3631001751..deZ336151317622070B2214222632260423254B,
* 25 1612ol422617.a25b64b , ol 37 333074531 53 28,3 17063 146132 303 3204489
.3146 3115C 301 (33( 3zd,.3u434302653O12427540B,271162635225544246208,
.253272431723 2±7221I'0bui074174406101455bBt3o526b0b7077,8,
.067u~u5773U51310433z8,U3732U343503300033158,035530414404444U5075b

DATA ttUICXO)N (IJK),I=Iblk)vJ=4,4),K=3,3)/
.03lo2034010401204451c~,0524o~o 1740707510131 B9 1105612UOO12b674lj63bb,
* 14510155 111652211 18, Z521171217 22221518, 224402275723.3i2230038,
.25254263652737o2b41 i.b, 273o53035431 12673177363 32 Eo32 05 5324.5 32042B ,
.3154-',313423i070300io3U54303673062752 Ib.9271112b4362565725l05Bg
*25465234232b32222b362071317307102114>2B1331j1214l073507o3bb,
.06b3706(j0005334U4o1S8,04156036jOO034710 45ebb,037160.27b04bI4U5118

LJATA (((IC.XON (IrJviK)91lb),J=5p5DK=3,3)
.0442004520412535,00l261k407730bbB,116C)2125001344Ul432 B,
* 15 160161217 12U2/b92U0uno146422221U2,22322423312237622452uo,
.252ib)zl72713377..bS0331Zl6316I317648372337323l773164B,
.3L4743l3303112737,30430..'.503U172b66jt,2742727031l 6.tZ.125501B,
.26022246112Z34o022217o,2074U'L30160011446bj,l3721233711336104765,
.0771 1oi25(ob610Cb113b v,.67250545'10525605 iOe6,05i6bU5 +3205oI5060748

DATA ((UICXON (1,JK)tl11,ib),J=6,o)qK=3q3)/
*0a6140616507353 -jblb0777210~j1112iO1733bl~b5435O142,)C1,l 328,
,1573116614174762C4i,2U6- 1463 2 04G2462B3l723647243425055S,
* 243732514325667Zb4018 ,270402742l1a6523011O6,30225303543U446305128,
.302Z34663035J011,ti,92766(737321366755,242647ob225'i032455Za,
.2!554i4502 e3327k~l4bbte1027177611674b15775B, 150b31425413525130328,
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DATA f(((ICXGN ip#JI(),11,lb),J1,1lt)K=4,*)/
.O~e23lD247203057O.s?12b,&473l1oO5lQ7l351OZO1B~i3201aZ321315c14035b,
,1465,- 15O71diI673b2O63Z2I3ezCO17242669227172315423b332370389
.25?134611OZ5204643ZI45775O331350B,36431733161332254B,
.3 24534O 743162 1313068310 1230637 3C334 27 7448 ,272752645725541 246 1389
.25U!i3771127221226,Zudi~iO716537 15415b,'26012777115b3 102748,
.0703bo0305l14U422BCi3i500 -3o2313U2351B,246037U4bU'4j12S

DATA (UICXON (IvJvK)t1lIalo3J=Z,2)vK=4*4)/
.0j.!2134J37148,07±90017677074110430611163215413121137438,
* 1461515424lb22617222bvt0216211622202b224666,2272723261240222422a8,
*25362261342662326o~o8 ,2721b301073U700315178,3175631757316343232o5,
* 3k2453201131533312 146.3076530 5243 0252276748.2 725 12642 74-,554247 113,
.25057k403323U27ZI1528 , 2ub.2 176 141646015 1748, 1375412 556113177101026,
.0o75706U2205133U41s1b,0oi274C,2603U 4Ub02422b.0255U031170350604O53B

UATA (U(ICXON (LJv&)v1~l,lt1)vJ=3t3)rK=4p4) /.
.*4i3273003344't0468.0507bOb0720712a01006,111120701300113o608,
.14570155011645117'.lOb,20370ill1552211722Z5U4B,2301523561240732443lB,
.25,412, 352271142644B 27353U63 113432U 1B9322U33222332 547 324616 9
.32:34132067315373l~b6b,31l0730b53U3442741, 27312265212561250 138,
*z5l73241212303721-1.36dv,202717465163141107bil.,733lZ506111761003UBI
.067400b>0050514ZO4215oU34110275aU26410204389027330320203 562042363

DATA ((EICXUN (1,JK),1=l,1bh9J-4,),K=-4,4)/
*02bi203045L.34210410Th,05033Ob02.(7U741012IB,111001176412710135608,
* 14bc315727l53D175k6b ,2D5052lZ7522 141226553, 23346237542.333245748,
,255265427457714B,27163j5431460321408 24423405325232524,
.324U3321 I 3 I b03~14O0o 931217310463'ia130O'tt1273562662426076252348 9
.2531j324167ZI04. 17b4d,ZC461 1740516i56i5O2789137021250211274100608,
*070220610205255043o5btO. o350322503133031018,03137033o3G3772Ud+370B

&JATA (((LCXON (lJKI,1=1#18)sJ=5,5),K=4q4)/
.U,13770460O1573057O4dCO477410,10355113,l34013Zl5l4ll3l471089
L56j.$1661755520-t736t2l3312213U22042332Bt23625240442423224412Bt
*c3k34i3466237o22444btgz520J44573426dtO4-'7Ul4B,2720527722]iO222305438,
.31737.j15'01315314ib3U73057730466302O5Bt3021027530Zb7712eA44Bv
* 2065625 1s244552333Uo, 22(U2C20 574172 15 156143, 14426 13222 122 05 1111589
* 1D4iZU45!660318,0524305)7104b11452104.b04154475U4652U5103B

DATA IMC.XON (1,..S)q,1 ,1d)vJ=6v6,I'.494)/
*S706207C757421*ULUO6b4661477b,1315214Ul347556056v,

. 1631 LI 127b2CA0652Ub2 Ib ,k1377Z2u71225',023135b,2 343223o7b24lb524454b,
.242!'2470625221c5b03b,2o207270272745730 lI0o,3024630770311 L 5310378,
.07.-3G65430"4.037".,Uu,1430046Z767427373,27122266012615125356bv

* kibkUi5 ii5dU1?0'.JJ70k071O~0 O?U418O700307032072307400b

DATA IU(ICYUN (,,J111)J1j,(1l
.L1777177771777717777oi77771177717777177776#17777177771777717777b,
* 177771777717777177778, 177771777711177177778, 1777717771777717777B,
* 1177711777177771 17f-lo,17777177711771171737,1717717777117771777B,
*117?7L777717777aL7178,177171771111777177776917711177711717777778,3
*117717771111717777bs 9 ±17177711177771.7777B, 177177 17777711775,B
e 17777177717 177177718,t 117717177171771 17777691177717777i177 177776
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DATA M(ICYON (lJqK'j11q8),J=2*2)vK=1,1)/
.2115321 bU'od,2b14ob2U(,215i12Z7 22223215j222U52220789

.1702U1740217735O43z,,Z1143213372122421254B,2ll5521OO320760207746,

.2l3-2205662J3Ob2O424B,204742O55b2115221543b,2163421b12Zl4O621327B,

.175Oa174i452O(iO32O2k1dZO1D52O25GZQ3O32UO25B, 177531727217664204023

DATA MAICYcIN (1sJ9KI,11,I6)vJ=3v33,K=1,1)/
.214, 3k17472204O223luoi2g7.22731232532356ab,24142240462434724361,,
.2437o .7D12274021761t1214bZ6a727416652B,1b71O1744017loO17314B,
* 177312O3lb2iOa28,l729 4b237723b122bu8,2240222o1421b722152389
.2i242kO4420747215212143421332322,8,24223333314422763,
.23G3222b7O231112342(,o233342323322g1322OOBZi4121Z1421,24zo62369
.20Ub 245325522uit1,213;2l6O1O442743t2O6522Oo7521052211125

DATA (IIICYON (1,JqK),11,1lb),J 4t4)vK -11)/
.22743,i314623424378, )av413LZ43104462521B2*5462570126017Z57528,
.25752z4022o 222Z~227778176562OO5OkU1422O252b,
.2IO472156622.iO823113b,23c1124Z5024501Z4OO 1t8234562317322b27Z234.B,

*24064,i41362461224727o 9471 45412355123366# 225422225722Obb2O105

DATA ((ICYON ,J.,=,),5,)K1)/
.272kb27j5bj1'14j77bt3(i1131Z't321352B,312531713177315533,
.31153304212773327U43b,26U532525124,6122445Ob,2437o2434124352421t6,
*Z5(j-5273ZS2.b,25592512561254352550 54625025252514225114B,
* 2475524541 44b Z441Jb5 ,2454a25 )6725 5402 5742B, 266032743 5303 123063DBt
*314503353121076o* 275-1-,27642740727113B,267202b6362b575 265508,
.Za6d~oi6704,6722cobi18 ,2ca342o571Zb5452b54lB ,264o72o 5122ob6o2701 28

DATA (UICYON (1,JvK)tl1118)vJ:-6vb),K=1,1)/
*34C6b342343441't3'43!) ,343 133415334i4!)4"3452bt335353375533752-336018,
.*.4.-o. 33003370 ~4b,. ZIU5? 5312773115393101630443043730227j,
* 3uOzL O50b30100O30b2Db 30475302 1630 1130 14 58, f ,0 1433000047764 300126 1
.27734g i1276532?644t$9Z774030153U5Zz311zsB315533Z1aols32744B,
.33bol-3 537333133.2o334J13324133070i.,.045B33041331033325033330B,
* 333-'6333 13 33-32 133Z5SJco33306334Iu233423335038, 3364333711337 1d;3373 5b

DATA M(ICYOUd (1vJvKhvl,1v8)vJ=1v1)vK=2vZ)/
*1777717777177717771s,1777717777177717777B,17777177771777717777b3,
.1l711ll771l7ll11llb,177711177717777171777b,177111777717771717778,
*1?777171771777717777d,17777177771777717777B1771777717777177773,
.1717777177 111 17778, I7777177771777717777891777717777171777177778,
*1777717777177777777b,177771777717777 177778, 17777177 1777717777,
*1111171771177717777,177717771177717777B,17777177771777717777B

DATA ((iCYON (1,JvK)91=l,1dhpJ=2t)I(=2v2)/
.2065a2u52l05103(b,k21313521457272b,22J3O1021bZ123,13538,

.I Z..)173620255a3'b~45234002 705b92Go 312U756212032 1U30Bq

.2052220 5120421 U4517BZ0416e-C7202I.I2.211559213132L13142120)121347b,

.21634ZI504214fi~l4(jo,.13722124320714205375,20312030.Z037420127B,
.L 17'tit0u12 1 226t032720211201246 1177111777420157 202125

DATA tI1CYUN llJvKJ,1,l)vJ=3v3)vK=292)/
*2230Z~2254~47,2b32232(34B 26363a335Z30768 9
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.2i.j61:44121547207bd,,L33775717O5670B~73517Ll5l733737c3,
o2034,72IU7562L52b2Lb4O6 ,2lc3L2k000i227222617b,224b3225772252122 1c,btd,
.2lb502l3352L17U21447djkl5ob2 I 5t>22211224445,224622244622 511226448 r
.235 i 11231720.562.OJL23752171143B21121001265720g52BI
.20335 UC5o2U754il073B,21144212177ell2b201568eC,774211032124721365B

DATA M(ICYON (1,JK),1=llb)qJ=4j4),K=2,2)/
.2350b.i364324UUZ't35t, 24406244322451c24730b,2417524722-2,aob24465B,
.24334237423Ibet4OtL4 ,L14022054400'dt77o7B,2Ul2320240202732045ho,
.21705k2341k,7522,44od 25co237722434524773B p247472 44252365123367B t
.23015-22+642kbL234562203227b223l23507,23352365723i4240368,
.25O172501724o5324 126~, 407o23 )5234.3b23 l0ot,,22523221b521743216016,
.2i5O4 l5Oli202bi2173B3,2 4742L3l22 26322255B,22357224302255722713B

DATA ((ICGN (IJqK),I=1,1d)9J=5,D),K=2t2)/
.3CaL4 L-:3273OA013034ti,3.,7n1 1,03 1013136lBt3 1413 1365312343010O,
.303452-i75627074Lb3408 ,2552e2510ZZ4671245518, 24727251 13253042540DB,
.icb2312b6,22o75427ll lB 27205L730o2726427325b,2?227271012bb3b26331B,
.2oO5325515254612552269257132o2723D526527B,2b70126760273b230342B,
.3171 13172b31120303(JB,303.63U3413UO0427465b,27313272342711127122B,
.211112f115327203Z7l UB,27106270712702320737b,2bo662675327230274208

DATA (M(CYGN (1,J*K)viid)vJ=6,6),K=2qk)/
.3't727347253463434056346233tt27344133-145j,3'23434376344273426089
.340233355b33237321bt,324bo3ilO003174131713EBi31563314763135231257B,
.3io203l637316543ib5uto,3lb323Ll6315a131526b3i73331635314U231410B,
.31-io3l,34315(.31554,31:)13o33316773155,3226323443271633206B,
.3434634523345063445',8,.44213'1133713336378,336413.$70b33714341178,
.3I42134241343024,, b1o34222342413,16634U27B,134O463376234063341478

LiATA (((ICYON (1,JtK),1lbIJ=1,1),K=3,3)/
.11111177771111711771o,11117177771777717777b,177771777717777177778,
. 17a11fh17777171777?o,177111177717777177773, 17777177771777717777B,
* 11T111777717717777tiP77177717777171177B,17777177771177117777B,
.117171fl771777717777b,1177771777717777177177,17717177771777717777a,
*177711777177177±7Hfio,177771777717777177771a,177771771777117777B,
.1±777i717771i77177717, 1777 177711777717777b, 7177771111771 IillB

DATA 11t1CYOD (1,JqK),1lU)vJ=2,2),K=3,3)/
.213412143Oa45.14776,2l42113216132172B2176121745220032DO7B,
.2206 121bi72157214.)6t,213342072620377203418,202721755717355 174558 q
.21137 ?12462150521't223,21264e130121572211338,Z1707Z200321557215216,
.21j5221iO12I11'2ki11kbB211332lk372134621277B,21277212bb212412121489
.2130ZZ115421154k1127b9.Zll472120U2i117421153592104020663207132Ob63B,,
.2J537Z02522074!O,34a0e-0b204-5b2Ctb2356,2022520252203372U3218

JATA ((ICYUN (iqJK)t,11,d)9J=3q3J,K=3vj)/
.24tb.75i235i23i06d3222.4423,2l2-3320d,23t522327O2324,3325,
.2.33 12326U235c.2ol3 9,a-342Z1511210 C20G1b7,8Ci134203612ul 17200611B,
.2z254k5552305231'.a,2323523521241Z424340B,2434U241032345023i20b,
.ZZ6652Z571Z25236M1,Z414263227132272U,224126O224422304,9

* 215j0L14021dtl2l1,230l3U164321610215442l12142241214oB

DATA (((h%.YON (1vJ9K)rl:I,1o)J=4,4,K=3,3)/
.24. 402044002u55I256o5L82Z55227647d
* 247Th2Z472324 O0k4i)1 b 923462 -5 122 07421.428 ,2 13 'to211522I146213 13b
*23516Z4Onob24500Z34(jB,ibD1bn 0262323638 23522U 22517241I.B,
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.244412422373237UUi4, 242O23i213,i2ibZ373~b',b423465B,

.247k't2'670245.3224Ub.Z35O'33124,122'.173b,2.3?b2235OU2332Z3222b9

.231b4232372314123t),Oo7)3U o23ub723i255,2112Zb5i2b1O221325

DATA (4th.YON (,,)I 1 8,5~,.33
.3L2Go3l224al~o3l',o5o,320O.O31I o131~o43 142bbp314331t0431 27731071B ,

.27&*oi717.j53u053Ol6a,35243&3631103311bo37b53O0103027630122B,
*275702715327314i713ob ,2617727(o12717527204bPe722321 144~2275300468,

.3056o304573U342301358,Ze77b'276O,?47327246b1271632712427141272638

DATA M(ICYON (IJK)11q16)JJ6q6)K=3q3)
.3551 135 L435144i47~b34707,462134514~344740,344lb3432134-40434106B,
.33bc:13335333020oi4,4 3Z773173345330bg312o03122 1311 o3311758,

.342133 i6435b151B,7832122603210132j71B,3Z0163212332 513327258,

.340 30#23' 1733403 ?Bt33c2033b04336Ob335751,3362O336b 1 0021341708,

.343033430334170341038,33743332233t6233257B,3314633166ai5332.6d

DATA ((ICYON 1JK,1,8,Jl=4)/
.11fnl777171717B777171711777717777B,17777177711177717777B,
.1iia117777177111777759177111171111777717777o,17777177771177717777B,

.117771117717771117771B,1177771717711717717771B,177771717717711177B,8
* 1711717717177717177thI77111777T1111717777B, 1771777717177778,
.17717777177771777,117171777711711717777B,177771777717777 1771771

DATA M(ICYON (1,j#K)vlI1,18)vJ=ZP2),K=4i4)/
.2l4o72150321447215i3,25'*2',2.2l47't21473b,214752155U2164321635o,
.21530Z145721 t52135 8,212022CU775Z05752 O55b,20b60b20537Z054040501B I
.ZI31O2L4502I-'64e1527b,215l22155U01b22174b,2l7512201i2i177321o268
.215772157121533,21*-,20b ,2l~121465215CG321530b,21555214772135021257B,
.212:1211602L~620,58,21l203211172123021236b,2125421273212772117369
.ZU1?4sL0172Z10432104th,*210212104421036210433.210572104320b55LOb70B

DATA (UICYON (lvJvis),1=lvlbdJJ=3)qK=4,4)
.2j5iL62321.S247b233422.3362323323300,233732330233ob2332irt
.Z31102311-,23051Z7b,22L72235274421576s,21726216622l 520211758,

.231.b431142O423451,234323763(J62306569230573J12Z2655224318,

.2 bi61l-562.-d24 1?2*,7 1227212300 I Li Z3OO42Zb7622bu5 224 746 t

.2A.3t22250223Oo224U~b,224UZ24242237322344,2312227h2-2322 1658

UATA M(IC.YON (IJqK)PI111dIJ=4,4)tK=4,4)/
.246441275L4?7251,294.1U5U5,2507525044,2504625U202t7 132'.4Ub,
.2' 410 13Al.2 t77L4i0OZ 9240O22347OZ304212469 2 iG572.3044 2bi022.iZ13,
.2GtU~542312450425055B,e.51 102523325,i255568,2567325532252202501 Th,

.245u3244002420724U33oa40bb242002424424226bb,24232242112415523734b, t

.215237223422-717,2i7437123062362ob,2357223)6 123 5uj1 341.1

UAIA (UICYON (1,J#K),1=lrld)qJ=5,5),I(=4v4)/
* 3A4 31 Gb3 570j3174 ,93201231 72'.31b11315643 3b3 163315 163 1474bt
.-3344a1071352LJiOikbv7500215 o74625ba2c.202577025747Z637b,
.275L1215L3e?51,773763U2630215302553u32B303723443J44604t50b,
.j 0356s00O3327465274178,7.3547.,1127033023B3U,12306303O7 103U6438,
.3.405e.)17023142631444931324.121'311253103b31043312053114231367B,

310



* 3Ii653142631444314. oibt-3IJ4531Cj7U301 5330o75b,306473050530423304058

DATA (((1L.YON (I,JK)91=1,18),J=6,a),g=4,4)/
*35644356133bL1.,3776935372353043,a>Z33534a,3531335172. so53347518,
.3't*'0321302533b0,o33Z4533241323bi32072b,3157331325312'q31174,
.3ki7310433473324j,,3337z335113356633blB,33714335733i5133216B,
.3301 13213 1326413 ?620Db, 615)i2704330343307 21 ,3315133257334t1133578,
.35Gb23512335202.,5217b,351 133507135O435UJ0 7,3503235033351b5352438,
.3544l135±62355~773.j5554tb,355O 54b?353sl35zl.s8,t35057341 13472334556B

DATA M(IC.LON (~,',=,3,~,)K11
.2337b22451632Oh6,17742lo4l~o26147348,1415134g201272212257B,
*1i 4111tlL7311 231125ui5,1u7213Oll5O211104b,111321177411177120435,
.113o3113i70127111.46b,1223013oOb15O3415542b,1611616455cb76117410B,
.1773LoZ23720044174b,16117b3422332O6lB2337223352325624i12B,
* 2211.,23371Z346 Z3b2 p 231 0024 206244772470ZB t2 ,)072467 324624250 378 ,
.kZ)61g.51b1252502475IB,540454244524222t3,24001235362326422736B

DATA IIIICZON ftJvK)tlI11b),J=2v2)9K=lvl)/
.23406224622l7232l0~IB,117j41c63i15712)147148,137501330412.-I312170B,
.1ib71b43115521064iB,1G753111341124111401B,1154411630116211662,
.111411Le251132bl141b1203713224144515413,157451636.,)167461736689
.20047k)3712Cs03ilk447b ,lI4166bl2Oll22ObllB,21442223422323424133B,
.Z 6562 s42 1Z 3560237o3b , 402ta242 12 435 12503 18,25 15125 13LU250 1625 1248,
* 25 1? 25 53252 1225113 , 25044J246502450724266B,2 400323 57623 270227 468

DATA U(ICLUN IJI)=1i)3,,,KJ/
.2 3272254121674 177Db, 77 a 16615156631462 18, 1365613 123 12432 12013B,
* 116731164411005 1041 , 1vu56C~ ±0763 11141111b2B ,11L(57 11466114111135239
.1112,3112061126011353b1i7i723136721462409545261716041735CBI
*177t3201301736217tb7b,1723717234177032072IB,215052233123154237415,
.2273 423323 2373324 55d,24414243642447151018,2b36425333253..25316B,
.25423k53502543125067B ,250D;-o2'i73324b022430 313,2404223606>23403230148
e/
DATA (UICLUN (1,jK)11,plb),J=4t4),K=1,1)/

S2-i3442267 52 1766L0 767b, 1?7167676115 75015 037b, 13753 132 1712 3T 120 5DB,

.116211542l0o3UlU31l~btl2ib1lo5711010bl67B,1105511300113051144489

.110±5j11117112071131ci, 1 1 62 5L2 77 1 327314304b,1525016134lo126173438,

.17670201231746017 3608,17 240 1l317 17312J6068,213052207022766236348,

.22E14(33003750, 4etli124624642505625335B25451255132553255303,

.k5520Z5At5725-3b22511b* k5O3 (j2471324617244 I B, 241672314123500230636

DATA M(ICZON (1,JKJ,l11,1d),J=5v5),K=1,1)
*22a(.45474Db08,2U5?1301Oll2451773,143561360l.:0oll235,+b,
* 11o?511.,7510722)105ljb, 1U553105201072011 1068,1l236l1252115i2l17633,
.Ii44.d1156311701tL4G,125571321451475615714l6664l75122014389
*2t)44U402035220k.~1o , D23177bk-l7755202405,2O55521235220ll22,6lB,
.12at570232442375,24675 11254412564252 5651256142557425544t$
.'5411 ,*7L5336l.tb,25b25,325112474424443b,2421237542347423O438

UAIA (UICZON (1,JF.)qi=,1d),J696)PK1,1J /)
.2 .7 * i63 ;153413038, 056617IC02ia7DOio0O2tS,15314146614'25113460B,
* 1330 k7601 SbO 2400o, 14i27 I2i02 2247 1225 28, 122 56 12342 1244112542Bt
*1264413041133U613 o42O,1411iz476144l65lb16432L7U571746217773ot
.2U.,5O2524)433 Oi264204226D007B,202722U6DO211722166uBI

.21234 2l1D.261332b.,o46242524166431184424245312454524534,

311



DATA M(ILZUN (1,jK)tl7=1,lts),J=1,I),K=2,2)/

.110151ObO5103051013ba,1Uk2llU573113151115389112511311337114.o56,

.23(3iZ3555237bi2355Coo,e37'+U4-O463Z477725347B92557325543255b725676b,

.2b II C&-b244i424eb355b 1 4&1i~~312506 Bt244402412223 534232268

DAIA (((lCZGN (1,J,K)vI=1,1t1),J=2,2),K=2,Z)/
.Z4i5333452i4521-6iU571 ~.1416117bI32571711125,B
.l(d75410645102-b5U7715o,1(JoOO5441O72511025B,11164lll3l1111o7ll270B,
.lU. 40104021047UI15669123221421616 .2617127Bll746420041176172UI376,

UAIA M(ICZON (I,J9K),11l,lb).j=3v3)vK=Zv2)/
.k3146bi222237u?-45U,2U3231717160314b3B,l. 522125641171111263B,

,203302O3762O34I17140 17511177b72O3212oo51B, 21273217b122562Z33268,
.227512-343724045244Gbt,24b34L.50522531625574BZ8O56261022613026145B,

0/1
DATA (((ICZON (IJKhI1=lvld),J=4,4),K=2,2)/
.237104O1352232 1426,z&4476i -7t6477B,3b4312702i147112658*
.1±117iOb24lOi5OIliOolthO7771 IGOOOlO1O3740, 105761OobO61O736110448
.l117141115J4i~bUb,22o33171512bI5754B,157374I417156176ObB,
.2Ok442U20517455173b5c0,i7b32200152O25O2Oc)5OB,2l35222O4o22532Z3254,
.2214?2334624OIO24.573b ,2±Ln72±5422557CZ57338,2b6b 12b2402b3272b26bB,
.263k54b3272a2174b1o.a ,LbO174563UZ545625'1408,246I42426b23673Z32 16

DATA ((ICZON CItJqK),1=1,18),J=5,5),Kz2t2)/
.257al2O11362 5470142528144Cd13'+44212625121458,
.i1'o5110571061biG43idrIU365I5U51477L60b,l1711111121511371B,
.11e4211167113711631B,12"U3lZ70O1345014272B152l2lbO75170.317cd4B,

*26236I673b12575Z54a3OZ 531425Oo524O1B,2' 452t12't2-,1O23423

LJATA (((1CZUN (I,JK),1=1,18),J=6v6),K=2,2)/

.l3iO11ez55ZL23051211iOB,1 iI?-l21Cd1Z12412O)45B,12ODI1ZO051a153123268,

.l1bL42261232212b616,13315137531442115120B,1562b1b32616b5>4172b4B,

.21booi 3132OO73457oh4O224470437250O6i,25115Z531325315252b3B,

.25I525425024556 24242432240223676B,34U4232122 755224118

DATA M(ICZON (,,dId,11,'33
.k.4iO 331522422214alOZ0121702'.1564614'71691341012324113271O5b5B,

*U77bU760b307635lO~ib,1ObO2l2253141111524b16Ol4l6'g5217073174575,
.1 772lkOO3217733174eo, 11bb3,k2l3205572l17OB,2lb2722231,Z2562231028,

.27251273004734727t53d ,2710126641262O62556o,25i4C,244372$16b23323B

DATA (((ICZGN (1,J,Klvlzltld)*J=2,2),K=3,3)/
.24(j4i25i4u,411B,2U11L. 171315o4524b~3431235214110677B,
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l U3o6lU237100030Y74546,U7Z43U734UO7640100615, 10203104,7i1IU371065689
*O~oZ5G7507076341(U0178lio44t462137041SU656, 15o65l36l~oo7717305B9

.Z325.)23oa524072Z41568,244t>22501b2553126322B,2bbO27O152710127224b,

.27333 13'.1Ci36b21423B ,~b7b62b43626144L5oO7B,2- ,25O2454b24O472335oB

DATA (AIICZON (I9Jq&)qi:-1,1d),J=3,3),K=3,3)/
.-G55 3247223Li2133,5aJ4231711-,o514453,13tO1232711411O75bB,

.105-14iO4o71lOl73074Z4btG727OOU77774ullO64B, l03O1l045610542lU635b,

.07557U755007613IUU74B,U,5412O6UJ1336614427B,15513162471623117112B,

.1751b-.75162i177'b2.3232Oi5201b2l5b245 2O223722664,

.231Z, )37435t4, e,5Ot UZO444UD265222674271252724527255B,
.21274.e272737274D2b42t22't52dO325553B25252~,53724U22233U4B

LJAIA t((II.N (I,J9K),I -i,1b)vJ't,'t)vK=3,3)/
.23112i32z-iS2 43B2Ou217)OU575465,35232442163511646,
.*IIlOIJb5cdOl4607541d,O72?3074 :-307b23100O3b,1O2Ol1O3O3lO44blOb31b,
.075o5O7bi4O7763lO2CO2BglO1UjLll722L1oll37ZZB, 1505~1153157, 616636B9
.11l,I202OoZoO',O2O113bZO3ooaO'I732c77021223B,21445217162224322636BI
.,-o52444427 bk,5Z0466261B,2674327lOuZ727427355B,

DATA MAICZON (1,JvK)vlIi8iJ=5v5),K=3v3)/

.114t23liOI21Ot5110f2,10L21013710246133450, 105331I~t6611012111528,

.l1431U334IU5161104769113, 11734123471317fj,l'+Z415111576715646,
* IJ34b>ZUOOU2U3732ubt551,21O562I,4212132b214O4a,z154t2Iaza2 ili322461B,
.* ,)~33b 24213 245b25321.57h7225b2bOB212U2747271622723lB,
.27142aoU112b570eb3,bObi-56322547250C.5,24t5U52414Oz35G4230068

DAlA (t1iCLON (1,J9KiII8lJ,J:'Oo),K=3,3)/
.2L4242 0i106ZO52l]l32l47t5k~l 501614164135158,

.113'1114751164612141B,12'06130551354.j1417lb,150O4i550316174166468I

.17274177Z203-,207.,d,211121i . 2160O21702Bv2l77b221052230222574B,
*2210422co572334523,bbask3524672510625336B,2553t2565425b6b25b27Bv
.5545442533325333,246,3t2't,*22-42401U,25122324o22-14322401B

DATA EA(ICZCJN (lJtKJ,1=1,18iJ=1,1),K=4v4)/
.23b1 5 31522227 1212a~b ,200631666015o20 1457 28 1347412 51411151 115048t
.111biI 56110 15407b538 ,07 35073 2007 ,070730 3104630155 207b46 10 0289
.014640Oi46iU150310O36b,1U7U71204t31341414441B,152261572Z1642417U228,
. 11t5ej75301776320k 4b ,U0i7340606211442i5018, 2212522006230622324289
.2sjco5iia0I2j75524003n,24170245472511125502B,210325437J14271566i
.2144021576275372745, %97336731244626031,254312500024235235348

DATA M(ICLON (IvJK~jIi,1jl5,J~i, )vK=4,4)/
*2-il231 oI22401318,01oI7I11271453UB,134701253312021 115558,
.l1I-bGiU~lb510374U771bc1,742507.-'IZ72b2u1226B,u73b4074b1O7b)0110Obi8,
*U74ZU-i454074710064bvk072712044133031432lb,1l11~57213316bbB,
.17GI0012120332U66b2Utki 0b242115221474,2075Z237322616230438,
Z*,lf--12-,,60OZ0260 24151894,U747312536226127B,25702707773042747569

.275a 1;?734760375.cS 27l177 64342048,25424774U-l236 1r~

DATA ((ILLOiN (1vJ,K),11,qld),J=3v3),K=4,4)/
.e314i0j6U215b~lib,20100b77i5b234512,135J51251olZO5i11o5od
.1154111i 2iGa7310b014A311630I7107146.07271074U7621l228
.0744ZU746bJ75.3101U5o, 1Uaoiiibb4laU271376189147501552210711',746,
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.17125175502014L2030Th ,Z2i!lo2077321 257215208, 21756222o522534227368,

.23141i353124051243jU8247342332575226333B,266652720: 7436. _7501B,
* 27 57 42b23276U127413b , 72b22675 1263542600 2B,2 5437 2500324 2bl23 5t2B

DATA IIIIL.ZOI4 (1,JtKJ1l,1b)Jt4,43,K=4,4)I
. ~k73034221122078,i7756666156414637B,136l1I27041222512006B,
.kj.1?111j31.0O7121022 I8,0752001210U112007205"B, 012660143007631 10147B,
.u-510(7540616101I0b1DbC1116171246413332B,143361525515b211634IB,
.110471754220233205668,20736211222133121551B,21745222722266523027BI

.216i1263521522421B,271772664726a0425734b,25371247232416423540B

DATA (((ICZUN (1,J,K),1zl,1asIJ5v5)vK=44)/
.230o2ba2io22144120543i,i7o0);1o6211561b14522B,1352712b621202011331B,
. 1L551U6207567U73b6BvU7214U011073570746Zb,0763510021100023lt39
.1051311323I20341ZbbLI40.14207146715532b163031bb7136717 605,
. -77152Gj341206372l (36a2443214732167722i568,922255225712303723325aB,
.22740Z31-672436245labs,2516aog567726337267408927171273342737427437B9
.27320217, 74271462b10b ,26'45226054255342521 58g,t721243542373223250B

DATA M(ICZON (1,JtK),I1=1bJ=6p6)qK=4,4)
.22312b23O(b2,i5203012434d455l0b14U4137O3176125148,
.lZ0,6115L2I1I2 I077B16u10625136441004,110451124211410115328,
lA0771i1407111521z37h,1U41135101,06614465B,15176l5542lb24316747B,

.17451(GG7l2050't2l,30tS,2J363215532206722245822425225372261723021B9
* 2231 52303i42337 52352o, 2433 5247 122 5236254758B,256±57260232606426027B,
.2tiUU,05,574125U247b2525524775245472425489237312336322765223538

DATA ( (tICLNI,J,'.) 1=1,lbjJ=i,1) ,&1,1)/

.117I17117771771a17777j717777117177Y1777777177717771178,

.177117177771777717771b,17771i777fl777117178,111777177771777717777B,
* 1777717777 1777717778, ?17771777717777177775, 17777 17777177 71177 778,
.1771717777L7771771Th,1771777717777177177,17711117771177171717B,78
.117711777117'177177777178,17717777177771t,177717777717777BI

DATA (((ICLON(IJIK),1=i,1a),J=2,2),K=Itl)/
.2U04i!f5UI775a1oibo1177520022Z2l1 22Gl65B, 2Cl74201242j 1572Ci12e68,
.2M1562U152aO3512Ua.,,u2uai>72L20e2bU153,204200352006720116b,

* 1770 31?6c117653175 768 ,17635 17734202 16204428, 2057420544234 73205228,
.2U52b203Ol2006o2G6,co,2U3202037420304203148, 2UB032032620263ZO162B,
.201 0, (i34 ; 024 06~b8,2014520175201.3b20013B,177331761317o551f7l5

DATA U I IC.LON(I,JK),I=., t),J=3,3) ,K=I.,1)/
.l774420~o.i332042D04b8,2(073201322021220206b,L,02242023720342O4t508,
.20j42Ol2j*01420412k4,/-4220403203152025ZB2022320172202042020Bt
* 20352dtj337203162027ots,2U21220160200421177148,115171 751617502 174718,
L174541747717o6417757dg2(jU672uD255205 43 2110 7892 L2032124 221210211 7 78,

.21U2320551204b4204548 ,2050120 570206Z52060(6b,20b0120b0220537204728,

.20343t022b20151203006,2U317?-U34U20246202048,201212002017756177318

DATA (((ICL3N(IJKJl11bhJ=-4,4),K=1,1)/
kiO?2G3521201ZtZ017oc2lo2Chl3l2OO6l20067b92O2272037420,+67,t05j2B9
.*U6400510I4201758,Z61OCj4(i232320243B2Cj225202212U20520140B,
.203b7e-044*4204452035ob, 02712U3420071173o1,11534175)22i144517451B
.174± 117542177572014ob,2034720Q'752U77721417B,214772150321455213618,
.2115041U562107121074d,2i126ell3721110210b5B,2i1112lO07210032IC17B,
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.20O075kU5k3L04t52('t3c8 L&3772J4Z2O4152U35(ib ,203 12L2462C 15320102B

DATA (((ICL0N(1,J,K),1~1,1a),jz5,5),K=111)/

.2 1061210'.021115t10138 kO1Ubk05222034320232892O;d62O2402OaOO2011i)a,

.2033(iZ3 -52O32s202i7h,2O2o32O22020Oa220101892O10320017701372O1748,

. i7§-4k64722C422435t1,Z2173 2214Z2222122235B,22237222272217622147B,

.Z2ob-,03.~l72163- ,215112137121,?5721143B,210b332071420634205718

DATA lit 1CLUNt1,J,K)1l=-,lb),j=6,,K=Il,)/
.215b6 i47L41l,63,122416207a12O33892632005207632104O8,

.2G4242U51o205(.320537b,205Uoaku446204452O503d ,2C5232054220600206578,

.2U7162152I2121355B ,~l521217012212422423B922623230172322423274B,

.236 kz35734347123 ,4d2B3,3323253 .i22321LB, 23l072317023 161232 16a,
* 23 Ioo23lCi23043 22 35o a637 42 :,'62244522320b, 22 1552211 122 O1±21756B

UATA (((ICLON(lJK),I11),J=il) ,K=2,2)/
.1771777717177111178,17777177771177771771Th,1777717711117771177b,
* 171771177717777117777B, 7777177771777717777B,1?777717777I7777177778I
.177771777717771i17711b,1177771717117117177d,1771111777717711117771B,

.17777177771717777,191777711777177177775l,1177177771777717177781

.177771771111717771bl717177j771?77717177T,177771777717777177778,

DATA (((ICLUN(IJ,&),l1918),jz2,2) ,KLZ)/
.2O004177532O00177b,d.U200762O1L7201a, 8O1j462,105017220107B,
.2UO 7LD101l20250i-U253d3, 017l2UO11173417740b, 1775320003200252005389
.202Go32Oj2l52017417751B,2G12O0120O120.52(j33B17737177t376j1761OB,
.17525 1 151762417b55b,2Oj00i20072O22220461b, 060120b072054b20553B,
.e-04' 3(j6O2160201j.'.B,2.,122Ij1(4206320222bZ2342O2632026320154B,
.ZGL~b7t,72552(,:UZ004B20I1121CD1200552000.s8,177261773417725177368

UATA (((ICLON(1,JK),1-Itd),J=393)tK=2,2)/
* 2(103 120b220 13 1201 ~o2053d.0 362011l5201275 ,ZC,145202 122U32320i34B,
0201420412U4U20271,2U167200532uU4200213,200252005320077200b65,
.203462040220434201 lob ,20220202&U20)15620124b,200201776417511 17447B,
.17 5)171222003 012C66B9i0334iZD4422065021133B,212302120621157'212105t
.Zi13122071b2046620335b,20325203452043120 504b,2052520506204502035589
.202Z67422762U3B252522220520125B,201520062004220041B

DATA (t(ICLONI(1JK),11,1B)J=t,41 ,K=2,2)
.202142J2222DU.4720i017B 20256202002021b20164B,2Jlo6203l320453205513,
.20,6.L32Gj60420514tzC03018,222,2011200322003l5,200b72012420132201O00B
o 203o1 4ZU456205032036ib6,tk5lb204452U3752025 7B,2U1162002oL7bc,;21756ZBt
.110 0Z5120i315 'tb't,2055100021222213578921473215112145321416B,
.255I2617201001b4642740639l~ 207722071.3206638,
.*-05b-1t045)4i03bo2U33,6903522035b2U3362033 1B,2032biU2742U247202448

DATA (((ICL0N(1,~vJ,I,1=,l8l~JJ595)gK=292)/
.207220a102o32k~0o00b,2O5al2055220544205308,2D)53620677207042U74s8,
.210036ZL023210002065Bib,05U7.403rl2Ol5O2OO73,2UI262020720213202 loB,
.204442054OZ057 12055kb ,i0535?Q 5202045620446b,20437Z0446b204bl20455b,
.20A452054721013211138,212b72145521o4O220d,2212122171223212243OBt
.2 5422730244102i22bd,22 14, 2 722 Z622224b,222412223024.15622110B,
*22025 17702171221577h,2l5l5245213201166,2105121i0621045210458
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DATA It (ICLON(I IJ ,K),1=i 16), J=6,6) ,K-222) /
* 220G~bZI733 21bb1 15obb , 50 12 14412 13352 13 105,2 2432 122621242213 25B9
.2 13562134321 !222 8,21073 207542 0664206338 .2060020544205 10204405,
.20717&10242105121050B,2l0jla104L2l05l2100B,*211252110el2312127 i5,
.41362Lj4702162 1216ko,2276Le2272235422444B, 2252422 105230 5323 1465,
.23540i3544235012344t3t,23..5523203231602321 lbZ3227232062317423172B,
.23157 :313523074230i4o,922747226752255522416b,22263221642214722142B

DATA t((CLONIIJK), 11, 18t),J=1,1l),K=3,3)/
.17771777177717777891777177717 7717777B, 17777 1777717717 775,

.177771771717711177b,117771777717777177778,177717717177717t3,

.17711171117117,17711717777177177B,1777717771177717777B,
*1117717777177117711Th,1717771777717777B,17171777177717777B

DATA (((ILCOI,JK),l~lvld),J=2,2),K=393)
.20036iD0222003220045Baj0(,co5k0127201532.0176B,201772024220264202708,
.2Uk60202220l112U1ld2Ql32U672007020063bt2OO572006120073201lib9
.2024720.i122O2752b126b ,2ti14620 13320 127 2007 1 , 20020200 24 177 20 1115lB9
.177511776220137a2145,2C2742035120471206008,20605205672051620451B,
.203 6120Z152012200bIB2000220120'.47520170B,20222202112020120163B,
.2014426102G3UkDUa. 5B 2(jL.k202320031200208, 1774b1776317752177b1B

DATA iiIICLONiJ,K),1=1, lb),J=3,3)vK=3,3)/
.2'0142201722011s20l4:5 ,20225203012030320274B,20325203642041320427B,
.2D4372U361Z3270 ,UII00Z20752004207l8,211501202011220120B,
.2O4522Gj5312053520364,204Z0L0'.432037320273,2017120107177t217745B.
*.(IUZ~-a135(035b2C,5G4B,20634Z074421110212135,212732126U2115521017B.
.20761i05300.1i4720244b ,2210-0k4320335204245,20474205022046220460B,
.20423k033420241202llb,2U155201562012?20113B,20062200612001120062B

DATA t((ICL0NtI,JK),l1,1lb),J=4,4),K=393)
.2032203352036'2055Z4o2.42Ut150120352,20t21204752053620564B,
.2054G545205bD,42Bu33332IU2012010254,20002010720 123201738,
o2U46201520632003bo2boZo*125522045B20333202522013721oUB,
.202bl203652053720752b,211352134o2l46121543B,216112154121454213508I
.21 $3311012012205Th5,205552057520645207205,20767210122077320741B,
.20672sOol3 O4622036bB, 20337203122C,27620255B,2i2442(O2352024020235B
a/

DATA ((IICLON(lJK),1=1,18),J=5,5),K=3,3)I
.211~p3 ,11342LI50211a0Utte154211162104320776B,210022106U21051210458,
.21o4721U152U7322QoZabs 92044020 311202312014.B,201122014020163Ci226B,
.g0622207132071620704d,20745207702074220712B,20705207122U66a20722B,
*i,1(.k 5i1127212452134,-B ,214702164i2201622l17B, 221 552223222274223675,
*.jbt 1224512 ZZaI :ba,22154221712221522237B,222362223322200221538,
.22121i20372143213s5221412132021213B211312110621075211076

DATA (((ICLON(1,JK),=Ia),lJat61,K=393)/
o. 211 22047120Uo,2 167i2l617215.)02144b2 14122 140021451214375,
.2141b21i.422kI63211l2B,4105520712206232057769205642055220543205348,
.2 01212412124521 0O, 2402Z532l25421302B, 213302135021413 215035,
.*Z15o121b442175l22G4,222l23062242022534%,2256722607227232276JB,
* 2330 5233U723Z56232.Uab .12223 1262.,15723 166b, 23162 23 13223 11423115b,
.*:073422755ka7UnB922,ac,42257522455223Z6B,2223222 13422U61220428

DATA I I(1CLGNII,JK),114),J=l.1),K=4,4)/
*17717177 77177771777c , 17777,L777171771777716, 17771777717 77 177 778,
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* 17771777177177778177 ,1771777177111117777177177717777ds,
*17777171777717777d,177771777717177789B177171777177771777B,
*1171771171770177717717111777lfhb17771777177771777bth
* 1771i1777717777177?7t7,177117771777717777B,17777177717171177776,
.1777717777177?71777as17777177771777717777b, 177771777717777177778

DATA liIICLON(IsJK),l 111),J 2),K 494)/
.2CO762Lju74DU734OLBviO1172Oi.$1214520167892015720210202152O172B,
* 2012120102 0133s01UaeB,2012l20040200101775.iB,2O027200472005520102B,
*i-022O0.G46420i65i013.B ,2O±762CGi772C,762016689201552014720130201078,
e20l1i720172Z0241203 L~b 2033220377204At252B92O5l720517204502040289
o202732ZO~320107ZU053b92O0lu2OO252UO522UI12Bv2Ol4l2Ol3720156202IB9
*20L~b201102013220111,2U54200.A200362~005 18,200602006020022200258

DATA (((ICLUN(1,JK),11,llb),J-3,3),I(:4,4)/

oZ0274kO23420233e-O72.ti9202202015oi0C~b320053B, 2Ul0l2GlQ320 1272014389
.2O)3672043 20457203k58, 20373203542034720336B,2O3152027620204202138v
.202172a~a512U431k05378 ,k063720715207772106O8,211302114O2106520747B,
.ZU626g-0467O36LCs.IC48 , L23320235Z027520337B,2O4152O460205142O5325,
.20'g75204252033620,U5dZ0Z512023520ZL1 20217892020720132015,520150B

DATA ((ilCLONIJK)11,lvb)tJ 4,4),K=4,4)/
.2Uj3732(,37ik23b603726,204UOOU4502044220422B,20505205602055120)5O0B,
.a2i40i724402046220373d ,2L30602352014620136B,201512O153 2015320174B#
.*.0l~i132G5542i53B, 056620 55420540205148, 205C.4204502035620416B,

.21151210p21206672060,b20541iO.55'2060020208,20655207412101321026B,

.2761064320565523620462204262040520363620342033420323203118

DATA ((UICLON( 1,JK),i=1, 18),J=-595) ,K=4,4)/
.21231212512126421 1B,2L31121.i11~1247212448,2l26541272212752126389
.2L2372114b2102520701b,20j6042046720d.Z0Z0335t120272202562026420257B,
.2.672201747215210748,2ll2421137211262114189211662117b2l233212628,
.21214e?12472133621453bkl575217262210722326B,22445225032247522417B,
.224522232b22lb6k213fOb2 7220D72204422074b,2210422141221452217789
.222042215422130220616 ,217b1 1eb602l53321454692 13722132L1224212518

DATA (((ICLUh(1,JKiI~J,1d),J=6,6),K:-494)
.2j.2b32 24322Z222161b,2211522034217b6217546,2175717442172521b65B,
.215762141421404212668 ,2114t52l2322U74020637b,205402047420454204b5B,

*217,42204227k2216,2221224422Cj022676B,227722305223 126231436,
*23317. 2672324623k~3~,23211233423b2326B,2327232642325623250B,
.326i2?3 332j2$,1123±3kib,23O53Li30172274222o428,2254122451223 00223 LiB

DATA t((ICt4ON(1,JK),I=1, 18),J=1,1),K=1.1 I
.2052320J61320660207L48,i07402Ci7752103421077B,212072123021326215768,
*401s&12223L235LB220b2042l 41613BZ163521606215162134B,
.20fl62U57720412204018,2033217711167751603089155131535715205l522669
* 151 115054 14671~1 148 13944021.466142 13 1417 53,14224142451't365 146446,
.L5465160z-o164011o721b,17175L75332.0156205508,210632137121031216038,
.2175o~i05422ll12Z23169, 2223. i062 17432 1604B,21407212062104020655B

DAlA (I(ICM0?4IIJK),l, pl),J=k,2),K1,1t)/
.2u51o20o05Z0640ie070a,2t2O275421000210648,211702134521437215368,
.zk745z2121Z22ZL0422356,k22u30k2G273221658i-16i215732141621317a,
*2Z763206162O451i033o8,20218176171700316045b, 155431537415304152216,
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.151571505314214404b 1430414164143c>40536 110114164143.431463 16
,1547416O03163171bibd 1235175622016520472B,21011213;2221 552216703,
.Z15'itzs522116Zlbsb2213222042al7272157OB,21375212242076520b14a

DATA I((ICmONk(IJK),1=1,btJ-3,3),KI1 /
.206b2ik5b2Ob52Ub43bt01j,.)210112112221177B,2lZ432136021577220026#
.22015Zl1642201621?73d,217172164i2164721622b26Z32155221435213216,
.iO077 566aL,3722020LB,173C174231a64lbd6bB15665154621533215226B
.l5L40150loi452ul4a2lb*14204140201374413733btl4O261417214411147648,
.154±5315750161241644T7L.7E4U7532)16(#20433B,20707211'44fl37221534BI
* aL65322WU2213322U50o ,220352175421bb52l551B,2 1427127f5210422076bB

DATA (LIICMON(IJK),l19118)J4t4),Kzltl)/
.2Ob03dU535205b5,eLb44l,2076421U55211372I24B,21251Z1, 742164422034a,
.2210O277122042UL5,2175,i2lo2l216032lb226,21o06214732141421275B,
.2O64124o32,24017306,17474l1147lo6l21623589157701,573154.e515302d,
.i5l15024451214274,14075a3714136411372s,137721421014444L50418,
.154u6155b21o04516432b,110'.0114452003220341tB2U61521054212332135UB,
.Z2L1ek644I7421751B217062166421622215148921417212b0210b321035B

UATA U ILCMON(1,JK),1=-1,LI)J=5,5),K-'1,l)I
.20477205l6205452(156Th,2Cib3121U032110C2141B21443215422lb60al747B,
.2206222 130211712 6.,I82652160624262355b,2l2742116321O272O632B,
*23,36l320105165bl2017 166336422Bl622lb02515201543bB,
*152147h7143444446,1421545i1.i763137018913725141151441614665B,

.L-1121k~272±L2I1213196,134521s2.i2131I2122 b, 2ll342107U2U760207508

DATA LU ICMON(IJK),lzI,1b),J=6,6) ,KzI.1)/
... 03Ci020156Z01I'.ZO18-'jb ,j446j~b032074021O12B,2l1b12l227213co6212b2B,
* 2I63I-lb72213bZkcb1Ua,215. 4214 ,2 13b221274B,2 11772107bZ07232O534a,
.2O4?42023i1l71+174i5t,1L2l7O7Dla65716432B, 1bl7ll57671554315363B,
.151L7114755146031e5itB9,446714'4561443714451B,14560146(J50101524189
. L544iI5703162151bbO00c9 1710117346175351775589 2OLS42024220265204078t
.ZOSLaibl22Ub5UZUl lb 2u7222073U2074220725B, 20b'020bll205662053bB

DATA U(IICMUN(1,JK),I=Ltlb) ,J=l9l),K=2,2)
.207Oo206220OZI2(jot2ll312kl2O72lO243,2l4302146221451215048t
.21504 1'576a16G#126bt2i53621547l5332156B26072lo352lo432157l~s,
*21s1621124210042134ib, i0732200461674616006B, 15305 14b6't443414536a,
.1451614*4251434414235b,4175141151t0b66400lB3,14101435614422dt73489
*lbi2lU1162l10411l~3l4b3ZDO5l2040362052214432173222O3B,

DATA ((IlCMON(1,JK),l=ilba~ij-=2,2),K=2,2)
.2U725s-067420755i-1034b ,iIL1421 1b52i2b3214546, 2157721553216012l605B,
.2l521122501215i2i2l262153u2i534215b4d,216142163221b1221476B,
.*elbU6O62207602la7h,2064111702167l6lc0758,15331146151472314631b,
.14b:6144151427144o,l4l54544012377!,8l4122143341446Jl47405,
*l.IbIZA562.ll6l62lb601B9i~liZL15b20O14203b5B,2O7172143U217532214ZB,
.22iL3 223022a~l2ai4569 2227422175a2075217151,2154421 37221.216el 11

UATA 1t(ILMOP4(IiK),I=1,141),j=393),K=2,2J
.*70l327204053,2112225252211z6,2i45277" J4'522O338P
.2l7l6 L7Z419 4..17Zb415826311 .55118
.2120245717~pU214b662O51B14452107475
* L465214452 14272l4l20jdt4 '~W1 I371'1375013767B, 141231430b14521J 147 SOB,
.15L6715alll6li.2Lb37 .B9L6653l-i7517442.-'t4b,2073321344 1a5b22O17B,
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.220522212'i22256222376922160221302202721700b,2154C213552124721173B

DATA ((IlCMON(1,JK),1=1,18),J=44),K=292)/
.2101320757k771210518,a213212621441215256,26121736220702145b,
.22030 2 1624215512 1455b ,21424Z152±,21627i163g3 2 16152154121442213048 I

.2(077720572O2322Ci155B,2Ou3ll73(06160blb6O8,1551615160152301501B,

.1412o144b31417C,1404ab, 614010137311374013756891406614234144711511289

.151b41560616(,4316216bb16532171231754620i17B,2057521Q612142621627h,

.217i44217 34221572220bb ,L2130 k.O54217732164oB ,2l503213442l2b3212 lTB

UAIA I((ICMON(1,JA'11,18),J=595)tK=2,2)/
.2L172103421074ZI07ia1B2ll02114421206214038,215562176 2223322062B,
.2 Oa727321672215608,21512214002137121334B,212bl2ll542105120676B,
.2(7202G37420112175666, 17z:411(j20165Z71b276B,1b02ll56051543115256B,
.150511455414314142L,6,14l651421514221142205,1423714347145321477789
.1±) 1551,-)171600i-1624±b,185U2l70b4l743317720B,202172037520546207738,
.2?113b 16z Z13421433b2477l5O$ 42421304B21252212432124121257B

DATA (((Il(MO(lJKbl1,18),J6,),K(=Z,2)/
.ZO473i05452O541206(I5b,2OlGj72077121045212048,21317214352157121653B,
.2 170521643215532i476b,2144321361212742120682152O7225b,02O35bb,
.205332(j2642004417603B,1731717O41b6171b361B,16126156551542015213B,
* l507514747146241454109 1451214477145Z71462ab l501l1l5l5315272 154668,
* 1550615 53162211b5i 289167o41722217446 116248, 1772120 14720 30i 20370B,
.2±52z064206472025,27442U7612101221 0238, 21016210112102121047B

DATA (((ICMON( lJPK),I=1918)tJ=1,1.),K=393)/
.2127321.i3l21'522151CB217i21762217321770B,2176322U142203321767B,
.217262172U21711216736,2164b2l64! 2161021564B,215742163721633215346,
.2 1136406772O473 2 O~6Bvl?5361711Ol637315647B,15256150011455ZI44368I
.143qO 1141 137 25131,4t8,13742 13 10313117 13i73b,14l35143741i1152 20B,

.2215!)2222322 17322231o,,i225!5217622076217218921576214572133321200a

DATA ((I ICMON(I.JK), 1=1,la),J=2t2),K=3,3)/
.21304213342144121551B ,elb5321 7152175520068,220612206522116221 178,
.2zOl5217542lo57l21b5la,216642lo50216012l541B,21535216172157721461B,
.2l~aliU5612037420P22e8, 114041l0211631515652B, 152361500214621145368,
.1440014gZ3314UO713766bb,37571137411375414U21B,14laj14362146611521569
* 1540 1151 2416304166 75b, 11107 173651165120 1748, 2U6052 1244216 16 220238,
* 22131a22542226022bj.,2.$1622263za2322175iz152214152130021 1668

DATA (((lCMON(l,JK),11,18btj=3,3),K=393)/
.213U5213k*2143021547B ,2164221712220012205oaS2o3~Zuz2zooazo21B,
.2210121161 16212 la41B ,21642215322162321 5648,215162162121541214128,
o20674ZO3 602 01042 03 1. iol73 Z516676162751557,1524t41501514730146078f
* 1450014. 122 140 13 L21L. 8 131 0113675 1.b731 1406 lB, 14110 144 1414 702 15227B,
.15346157341624016474o, 1665717551752720126B,20452210622146421740B,
.22124z225Z222371BJG1i2222b212112172a2l5321413213421245B

DATA ti(IICMON(1,JK)tI1,18),J=494),pK=393)
* I7,13521427.Z136,216741773220412207b22027221172220422235B,
.2213!2176zd532162. B ,216U..i256121543215268,Z 15332153421441212558,
.2051il1S1761201 ll11~65ol63l5724B15365151331507314746B,
.1,4561434U14046137~ii,1363013633137301407189142421447114713i51748
.1537715713L612blai.74b,1o50311036l14020020B20432Ub747213232162089
* 2L3622245 23.02 43u, 22lo522L2 1220032 170iE,2 1:632 1441213422 13 108
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DAIA ((( 1C14N( 1,J,Kb, i=1,18),J=5,5),K=3,3)/
.Z223,ZI3202145C.Z144k- bi4Coi~iOI215.22lb34,21-16t204622CJ7622052B,
.2201421762165421OI2147h242121325A-244,21230116721i4b2o7o2a,
o2A3332COI14Th117olb1Z163556O65O4,15547153541512714742B,
.14±46i4,b 714213l4liib,14l22l4l4Ol42131431EB,1436714533L475u115154B,
o.5532315631160'441625769165ZL7CJ3C0732217636B,2OI47204222073721171B,
o214L521576217042115,21651 2153721477213658921313213242133U21337B

0AIA Ct IICMCW4CLJK) ,1=llb),Jb,96) ,F.393)/
.2U6342G1Z2727211Il,,2ii21132125221355,214122147b215U21601b
.2162121545214771"±I4118,21350213032122421123S,2101120654204762021B,r
.202a5O0037317,7o9371621637461269If15O7515554535515147a,
.147721-e63314555145156,1452OI',5331l461714705B~l5O451523515405156118,
.15643IoO7ll6335Ib5756,17UL617,?-14I741317574t6,17743201022025420426B,
.2&62u1OO274121OUb9aiO221521522lObl8,2lO7421O72211OO2I11lbB

DATA (ikICMON(IJ,K),I=l,18),J=I,1),K=4,4)/
,251ILIO17272Za~lb2O±-25223421757217O 7B,2l64-32l624ZIbO5215516,
.2!5b12Io1O21Lb512I1O06210422lo3421601215538921521Z1531I 14574141789
o.21Glk65a72O45b2ZO21749747C41bAl31115550,15OO4637144'5OI42778,
.142201411613742132)b,135i7ZI13b1113l14O2lB147b443,i474253bc6,
.155621oI1416444I7022B,17245l146Ii76O2077b2J3212Ub1O21lOO2l4l58,

DATA (((ICMON( IJK),1=1,A4),J=Z,2),K=494)/

.21620a15742155121556b,216l2216502162121575,21560a1l542143021354b,

.iU7fl1.O>122036520071B,17422l1c116132215570B,1520114653iL44561437bB,
o. 1L4141377164btl,,11365I1335l4O44B,1421t1446014773153OlB
oI5554160621642616?34d,17144k?3331755117751892O24620562210552I40489

QAIA t(tICMUNC1,J,K),I=1,L8)tJ=393),K=4,4)/

.2163kZb021516215Ob257214226725708,Z1537214512137Ufl237B,

.2U6kGZOij3U2012520253dI~,I3fl16747163171562OBI5227147351455714473,
* 145471 1Z314062 4704dL3513o~l1370714O35i3,i'tZi3144521'7411521o~,
.15545160531o347ia6O~cd,1b735171411742qJ17723b,20l672046221u1421357B,
.Zlk#02253Z22Uaa2i72a, Z2315222b22216422043b,2 17342 1512214 56213228

DATA ((MaN(,J,&),zl,16hJ=4,4),I(4,4)/
.214i14re21652201',,a22l12212ZU5007B,217512201217721755B,

.s.0U414176251765od,11271657l231575515301500514641454489

.1L437ol42221405',i372ub,l 4607L35711a>031435a,14e2514446147Ull52318,

.ZL0420112 143Zi3t ,~z!2ZZ2 22107Z2G1G ,217012156b52144021.340B

UAIA ((IiCM0N(1,JKIL=i,LbiJt),51,K=4'.i
.2A4ak~15352156k~eL14o,,16262b,32jb5221725b,217b22201322002217b0B,
.zU317273L6i9;17il2,24517B23316227168
.Z2llZW74074O,175117510417074b5b,1569151l~53145671335b,
* 14073 1404313750 1367 1il, Lba)4Ii 732 137431407 3B, 14060 4256 14476 1500 189
.152O176b~..6o?d3,14071o5o17O251315b1556207420~333206426,
.21u41&aL3214,i~o8,ataa7 321543s5,2522l57115211225lt

DATA tt(ICM0N(!,JtKivialz,1),Jza,6J,K=4,41/
.2l1 4 1165i1461,eL35)30921374a43732141321462B3,215122152721 s322155bE~,
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.2l5742155221533215138,2143321i:4b2l2b02ll72B ,2111521C'22ZO7242Cib328,

.2OS34iO32O211017c56B,17345167471645116146albtJ041542315207150)33B,

.14664pl454614441't.-1±5bi442313721442314514BI'610147661516415414,

.15661603162u514436,16b~.717OilI72211741OB, 175bOl77542O12520257B,

.z222G5L206320lao~i162216222212243,2l2772132221326Zl3616

DATA A (1CtON(1,~vJ,I116) ,J1,1t),K 1,1)/
.1777177777717117111778,1777717777177?77B,11777177771777717777h,
.171-171777177177v77771717B11771717117178,11l77711777?177771777789
* 177 1717771777111177t7 i7771777717777177778, 177771771717771177778,
.17777777iL?177177flol7777177771777717771tl,77711177771777717777B,
.1777717771777717777o.177771777717777177177S,177717777177711777B,
.1717171177117777177llb~tli77717777177771771B,1771.777111777717771B

DATA (g(ICNONtIJK),1=1,18),J=2Z) ,K=1,1)/
* 202 154017420 17120422B ,202 42(j 167202 172026 58, 20.j07202462i3 1320332,ZB
o203O7202572UL762005o89l7774L77221760617502691753617604176371770689
.17a3bL771017726L762820O15,04b2Le~b5200748920115201242D13l20126B,
.2ulii12(0572O0362,jl51ia20272011320L3520134g3,200622O05420047 [7766b,
*117232b00O2200 232005Ub,2GjO120IU72007420013,9l1145177421767717711,
.llb6 Ilb7Lll76200ilsBZ0 2.,20O51Z006320037B,20036177772U06120143B

DATA (IICION(1JK)t=,1,i),J=3,3iK=,1J
*204062045ZGa4C52Gj430b, 20432 20.5Ci204702C520892(554205342056520567B,
.2060520473203O120204ii,20k2ol7775177717633,176331772417731704t8
* 1170217?2317740171108, 2005420141202232i2458 ,2Q255202602025520242Bv
*2(L203201.o42Ci402015kB, 2D132007720124201568, 201432O10620~06617772B,
.1737 20U714202O00s0-1092OZ42'.4Uk342 0170200528 177717742 17707 17667B,
oi7673177312003L.L00478,201052012320155201608,20153201722027120345B

DATA (((ICN0N(1,JK),I=1,1l3),J=494)tKzl.1)/
.2uLb11d-.06132060320634t20647206672071020750B,21003207532100421006B,
.*(jca0567046120334B,202742013720036200078177760001000020007B,
.17765200022001620055B, 0146202412033620400a,204142U4102040120342B,
*2(2752022420271,161B,2Ci3420135Z016720160B,2020220175201322007389
.2U105&.025020j331203i4b,203532034420173 O104,20i522C0c4220u41777489
* 17710200372CL3113a1616, 202202025120270203108,203332035U2043220536B

DATA IINt1Jr,=,8,=,)K11 /
.1420214512145ozl* 169~,214742147 12 144321'.4lt,2 14602I'41621507214 118

*213G1liL175ZI0722074$41at6522C637061120571B,205452047120411204oZB,
*Z2j41120405204132041tt*,20431j0't1320505008 ,204b5204522046020470B,
.205U12U%14203532032 18, 403042k70202b 12026l16,203072U3442045220540B I

.20±53U2056720b2206t#Gb*20730210032(J5721123Bv21ll322117b2l3ll2l377B

DATA ((CN0)Nt1,JtK),1=1,10),J=696),K=1,1)I
.2i0?12215522Z26922622k0O2O321667b217O321731217322lb57B,
.21571t1l22143221315b~ti342Z13I42L261212eiZ8,2l26721271212452l2238,
*.75754O767eO7O,2QZ7332U7Uj520665206248,205762054420510204648,
* 204.4720422204142U4158 ,204152042620444204343, 2045020 50 120 553206 118,
.&(5',OiOS532056720c*338,2U7O2O3',ZD51211co,2l02421101212072123bB,
.21t572ls73213262l~i5lb,214L221456, 1520216026,211b217552200122042B

UAIA I(((ICNON(I JK), Il,1l) ,j=k,1I K=2,23
S1'17117777177l777o,17777I7771777717777817771177717777177771,
*kq7771177717777177773,177771777717777177776,17777177771777717776,
*1777i1777i117i.7771o,111771i777717777177773, 11777111771177177775i,
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.117117777177717776177b,1717717l J1171117177777771777177 1718,
.177771&771711711b,1I77717771777717777b,171flh77771777717777B,
. 17i17177177711117I7,17177117777171 177178,1717771177171 717778B

DATA ((1CNON(1,JK),1=1,1d),J -292)tK=292J
.2I0l2a14202520218i(,23b?-21020172020B22212026202232023259
*202U724)2U52032CiUb~l7767177077bbll7631b,17663177021771317751B,
. 1161171461777620((3bb 92010220 12420116201158, 20 104200 672J2 072015 115,
.2015)i010421012011.ab 20052Zi0672007020013692001420022Z0O1617752a,
.1i1olk0720622007titU1002006120O1717763Btl740177301772717723B,
.17715171617312(23 89,aO6Z0lcj0220O107O8205520612O01620120B

DATA ((C ICNON(1,JK),1=l,18),J=-393),K=-2,2)/
.2U40OZ4342'04,-2Q? t,20461204372046020435b245,204202042720376,9
.2tUB6320326202aZ2(ib6a ,Z?.025U031776417TOB, 117551772217706177b389
.17b52000720045Z.1168,20la4.e024220275203078920247202062i417203648,
*2O,-74201472LU6320137820b32010320Oo72O033B,2UO12200172001b 117558,*1711O2010520i3420235t6,2022120125200252GO1lB,1175317741177151767589
* 17706l77512O0562fj±238,2U152u2032U2i520215B,202162023Z20256203218

DATA (((ICN0N(Il,KI),I=1,1),J4t)I'=2,2)/
*2bj6142064520c5420b5b,20664206b. 2063120646B,2067620b552063420613B9

.C51204552041220~3 1 ,(sk2520 16120070200468, 2004,52004320037 2007 18,
*2U1342Cl13320136202j~b, 2O260ZU35020415j0453692044120412205472O50489
.20355 02302013120125892013u0 1212011120103B,20065200532006120075B,
*200452UgZ66.4034203478,20L762ul7.204620114b,2006320032200l11177b7B,
*17775 0036201544D2458,2030CJ. 3b2036720ii75B,204052042b2045020511B

DATA (((LCNON(IJKi,1=-1, 18,J= ip5) ,K=2,2)/
*214271443214. ,0a1'41215152150O2141321443b, 2l4272137b2131521333B,
.2~2102C111O2~lb2727.00020526420,2064620372064220645B,
*20557205432054520565B,20570;-0b2l20o5520650b,263720332J61520570BI
,*O26046420362034b,,32740i 7320Z562025lB,20252202542032320461B,
o205O62US54205612(JS43d92O557205552CJ5412054089205-tl2O5362U527205418P
.205b6~2626b3ZU17b270210412107721137821166212272130121352B3

DATA (((ICNUN(I,JFJ,1=1,ld),Jo,96),K=2,23
.2 C oAb 65206622034 , 24U5122033220032l7l68,2 17 12 112521140216668,
,Z4162 1215442 14732 14506,2 145521407213762137 78,2 13712 13602l13l213l158,
.21134ilG6l2LOi6210.3id2l04521024e20776207538920757 2071332Oo27 206138,
.2051 aN2U510205512.05i,62516051524720455,25130541.056020612B,
.20655 u7242U76521011b,LLi52210642106721100Lb,2ll27211642122l21311b
.2135421376214232l40b24o321502154121566B,21t652171321754217b58

DATA (((1C;NUINC1JvK)91=-1,183,J1,1)tK=3,3)/
.177177171117717711t3,t1?7111777717711L777btlfl771777717?7717777,

.177771117771171117777b1177111111117717717711b,177771177717777775,9
* 177771777717777l1717b,171777177771777117777,17777l771l77l77778,

,177771717171777178,11777117777177771717B,817777177711111117777B,
.111771g17171771771lo,1777717771117777177778,177771777717777177778

IJATA It (ICNUN( I ,J i(3,1='11 L3,J 2,2) ,Kz3,3 3
.*4-024120235242352.30B,22322'12e.16q2057b20d0l22O22oZ0234 $,
.20241 GZ220 0202 8b, iU225,2 13120077200558 ,20t'0175117720 117358,
.2u4002500522U7482UI102014420o72026820235201632U236202258,
.2020101~lbOl',205o,2U&3U0162U071772B,1l62176417770177369
.1171t'2OO322UaoU2U101io , j1212UIj33201352075B92(G0302001420024200i27bt
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.2O022iO0122004220131b,2i322122Ud.7Z~O1218,201152010420113201268

.204002iO4l4203642U~305bt2O354ZOC,.512UI542011 1B,20124200532001520014B,

.2UOi12O10O320123ZeO14t08,20230103222037220450B,20474204322047220416b,

.202s502027220144k0115B ,2006b 0(Jbl2003220005 a 1717017712200 1420027B ,

.200GOzeU67iGe3O5ba8,U17202b32251Z203,2u12-320101e006720054B,

.200O711032016520,E'2b,2030j22U30ZZ030520306B,2U3012030020304203178

DATA (Ct 1CNON( 1,JK),1=1, lb) J=t43 vK=393)/
* 2f)7.2Lbo12067220oa1B, 206402(J6142056720605B, 206052060520576205158,
* 205b.B23554205 2620500s* 2045320 3422027 1202 158, 20176 20 14320 133 201518t
.20217i222-,1l021BZ0372452,5272057OB,2064220660206302055789
* 2G',*520311202652017069,e01'6201212007520052B,200452005'4zo11320102a,
.20 10,*43 17204152Ci42-48 9 20440i C41020321203068,204412020220171201748 9
.2021220a532032520310b ,20424204542047520500B,20413204220,7420476B

DATA (((ICNON(IJ,K),1=1,lls),J=5,5) ,K=3,3)/
.214502145721433Zl4478,2l40221417213642134B,21335213121303212,2B,
.212Z~i2252112110lo,2l04421014207732015489207342072320710207008,
.20i6c420622U53206bG~b,201275420755c.077CiB,2U7722077520771207438,
*Z )653LO5672052120,44b,2($t01j0.36'2034 1203158,20311202572030620407B,
.205772063420o5420b438,L06462064220634206338,2U64520b652071420740a,
.20bZ762lO20Ll0.5B2Ll3Zl32162173821210221521234,212606

DATA (((1CNUN(IJ,~ivj, ,l8),J=61,)K=393)/
.2i061220j54Z20322115S48,44(,022201Cs21761217448,2L12I166621660215656,
*2155621507214522 14056,214232141021355213378,213262131721277212648,
*2l24021171a1144I12*,k11162u720602146a,2lO22lO5218420742B,
*2072120,7022065J 206208,LD5bb205262051020465d,20456205l42055620617B,
.2O7342U7652100521015B,2l04O0d041210612l07b8,2 11302116021233212778,
.2134b213742141021425d3,2l42021430214. 3214736921507215732lbl3216258

DATA C (CICON(1,JK),1=1,1b),J=I,1),K=4,4)/
.177771777171711777t1,1711117771777177778,177771777717771117711B,
.1111173 1711177 t7777 177177177711777 78,117717 1717711117787
* 177 7177771177 71.11h, 1777717 71777 7178, 1111117777 1777117777B,
.±77771A111717717777Th,17771777717777177778,17777177771717711718,
* 117717111 17117718, IB177 77 17777177777777B,17777 177177771177778,
* 177711171 17 7T 771717 717177 illb, 17111777717 177bl777 7171 17 778

DATA ((CICNDN(1,JK),I=,18)tJ=2,2),(=4,4)/
.20235,02332023220318,kAU2002016620173201608,20166201o320203202235,
.20zj72C2532024420174b,201172014b2OllO2OO7OB,2UO54200362OO03Z00346t
.20D5okij~b32(G100201,821462014U2142,2318,2021622204620204B,
* Zul? 12014320 12 120 106b* 20 1032005320041l200258, 20024200 1220001200 228,
*4U0.$42U4520Th20il2B201l212201412U125B2Ol32100'.00o2200b2B,
.20j~62a101135Z15b,2U57ZD16201752011B,201672016120151201648

L.ATA ((CICNON(l,JK),1=.1b),i=3,3),iK=494)/
.204o7204obZ4512042B,24012036220344203558203670361, 3020i3,
.20j425k4232U40203b4,$203742U35120262210822122020120147Z102B,
.14L421o202072k25B40312035o20412O446o,2442041220405203o7B,
.2Gi6~k202244171B,20132 4200720648,2004620362003320037B,
.2u1£ii20115,c0d17Z2022272i15202762026582.i40201772015120140B,
.Z1o5.:(o07G26e0.5BtZO3472037020374203738g2037420367203b5203 70b
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DATA ((IICNON(1,Jv),I11),J='t,4),K:-4,4)/

.205452O51120535Z~b205'tk5*20506204112033'.8,203472O343203OO22t3B,

.LOZ74LO k23b236i't255Z2532272ZJ B2 24od725372O52,

.202272(j3012(3bl2U3b7B,2t4052U41320'-1320373B,203442031l42026t202 318,

DATA (((ICNONCLJKJ,11, IldiJ=5,5 )i(494)

.21iU521206Z11642iL,21 1 212ZI075210502103UE$, 2O7712O12a2O1L.2207048,

.20o5320b66207l02U747bt2lOLU210322103121036B92l03321004207332067bb,

.2U6c42O81b2O5.,52O5DOBtd.O454LO4302041520407bZQ4Ob242224432't76b

.z6507303 -0!,2C74bO7462075220167B,2C'776210032100121035B,

.21044±212.I32115462122324b23O13 3 B2353ZI35 I13521366B

DATA (((1Ck0N(1,JK),1=l,b)Jb69b)tK:494)/
.221O32elU4220372UI069?2U332220217l7217566,2 1716Zl657il63U21635i,
oZLu56215552152521524i ,Zl5U32145t421440214228,21375Z13342131O21274B,
.212-7tk1235223b2240,2212321,12123B,212OO2117221144'11058,
.212iOk07522Oj226,20b6520o4l20624206563,2U5772061220*.,O2Oo52B,
.sIO3G(oI6321121ZL1406,ZI444.i 5.'2ll7221iB,2 12'tZI275.L34621414B,
.2I4ai21536215a3e-16ii,~635alo5±21bO21o75o,217O62171721772a-1757B

LDATA (((ICXUFF (LvJI()91 ,I.),j1,iL)wK1,1)/
.ObO~lb06401011117715 gI055lL-i31 44213427B,14O62147371Sb2116237B,
,16533I6743172242001489211(Q021 Th2.62(i21545B,222212267723342241768,
.*-55012ao622632527065892Z15302243044230574b,3U50o3O3633035630144B,

,22522i3O63a244iO4Oi9i3O0c74IcO27151518,14ZOO132171a.441117738,
.1121C,1Cb26343LOO356,O143i6U1O40o130O665680b22u6716)6b85j6736

DATA (ICXOFF (lJKJI=1,18),J=2,Z),K=11)/
.Ob6jC063600i04507553b,10347112571Z15312646B,13511141051500415bl4B,
.1613klii373167411726oa,1.75022(,3l2Uls32(432B24752130122327231O7B,
.i-51UO2562i6360Z7O54b,275eb3OQ33302ll3O33Ob,30t+4130336301712773389

.jb64Z5342Z0't217ZBZOJZ7165Z1l5424144d,1356413O101L-267115148,

UATA ((ICAOFF (1,J,(),1 ,1lb),J=3p3),K'=,1J/
.Dd47b6i5l1456163!5bO3O1O31115511777,12ba11313313o7Ol43b1a,
* 152111f551b616 j1Lo734b , 73 3117 577177732U30Io,2 10 142 170 32Z723 232648,

*26020267732655li33BLbl 2,1 522Z52b26825162445524132a23IB,
.23'tJ722o56Zi0602CJ71jB~i~b4216561154oll45248, 13 5601272 112 130114228,

DATA (IUICXDFF (IriKJ,1=1,1d)#J=4,4),K=1,1)/
.0451404766 054340.5527t i,43747074710.648,1101511502122.113130t3
* 13711k655io6,elO3, i6676174l1173251746lBtsI2213622aO5722b75B,

.234ai~ii.1.Zl75.Ubd.-o,1L6L6465551l,465B913544126241174311241b,

.LU57b10310771075Ul5207120bLO246'.12 ,06U7O6ul06215.64756
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DATA (((ICXCFF (IJqa(3,Izib)j=5,5)qK=11)/
.U4576O477tU5L44D56u3B,4)6i1OO7U4lO76O3lO1O1b, 1O4611113712O5027656,
.1330114407153Z21b334,170*41'm1Z2O3D5212b5B,2liO6212512241623225B,
.253abok3O2b427Zkk,d27522 ,23231337B3O5O33353027630135B,
.3u141.3015230137301U0b ,3OO1230O5,4z1607275078,21672632I2550O2t705B,
.Zt705Z3661-260514t3-382UI611704315612150018,141331337512651 1232bB,
*.ilb~aa1511I11451O4b4b, i~llWO7140t754707637b,C75250751OO75730774OB

UATA (((ICXUFF (IJqKhI=I,9LJ,j=6,6),K=li)/
.014obj74. 2765.IUU,1D9I5b3l300~10511515,I16551245333513377B,
.14453I~l511751677)B,12b2201232051721171L32163322227Z~52223016B,
,24i452435lI44773254k7d ,Z6O422643426o3727O45B,27Z242731274242733t
.Z1326233723324OOt39Z33273342234275782466257C)2251522453789

.1-#a)31340012733l 't-.b,2O4211!)5211415113Zbb,111I5ll3601154711572B

D)A7A i((ICXOFF (1tJvK)91=lId)iJ=1,I),K=2v2)/
.Oj7?7504337056557706,O6514733U325113546126ti36o474415o54B,
.Ia2711666317173klb6itd,2O4'2207332O7b2211IO4821542222312306324136B,
.2k)5153b621227bz,O5U32O31453155B3l223157314633124669
.344a76222677626605i6,z66oO2b5~232633126122b,25536247742435123422B,
.,441c4.43 4a2334214328,ZU357I17251556514463691342212423116401075389
1Gko~l207lo006b730s ,Dofl7O5541O53150522O8,O5O14O5570i252O5564B

DATA (((ICXGFF (IJK)t1=i,18)vJ=Zv2)vK Zv2)
.03±a1U4l7604625U5357B,063200717507746110628,117551311714U651506569
. 155 1 b1O5al52217b6d ,17oZ4eO3OO3772561,211312143226562355 IB9
.2562lt65Ot273433C4.3f5837013I46315363173B320143175031td331223B,
.3O53O277672727727137b,27lOZ2obbO265O62i45ii,2b426Z47312426123463B,

* IU3iU165207233O6I3OtO6Ib70554oO532l1G5u5jtoO5lI1O5iO3O5322O54I2B

DATA ((IICXOFF (IJvK),1=1,18)vJ3j3),K=22)/
,O417104376013105b14BIP64i5,C7421021411C035B2O34127661361214614Bi
*i552635666441g423,ZOO22O422obl2lO5OB2l46322544-34132426189
.26o352obO7275lb3Gi3b2B3O713323315131547,,321032U1(3154331164B,
..3U673U223276I3a7354b,2726721iJ35265252b4768925b33250752433b23613b,
.243: bi34a12 4252137kb,2002.,)1o1431553214365B,1334512405114b3L1OO3B,
l.UbIj751777OJ754,6L6U577hO546. 005233B,053OiO52570536605412B

DATA (((ICXOFF (1,JjvKJ,11,d)qJ=4,4),K=2,2)/

.153U622b6llI134tdiUD21ieU3452065aZ116lb,2l72222b33235542415589

.2570526662274713205b 310i1L3136231 56532COlB ,3l7573lb44317273lU65B,

.3U!5-1t3G4763135j765(,d2735 7241267752652.2B,2bl4O2535324643241128,

.0 1711074bb07303Gs67678 9 Ob324060b30553305334d v 05257 05237053 21054758

DATA (((ICXUFF i,JiKJ,I=1,1d)9J=5,5)qK=292)/
.044330507105.45OOIb,G633C't2-*1025211053B,1170112500I34221406OB,
* 1464415605Ib6001744482U2i1(152663227I1B,Z3O71235332433225011B,
.Z!55z'tL23130070b303i5'.143231t16,315043145b3l25131G17b,
,3U67 1307043061630Z0b 303217275560272548 27U256.257 24250076 9
.2400424056226711555,23±,17052156boo4bZ4bJ3723131521230211424B,
*11113107.3210356U7b55d~,U72oLO6700O65470b243BDb0620606506267U66548

DATA 1((ICXJI'-F tIJqK)tI=Lql8JtJ=6vb),K-( 22)/
.010550i161cu7.s2oO01o16,I0l2iZIU4761I~1201 2Oltl22751341414260 14777B,
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.155401635717230201.53o,20442207352150521771b,22734235112430524756B,

.24236&.4565342115o~o35767312752B2764430063?OU1jO1555,

.Z7734aI6O627525274t46d ,24lz1723727Oj326442B,2607125463Z4lb624263B,

.13347±27111212211525b.1110210t~43l041~l03525910375101301047O106148

L)ATA (((ICXGFF tIvJ9KIv~,l,b)tJ1i)vK=3,3)/
.0i 447025430j314503547a,0474LoC5b45O674410 1268tii1121212533 1 U 141536,
*1511415642lblbl17U1,[75Z7Z52U21O21b702176213322323432347B,
.65~1O2755030512314*!>bB .32U5333O3233314335138933560334633 335732551B,
.3a225316oz2303O5720,302.aO3OO442loob2722892516250525O0',o65a,
* 2431 25422Z55221537h,2U4771723516Glb1'4b12B ,134171222211063017648,
* 07 1k.706323u567 45156, )64104,6l04ll40402 lB ,040 7O4i 350450 105040B

DATA ((UICXDFF fI1J9K)#,1918)iJ=2sZ)vK=393)
.0413026570311703764B ,05G2GG072507Lu'lCO5lB, 1110312035)12750 136b,
l,,bb2i55lol627517 io56tl fl102O5o221321217658, 22304230352374624441Bt
.26625276003047731473a ,3~.57330)523341733563B ,33550332223330732666B,
.3227 1.1406312.13O5U0b ,3uLi12771127434270678, 263462557124747240168,

, 2440423472225452153 
8 92U4 bI72 151341437 Bt 13067120071 7571 

05781

DATA (((ICXOFF IJK,=idJ=3)K,)/
.U33i0033,104131,454bU47b*44733104208,1. 23121323j73137538,
.14667154721665417tbboti203122l02l2154122215B,225502346o24276251238,
*26~i3216613032531510b ,32326327743321133530B,33552335333333433U22B,
o3241.220273 13303U4t,3034621127532271068 263772565524 73724Uj458,
.246372-3703?.24t7 15048,203U51705215b5-1143768,13177l20j2010740100138,
.07saCb31556660535iB ,C'7310441',042260'42046, 042130441704650051538

DATA ((UICX(QFF (IpJqK~,l=1j18)vJ=494)tK=3,3)/
.035 041't 0 435605L;b tL5a54tjb633074701C151-35 9115201227113244 141408#
*150351600517U441771b8, &6U72L132217222b25S,9Z341224j 0225076Z5511b,
.204762761130455 i360t b-,-34 26363326433522b,335643352733277330638 9
.3252f3123315473±15,6t5430251622223B262566725i1l4376B,
.247762374122tb0i~i511t22l4L701715562l4432B,1327412123107b707751B,
.07i1'4j6t533060234 5Ul,u5073042730436 10423 18,043140447605 036053218

DATA (((ICXUFF (I ,JKJI=l,181 ,J=5r5),K=3p3)/
.0413o1j~33053400 BOa62073521034111255B,12107127541364014-46589
*15441645173360320,2132215i22707235>6,2330246252543b2b064B,
* eb~ci L272413O155.307 5o i15J732 152324043262 7ts 9330Z 132 72432 574323448,
*32CO3531663315403Le216,3064327761273702l134B,2652425622,14725344B,
.241.,i,)24530i421624Z04451714017044506813411423115541100283,

l 106407b2b012b0066 138 v(,403(jb2lO06O36G5456B,0 547205 56206 L111063468

DATA I((Ir-XOFF (1,J,K()pi~itiU),J=6,6J,K=3q3)/
.072ZI0732407543U7742b,10402ll074l15b212255b1304l37571454315345i,
* 1a154170131765120600b ,j1315!2176622430231o58,2367124452252462602tB,
.246-f44t6426231274,L412l403024.iO4 3289305413062330?1530703b,
o306..4305133025o3300058,275162724275(C,2b423dt?-6U3254.1024732241468,
.25101l23714e.2574215bts25747736101t161318,152121442113757132416,
.*lkbi3122011155bL11756 91Ub 41G3551 i(b7b %U705700j77:5110143 i0Z456

DATA Mt(CAUFF (1,JK)v1=1v1*)vJ=1v1IK=4v4)
*0Z54i(j72.,)032134,O- 5211063O73o4142B9 14421236113Z73 14i1 l
*15025156171626017024B,201422123522112227548,23607242312532426027B,
.262764536I331b324t3i17337534IB3411531 l34004 335348,
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.33Z2,3L136324U33ZUO5b,3l-iO2sO6±?O3&3UI276l6fb27132262302530424333B,

.06b07U573405215451ld,04l. 50351OL.320103O55B,03Ob203l6±03436U3736B

DATA M(ICAOFF t1,JtK)v1lvlb),J7=2,2)qK=4v4)/

* 1415 015545 16306 hiD lb 2Chl66212022211122 1548 235222434425 173 26005±8

.332&32737,2314,l1litb3121630o6±30307276378,g27117262232535624415b,

.2-4b14235132267?21546b1,20462174l~lb23415U2bB,135311243611075077578I

.06744Uo01U0525lU4534bO44Oioi5U3bi033Es,04O570312403377037b3B

DATA £(.I1CAGFF (ltJI'J=lvl8),j=3,3hvK=4,4)/
.U7370.16603531043448,07ob4340't161046B,141312301131414027,
.1I1t20153116455±7S6Oa,204232125222260231138,2366o24516253352603bB,
.26712 7735.3O7073lb636,32412331163351734024B,34(J643376&336ll335OlB,
.3332'3253323403175,b34U33105g3041427h53b,270622622125377245358,

.,7 23o74i255521521b,204121725316123147658, 135431233111026077328,
.06721U6016O5 226045/-589041 15C356a337110i2228,031270325603503041 548

DATA (((ICXOFF (IJvK),1=1t,a),J=4j4),K=4v4)/
.03030&3321032l04357B,05330U63320745l104658,11363122311307213713B,
.j4715160031b605I1531,2052421432224.32j445b,2405725O22254b2b2436,
*266b52764230656314't3227733Uil3334533a55B,3372733737336b~2335118,
.3.,2520ii453244632t.26341L05. 5.c552775oa,271702b41056304761,
*2506 k3?4222651e 1553b ,L041417e46l160 1 474 13, Ia 5121242411Ci52 100215,
.U714706077542t5128 ,t*'l35740345203 2648,0327170344503134043 258

DATA (((ICXL3FF (1,J,K)tIz1#18)vJ=5v5)qK=4,4)
.040270423004575)U5i-b38,0b0460677407510104328, 11274121551305t3137278,
* 1472bl57141b700llbl.*8,a06702l6352252623527dZ4345250132544126234B,
.46'2b4l1l6302343O72b8 .a16ll1a225432 51433 0318 ,33l2533150331563304189
* 3265-73246132207 317 55B 3±465311OUJ3O4 33 305Db 2742 126b502574525U25B,
.25207Z412023071217746257,114451623115,248,136721274C51162511045B,
.101320142 706645U6 145 (U:54U05 24d05 1604108 047130476305 122054ObB

DATA (((ICXDFF ClJK),I=1#181,J=6v6),K=4q4)/
* 064. 164160654607tl.178074561C25054115O7B,122701313513174146325,
*1547162561716720047,20t5214612231023104B23534242224o7425364B,
.25Ob425b2b2b42li17i1Z ,275623GI 5130.5333lul*lb,3 11573125631343313238,
.31z3b3l07l30726305458,30265276752735026737h,26274255632477724045b,
.2460343 '5162260521642b ZjZ17 76511024 161kB, 1526 11434 13 513 130318,
* 12244114431110 4l0446,103507601073210717259071310713107301074735

.DATA (UICYOFF IJ),=,8,11)KI)/

.1771 7 17777177771777 76,177771 7 7711777711717B,177771777711777117777B,
*17777117717717177771778,ll71177717bl777717771777717777B
.117771 ?71171?17778,17771717717717777B,11777177771777177718,

*11711777171777771777717177771,1777717771777177778,

DATA ((ICYOFF (lJI'J,1=1,18),J-22j2),K=1,1J

,175651754411.i75172148,17115L612716544160758,20301201771655216110B
* 1160 120 141160517 5240 , 1o06l755,417540 17550B, 176s61781017663 175438,
.L?715 I 644L764717,2I17351751020117203438, 1 t1612061120502205058,
.Z1b312i23210j42101,210l22110272520464B903b201612C66202336,
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.202261rL,211bl12OQ1B,iO153404b72336417741B6,201511602177232OO578

UAIA M(IC.YOFF (IJqK),'l1,1bjuq=3j3)i(=Ll)/
.211j17,14342160 ibuOI$4,2220O2226'12213,214O52i3O 22O22Ob6lB,
.g1.6352023417725174Go&Zik3O- d72i67Z5lo5l3S, 171d1b642165116613tiI
.20jb5321340t11152U5776,eD0242U7472117621I62B,2.1212 211022063120443B,
.20b4455520632U55l2ObjZiQ321031I1322155B22252222522175222318,
.22616 ,350k3 ).23168,k r346ZLG05521b1421.)52B ,Z2632110420650205258,
* 203o220 o2203c02u ~s205 1'2032t0U63220b008, 2070420 204205?b 207 168

DATA M(ICYOFF (l9J,&)q1= ,Io)tJ=4,4)9K=ul)/
.2k321225(01230U4Ua324UO, 321423154231o0231155,22417222262204725338,
.2114I074420f.0B ,414325175o2l32B,1750617o3ll756417517b,
.2150(6t-1576215Cj5Z1k15B ,~lL6b2114b216221705ca, 1b4321541215002207 18,
.2ioObl5'.521035 l2bOo,213o6216742205122445Bt23203233452311023042B,
.2343-22'337523)72331b8, 315510i231b2256G,22327221722167121520B,

UAlA (I(IC.YOFF (ItjwK),1=1,8)vJ5,5),K=191)
.2570446b152633-426461b ,e654O26601l26524263741,264t60265762b41726057B,
.254.,1724d5324432241i2b,23oOl234222343223633B,235o023464235752404'8,
.0Z50k54474524725B,2GOO~i51230253762547v54635i0523125223B,
.2511 125 CJ424b646b3o,247062505025L712533O8,255502-5o332o115263138t
.2 3D~b434261oZ2b117b,Zb1732b0512b01125667B,2556425bO42561025615B,

DATA (((ICYOFF (,S,1i)J~)K11
.31b11320773211232(j7b41b473L-17315263422b,313i53132't31411A1L578,
.3%)7 L530547303453J135d,27b4027 3642720127305B 92713227101266772b7168 9
o3004l.j,G1L5.s017o3U21i5 o,301 152777U27ou7Z?675d ,a7623275 1527467276408,
.217 15k74230026 sO1B,,:01303303043230634,31004305303G64731121B,
.30 4731O2530'g50.ilU14B,3107431077310263043,3111. 46,3114320646,
.3i~OU53i12032Gi433i1t7eb 316743lo1231474315136,3l3l43 134731577315 56B

DATA M(ICYOFF (I,JK)t,11,181,JinI,1hK=22)/
.1777177771777711777b,17l77717777i17717777o,11777171777177771777789
.17771111711l17177178,1777717777171777177776,177771777717771717777B,
* 177771777717777i77771 171777117777177778, 1777117777777177778,

.117117177177711717ui, i771111Td171117777B,1177771777717777177775,

.177117777117771777Th,1771L777177777777B,117117777177?7717778

DATA ((ICYOFF (19JvK),I=1918)vJ2,2,K=2.2)
.21024iO70320770201b,210!O52Zi1202102121013B,20770204324l01.llB,

..a7o0117321.76't3l7Liop1003170621co70016642B, 11114205 1716646170716,
* 2Ci2023122037'.2G454b ,i(.*75255245320j555B,206132U45co20jZb%2OiblS,
.2U 10-14U175200b7,E)00ib t ,14Z01252034 2055,2b24t2067420565205b78,9
.2112620713 -0536 20 5648 , 2C403aD43620211200C70B, 200261775620 161203 18
.20056135C01754Z 1776U69 2U23Z10220100175518,17bb5177552O1 L520003B

DATA (ULCVLFF llqJj()q1=1, ),Jz.3)K=2,2J/
o*j2l4ljj 252237k2j3oi5,92Z5242253i2253b22335b,20)UO2Li552132(77389
.2u56 0.e361200461755,174iU173351746317335b,17533 1742517511178>54b,
.2117221a52216ti2216Ib,Lc15217022115521663b,21561214212117421062B,
.2 1162213(, 2076c(z0 754b , 2O740t.11072 13 1222 038,2 17 152 16012 1406216538t
.2k24O2k~2332110, U.,s21673.2147721Z3721043B,2074O20b2420511203b3B,
.2014120#1'320(3l520j54J8 ,Z704207732070420b55d,206a420i6721GZ521071B
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DATA (11ILYOFF 11vJvK)v1-1v18)qJ=44)9K22q2)/

.2i61OeL1I2302074'to ao5222Oi372022246,2U73206142O146Z1O3789
* 2.662752302323GI4b1,23o03232012327O23211 lh,23052225472272122370B,
.2 ,3442230122172217578,azoL1Ib2L522447226Ob2564263122526226boBt
,240)472373723614a3322o ,21o3Z 1O3Z2253242t6,2225622OTG21550213O7B,
.2k23221051.1251253BZl6442201022±52Z2ii6B,22170221622ZZ71Z23138

DATA t(L(CYIJFF (IJgK3,Izit,8),J=595),iK=Z22/
.2750t3O33603a13 977330003276727506,274Z1273332716427024a,
.26413260712564445313b,24720244322553O25615b,2bUl2261762634025435o,

.264332612325772257758,Z6016.L1262eJ273263658,2636b264672627326705B*
* 2120oaO2721a327k33o, 2747327516271Z266318926632265562655726614Bf
.*3b426372,6420~263055a61?32b16261bOOOB , 260Z6262012642326361B

DATA (UICYOFF (IJvKjJ,1Lv8)tJ=6tbiK=2a)/
*336O7T33473335Oi.33353B ,334543331733213332IB,33O34331O233 1b4326226,
,324353222732CD423lb2bB,.,456343O3323l2lB,3lO2631063310603106OB,
.324223o25373255.24018,32Z 12320133 167131601B ,3145031472314323L550B,
.31422313663i3Z6311j773,3i57531644316543166 lB,3165731 W03205232356B,
.3223232b73i4523246b32433323523240032402B,32441325073253432746B,
.33 13o3301333074. $317b 93305332755326L63253489 32501325433271032501B

DATA (IICYUFF (1,J,K)vlI1,1bbJ=L1)vK=393)
,1171f11fL?77717Th,1fl7171771?1177?717787117717777177771717B,
* 17f7771771i7177711777117171717718917777l777717711771777,

.177717-77177117717a,11711717777i177171T77B177771171l1r777177776,
* 1777 717771777 17 718, 177771717717777 1777 iB, 177171777117777 IilliB,
.1777?717717777177778917777177771777717777B847777177?717711117777B

DATA M(ICYUFF (1#J#K)v1=,1d)tJ=22)aK=3t3)I
.Zi2112326213321271,2337212b233213669213602127421267a12758,
.2rG5i207462064320552a,20652204072023b2O362B,2O273202562040417bb6B,

.210152100221033Z01476d.07142G73-. 2101421173B,2113721C,24206312045089
,2136't22l42115221154B,2116521Z5121303Z1253692102120o352055620524B,
.Zi0475ZO32220i25220343a,2Z44d.U4652043220366o9 2CQ3352(4172Q445ZO4158

UATA (U(IC.YOFF (1,jvKJvl=lvl8),J=3931,K=3v31
o*i4Cp(p277Z2Zi051Z3158 2.235ZZ632a2572305 1d23035226232245322366B 9
* 241-O6 241Z173641 11,t2l434, 110020473206028,2 11652117321054206 158,
.22Z1orj26Z6322728227402303423.462311483,230562276422534Z2400B,
.*,-4i7jL501OZ2321i1Z3oni25(C2372234Z24b8,2243122251i16MZ1e374B,
.i271b .Z624iZ47o22',1,924.7,25,622c)51225336,2233622O56216422160UBq
.214,v7sl,6421202L,0,621411 ~451402143IB,2403213721440214646

DATA (((CYOFF (1,JqK),1=1,1d),J=44).=3q3)/
*2506225205245672467(oh9Z410j324 770247352457289,2441624Z512401023722Bt
.* 413511232531 .25342652l252533821i526bZ2164417278,
.23463cs8.214241a024±0lb ,2451324o1'i25002247568, 24707245532427224140B,
*241.&>4Z3j7 o26i3j537b3624l15724154d,23b23216227562',76B,
.* tMed'36124226L't14Th ,t4167k4i6724LI6240048 ,2374723563Z3320231778,
.23114Z36322275222b348vkabO32Z57522bl4226OLB,26OL25 722706227478
.1
UATA (U1CYOFF 1IJ#K)p1=lt18,J=5v5iK233)/
.31Li63LU31313743127,3147J6631173077t~36730443040301l6B,
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.2O742542752b75B2b, 10265726122664,2b01625706256552602189

.3C&rOGL3(O33f1I573G-ib 3 #7Oi123112334,14i93 11037735 Z334iB

.3ok.43275427b727b4,27310~.7171216c327164B,27O512640127O0o310741B,
* 31(,533041 2725e303336 ,3)6 15.3U5634)4333U33l18,30304303 1030325303 fiB,

DATA M(ICYOFF tiJK)tl11l),J-'b6iK 3,3)/
.34725345373"253,* 53i6,:5i3343341134llB,336623353356333428,
,.33144.272532413320516,31o2l3l4503126731105*9310603 1i24312Gb312li8,
.333423331333247332746,3323533473310633052B,3304232773277132b2439
.32bO00b5433243032O6d 32(0l3167/-3141317415,31L,,31b273175.32245b,
* )37Ca,55033473.,5Ci6B 3j4.30337533346333708,334213345533576331538,
*3411ei3 1B3 64733 5eb2ci334673333433222330628 ,326433275032630326278

OIAA (IlCYOFF (IJvK),I=1,16),J=1,1l,K=4,4)
.177171777717771717b,i?771771l177771777E,17771717J.77717777t
.177Z717777l17717l7777btl777717777l77771777th917777177177177776,
* 177771777717777177778, L7777177771777717777b,17777117111777117777B,
.*H717177717117c,17771117771177-1177778,17777177771777117777B,
* 1777717777177771 177?t, 177771777717 77717777a, 177771777711711777778,
* 1.7171#171777771ti,17T171171l177177776, 17777177771777717777B

DATA M~ICYOFF (1,J,K),1-=1918)qJz2v2),K=494)/
.2,i.41l4421414214Co48 ,2l 6-g,13242 13bb21405co,2l4l5214572151421472B,
*213'421264212532ll30bte10o62100720o3420545Bt2J703Z07252070320646B,
,21621177212542Ii3689214t10214432143021372a,21422214052133721315B,
.21333147i2l5b12lOb,2157C02152321555215l3B,2 146521271211 1i21000B,
*2l3aI021Zi-22i77112621053,41215213222132369213202130121254211136i
.2101b207452077l1.i1005892071120731Z07602lU448,2107221004ZO71620721b

DATA ((ICYOFF (IvJK),1=1,1iJ=33,.),K=4j4)/
.23426d.42534603t7-5, 3136,4.045230232305 0 2 31423 11-*23122230338.
*226071j30302241422223b,22kl4322-000216522156082112110215122121h8,

.23 o52312b23272333c6,23263232023522312b,23O14226112243522213b,

.22744i2.2255d022't13d22bZ2172,7302300B230242272U2t>7122424B,

.2i- 042 422302217o22l30Z211221342221469222332222622215221758

DATA M(ICYUFF (lvJvK),1!-1,1b)#J=4r4)PK 4p4)/
.25101i5i54Z52U725:U~ts, 24o(J12462 12463U2453 IB924511244552441724340b
.2414U2i 7b2231k542356Utl 234U-t23e-7/304022640b l227G22 76222 73722534b v
.23665k4O71l45U2446B4?07252725cbG25131B,24141246462462224562BI
.*LO2470324135Z477hs9,'774Z472b2470624512B,24425423324023L-34678,
.244443243O24132b13952422124332425,2t33e.Z'3452i4l47237248,
*2353623545236142.)14b254423522235233455:12s5l22345OZ35052-3435B

DATA M(ICYOFF (lqjK)v1=l,1uJJzv5),K=4#4)/
,31'M4343315653166aa,3171blb3314 43,1.31, 14D.0711 .s054bB,
.30443302#3 300L3Z I oi b 9 27420272402 7213 k7 23089 27 205 2706626 746 26630b,9
.30i123t3473303144o,311631434316123163789315533153031421312368,
*31(O553071030554305~21o,3ub315.305234333373B33123G)L70i7b3o27557B,
*31O4431lb0±53Ub0Ci. 65bCp 3012'31 03330a.343U5348 ,3057530b073106,31075B,
.* 123J1134311UiOZ6LI65305100b453264,317j010132327765,B

UATA (((ICYOFF (1,J,i'dIziA41,-I=6,6),K=4,4)/
* 354i 73543 1353o6 55osv533 35 L36351153502769y346343436b 342 12 S'41 Sid

.3350e33564337033401t, ,4101.j42413425334334d343633435734a.63 4161B,
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.340b2331773376b337',Sb,336b743335133162330156,33,263271 13263232b02B,
* 34357343i333442334357b ,34412344A 33443534477693445l346413477735142B,
.351o635340-i3L35156d,3l53457734333420IB34030336723355334UJ18

DATA M(ICZOFF (,,.,1L)J11,11
*236342214i2t0202l016a,2014l1111316075151376914377135211310012600B,
.lk51l1j24261I3331Z2566b12O.-oLC56LI74211654Bll5351.L54ZI1347113O6B,
.14457106O211IJ2Z1IL3Lb,1144311714123b413153Ii140141471615551164518,
.171jlal7161202142(JC3Bl77ob176031770720134B,2047621020215612215IB,
.224172 0052- 1l7Oe3O6)8.[Z.216240102415024437B,24647246702475324757B,

DATA (((ICZDFF f1,JvK),In1,18b)9J2v2),K=1v1)I
.23614 76222O52kl1C4B,2Zg4317i36 16205153236, 143711374413244127578,
* 14.6.oI11573 123i47 1Z. 10b ,2371,1;,400 12376 12 1668, 123 101215312 007 11611BI
* 107, 11074110730110.,b, 113230 11677 1242 11, 1i63 8,13720 14556 15555 164318,
.17331&.0 172012517707B,17605l7552116b520174B,20472207672143322073BI
.224ti5 27362311233428,23b062',0432453325l5 la,25263251 5225142251108,
.2i10ii25OL224o752477bB ,i4 62 72452 7 2 4 3 5424174B,2377323'g52352023144B

DATA (((ICZOFF (1,JK),11,18),PJ=3v3),K=1,1)/
* Z41122 42a24b421557h ,205411 7517 16440 154338, 145 1614 103 134441306389
.12715126-:1l26072g71l3712u751235012250B,1233512lb2ll7221176589
.*u11 iO0110531~i08,114~77Z7lZ5'31257a,132514641563016515B,
.1772311a522002'120034.oi001220. -71773o2u244B,2U550211042155322204B,
* L23l0i b742317323543ot , 422434624641251736,253522536125321252708,
.25203251372511124731b 2'63lz456224424242416, 237702401023633232538

DATA (((ICZOFF (1,J*K),1=1,1d)vJ=4t4)PK~ltl)/
.24 .bIi353022.5S44,L+5 , 07412Oi0',17221162738, 1540614b041410b13434B,
.1325513400130331Zb555s, 123b31230212401124048, 1220j41243412453 124328,

.1720217532177'tOZ0iI0o,20153200661774020i656,205662107721443Z2107B,

.24 30s4245420Z53715B24312245e-6250252318255425445254625360,
* 252642-±20325272250b5b,245152451624520242128,2415u2413323557232148

DATA ((ICLOFF (IvJvK),1=l,16),J=5t5)9K=1v1)/
.245og2403323322225248,921a)26207201771517U538,162701564715072 143148,
* 1342413 440131L67127i1eB, 254412 5571250112371B, 1t-.44712*5 112476 125608,
* 11g.46114161166712171a, 12400126701325214CiO3B,144271525716061 165538,
.1o?21120i160,2001Ob21o320071201742035IB,20512111621372217008,
* 2lb1222i.612272523553bi,i4, a62460j25037251208 ,2525525306253672534l8,
.2,301251112510724734b~s453424.413241b524057B,2377023b542347223127B

DATA (((ICZOFF (IjqJ,i,11,1)qJ 6v6J,Kzlv1)I
.2376U23643232542260i1 ,417442140420'i5517527B8, 11.71640315671 154758,
.1472714423I423514042b, 13a.270135171352413527b,135c1135lll35413568,
.1s4221274513U70C13368913bfj6l4l1Gl457bl5L63fi,1547216025164101676OBt
l30017555177421716ejb,20011200112004520157h,203612074Z-21150Z13338,

.2 1116220 13222 1422ob2b , 315523 36 123605 2377 18 2413224 166242 00241708,

.24236z4211241237068 ,2.645235762343 52325 48,2273 12262222 502224+118

DATA ((IICZUFF (IjIK)11,Jl),Jmlql)qK=2v2)/
.Z432b235022b.621a7o,2a50#174641631515244891425213161232312076,
* 11121L1436113uUk144.0911445114671I4t52114008, 11354112l6l1066101158,
* 07 75110t53 10205103 0jb, 1064 11 311116 126418, 13526 14466 15555 16 78,
* 17502C33720633,20.,.568 17670 1777220 145203718,9207362 1.3022155422 1278,
*2233i7230042321523063bt, 32522404424542251036, 25345254752,$472256108,
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*25745260462615251r-5ol)45416251324677B,24372231772353623342b

DATA £eG1CZOFF (1,JK)pl1I18),J 2,2)vK=2t2)/

.11I60120D0115blll526h,115551161311545114626,11514115071121311077B,
ol00211E#(36lrjl42ICo,-,,44bI6311221173212474139134441434315467165OB9
* 114(JjOl2204542007 -b,2LDi5l77o5201O520423b,2U7342125421l 132201GB,
.2230C52301623231k2340bb,2371724t3472510525471B,25727256562570325614b,
.260,;Z60206001501b 255.625.64251152466892 43622410523 56223272B

DATA (((ICZDFF (1,J,K),l:118)tJ=3v3),K=2,2)/
.241702353522572ilb05B,20576173521630115162B,141731335212604117778,
.*L767117661175b1146UI1J37311413Ii3D6112638,1126711150I11711075B,,
.1002310113101651016,1btU6bUl13a1204312560,13306143211537216447B,
*1352G342G351Zb3b2014Z16203320422B210222672157722175B
.220227042 32437b244247l2511254678256626025260402575189
.2lbb6k(6.-5G~ 9255 13.e5204250322463689,+~35i241402366023233B

C)AIA t(1CZUFF (l1JvK),I=1,L8)9J24v4)9K=2,2)/
*24#204k34732271321771b,,L044517402162421523ob,142751343612561121728,

.102461G22310362105k0is,10154113301200512615a,1354214607153741637289

.1736117735ZO1572Z3ia,2a373202552Oj5O2O540BZI006213502166522340B,

.223522kb112335524a746924725i525025422256048,257362611626170262108,
* 262122b1432572425a44I8,254702520625U22246628,24431242262372523245B

DATA (((I(.ZOFF (1,JtK)tl1tI18)tJ5t5)vK=22)/
.240332a20O2241422045692113*20224i713116125a,15l7l143241364Z1316589
* 1.t62422141175411541t, 11'44140L1335113108911511114011151211617B,
* 105451066311O7611400b, 1J7b4l23lbl2734i346bB,142151476715665164618f
.L71101742020012203346,2U5bb20b6420)742210b4B,2IL66214132174622324B
* 2261 1~b22.,5162421CP89*24654252242541425651B,2 57702515626021261 OIB,
.26U4225753256352544,2.t7425GC,12455524463b, 24272240402.3456230428

DATA ((IICZ&jFF flvJvK)v1=1q1blJ~bq6),I(=2q2)/
.23 6&2 .12472 1124355D ,2150 0O73720135112 b, 165621557514764 143418,
* 1317tk1.,4'U17b1Zll3b 12125 1255212b'.?121018, 1257112 513 12 545 126768,
* 11b051201012Z7L125B, 9130501346.,14040145328,1516015605161 52165278,
.17221175601774320ds27tI,237720537206702102B,2125421436216-s42222lB,
.22002.-241023033234408 , .73424 153243o42455 ib,2473525 10325003 250258,
.2474724607245o5244b(,j1,243352422u231112361IB,23455231652274122i278

DATA (((ICLOQFF (IvJvK),1;2,1O),JzI,1),K=3v3)/
*243Uli.34 22525 -53 4dt2U3571111115642L4514btl1s3551241611414110158,
* 106141037210245 10174b ,101121021110 10110L10 1 , 12431035210350 104238,
.07.3ZZ1415045CD757b,10141042l103211a4,B,1236713341145b115653B,
.1a)5111?316177332021g2o~i02l4203352O613210068,2l3012lb0522U74Z234789
* 23U04k34352361623563b ,24U20246342 5243257238 .2624026 5502672'.27132bt
27l72-7l66Z71622677lBg26475. .103256062532lB92i7652436223771?33638

UAJA ((t('.ZOFF (LJ9K)t11--,1l),Js2,2)tK=393)/
.242.534222.40bl .03471177157201456683,. i4441242111554111 liB,
*1Go626104b61303101526,1007b101061007110142B,102l5l024110341104208,
*0?Z. olu732507452u76U4691OLL0104.40110511661891240013473145011557089
.1.65,%,175:IZ11 034LB*ZiilZO54OZO72521144Bt2ls56215772205OZ226569
*jz75i473717240.l243~722501 255Z)262768265772673627OU21148,

.2123b521167a405226704b,2641726134255572524IB, 247752441724041 234268
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DATA (IIICZOFF (1,JvK),I=1,18),J=3v3)vK3,v3)/
.23763j.3Zjj2.255Z25689202(J41677O1557614.i33891341233711502111178t
* 06u5 10573 1L3oaa,100456*0O11g6 170cbl00'2 101408, 1024410231 10 345 10454B,
.0737(7352075660762(d,j(,24IO456111O4UI6458,124O013414145O115440B,
* 1641517331177352O2d4oZO4tol2Ob4274121130B,2135b2lo4222004222bo8,
.2 712.32762403o243467b,25021254752606726422B,2667027062Z7 1542711DB,
.211742714226742bz .389,635226137255722525 18,24147244362402323331 B

DATA IUICLOFF (1,JK),1=l,18)qJ=4,4)qK=3t3)/
.2371 524:060221262 107Th ,2006 1666615522 1443(18, 1j412 12375ll166 1145BI
.1,76010116l034710051bIf767475740765610047B,1007710163102671041B,
* 07526(174550764207 7336 , 122 0631120 11116 58,1260213454145 15 1536 5B,
.1o32172331764720217B,*20557207252l161205B2. 612161422062223158,
* a2705230245270.8 25461260502~641126±63892672727077272202724OB,
.2lz142712326b5,65748zb320261325552531082t77224,42237602322LB

DATA (((ICZOFF (1,JtK)p1=lp18)iJ=5v5)vK=3p3)/
.23277224712164,21016Z226111616315165B1422613354125631214OB,
.114651102210505102528,102211(,17410134102548, 104421056110706111138,
* 1021510265 1044210725w ,11L03115141213612652B, 133211414415045156648,
*1840$11714517715i0'4.ib2777Z166214242150B2171O22101224002250289
*23245140702120324575i 25233257Zo262132651.38,2666726710270ci62612 18,
.2665026554i6375261268, 25645i53332503024736B,244452422.,513230018

DATA (((1CZJFF (lqqJd,=l,18)#J=6v6)9K=3v )/
*Z P06722441217b3212213 2O5bO2OO321714016332b~,l55 121416U1416ll134538P
* 130141 .45 k2314121256B,4001117501I175711735b,1173O11734120141214ia,
*1141611504116361201ib,123a3l276413453140238,14520152121565216244B,
.10675112751720320paJ63U2U7772115221304a,2l44621564L4177022276B,
.21l32L7042 3372i7268924250245022473325143Bt25327254352346425462B,
*g25332e5214250347s 13 ,4467242.,12410623733u,2355023176227,6223758

~JAIA (((ICZOFF (1,JK)v1=1,1o)J=lvl)qK=4v4)/
.236O)7230742222.32 1174td v 17755 165461 5404144148, 13407 1240111663 114578,
. 11 121055510161077678 ,(75U40732o072440710C)B,011330732407320015018t
* 06157(170570715 107T55a,07a451026olO77011715B , 2643 13643 14647 15522BI
* 16k2316726 1745320133B,205622105421 34121575B,22i47Z240022622230 138,
.2322b2.35422371623 7*68 92'14124o652530525567B 9261552661127 2012741069
.2751u27b2227514,i131Uidtk7U23k6±1v226133255758, 25226246632'i27723637B

UA1A (((ICZOFF (IqJK),1=1,ld1,J=2t2)9K=4v4)/
.2 ji242303422 225 1126 , 1713116555 15 . 76144268, 13377 12403 11142 115228,
*11242101141036310035b,075440731102110711B0720707302i736315763,
.Qj7(j7073072L'.07t28,0111103j01I1060116618,1257113633147361545189
.*13710021451O133t,206l62lU6321341215408922005222262Z43722606B,

.23 1342354524024241466, 2443Z2502 12541 12615 18,2662521 14527432 214738,

.2 72763627537273j$5b67721264332'6U1325576B ,253102503Cs2436423665B

()AIA M(ICLUFF (1,JqKR,11,1lo),J33)I.4,4)/
.23601C2(22113410741320021664i15462143348,133211237211744115638,
*11440111301062610150,070.3072110701107078,C,717007277(,74570772589
* 07U5407 12107230014228, 10JO3 1040211122 1165 6139,126 33 13 735 146 54 154203,
.l16241l7u5517701202177 .2066121 1372 14012163LB,2 20202224222453 2Z67lBV
.2306 7e350l24l100.4431d , 41112545526044264146, 26176 2726,2;-7501275323,
.2 1600276L7Z154627 351b, 2110626542261112561 78,25335 2503024336 236528

DATA M(ICLUFF (l9JvK),11,1tb)9J=4v4)tK=4,4)/
.236012272522UU2206508,176201652315473144548,134231251612056 116758,
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.11b75k13I11O7O7LO157,C.1561i72207(j4707100B,C,12i3U7a24056107765B,

LJATA (((CZUFF (,,~,~,8,=,)K44
.23361ZZ5.72L1252lO55s,2OLo2l722316273152518143.71352213151241z6,
.117:ibli157lO4D11I77l3.75675477!'t1eO7663G1O5O3i210423,

.1630117O76176652U34,eO1ZU52134?-io2223OB22422432z5452300589
*221IU.j4o4Z4226247Ot>, 25? 71'644264 4271t6a27212273152'4O1273748,
* 2i362272 027056Z65 776 *e?63 16260052 b4642520 76247072436 423727232208

UATA (((ICLUFF (lJqK),1=l,18)oj=6j6)qK=4'4)I
.23 52z U2113221112b,2Li411167e-1707516256O ,1547414732i417c13524B,
.1304112454.1213b~ic73b9j1465ll350113DZ11314BI 1344115071156417 2B,
.1112711263LI4571160189121131Z527l310bA35275914207147041541716036B,
.Lbbl 11121Q11b21k0234b,2Ob40e12b421532l46B2205222154Z31022550B,
.,k2i6Z13263236332iq±70a,2'4515250b1254U525b2 5B9 25761261132bl53201468 q
.2b15520004s.5032-44bw2515124052450624273B240L52355u232 lb22555B

OATA (((IC.LOFF(IJK),I=I,18j ,J1,1),K=u1,)/
.1l~l7f77717177a,11177717717777178,11777171777711778,
*11il71717777177 flB,1717117777177177778,17777177771777717777B,
.177171177711777177?7th..17711717177717771?b,1777111771777717777B,
.1777717777177717171,i,171177171717f7B7,1177177177177778
*i171717777777117adL7777177771777717777B,17777177771777717777Bq
.1f777I717777I177o17771777l1771111717b, 1711 I1711777717777B

DATA (((ICLOFF(1,JIKJ,1=l1,8),j=,2).K=Il)/
.2002o2o0222O0051a,~2UU620732k)4120145B2l34200'.2016120141B,
.ZI!)k5320b7i0262.sj54,2i~21321662127620blZO5520a3617746B
.176'6k7747171415U0bt ,1417147517503175026 9 753617 54017 540175 128,
1I701511175U2174k~o 9 ll'+3212L200302O 15 B 2021720263202 212U32 18,

*~~~~ 6 0 iG21 O0428 eOQ.i720 1652 022 120242a,2 02442 024420227 201 74B
.2O120 .Ou1l2001120O53b,201. 620510117200048917746176641773017742B

L)AIA t(IiCLUFF(1,JK),1=1,1,),j=393),K=1,1)/
* 111642001,20110201 ib ,21J562015420155Z016 38,20i012020320j0U3203366,
.20j3502652024320252b22b220.s2016i320104B,2UU13I7735177i1l7b758,
.2u14OU0217745b,17o.416011l6301b3d1Th451764I15,011447B,
.Id4olk 7460 1153 117b438 17131200 42027620642a, 2065620 70120 707 206lOBt
. 01 I32o,*622oal7320ia1,2G355Z04o62O42bU20.6089,20oc5?.45223377 203218 ,
.202371201232O0540156i~lc02u~i'42Jl'fr20014B,2O047176',417b?217735B

LiATA (((ICL0FF(IJKl ,l1,ld) ,J=4,4i.K- L1)/
.2005G55000l O2806Z0620026226270l2042l2520401032b,
.2032520324203332Oe75i,20237z0l63201012Ci56B,2C001l107177L4L764589
.*~LO03L17l176l7a631~i5?'11Ot417fJ17OO6B,17623176051753217625B,
.175:67aO117611177b20Z242246206k1,5t21012222LI03zl0458,
.21 .1207552061.3206018.20612 6420114207248 .201 1420c6 720b31205'4b
oZ457O4522t3Z010b,2Ol3Z317227OZO04b92Ol52ZOO512UO3620042B

DAlA (((ICLOFF(1,JIU ,1=1,ld) ,j=5,5),K=1,1)/
.4~o40i ~6Zi~tO~,052l60082Z304233076
.*2.G4742042320a17203a4bgiO2702O161250CC)O05,1775420004177111773b8#
o202&'7201622G2LZ204-,U902U2O52O7lk07b2O752O622OL52025O0Bt
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.Z233eO4232O464205Ui5a32043210572121521347B,21553216632201222060B,

.2kojcg1143al72521724b ,gZ1 33l73221755217448,2174121 73021101216478,

.2I6I421535215Z721315b,212602115k21U31iO71b8,205532044420322202528

L)ATA (((ICLOFF(IJK),=118)J6,b),K=1,1)/
.21061210522103320677bzG~601tkib3l2(j467204Z0jB 20j434i042l20471205l5B,
.2055726605205752054t5B,2U5D0204O120O3012O2Z48,2Ol44200772003017751B,
.2043220451204442043bb,204322044020431204528920474205102052520621B,
.206752U7342104321175b,233i215!. ,21754221216922352224242ZZ57122735B,
*Z 471226142250722!)66i,23o3225aL22544225Z6892257222b752271322715B,
*226ZC,22575225062231bB, 22. $02-ei7b22026 21706EI921513214022131621224B

DATA (((ILLOFF(LJMi=1,81JJll),K 2,21
.1171111717717777b,1711111771717178,1171177771777177B,
.177171-1771777717717th,117771771711177171771b171717177177717178,
.17771777717777177776, 177177177717777B, 111771777717777 171778,
* 1777717177177717111B,1?7771777171771177789177717777177111777789
* 14f1f7117777171777,17777177717777i1777BI777117771777717777BI
* 117771777717771177769,111177177177177778,11177111717777171778

DATA (((ICLOFF(IJKJPj=1,18),J=2,2),K=292)I
.20035200042003D1l77746,20u03i,05a200~72UO06b,20140 0130Z012018B
.20U103okU01t3Z01G2r.8jj04G240CMZ1173617743B, 17766200302001620031BI
.200-31l1661?611762bol76327617170017602817574175117522175118,.1Th1Ca7502153517554di1660177472012520304B,204372041620403203428,
.ZO34520Z0O2(j00317116t1,77231l751200652O0l4B,20i2O2Ol2l2Ol3l20O4489
*17772L140L77752O06692juQ01774bl7736176568917640176531771317676B

DATA (t(ILtJ)FF(IJIK),I=l,18),J=33)IK=292)/
o2U0.A ,'400632012200bIt2004420064200612O121B,201472017O2024720307B,
*22k~62~jDG74Z0Ci7L8,20C55200142001120004B ,2000420032200O1617778B,
.200ai3zOO442003117757h 1770617b261161017607b, 11571 1755611544 174458,
* 11 5-2175721763217765b , 203l20Z0b20343206678, 20726207 132060720612B,,
*20672 04642J33;42Uhal3aBti017720233i20326203638,20415203712030020220BI
.20140ZO1332011OZO73ak0oi.5zu1220062200373, 200l11171517731717746B

DATA (((ICLUFF(IIPJK) ,11, 18),J=494) ,KzZ,2)/
.2L163202022023620221b,20563s01452011320140b,20132202302U351 204008,
.203 ziO30o20225rZ013L8,20073 20L0120047200548,20033200222002420043B,
.*-0la4a0126201O2U0k18,Llia4l775ZI773417725B,17701176531772517711B,
*1#7201775120041202168,2025O2O44L2066621l0O68,210272105121045211368,
*L47Zk0752Q1',a2Ublo8 ,20541720 56520661 200168, 2070720o6b320 570 2050189
*eA43L2D323s,025220a24b ,a0230Z026020242202438,202222( L522012120L 138

DATA I((IICLOFF(1,J,K),I=l,16),J=-595),K=2i /
.2G6111, 111021Z1O3b23504Z204400435B242420422204720533,
* 201 7,c06112055720457b ,iu320216205402U443a, 2044120 52120454200668,
* 2137 4i60Z(s46640465b 92047520 51 120522205Z18, 205512061520511 2057 28,
.201i0711207642l0b38,i12242134221521216318 ,217442205Z22012221208,
*2214#027126422bb1,2243222152216322107d,22111220562202622000b,
*216621I61521552aI44Th,213,*5a23121 1 0210028,2U724206762U10520604B

DATA (((LCLUFF(IJA(),11,od) ,Jz66) ,KZ23 /
.214642&4132i37521ijZB9212342L23*2111721O18210442102421053fl078,
.21l5klll3210772103(Jt12755206632057l2Dbl5Bt2G4502042320363203318t
o2c156kU744207632077kbt2lQQ62l0l22lU3021055b,211072114221204212558t
*213.sli13712145421564n,21731220442217222320b,224212254422a66a77Bt
.2275o23053i3C,6404B,2-(052276±*)22147227538 ,227762215622~7,e?2730a,

335



.22 7 $42Z703226362i547B ,22457ZZ34't22Z412212OB ,220012170121b21Za550B

DATA ((1CLOFF(I1JK),1~lIb),Jz1,1),K=3,31
* 11171777177717777h,111777177 717777b,177717177177717777B,
.1777177177717771Th1117717il77717777b,17771777717117789

.117II7177177117I,771117 1V1717777177778,17777177771f77 71778,

.17771f717177l1L177777~777177717777617777l77771777717771777,

.17177177177771777B,19777777717777177778,177777777±7777L77778

DATA (tCOFIJ&,=,6,=,)Kj3
.ZuO.332001620025ZDD326,2OU522LUO6?201112D143b,2Ol4720171202122017089
.*121~jO120212i.3ai,; GD13sui552011'i2OO26B,2OOob2OO7a2O±2O2OUaiB,
.20010200231777177b5bgL71%O1774517741i177Olb1124172117b2173iB,
* 1772-171231?1542OO32BpZiA3Z22217ZO304204768,205342O 5O1ZO4262037589

.2uli1O2O1720020L177758940026200162001217766dl756177601776b517762B

DATA (((ICLGFFIIJK)I1=1,lb),J=3,33,K=3,3J
.2U4162LU186201642OI5Db ,i~la20267Z02742026a3b ,203l120344Z03532033 18,
.2u k232Q3223bd219Z3~O5520762113820272065206720112B,

.2007o2012720215O3148 ~ok-41320 5620,6752L508 t212521132046,206458 9
o. 0756206232G36*Z2348,20J1b62ua26203172041Ot3,204b32O'6520434204318v
.j3bl2O3O32017020316tkC141142752012B2O612(#05Zj420526

DATA (((ICLOFF(1,JK),1=1,jbJI=4,4),K2393)/
ZU5&86436433ZO3'6O49Z345~20236523105B2,2O3244244244489
.eO44340410204L72U3aO8,2O234Z222O62OO778,2oo132JO57200b2o15B,
.*uo.6722bi2O2552030,td,2O244Z2?3a202642O252b,2OZ472O22o2O2202O271B,
.iU33L20373ZU41g2U544Bo7022106221266214i2B92L374213142L217ZL13789
.21.354ii11462O1772Ub54iZU5772057420637207IL8,2076L210142077020733B,
.2065OkU535ZD4372O3Z2a,202 14Z2 2~0O24620234i, 2(122520205202 20202 138

IJATA C((ICLUFF(1,J,&)lg=l,1d),Jz-595),K=393)/
.2.i±L ileI07521LcCiOa101b2L08242O71320732a,2O720207422072620717B,
.2U7Lk~720635052~4b , 3722027020226i201425,200b',200b720105,201678,
.2(U53o257420b352Ob63B,2U7L22U75aZ077U20777B,210132102221015210346,
.211442L2132132021444b,2l4734171622006220106,22l512205022135e247oBt
*223722217721610, 2Lk kd,62 1122212i7222222a92z21321z22146221oza,
.Zi04 )114421b5121547bZ1l4402135521261211508,21066210332U7b120747B

DATA (4t1CLOFF(1,JK),I-19b),J=6,b3,K 393)/
.2.k7120Z217254bbb,2Zk 50521422137162132712472127621316a,
.21304212362ll52aI0't4otZ,733ZOb24e052220501Ib,204672046120461204456,
.i.1130Ga1362I37L154,2ii7 .122621?-732L3378921367214072144721541B,
.21626Z1110217311 7i s,220132e11O2i223022350B,2243322514i256522b76B,
.23iu2431762.316623157b,i.3L3&23±2623127231248,23i2223073230502i30638,
.23u5o2,c77422700226400,Z2577225122140722310B,2215022054217h62l735B

DATA 1(f1CLDFF(lJKJ,1ll~8,.iz1,1l),I(=4,4)/
* 17771771777717717l,177771777'11771717777b,17777177711111117189

.117771111771777117c,11711177717777117778,1177111771711177178,7
* 17771171771777~771777b,111171777717778,1771777171177717777B,
.1777771177117717b1777177717777177778,1177177771777177778*
* L77771177177i7izib, 17717771717777177778,1777717771777717778
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DATA (((I(LFFI1JK),=l,18),J=292),K=494)/
.2UO1 5t0063 UOabZO0lUt2011c2011620 12120 1618,201542020520205201538,
.2CiO64k004320.62a0L'tIB , 1z4200bZ2OU2120017B ,200372007020044200066,
e20047200662007520060*OU.44200342003220025,20030200462O06l2OD7O8,
..z0.3kui5b2oi7220Z269i 202332027320347 20415B, 20460204612041420367B,
.2 11l2020320112200518, 171 7320 0072Ch0442CD11 18 20 13520 1342G156202038,
.20L17201562Olll2OO67t,2(U352UU412004420032bt2OO442003320020200308

DATA (I(ICL0FF(ItjK).I:-1,18),J=393),K=494)/
.2037740366i055203608,20gk46202542030020273B,203202037420403203238,
.2OkUaO62l133aU22I8 ,202.a42062010720065B,20117200572005320070B,
.20175202042021220P20i8 ,20203201l752C,11020165B,20200202l020230202518,
.2U335203662042240464,2)535206242C)72521000b.2 10432 105321033207 3bB
.206312051520366203008 ,aOa 3,?0 21c6202a22033j8,20j41 12045 1205032052 18,
* 204652040520311202538 ,202 120 16020 16320 1768,201102015720 14220145B

DATA I((ILCLOFF(1,JK),11,Ild),J=4,4),K=4,4)/
.2u5 33 052l20524205ko,23520402D414Z0374B,204672053620533204525,
.2u3a4e03262033520325b ,202752U252202022Ol56B,201432012020140201336,
.203.sO203212034423ea5 20332203342034420336B,2033120343e036720465B,
.205222(057720631 Thlr58,92104121162212b3213508,2l44021426213442123189
.2120 12105620 240613B ,405'4*s562205612O617B,20664207322102021030B,
*..0771 i2i6342056220506a ,20447203612035520326B,20325203062030720301B

&)ATA (((ICLOFF(1,JK),1=1ltsb),J=5,5),K=494)/
.21Z2132123121247b212o022'.5212232117389211b0211242107521046av
* 207762(07512066620b14a .2052220463Z0432204l58,Z~033O2572O22520178,t
* 20573Z06402i7 12207b68 ,2lO2221053210722107789.211232 11652121421247B9
.21315s1416215O62161t8 ,2170621716220662Z153,3,222452232722257 222478,
*2240O 3 142215022112b ,221102 1172 206522066B 22 12 122 11722 16 122 1558,
.2ilb0ZIL322061L76bh,2l65i6215642146221376B,21307212272120721166B

DATA ItIICLOFF(IJKhI1=1,LdIgJ=6,6),K=4,4)/
.221o3221462Z1332k-105b ,2203221746216132164tt*2l6ll215262146221467B,
.21422213472127421157B,2±100207632067720620B,2055320523204152047539
o2k 221153ZL22621i036921357214lo2 147121543b ,2 oObZ 1b6l12173522015Bt
* 2 Lu62L1672 263223468 ,22430224272 247622 5708,2 2642227 1322 752227778,
.2.253o23225232 1423214dt2223232362326723301dt23266232742325523237B,
.432i320Z623145230548922766s 271722626225l1t6,224012226622156220758

DATA (((ICMOFF(IJK),L11),J-'1,1),K=1,1)/
*2U427L0446Z0473205256,205122047h2053720553bip206b42072lZ071321Ob2Bq
.211b321240O21275al3t,4o,2l340z14u4Z136521247B,2121221173210772100289
.eX,.56 020020056 176628 ,1744117 157101561656 78 ,642116277 160 76 160008,
.1,-555154441532115151b,150631500415020151218, 152361512615264155628,
.16U47lbi',7L653317112891740717712202732G600bb2l0b42140221646217628
.217h3 202521752217118,21ob72lb0021453212738,21175207622064620465B

UATA I((ICMqFFilIJK),I=llu),J=2,2),K=1,1)/
.2O347204122O466z05OlB,205lli0503205142(J650oB,2U7b2210412l06721104B,
*2116621244212402lk54dt2la53214212134721247lB,2120721163 2 11202075689
.2042 1202322002o17ao358, 174071720011042166668, 1646016326i6l61 '60468,
.15704155511534015,17u6,15U73150241477015045Btl5l621512715303155618,
*116l163.'165731051,11361177642024255b,92l0513221626217318,
.2 G41 132220222174 , 21731216132 145 3213178, 2127121073207 1bd.036B

DATA ti(lCMOFFI lJ~IK) 1=1,18),j=3.31,K=1,lI/
.2042120432204c5405438,2U55120o02206502102UB,2113021214213232136U8,
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.2132021307212'g1212746,21331213$5U2127721244B,2I11b2I113210272073bB

.2U2522(,iC3731Thlb,17355l11O3I675016560B,164041b2b51611615774,

.15-112154551523OI5Ob409147631460O146431466589147131507715a17515652B

.15 7401u265 Ab5241675ieB ,172217612011120506aB,21000212o5215 2521675B v

.1Z,-ll25225217b~,i1722131215412144B92l3l42115021035207148

DATA f((IC.IUtFF(IJKI ,1,ldljJ4,41 ,K1,-Ij
.2(41~k 4253207B e647U27271(3142165BZI11O2lil2143215078,

.2(G250GZ(,O4bI1701~7'7Da317OL707313a16535B,164031625016L1160O2B,

.I5t>4214365l1615bob1415463U43I4546fB14(55l753(6i51O3Bv

.lb(5316317lo46116674d,1717315462012620504B,2o167212242147221b3b

.a-1723kli11bt.I74321bb1B ,Ilbl0215aUZ15532] IiB23421175211052O7446

DAIA (((ICMOFFtIsJK),1=1,Ia0)J595),K=lsl)/
.*466203 7 O4642052c1,LO555206432iOI22115139213462143721520215018t
.21514ik145b2142b 13-Jb,2l3 17ZI26221ZI52111Ob,21G36207C2O5412O444B,
.20o~g117574174641727fb,1706616652 1651016325B,1l6ll0160161572UI5573B,
.153 2l15153±47471457D)691451214.,3314461422,1tl3534521i1521522469
.15b46O4bl42116UZBi7Looi?43777224.,824642642073521011B,
.21lo2212362122221lOro,23o7213562126621066Bt2O77720754ZU70520731a

DATA (((lCMOFF(IJK),1=1916),J=66),K 1,1)/
.kUkoO U2222I4U8,B2O4125162Ob2275O,2lJ162 1110212402 1272b,
.21i471 47212672IZ57tb,21302iL0221 I 't2O75,2673205,720.II202558,
.2Uk4317742I1462I17 -bc,lii0-6167C116!)4b61lB,161621603115b5215533B,
.1536i±520 1507115Li3409150311500615034150638.15133153151551315731S,
.1b0sO1653017U3123B,17351175iLl7&1o20035a,2Ui572o254203532045os,

DATA (IsICMOFF(IJtgK),1=1,1b),J=1,1),K=2,2)/
.LO653Lo625O7O21C7B,106OZ1412571313B,226213042232124U3,

.4O523,312O111744b174O7115167341655Bt637762,415774j55428,

.L1to1aI0l2 I 47111L, 174.10176722Ua2462063289 211342145221755222128,
* 242OU5k213±22077221ckd, .201Z2174421b4221500B,2i443213:31212362073t

DATA (((ICMUFF(1,Jgs,l=1,1a)9 J=2,z),,=292)/
.2U7u267Z0762IU2569217311-1212323l2,2466213b~4Z2l36269
.2134121311a-13112i312B92i4UU2I47221461214556,2144oI141bz-131721154b,
.20426b,.611176715i4bI13l3l7Ob116b11Ib474dgic3O3l81441bO415533B,
.1532I1l1(J01470714551b,14:i'1452414504145548,14700150651524615521B,
* 15535k6i231646011u~e6b ,172b7l76172O1142O501B,211142146422003a21O4B,
.2&i33k272Oo2Z-.2(6,22UI21121646215613,2140021353el2ll2llO7B

ZATA (((ICMOFF(I1JK),li,1U),J=3,3),K=j,2)
.265&0!3 7413,l11OU21201213Di52145 1b,2l±302l55 -21b3-'21b10B,
.*313342127az344821372452155214513,214342133412.1l2l0b4B,
.2 121576141,7717410664B1236017551B
.15631,1O1166455oI44261t31447314417~,14231534152711550bB,
.1554O16116lb405kb5C~b~k1O5ll74252O0522O454B,21l.2221371clt7J/-l0b,
.2t5zO52427691727 513252*1323115215
I/
DATA ((CICMOFF(1,JK) ,I~1,18),j=4,4),K=2,2)/
.21O4 A.302U7o2210A4c,21173213052141U21,33d,2l547216072166621733B,
* 216.12144213,41 3 b* 2136Ud'22 142Z42212B,2 1355212721152 1 3-#B
.2u27120041 17625I174(3b,1714116 7311654116311b, 16173l6u2bl5601 154556,
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* 1531115O70146671444!>,144121434Mi43414437894421474315061.5503B,
.I567161016 306454-,6145i3lI1724203219252ll5147417158,
.2177521742217ai4Z,8i1Th12l152b321535,Z14232127721c0j21155B

a)ATA I(tICM0DF(,jK),IlliJ=5,5),K=292)/

,21,j442iU2211142lllB2ll1052112721251Z130Bv2l2321630216721701B,
.216z4216O421475e?1435B ,e1417213452127621b6B,2llD12D7212057244O8,
.2GPI5I77301745317213B,16755ioA5331634?16141B,15742156031547515376B#
.15,Z4±O74434517b14435't442L44b4l45136, 145431464615061153138,
.155oe1577316301o5616,,16112 172761761020102b,2U361205412071421113b#
.2112154213272i1,ZB14421443021247,24721242211211548

DAlA I(tICMOFF(1,JK),1=1,18),J=6,6)tK=2,2)/
*2.C54205742060a2 7(b,2U720iZ0l3521h621134892122421357214612 14718,

.* 02552~i0617622173bLii,17l301667316511lo332B,16133157431554215307B,
* 153O41!23j 1520115 130B 150 1k)L03a 15,015 16 58, 1530115447 158 21157648,
*1O1i41t>3601b1217(J7L,,172741745617bO611b75B,2G~j372023020364Z04408,
.20532206022u67i2U7218,407'4)40736207b520756b,2036210272073520741B

DATA ((ICi4OFF(1,J,K) ,1=llbhtJ=11) ,K=393)/
,*i~o.22213252140216 8 ,eLOO02171O217452L7478,el74221771417,721b70B,
.*5Ii2553±5221524,200121502153215155,21444213732126221114B,
* 2034420070 17625 1733789,17060 166 1416414 16,E2o8, 1603015664155 16 153548,
.15005l46i41440514220b,14l4O141431417614272b14411'51513415t16B,
.1552o160461642UL7U44otL7.3Z5l5IL2001720360B, 2U7232127221631220648,
* 22167 22122131 -2117b ,220 5. 2012 176 22 1660B,2 15452144 7213562122 18

DATA (((ICM0FF(I,4,I),1=ls1d),J=292),K=393)I
.25213 17 14402 1.53o8 ,216002 16522 17152114689,220 1522023220442202389
.21125216112153621536B,2.L611216l7215642147OB,214462141321.20211308,
.2342(J40175501725469170171655dI632616136b,16023156631543315266B,
lb152514613 14446142668ti 42 UJ14167142321431l06,l44511465515137 15460a,

.1551 121640741,7461.1,+1411771420247B2b532131021660e22489

.*a317122177217215d,221132204527721738,215712144213312122 ,B

DATA ((t1CMOFF(1,JKJ,11,1lbiJ=3,3),K=3,31
*21i3i1245ZI36321505b,a41al~o3b~2l7272Z0228,22037220772Z14322132B,
.* :0434.172121525138 i, 21543-21 55421521215076,2 142 1~13202121521O278,
.,4u217177 13 1744bl1114o 16127 16505163 11161068, 157411555615341 15151B*
*147TI214635144Gj6l4247B,14Vl-3141601422514324B,14451146641520415477B,
* 1541 3160 25 163441a552b , b724172 14 1756620 1778, 2u52421132215 142 17448t
*221i4k262222332i078,2207C522U2021761216648,2l5562141721314212376

DATA (((ICM0FF(IJK)I1,18),J4,4),K 3,3)/
.21212212612135021400bv~lo2274220052203,2l71221002z134221608,
*2k551672215451S1B,2a525214172142021420B,213052121121072207278I
,20L5317657174LOL7L4?dtlob5216453162l5lo0l4B, 15b301544615272 151008,
.1474o14b031437114221b,1411U1411214125142658,1450314733151561543l8,
.15 416(i22162461ba5h,165617063746320063,2454210012134Z2163lb,
.2171,t250216- .LS6B ,24103s20462l7322l67la,2l55Ce14232131021271B

DATA I((ICPIOFF( 1,JK),11ltli) J=595) ,K=3,3)
.21207213012141U4142ZO,21316214532153521622b,211320132205522011b,
*ol31b 2 1561*.13b ,Z4332134L21217211108,21U04206752U553Z0400B,
.2 0A.6174712 Zo16768 , a527 1627416113157028 ,15453 15333 15114 150 728,
* 14 75014553 14355 14k7bB 14301144221447 21451 28, 4610 15163 153111550DB,
*1576 21617OL,432216.7i8,1~662417i061137O17702B,20?.022044520720Z1l6B,~
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.2I3552151021565,i612b,2l!)52215lU214i421367b,21334213312125721307B

DATA (IIICMOFFII,J,&),I.II6)Jb6,o),K'3,35)/
.zoIg~lu22751D7Ic6,21132142123621 33B2L372141215212153 3B,

.200b5l7o2ll7374,11c5,io7301b±527b35Lbl3jBtl57461557415422152448,

.15U6IIL477Ui476115iOUB,15Ui3ei5U611511415171i8,i530515460156371bOI5B,

.Ib~j612514731724b1111I?26174177bI4a7712014ij25t2J402B,

.2U;567O64-IjO1Gb2,7h,?b2U~b)2123210.7211itd,211i7210712105721063b

DATA (Ct ICMUFF(I,J,K) ,=19ha),J=1,1),K4,4)/
.Z1454jkbZ561752173b,2kuu217527't-1714dt2lb~l~l654216262156OB,
.21-S02155341615dl56.-.pLi63UZlbt42L56021475o,21371213232112427573,

.14!)3.-14.241544,44,135.1714414O1414131B,14j 05145461503b153748,

.1,o5-s5lb11b453105b,1730074b1c,722015B24222672.136214656,

.22O±Lk422z2222L6(,tz24122±6222i33220553, 217512164221504213468

DATA tt(lCMUFFtI,J,.'J1=1,18),J=2,2),K=4,4)/

,21605215672155021±!i21~6le21621215722l5llb,2l4002l26Q2I1,220774B,
.Zi3220047175Ob17zl1,k6734144162l63B156525431513114742Bp
.14!)3bi435171i4G± 693177136142014132L'2711535531153578,
.L5556161001b3716b45b,17l2.,173311572200048,203372U57b2117321505B,
. ,113is2i11222175224i-b,222322217222.12522C368,217352162321473a1343a

DAIA (((ICMUFF(1,J,K) ,1=lL)J,J=3,3iK=4,4)/
.214I2k15a32104b6i?'.5, 2173U2127Zl7152177bB,2173b214721766217236,

.2u 3.,i1321742717124bkballb4l5lbl7715l6blb,1530153,115U7114713B,
,1451(JI'34314215140o6a9l37b3131't2l40201't3Obvl4323145751503015337B,
.1-L551bfi54Lb35~21b5758, 16144i11361 743711140b,2023220,2321 10021442b,
.2Ao7o 2Oo1222j022i'.bb,222112213422O742i012b,2l7212156621.7b21317B

LIATA (((1C.MUFF(ligM ,1=19l6I,J=494) ,K=4t4)/
.214.e 1t154L21 b4Z2(J.B,22U55 ,L(Jb222u2bZA157B,2 i7432177422UI2217b>3B,

.Z~lll7701Ci731171 ~od ,162b163561b15715723 691552O15Z7715073 14b5b8,

.14417k14g 1410ll~5o~l40113751403141156,I4iUll45271%t7701530369

.2l1)4222u7.h1042'22Z25,22232l4722O'to2l754b,2lb6421573214b>521354B

UAIA (IIICMUFF(1,J.&),11,ilo),j=5,5),K=494)

.2utj'3l15(,#17215lb777b, 1o461b2.36l6Gj4615637B, i544115242.kSUbl 1di722B,
*1460214433 1432 1142- bti±'167141 c2 14"L 414305B, 14420 14613 15 043153 loBt
.15534l5177I16137163i,)cstla147 16?271715517405B, 177U0201112J't5O0b60B,
.*dll..0210247Z573,2160415721465245B,2l41213721400 14lzb

DATA (((ICMOFF(1,JgK),l ,91d),jz,o)I=4,.)/
.2103121122a124Z213ao9,134235u245216b,2ls14215215ZOz15116,

Z15122145621405d*ZI3412la4b2ll5321032,207ZI20552'212024t0B,
.2010I1767317424172118,1b7si41b44b7l6252100458,15670155L1153341520489
.154145146644,tl,4a)46147171500515072b,15l7153461555716032B,
.1601-ilbs371642016oubo,1676171371730117450B,1760217177b,012720272Bt
.20j4k1l~&6112070020l5uo,2kO2b2110521137211458,211742117421150212008
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DATA ((IC.NOFF(IJK) ,I=1,18) ,JzlI3,K=11)/
.111771fl77117717177bl711777177717777B,177771711717777L7777B,
.I77771777777lll7l1B,111llll717l717177b,11771117717771 LliliB
.111111111717717761771717717717777BI.7771717711117717777B,
.17711777177Lillll,171777771777717777B,177717771717L71777Es,
.17771777777717717B5,1f7171777711717177776, 1777717777177771777B,
. 1-i7171177l1i11l7h,1777711777111717117B,177177177771177B7

DATA (((XCNOFF(ILJ,&),Il2-lld),J=2,2),I(1,1)/
.201L52- *OI4Z012 I Z0I3od 201k.320 lQ.52O7020 L04B 92UlO52O 102200J20200,2B
.117511775417701176btll,1b65llb2ll757717513692(J030200211761517613b,
.2OO24 ,00322IjO2120027B,2OO5l2OO322OO312OO36a,2Oi52200612OI03200748,
.Z(I42010120107L0115S,201562014620120201048,20022200502001020000BI
* 1llOOk71220O0l2OO4Th,9IjO66kOO6O2OO35I757lB,7725116741767617721B,
.1ll36171I4k1252OOUib,2Uil7200432C0b720042B,2UOb32OO2620O53201O7B

LJATA (((ICNOFF(LJK),I=I,183,J=3,3),&=1,1)/
*ZO3O52O4Zj1420SB,62032b23232j4120i1 Ib,20227202422022. 01428,

.22(j~dGXi64g.0163eOi5o8 ,20ib2203.262005320101B, 2OO522O0b52O~c672OO7489

* i7712i774I11771e003Th,200652iJ1022011720143B,20112201322a230202728

DATA (((ICNOFF(1,J,KII=li,18jJ=4,4),K=1,I)/
*ZijlZO53525552O0b62i 2O54o2O5342O5472O5Z4B,2O'4242O334233222O3 178,
.ZO6422421 IZOIh,eb92O4Z22O3Z7751771Bvl7772O11177l52015B,
o2UL43201372012lkOL17t ,201402O143202O52O112b,2OilO2O 15b2(,lbbZOZ2B,
..2zioZ222OO52Ol3BkOlca2213l2OO7l2OlO5B,2ol2620123201352O143B,
.20221604Z27tG 22LoO~2l590152QO71ZO0364OO148,
.2QOiZkO1GC2QG6~lO2!>b20113202232024420266B,203042031520377204568

DATA I( LCNOFF( iJK),1=1, 1*) J=5 ,53,K=1,1)/
oZ2272134021371,41355t$214iI22L7421115b*113221161211352105189
.24,2a6342G5b22O51569 2(4422043420474ZCi524B ,205l42U4272U44420455B,

.2Oi40202072016720151B,2OL4,bzOl472013520143B,2O145201532022120265B,

.2Oi~l2u2762222O3jib,2U344'2U3552U402,'t02b, 2O4O2204g1120412204t2289

.k04352052ZO543257B2U227227422lG3lB92O362106621144, 1241a

DATA (((ICNOFF(1,JK),1=1,18),J=696)tK=1,1)/

.2134l1i1k342k1662113Zb,2lO7221042210272lG65B,2lD63211O5ZlO7321064,1

.*1±CiLUO42O7O2LOo5,otUolj2OP41205Ol2O46 lb ,2044320413203ca 203o08,

.2U33ThO03342033OUO.331b 92033520332203052(031259 Q3002OZ472027120360bt

.2027720)34420-%74O456925232552206172064lb,2U6l52075121O75211518,

.212OIa1e4Oi2i25521255s 21302213172135Ci21426B,214b221531216lb2l626B

DATA (((ICNOFFLIJM3 ,1=l,18),J=1,1) K=2,2)/
.lflhllllllj171j77718,117717177177771.777B,11777177771117717177B,
.111171777717717117gs,177711177717777177176,1771177771711717777B,
.1i777171117117777b,17177771777717777b,17?111117117117177778,
.1777177777717777177Th,17777777717777B,117717177771777717F77B,
ol17717777717177oth,711717777177771771BI717771711777111711B,
.1177177171771111?o,117777771771717777h,177771177717777117777B

DATA (I IICNOFF(kJK) ,1=1,163 ,J=2,2),K=292)/
o2U~uiu~L7a120oAB2174ZUb2L O1612Ui322Di1Ib,2U11620O702005laOO51b,
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o2OD2~O5ZUDCCi17124t3,1UI42177l,1167417b558917675201O217643177O38,
* 2001 6200202(i054201 126 92010520 123201332U I35B, 2013520 13320 120201378,
.2(j31uL20102UG8,(j.56204420030200178,2000717775200011177618
* 17 7152000120024200b Ib, k0o1l0 5 520001117458, 11727 1711177 432U0018,
*116bi)721177322U.2d,2U04i.2005201102065B,2011020113 0107201138

DATA (((ICNQFF(IJFdIl -lIb),J 3,3),K=-292)/
.204U20433204322'U IU, 204 22 204032U403203406,20.,0b2023420242201716I
. G0157kGL402OlUi34O34b*200220102UUU31774563,206001774317761 20007B,
.2013 ,.(aI51Z1432047b,21l6t?02220234202278,222220175017LC2 118,
o20112Z01622O121201Uio,2U001200712005720011b,200O4200032O003 17760B,
ol77442011220154202U.Z4,2017020123200312000IB,17770177521772717734B,
S1?172 71 1131177771r0077B ,20140U0 174202 022Co21 68 ,20226 20 251Z0 263203068

DATA (((ICNUFF(1,JK),1-11),J ,t4),K=2,2)/
o20bO220637206472Ob45ov 2Ub 1520ol72053420555b,2050420424,20412203705,

*2C5672402UZ420265,2034.0320203322032t203112025020267202438,
.20Z472Ok4l2Ol7620130692~01052006720,047200516920057200662006620052B,
.200524021420277202oo8,iZO224201662014220131B,20103200eU2002620002B,
.2007k.02e20l0520kl5b ,2542G30b20344203738,2040320t262G472205026

DJATA it IICNOFF(IJK),I=211) ,J=5,5),K=2,2)/
.2 13b221.,56 34321 U6Asb ,21435 213b02 13042 12348,2 12322 1241,4121021145B I
.210b~i10llL753k070O",20633206012057720620B ,2CG47206322063320b20B,
*2(6,4 G5b04056i20546b ,2053620547205o7205508 ,2U7204602043620402b,
.203412020l2252 14,20173201762017020164,201622017h2024l20306B,
.2035b2454204062042b2u,4452U470047t20510B,205162051 520523205438,
o205432I5742064126bb4b,i0720207702102721056Bt2llO4211472121421251B

UAIA 111 lCNUF(ItJv() ,=lvld),J=-6,6) ,K-22)/
.21747d-1?622.Ld5417i5O,2l7'*Ji27212170121b43d,2l5b6,2l5712157721515B,
.k14472i4012134321303b,2 127 5213222 1311212148,2l1a62 13012127 12125 58
.211532115021120210458, 10042U723206632U623B,256320546205142045i,
.204e-5204012037U20372,2'.1320420204052036bB,2u)36020355203732042B,
.Z046Ci(;51205o32G64G8 , C1Ci20730207742102 58, 2lO5O2ll022113721233B I
.2121421273213$31213b4o,2l337721416214,321470to,2l5342160221662216458

UATA I((I1CNOFF(1,jK),I=i11,)J=1,1),K=393)/
*177117771111771177778,17777171711777117777B,l77771177711777717777B
.177771177717117777u,177771777111771717711b,177771?17771777717777,
.17f77177711777717777B,111771777711117117777B,1777771777I.77771777?B,
*lf11177771771711711177717777177178, 171771777717777117778,
* 1771777l177777778, 71717717777177775, 1777177771777717777B,
*a11171 7177711b7t,U17111717177177776,17777177117777 177778

DATA tiIICNOFF(IJ*g(J,1=l,18),J=2923,K=3,3)/
.202162G15Z z3000,42015520i%00120123B01Bl53201521562008,
.20171201o520144201208,201532006220027200453,20024200032001611744B,
.206oU20O7b2(1212(#1,4it92C)15UZ20l5b2UJ612(,55b2l5320152ZO13120134BI
*21J272U1272013120113b,2UU5220CJ342003020003B,1776217757i1774617727B
. 1774620021 200i6120112b5 920 13320 14720 13620 10 7B ,2U0222000420003 200073,
*2CeC1420202LO52201 15h,201.52014520140201448920143201422U14020143B

DATA ((I ICNOFF(1,J,&) ,ll i J=3,3),K=3,3)/
.2044,a2044424402e'.15b ,4o't(,Cia355203532335B20532033220331203318,
*203342U33420274202428,U4J2LI662011420065to,2013120i12010q20050B,
* 20 462015:oZ022 1eOe438 ,2025420 2702U 304203038, 203022026b23O 532 02 408,
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.2023 12(j422621578,21152062027177761177b01775417757177478,
-. 17764,20055 2021120234b 920oa02O 60202422020 lb 920 1332074200 54200418,
.2uG7?320Ll3(u13720el22 UZ't2O27120277203068,2U312ZO312036203258

DATA ((iICNOFF(I,K&),=1,18),J=4,4),I(-3,3)
.206! 520653ZU66120043b ,20615205752053320545B,20542205322052205178,
..U50124U464iO4352C&4Dj6 ,20360i2 1420233202048,202 16202162oIl l201738,
.202632027020,316203 51tbO40i204l320421Z04166,2041320401203632033 16,
.2Uj32120313Z02±)D20i:13b,2O15720 12b20061200268,2002220024203721025B,

*2OZZ4kIZ5220307t034i8 ,20401204312044120472B,20475205042052220517B

DATA (4(LCNOFF(lJK) ,1=1,l),J=595),K=3,3)/
.21442214332140521411o,2l423213 552131621276B,21255212522123321Ub5B,
.Z1134e11122107421Ci3lb,210 1020 1622075620754B,20154Z0734Z071720666B,
.2011 065 2065 0 66, 26742Ob7l207022067189206372062120572Z05328v
.Z~0457204~2320356ZO27589,202762044320234202358920214202252031320535B9
.205712057120254.205716 P2060320617206132063389206562066620 701207278,
.2La136 .076421,(,b21(J238 ,21(b21O52113221143B,21l622120321225212518

DATA (((ICNOFF(1,JK),1=11aJ696),K=393)/
.2-..Cd221775217542l1068, d1734z 73221702216568,216112157521563215038,
.214652l4362137b21333o,2:13,d52134121326212738921267212712126021246B,
.21233Zi204ZlL54kii2b8,2L~o62102020765207316,20702206502061520574B,
.205tliO52220501l2(44e8,20j43aZ0421204I1720j46B,2O371203712042120475B,
.2u643ZU6b02067720732,2u7 562 10042 10352106 78 ,211122114b212 232126b8t
.2133221s50213674137o,Z462412'.oC21447b,214552154521560215748

DATA it(ICNOFF(lJIK),1=1,18),J=1,L),K=4,4)/
o*1171771777177~777717771177177711777891177717777177771777769
.1777717777117771716,117777177111177717178,B1777717777i171177178,6
. 177 1177717117177b, 1771717777 177177776, 1717 17117777 1771189
.1177177717177177776,17777177771777717777B, 177771777717777177778,
.1771711771111711777B,117711177771777717777B,1777717771177177177118,
.1Ii77111111171111776,1t77717171177117771B,117777177717177171778

DATA (((ICN0FF(1,JK),1='.,18),j=2,2),K=494)/
.ZU2342O230202Z202O06b,2015720 1532016420150B,201542015420 174202138,
.202262023620225201638 ,2olc420144201u2200b6B,20067200532004720052B,
e2CJ762010520121201438920153201642015620151B,201542014320131l'u125BI
.201L6i01262OL4Le01326 ,201 ele010720062200378,2001717775177711177728,
o200L5Z0O4120065ZO08 20120201342U147201358, 2012120105200552005 18,
.200642006.01320155s ,Z015720 16720 174202008,20200201722016220)1758

DATA 1(((1CNGFF(IjKJ,1=1,la),J=3,3)tK=4,4k
.Z04502044520430Z0.,a1bd,4U3b02U.o352031420334B,2034220331203412031B,
oZ0420367Z0360Ot03L4bi237203212247i02l0B,2ul5620160201322006289
.201672021620Z552027.58 ,20303e0f3l620.,25203148,2027320257ZU236202338,
.2O212202202023420kSidtZj174kG141Z2j1152GO658,200372001620010200148,
.2Q720552021224B2U632U1322762027B2024320200201402012cb,
.2015020177202b0i.03leb ,.0335g20346Z035520357B,20372203732037220375B

DATA (((1CN0FF(lJK),1=1,l8),J=4,-t),K=494)I
.2U67 7d-.oo5zO633Z06S8 9ZU57020551205362052313920517 20522205 22205338,
.2052u046247204536i 045204532040420313B, 2L31220311202732Ci2338,
.202722C31520364204158,204342045320452045I1,204l62U37520362203338
.203 sl203202314203O0b1 2024120203201.*,.52011!i6,200712006b200?720104b,
.201762&2622034520356bte037320.314204U6b203778,20j 54203 3120255202328,
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.2Ci4240324Ci4022i'4'.asZC4745352(65C256OB20566ZO571205 772O57Ot3

L)ATA i((CNFF(1,jKJ,1'1,dij=5,51,I(=4,4)/

* 207222Ci170 20 017Z35B, 20? 2c64O 1'.2O7h'.2O 46B, 207262071120656206015*
.20Ci't6O41420.a buo ,_346tA,3'32034620342B,2033520332034t5203673,
.2U547206112063520c421,eU644iOO6220b7O2O7O7B, 207l72073520765207T38,
.21(JU2l4li10b2lli2o,21I1U2122l2i2572L27589213202L33221340213448

DATA (ZCNOFF( 1,JK) ,11.lb),J=6,b) ,K=44)/
.22ob522057220202l154b,2l7o321 7542173421114b,2l660216242160021561B,
.21542215'Z5012143(214302143524'.21404823521342133321303B,
*212322121621210211746921145kll2621071210368,21013-207652073020703B,
*0bO120613O7620bco3aaG45205u2O5U62050ia,2O5052O4762050220513B,
*20700407342U7b12lUl2a,2l1ul2L06621l0Zll35a,2161234213i0Z136689
.4i4l'eL47121520215,44t3,2i±)412l425452i-557Bi21574216102167321647B

C ss INITlALIZATION***

IF(ICCAL.NE.i) GOD TO *0

C SLT LERTAIN UNINITIALlik1. PARAMETERS TO ZERO

U0 5 1=lt3
IF(XEM(II.LQ.Ci.99999) XEM(I) =
IF(SRA(LI.E(I.0.999991 SRAMI= 0
00 5 .J=193

5 FlUSAlJvI).kQo0w99999) OSA(J#I) = C

LFJUFI-.LQ.0..99999) C&F = lo.
IFIUP.LW.0.99999) UP =I.
IF(ZvdS.kLw.0.999991 LviS =0
IF (C(,A.fQ.0.99999) J CA = U
IF(LLX.EQ.o.99999) ECX =1.
ifikcy.EQ099999) LCY = .
1FttLCZ.LQ.0.99999) t~C Z 1.
I F(C LP .E. 0 .999 99 ) LLP = 0.
IF(CMQok:Q.Ci.99999) C.MQ = 0.
IF(C.NR.FQ.0.99999) CNR =0.
IF(RON.tQ.0.99999) RUN =

C SE) UP CONSTANTS FOR THE BOUNURY LAYER PLANE k-QUATION

CONSWI = CONS(Z) = C.
C.OtS(3) = 1.

, SkT uiP Thk CENTROIL) VECTuR ...
c

CLNU (1) CDX
Ckt12 = ENT(3) = 0

C.
C. bk~tkKINt THE IYUKAULIC C.IAMEkTLR oo.
c
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HO = SQRT(4.*S/3.14159)

CCALCULATE THE CENTROIU TABLE ...

00 10 1=1920
10 TCZ(I) = 0

WRITE(o,15)
15 FORMAT(//5X,* --- CENTROI) TAbLE CALCULATED FOR COMPONENT*,

* AS --- *,//1bX,*LENGTII*,3X,*CENTROID#/)
NTAL = TAE(2)
DU 20 1=2,NTAE
K=NTAL#2+1

20 TCZ(I)=(TCCI-1)TAE(K)i.5*(TAt(K+1)-TAEU() )*

WRLIE(6930) (TAE(I*3)97CZ(I)tI=1,NTAE)
30 FORMA7(I6XF5.2vIOXF7.4)

ALPHA = BETA =VMACH = Q = EAL =EXA =0

CX = CY = CZ = CL = CH = N = 0

L.
C

C. ZERU iCjUT THE ALRO FORCES AND TORQUES
L
4UJ (J 50 1=193
50 FMl) = 1(I) =0

C
L bYPASS ROUTINE DURING STEADY STATE WITH THE RAIL COMPONENT IN THE
C MUDEL ...

C
IF (INSI.EQ.31 .ANDI. OFFoLQ.0) GO TO 110

C.
IF IO~F.EQ*1.) GO TU 60

C CALCuLATE XEM IN THE AIRPLANE SYSTEM

L
C HCK TO SEAIF SAl A.,S4PENETRATE H BU AE)...

C

lF(LWS*UPLE.XEMA(3)*UP) GO TU 110

C CC(iVtR7 FROM DEGREES TU RADIANS ...

60 DO l(o 1=103
10 ESTIRCI) = ESTML * RPD

C
C ULTEKMIt ATMOSPHERIC PROPERT1ES ......

CALL ATMOS, (VSvRHU9-SRP(3)#UWt090,0)

C PUT THE WIND INTO THE bODY CIJ0R~)NATES
L.

CALL OIRCOS (DESESTIK)
CALL MAIMPY (UW8tDL.,vuWv3#3v1)

C
L. ALL, THE WINL) VELOC.ITY TO Tht SEAT VELOCITY ...
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U011) =UST(l)-UWB( I)
00(2) =UST(2)-Uwb(2)
UO(3) =UST13)-UWB(3)

C DETERMINE THE AERO VEA1~lAbLE.,*...

ALPHA =ARTAN2(U0(3),Uo(I))*UPR
CALL W3TPRD (VBAR2,U~..,U0,3)
VBAR = bQR1(vaAR2)
3E:TA =ASIN(UO(Z~)/VtdAR)*DPR
VMACH VbARIVS
Q= .5 *RHO * VBAR2

C
E. PLRF~kM IA6LE LOOK(UP I-JR AERUDYNAMIC COEFFICIENTS ...

TBLALPH = ALPHA
IFIAL#'hA .LT. 0.0) TbLALPH = ALPHA * 360.0
TBLOETA z ABSIBETA)
IF(ROI4.EQ.O.) CALL TLU (lLXOFF,12,6,4,ALFBETAMACHTBLALPH,

* TbL&ETAtVMAC*1.COEFs,6)
IF(k0N.NE*0.) CALL TLU (ICXON,72,6,4,ALFtBETAMACH,TBLALPH*

* TbLd1ETAwVMACH*COEF~b)
CA = L0&F(I)
CY = -CUEF(2) * SlGN(l.9BLTA)
CZ = CCEF(3)
CL =-GUEF(4) * SICN11.PBETA)
Ch = COEF(5)
CN =-COEF(6) * SI(NI.,qtTA)

L. ISPASS LMLRGE CALCULAILUNS IF ,bEAT Iz UFF RAILS
C

IE-(UFF*EQ.1.) GO TO 9U
C
L
L * C.ALCU.LATE THE AERUUYNAMIC FJRCLS AND TORQUES ACTING UN *
C *4THE SPEAT/MAN AS IT IS EMERGING FROM THE AIRPLANE ...... 4

C

L. CALCULATE THE SEAT Z-AXIb, UNIT VtCTOR DlRLCTION COSINES WITH
C RE:SPECT IUi THE AIiRPLANL sYSTLM ...

DO 60 1=1,3
80 DC(I) = SA(I,3)

C CALCULAlt TilE POINT UF INTERSECTION BETWEEN THE 8OUNDRY
C LAYER PLANE AND THE LINE THAT bOTH PA4SES THROUGm XEMA AND
C IS PARALL-EL WITH THE SEAT SYSTEM Z AXIS ...
C

CONS(41 = -ZWS
CALL LIftEPL (XIvCUNSAEMAUC)

C
E. DETEicMINL THE SEAT/MAN EXPOStD LENGTH
C

EXL=S.R((Xi(l)-XEMA(l))44*tAl(2)-XEMA(2I)*2(XIC33-XEMA(. 1H4*2)

C CALCULATE THE LXPOSEUi AREA FROM THE TABLE
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EXA - T8LUI(EXLTAL(41TAL(NTAE 4),I,l-NTAE)C.
C CALCULATE THE A-RO FOKES FROM THE AERO COEFFICIENTS, THE
E. EXPOSED AREA* AND THE LtMRGENCE COEFFICIENTS
c

QAREA Q * kXA
FPl) = CX * QAREA * ECX
FP21 = CY * QARPA * ECY
F13) = CZ * QAREA * ECZ

c
C. CALCULATE THE Z-AXIS POSITION OF THiL CENTROID ......

C
CEN1L3)=XEM(3)-.SIGNI.,Xi'M(3))*TBLUI(EXLTAE(4)TCL(1I,1,-NTAE)

C.
C CALCULATE THE RAIL/SEAT TORQUES ......

CLNTII) = CDX

CALL CK.!.PKD (TC"NTF)

GO 10 iL.O

C I////I 114f////////////////////////

C ADD DAMPING TERMS FOR AN AIRSPEED GREATER THAN .1 FT/StC
C
so IF(VbAR.LE.o.L) L.0 TO 100

C
HDU2V = HD/(VbARVBAR)

(. I

C ADD ROLL DAMPING .....

CL = CL + CLP * WST(I) H #DOZV

C
CL ADO PITCH UAMPING .....

C
CM = CM + CMQ * WSTIZ) * HDO2V

C

L AUD YAM UAMPING

CN = CN + CNK * WST(3) * HO02V
C

L COMPuTE THE AERO FORCES AND MOMENTS ABOUT THE SRP ......
C

100 QS = Q 4 S
Fl)I = CX * QS
FI2) = CY * W$
F(31 = CZ * QS

TIl) = CL * WS * HD
TI3) = CM * QS a HO
T(3) = LN * WS * HD

C
1LIU RETURN

END
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SUBROUTINE CS (AILAILDOTIAILELEELEDOTIELERUDRUDDOTIRUD
COATCATUA COEliCE TOE ,CORtTCA TUg TRM)

C EASiEST AIRPLANE CONTROL SURFACE COMPONENT
IL
L DSI16Nta bY C.L. WeST
C LAST MODIFIED - UECEMBER 69 1980
L
C
E.***#*** CS OUIPuTS********
c
C AlL - AILERON DEFLtCTION FROM TRIM POSITION (DEG)
L £1LOT - AILERON RATE (DEG/SI)
L, IAIL - INTEGRATION CUNTROL
C

C ELt - ELEVATOR DEt-LLCTION FROM TRIM POSITION (DEG)
L ELELOT - ELEVATOR RATE (UEG/StC)
C ILLE - INTEGRATION CONTROL

C RUD - RUDDER DEFLECTION FROM TRIM POSITION (DEG)
L RUODOT - RUUDER RATE (LkG/SEC)
4. IRUD - INTEGRATION CONTROL

C. L**.*** S INPUT.% ********
C
L COA - AILERON COMMANDED POSITION (DE)
CICA - AILERON TIME CONSTANT (SEC)
L IDA - TIME DELAY AFTER WHICH THE AILERON RATE IS CALCULATED (SEC)
C
E COE - ELEVATOR COMMANUtU POSITION (DEG)
L.ICE - ELEVATOR TIMt CONSTANT (SEC)
C TOE - TIME DELAY AFTER WHICH THE ELEVATOR RATE I CALCULATED (SEC)

C COR - RUDDER COMMANDED PORTION (JEG)
L ICR - RUUDER TIME CONSTANT ( C)
C TOR - TIME DELAY AFTER WHICH THE RUDDER RATE IS CALCULATED (SEC)
C
IL TRM4) - AIRPLANE THRUST AND CONTROL SURFACE POSITIONS AT TRIM
C TRM(l) - EN6INE THRUST (LB) - NOT USED --
C IRM(2) - AILERON POSITON (DEG)
c TRM(3) - ELEVATOR PUsITION (DEG)
C TRMI4) - RUDDER POSITION (DEG)
C

DIMENSION TKM (4)

COMMON /CTIME/ TIME
COMMON /CICCAL/ ICCAL
COMMON /CiU/ IREADIWRITL,IDIAG

C

IF(CUA.EWi.U.999S9r) LUA = J
IF(GO.EQ.)99999) TOt = 0
IFiCORE.Q.C.999991 C.OR = 0
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IFTAE,.999 C
IF(TCA.EQ.O.99999) ICk = 0

IF(TCR.EQ.0.99999) 7CR =0

IF(!0A.E~i.0.999991 IDA = 0
IF(7Dk.EQ.0.99999) TDE 0
IF(TOR.LQ.0.99999) [DR =0

C

C *e**# AIL&:RON #*

C
10 IF(7CA.LE.0) AILD = 0

LF(7CA.GT.0) CALL LAG (AILD,COA,AlL,1Rt4(2),TCATIMETOA)
IF(IA1L*tdE.0) AILLUOT AILL)

C *4** ELkVAT0K****

LF(JCE:.LE.O) ELED = 0
IF(ICE.GT.0) CALL LAG (ELEDCtELETRM(3),TCETIMEtTDE)
IF(IELE.NE.0) ELEDOT ELLU

L ***** RUDUER
IL IF(7CR.LE.01 RUUD = Gi

IF(1CR.GT.0) CALL LAG (RUDDCORRtUDPTRM(4),TCRTIMEVTDR)

IF(IRUUi.NE..) RUDDI31 = aUD

RETURN
END
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SUBROUTINE CT (1CP,
SEFEFDOTIEFELikLUOT, ELWKWKDOTIWK,
* WB tWdOTtIWbt
* FLgFOt4FLATAFCSTCStCFCEXCVTLOPCtRtCVHtTS,
* FSOSWUPSAPAAPUCLtCSKtVItPAPTCBPtCCItPMWSK
* CKGAMTFCl.,CZttBXPTITDESRPUSTtESTWSTtXAP,
* UAPLAPvWAPJ

CL ASItST CATAPULT COMPONENT **********

C
C DESIWNLU bY C.L. WEST

C FORCES ANU MOMENTS ACTING ON THE VEHICLE AND THE SEAT FROM

L A CLOSED TtLESLOPING TUBc CATAPULT

C

C *****44*4CATAPULT TABLES ********
C
L TCP - CATAPULT PROPELLANT CONSUMPTION TABLE

C.
C THE INDEPENDENT VARIABLE IS THE PROPELLANT
C WEB CONSUMED (IN) ANU THE DEPENDENT VARIABLE

C. I THE PROPELLANT CONSUMED (SLUGS)

L
L.* #~*#s# CATAPULT OUTPUTS **S****
C
L INTERNAL FRICTION ENLRGY ......

C EF - INTERNAL FRICTION ENERGY (FT-LB)
C. EFDOT - INTERNAL FRICTION ENERGY RATE (FT-LB/SEC)
C IEF - INTEGRATION CONTROL

C
C HEAT LOSS ......
C
f EL - HEAT LOSS (FT-LB)
. ELDOT - HEAT LOSS RATt (FT-LB/SEC)
L ILL - INTEGRATION CONTROL

C CATAPULT WORK

C WK - CATAPULT WORK (FT-Lb)
WKOT - CATAPULT WORK RATE (FT-LB/SEC)

C IWK - INTEGRATION CONTROL

L PROPELLANI WEB BURNEL oooo.

C
C Wb - PROPELLANT WrB BURNaD (IN)

c WoUOI - PROPELLANT wto bURN RATE (IN/SEC)

f. IWb - INTEGEkATION CONTROL

C
C FL - CAIAPULT MODE FLAG
C U = PRIUK TO INITIATION
L.I = CATAPULT 16NITION UP TO STRIPOFF
C k = CATAPULT SrRIPOFF
L3 = CATAPULT OFF

C FUN - STRIPOFF FLAG FOR SUSTAINER ROCKET COMPONENT

C (I = ROCKET ON)
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C FCA(3) - XYZ AIRPLANE bUUY AXIS FORCE COMPONENTS OF THE
C CATAPULT ON THE AIRPLANE (LB)
C TCAt3) - XvY9Z AIRPLANE BODY AXIS TORQUE COMPONENTS OF THE
C CATAPULT ON THE AIRPLANE (FT-LB)
f FLS(3) - AYZ SEAT IODY AXIS FORCt COMPONENTS OF THE
L CATAPULT ON THE SEAT (LB)
C TCS(3) - XY9Z SLAT bUOY AXIS TORQUE COMPONENTS OF THE
C CATAPULT ON THE SEAT (FT-LB)
C CF - CATAPULT FURLE MAGNITUDE (LB)
L CtX - CATAPULT LXTENNION (i-T)
C CV - CATAPULT EXTtNSION VELOCITY (FT/SEC)
C TLO - INITIAL LENGTH OF CATAPULT PRESSURE CHAMBER (IN)

PC - CIRCuMFtRENCt G CATAPULT PRESSURE CHAMBER (IN)
L R - GAS CONSTANT (FT-LBF/SLUG-K)
L CVh - CONSTANT VOLUME SPECIFIC HEAT (FT-L.BF/SLUG-K)
L TSO - CATAPULT STRIPOFF TIME (SEC)
C FSO - CATAPULT FORCE AT STKIPOFF (Ld)

t.*4**4L** CATAPULT INPUTS ***s.*s

L Sw - FLAG FUR CATAPULT IGNITION ( I = CATAPULT ON I
L UP - EJECTION DIKECTION FLAG WRI THE AIRPLANE
L +1 = UPWARD EJECTION
C -i = DOWNWARD EJECTION

SAP11) - SLAT ATTACHMENT POINT FOR THE CATAPULT (FT)
L AAP(3) - AIRPLANE ATTACHMENT POINT FOR THE CATAPULT (FT)
C UCL - UNLOADED CATAPULT LENGTH (FT)
C CSK - CATAPULT STROKE (FT)
L VI - INITIAL FREE VOLUME (IN**.3)
C PA - PISTON AREA (IN**Z)

PT - TANG RELEASE PRESSuRE ILB/IN**2)
L CBP - CATAPULT BURST PRESSURE (LB/IN**2)
C C - MASS OF TOTAL PROPELLANT (SLUGS)
L CI - IGNITER PROPeLLANT MASS (SLUGS)
f. PMW - PROPELLANT MOLECULAR WEIGHT (LB/(LB-MOLE))
C SK - CATAPULT SPRING CONSTANT (LB/FT)
C CK - CATAPULT DAMPING CONSTANT (LB/FT/SEC)
L GAM - RATIO OF SPECIFIC MEATS
C Tr - CONSTANT VOLUME FLAME TEMPERATURE (DEG K)
C Cl - FRICTION PROPURTIONALITY CONSTANT

C 2 - HEAT LOSS CONSTANT
L B - bURN RATE PROPCUTIONALITY CONSTANT tIN/SEC/(LB/IN**2))
L BXP - BURN RATE EXPONENT
L 11 - CATAPULT IEMPEATURE PRIOR TO IGNITION tDEG K)
C TUL - CATAPULT FURCE DECAY TIME (SEC)
C SRP13) - XVZ EARTH SYSTkM POSTION VECTOR OF THE
C SEAT REFEktNCE POINT (FT)
c USI13) - XYZ ScAT bODY AXIS VELJCITY VECTOR OF THE
C SLAT (FT/SEC)
C Es1(3) - EARTH TO SEAT EULER ANGLES (DEG)
L WST(3) - XjYZ SEAT bODY AXIS ANGULAR VELOCITY
L OF THE SEAT (DEG/SEC)
t, XAP(3) - XVqZ EARTH SYSTEM POSITION VECTOR OF THE
C AIRPLANE (FT)
C UAPf.) - X#YtZ AIRPLANE *OUY AXIS VELOCITY VECTOR OF
L THE AIRPLANE (FT/SEC)
C tAP(J) - EARTH TO AIRPLANE EULER ANGLES (DEG)
C WAP01) - XtYZ AIRPLANE BUOY AXIS ANGULAR VELOCITY
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C OF THE AIRPLANE (DEG/SEC)
c.I
C DIMENSIONS OF CALLI4C ARkvUMENTS...o
L

DIMENSION FCA(3),TCA(3),FCSC3),TCS(3),SAP(3),AAP(3),
* SRP(3),UST(,),EST(i),WST(3),XAP(3)PUAP(3),
* EAP(3)vWAPL3)

C INTERNAL 01MENSIONS

DIMENSION OES(3,3) ,DSi-(393) ,DkA(3, 3) ,DAE(3,3),

SAPEI.i) AAPE(3) ,AL(3),EXT(3) USAPE(3),
UAAPE(3),CDVC3J ,FCP(3),FSS(3) ,FSD(3),

C
COMMON / CTIME /TIME
COMMON / CICCAL / ICCAL
COMMON / COVRLY / INST
COMMON / CSSFLG / SSFLG
COMMON / Cit. / IREAU,iWRITE,IUIAG

C
DATA RPD / .0174,5329/

C

C COM~PUITE Ii INITIAL LEN6.TH (TLO) AND CIRCUMFERENCE (PC) OF THE
C CAlAPULI PRESSURE CHAMBER...

TLCD Vi/PA
PC k *SI.RT(3.14I59*PA)

L CALLuLATt THE (,AS CONSTANT (k) AND Tht CONSTANT VOLUME
L. SP'ECIFIC HEAT (CVHI

R =69475.b94/PMW
C.vh R/(6AM-l.U)

TYPE 81CATAPULT
CF = FL = TSO = FSO = FON =0

IF(LiP.EQ.0.99999) up= 1.0
IF(TLLQ.b.9'y999) ThE a G

DO 5 1=1,3
5 FLA(I) = TC.A(I) =FC.SWi = TCS(I) 0

C bYPASS THE REMALNIfti CU(JE IF THE CATAPULT IS PAST THE
L. STRiPC*F POINT *..

L.
k10 IF(FL.LQ.3s) GO 10 170

FfiP(l) = FCPIZ) = FC.PM3 = 0
L
C. CHAN6t AWPULAR STATES FkOM ODLiREES TO RADIANS .00
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DO ZO I=193

ESTIR) =-ESI(I) * RPDWSTIRD = wSl(l} * RPD

EAPIR(L) = EAPM * RPD
20 WAPIRMI) = WAP}I) * RPD

IL *
C * DElEkMiNE THE VARIABLES CALCULATED FROM THE *
C * EARIH POSITIONS OF THE AIRPLANE ATTACHEMENT
. * PQINT ANU THE SLAT ATTACHMENT POINT

C

C COMPUTE THE SEAT CATAPULT ATTACHMENT POINT[ IN THE EARTH
L. SYSTEM (SAPE) ......

CALL DXRCOS (UEStSTIR)
CALL TRANS (DSEvDESP,3,3)
CALL VECXYL (SAPE9,SAP SRPpD ,S2)

C

. COMPUTE THE AIRPLANE CATAPULT ATTACHMENT POINT IN THE EARTH
C SYSTEM (AAPE) ......
L

CALL GIRCOS (DLAvEAPIR)
CALL TRANS (DAEDtA9393)
CALL VECXYZ (AAPEvAAPvXAP9DAE,-)

L CALCULATE THE CATAPULT LENGTH COMPONtNTS ......
L

DO 30 1=1,3
30 DXLII) = SAPECI) - AAPE(Il

C
L UETERMINL THE UEFLECTLD CATAPULT L:NGTH
C

CATL=SQRTDXLI)**2+uXL(2)**2 DXL(3)**2)

L DLTERMINE UNIT VECTOR ALONG THE CATAPULT EXTENSION ......
C.

DO 460 1=13
40 IF(CATL.NE.0) CXUV(1) = DXL(1) / CATL

C.

C CALCULATE THE CATAPULT kXTtNSION ......
C. (LORRELTING FOR CATAPULT DIR-CTION DURING TRIM)
C

FuD6E = 1
IF(INST.EQ.3l.AND.uXL(3)#UP*DAE(3,3).GT.O.O) FUDGE -1.
CEX = CATL - FU0GE * UCL

C
L CALCuLAt- THE CATAPULT EATENSION COMPONENTS ......
C

DO 50 1=1,3
50 EXTMI) CkX * CXUV({l

C
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& * DETERMINE THE VARIABLES CALCULATED FROM THE *
L * EARTH VELOCITIES OF THE AIRPLANE ATTACHMENT *
C * POINT AND THE SLAT ATTACHMENT POINT *

IL CETERMINE THE SEAT CATAPULT ATTACHMENT POINT VELOCITY COMPONENTS
L IN THE EARTH SYSTEM (USAPE) ......
L

CALL VELXYZ fUSAPEhuSTrSAPtWTIRDSE)
C

L UEIERMINL THE AIRPLANE CATAPULT ATTACHMENT POINT VELOCITY COMPONENTS
L IN THE EARTH SYSTEM (UAAPE) ....
C

CALL VELXYL (UAAPEUAPpAAPWAPIRUAk)
C
C CALkULA|t THe RLAT1VE VELCCITY BETWEEN CATAPULT ENDS
L

DO 60 1=1,3
6O CDV(I) = USAPE(I) - UAAPE(I)

C
I CALCULATE THE CATAPULT EXTENTION RATE (CV)
C

CALL UUIPRD (CVvCDVvCXUVt,)
L
C CALCLA1L EXTENTION VELOCITY VECTOR
L

DO 70 1=1,3
7u CDV(l) = CV * CXUV(I)

C

C , CATAPULT LOGIC *

L BYPASS IF PRIOR TO CATAPULT IGNITION ......
C

IF(SW.NE.i.) GO T0 90
C
C CUMPUTE THE ExPOSED THERMAL AREA OF THE CATAPULT CHAMBER

THA = PC * (TLO + LLX*12.) + PA * 2.
C
L. COMPUTE THE FORCE JUE TO THE CATAPULT PRESSURE ......
C

CALL CAD (CFtEFEFDOTIELFttLELDOTIELtWKWKDOTIWKW8,WBDO?IWB
FLTCPTIMkCEXtCSKCICVIPATFtCVHCBP,CICVC2,TIt
THABBXPtPTRTYPETSOFSOTDE)

IFIFL.LQ.2.) FCN = 1.

C FIND TH tEARTH SYSTEM COi4PUNcNTS OF THE CATAPULT PRESSURE ......
C

DO bu 1=193
o0 FLP(I) = -CF * CAUVII)

L
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C 4 CATAPULT STRUCTURAL SUPPURT

t CHECK 10 SEE IF THlL CATAPULT MUST SUPPJRT THE SEAT ......
C

IFICAIL.GT.UCL) GO T. 140

C FORCtS WiUE TO LATAPULT STRUCTURAL SPRING CONSTANT ......

90 DO 100 I=1,3
100 FStI) = SK 4 LATMl)

C.

C FORCE DUE TO CATAPULT STRUCTURAL DAMPING ......
C.

0 110 I=1,3
110 FSLI1) = CK * CLOV(I)

GO TO 140

L. ERO Oui THE CATAPULT STRUCTURAL FORCES AND MOMENTS WHEN

C ThE CATAPULT CAN SUPPORT THE SEAT
C

120 DO 130 l=l,.
FSUD1) = 0.

C

L ******.*=..: TOTAL CATAPULT FORCES ******.**

C140 Luu 150 1=1,3
150 FC(I) = FCP(I) + FsS( ) + FSD(I)

C

L ***** FORCES AND MOMENTS ON THE AIRPLANE *****

L

L TRANSFORM THE EARTH SY3TEM FORCE COMPONENTS INTO THE
C AIRPLANE bODY AXIS ......
C.

CALL MATMPY (FCAD&-AFL,3,3,1)

L CATAPULT MOMENTS ON THE AIRPLANE ......
C

CALL CRSPRO (TCAAAPFCA)
C
C. ZERO IHE F6RCES ANU TURQUES ACTING ON THE AIRPLANE IF SSFLG

IS EQUAL TO ZERO .....
C

IFIS3FL6.NE.0) 6O TO 160
DO L55 1=1,3

155 FCA(I) = TLA(I) = 0

C. .. ** FORCES AND MOMENTS ON THt SEAT *****

C
C CATAPULT FORCES ON THE SEAT ......
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160 DO 165 1=193
165 FC(1) -1C(1)

C TRANSFORM EARTH SYSTEM FORCE CCOMPUNENTS INTO THE SEAT
G~ BODY AA.....

CALL MAIMPY (F~D~FC3al

C
G. CATAPULT MOMENTS ON lmt SEAT
C

CALL CkSPRUi (TCS,SAPFCS)

170 CONTINUE
C

RETURN
END
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160 DO 165 1=1-3
165 FC(1I -FC(I)C
. TRANSFORM EARTH SYSTEM FORCE COMPONENTS INTO THE SEAT
L, BODY AXIS ......
C

CALL MAIMPY (FCtDESpFC,3t aI)
C
. CATAPULT MOMENTS ON lht bEAT
C

CALL CkSPR, (TCStSAPtFCS)

17( CONTINUL
C

RETURN

END

11
A
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wUbROUTINE DR (TbF,
o FDSTOStFDA, TDADLLDBF#SWi
* DAPtDBAjXAP E-APSRPEST)

L
COMMON /CICCAL/ IC.LAL
COMMON /COVRLY/ INSI
COMMON /CTIME/ TIMe:
COMMON /CIO/ IRLAC)IWRITEtIDIA6

C

. ToF - DART BRAKING FORCE TABLE

C THE INDEPENDENT VARIABLE IS THE LINE LENGTH (FT).
C THE DEPENDENT VARIABLE IS THE BRAKING FORCE (LB).
C.

L-***~** DART OUTPUTS s****$*

C FOS(3) - XtYZ BODY AXIS fURCE COMPONENTS ON THE SEAT (LB)
C TDS13) - XvfL bODY AXIS MOMENT COMPONENTS ON THE SEAT (FT-LB)
C FfiA(3) - XtYZ bObY AXIS FORLL COMPONENTS ON THE AIRPLANE (FT)
C TDA(3) - XYZ BODY AXIS MOMENT COMPONENTS ON THE AIRPLANE(FT-LB)
C DLL - DISTANCE bL-WEEN THE BRIDLE APEX AND THE AIRPLANE
i.ATTACHMENT POINT (FT)
L LibF - DART bRAKIN6 FORCE (LB)
L. Sw - DART MODE FLAG

C O=PRIOR TO DART FORCE
1 =DART ON
C 2=Ak1 OFF

C ****. S-#**, DART INPUTS ***$****
C
L DAPI3| - XYZ AIRPLANE BODY AXIS POSITON VCTGR OF
L THE DART ATTACHMENT POINT (FT)
L OBA13) - XYtL SEAT bODY AXIS POSITION VECTOR OF THE
C DEPLOYED DART BRIDLE APEX (FT)
C XAP(31 - XYZ EARTH POsITION VECTOR OF THE AIRPLANE (FT)
C EAPI3) - EARTH TO AIRPLANc. EULER ANGLES (DEG)
C SKPt3) - XtYZ EARTh POSITIGN VECTOR OF THE SEAT REFERENCE
L POINT (FT)
f- LST(3) - EARTH TO SEAT EULER ANGLE. (DEG)

C.Illll////////I/l/l/l/l/llllll/llllllllllllllll//

DIMENSION TBF(5) ,teDS(,JvTDS(.)FDAt3)9TDA(3)*i)APl3)pDBA{3),
* XAP(3)qEAP(3| SP(3)tEST(3)
UIMEN ION DSt(393) ,CES(3,3),DAE(3,31tDEA(393)

* DAPE(3)tDbAr(3)LELTA(3 ),DC(3),DF(3),
* ESTIR(3IEAP1R( 3)
DATA RPD /.O1745.,9/

L **** INITIALIZATION *

C

IF(I,.LAL.NL.1) 60 TO .O
SW =
OLL = DBF =0
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C

IL ZERO OUT THE DART FORCE:S

20 DO 30 1=1,3
30 FtiS(1 = TDS(i) = FUA(I) = lAth 0

C
(L BYPASS (.OMPUNENT LiuRIN6 STEADY STATE OR IF THE DART IS OFF ...

IF(INST.EQ.3l .OR. SW.EQ.2.) GO TO 100

C

DO 40 1=1,3
ESIIR~l) = E:ST(1) * RPD

40 E:APIRMI = E:AP(l) * RPD
L
C CUI4PUIE ]HE UIKELTiON COSINE MATRICIES .oo

CALL 0IkLOS LDESiESTLR)
CALL TRANS (DSEDES93,3)
CALL ujIRCOS (DE:AgEAPIR)
CALL TRANS (DAE:,DLA,393i

C EART" AX1.) POSITION OF THE AIRPLANE UART LINE ATTACHMENT
C POINI
C

CALL VE:CXYZ IOAPEDAPXAPDAE~l)

C LARTH AAIS POSiTLON 01 THE UtPLOYED DART BRIDLE APEX o...
C

CALL VE:CXYZ (DtdAkdkAqSRPqDSEt2)

C CALCULATE THE IJARI LINE LENGTH ...

DU 50 1103
50 DELIAMI = )APE:lI) - UBAEML

OLL = SQjRT (DELTA(1)$#2 e UELTA(2)**2 + DE:LTA(3)**2)
C
L. &tTERMINE: THlE DART BRAKIN6 FORCE .e.

N~bF = 18F(2)
IF(ULL .LT. TBF(4)) Gi TO l1io
IF(ULL .LT. TBF43+NIBF)) GO TO 60
IF(ICCAL.NE.1) SW = .
IF(INST.E:Q.26) WRITt(6955) TIME

3.5 FORD9ATI/>Xr*DART OFF AT T1Mr = *,FIUJ.4v* SE:C*/)
G0010 ZU

60 INST.k Q.26 .AND. SW.E:w.0.) WR1TE(6tb5) TIME
65 FURMAT(/SX,*OART UiN AT TIME = *,FIO.4,* SEC*/)

IFIICLAL.N:.1) SW = 1.
UbF = 16LU1LULL,10F(4),TbF(NToF+4),l,-N1BF)

L. CALCULATE THE DIRECTION COSINES OF THE DART LINE ...
c

DLI ?C 1=1,3
10 ULM) DELTA(1)/LJLL
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C
L E:ARTH COMPONENTS OF THE UART LINE LOAD ON THE SEAT ...
C.

DO 80 1=1,3
80 DFII) = O6F * DC(I)

C

C. ***********SE:AT 1-ORCES AND MOMENTS *******
C-

C BuOY AXIS FORCE COMPONENTS ON THc SEAT ......
C.

CALL MAIMPY (FDSDL~SDFt3v3v1)
C
L bOQiY AXIS MOMENT CCJMPUNtNTS ON THE SEAT ...
C

CALL CRSPR (TDSDBAFbSJ
4.

C **s*#**#****AIR~PLANE FORCES AND MOMENTS ******~

C bUDY AXIS FUkLCE COMPONENTS OF THE AIRPLANE ......
C

DO 90 I=13
90 DF(I) = -DF(1)

CALL MAIMPY (FDADOAjUFv3,,)I

C GDY AXIS MOMENT COMPONENTS ON THE AIRPLANE ......

CALL CRSPRD (TUADAPgFDA)

100 RETURN
END
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SUBROUTINE GP (TMF,
* FLFMTFSTTSTFPPtTPPTINtTLAFSOTSOFPO,
* ITPUTRM,
* SWUVtXMOtXYZt AtXRXDPEREDTDESRPUSTESTWSTv
* XPP qUPPqEPPIWPP)

C
C

CL *#4~4* GP TABLES********
C
C TMF - PARACHUTE MORTAR FORCE TABLE
C
CTHE INitPENu:NT VARIABLE IS TIME (SEC)
L THE UEPENUENT VARIABLE IS THE MORTAR FORCE (LB)

C G***4**# P OUPUT, ***.#**4L*

C FL - MORTAR MOUE FLA6
L 0 = PRIOR TO INITIATION
#- I = INITIATION UP TO LAUNCH
C 2 = PARALHUTe LAUNCH
C 3 = FORCES AND 1URQUES OFF
L FMT - PARACHUTE MURTOR FORCE MAGNITUDE (LBi
C FST(3) - XYZ SEAT BODY AXIS FORCE VECTOR ACTING
C ON THE SEAT (Lb)
C TST0I1 - XYtZ SEAT BODY AXIS TORQUE VECTOR ACTING
C ON THE SEAT (FT/LB)
C FPP(3) - XtYZ EARTH SYSTEM FORCE VECTOR ACTING ON THE
C PARACHUTE PALK (LB)
L TPPI(3) - XYZ PARACHUTE PACK 6UDY AXIS TORQUE VECTOR ACTING
L ON THL PARACHUTt PACK (tT-LB)

TIN - PARACHUTL MORTAR INITIATION TIME (SEC)
C TLA - PARACHUTE LAUNCH TIME (SEC)
C FSO(3) - XYtZ SEAT bOUY AXIS FURCt COMPONENTS EXERTED ON
C THE SEAT AT STRIPOFF (LB)
L TSO(3) - XtYvZ SEAT BODY AXIS TORQUE COMPONENTS EXERTEU ON
L THE SEAT AT STRIPOFF (FT-LB)
L FPG(3) - XqYqZ PARACHUTE PACK BUODY AXIS FORCE COMPONENTS
L EXERTED UN THE SLAT AT STRIPOFF (La)
C TPOIG) - XY,Z PARACHUTE PACK BUOY AXIS TORQUE COMPONENTS
L EALRTEU UN THE PACK AT STRIPOFF IFT-LB)
c TRMt)) - XYZ SEAT EARTH VELOCITY COMPONENTS TO PASS TO THE
L PARACHUTE COMPONENT DURING TRIM IFT/SEC)
C
L.***ss*ss GP INPUTS $*s****

L Sw - FLAG TO 1NITIATE THE MORTAR (I = ON)
L UV(}) - XYZ ScAT OODY AXIS MORTAR FORCE UNIT VECTOR
C XMO(3) - XYjZ SEAT BuOY AXIS LINEAR POSITION
L VECTOR OF ]Ht PARACHUTE DEPLOYMENT IMPULSE
CMOMENT ARM IFT)

XYZ(31 - XYZ SLAT bUUv AXIS LINEAR POSITON VECTOR
c OF THE PARACHUTE PACK (FT)
L EA(t) - SEAT TO PARACHUTE PACK EULER ANGLES (DEG)
L Xk - PARACHUTE SHELF LINEAR SPRING CONSTANT ILB/FT)
C AD - PARACHUTE SHcLF LINEAR DAMPING CONSTANT (LB/FT/SEC)
C EK(31) - XYZ PARACHUTE bHELF ANGULAR SPRING CONSTANTS
C (FT-La/DEGI

. EUb) - XtYt PAkACHuTE SHELF ANGULAR DAMPING CONSTANT4
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C (FT-LB/DEGSC)
C T&L - TIME DURATION FOR THE FORCES AND TORQUES TO DECAY TO
IL ZERO AFILK PARACHUTE. LAUNCH (SEC)
c. SRPLj) - XYZ EARTH SYSTcM LINkAR POSITION VECTOR OF THE SEAT (FT)

L US1I.a) - XYZ %EAT 8OUY AXIS LINEAR VELOCITY VECTOR OF THE
C SLAT (FT/StC)
r- EST(B) - EAR~TH TO SEAT LuLER ANGLES (DEG)

idST(3) - XYvl SEAT bOiJY AXIS ANGULAR VELOCITY VECTOR
L OF THE ScAT (ULG/SEL)
C XPP(31 - XYZ tARTH SYSTEM LINEAR POSITION VECTOR OF THE

C. PARACHUTE PALK (FT)
C UPP(3) - XYvZ EARTH SYSTEM LINEAR VELOCITY VECTOR OF

C THE PARACHUTt PACK IFT/SEC)
IL EPP(3) - tARTH TO PARACHUTE PACK EULER AN(LES (DEG)

t. WPP(3) - XvY#Z PARACHuTE PACK bODY AXIS ANGULAR VELCITY VECTOR
C OF THL PARACHUTE PACK EDEG/SLC)

C DIMENSIONSh OF CALLIN16 ARGUMENTS ...... TR(3
C

DIMENSION 7MF(51 ,FST(3),TST(3),FPP(-)tTP3PR()
* UV(3),XMO(3),XYL(-i),EA(3),ER(3),ED(3)PSRP(3),UST(3),
* EST(3),WST(3),XPP(3),UPP(3),EPP(3),WPP(3),
* FSO(3) ,TSU(3JFPO(3 ),TPO(3)

C INTERNAL LLMENS1ONS

C, )IMkNSION cbT1R(3),tPPIR(3),WSTIR(3),WPPIR(3h9DES(3,3),

- DLIAV(3),RVEL(.)hOAMP(3),FMORT(3),TMORT(3),
* PROJ(3),TORtQU(3jANGC3JWSTE(3J,.WPPE(3J,

* EAIR(3) ,UCEA(393) ,OCLAT(393),TEMP(3)

C01MMON /CTIME/ TIME
COMMON /CICCAL/ ICCAL
LUMMON /COVRLY/ INST
COMMUN /LSSFLG/ SSF'LG
COMMON /CIO/ IRLzAUJ1WRITLIlIlAG

DATA kPUUPR / .o1l1,29, 57*Z9578/
C

L '' kiNIALIZATION***

lir(ILCAL*Nk.ll GO TO 10

Do0 1=1,3

2 EAIR~l) = EA(I * kPU
CALL uiRCOS (ULLAvEAIK)
CALL TRANS (DCEATtOChA,393)
IF(TUt*EQ.O.99999) TUt = 0
FL =F14T = TIN =ILA = TIMOR =0

Du 5 Izl,0
5 IRMIII = FSU(I) ISOM() FPtJ() TPOMI U

TYPt. = lHUN
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C
L EsYPASS CALCULAIONS iF THE PARACHuTE PACK HAS BEEN
L RkLEASED ANU THE FORCES AND TURQuES HAVE DECAYED ......
C.

10 IF(FL.tQ.3.) GU TO ,50

L FACTOR FORCES AND TORuES TO Z-RO AFTER STRIPOFF
C

IF(FL.NE.2.) GO TO -5
TOFF = ILA + TOE
DELTA TOFF - TlMt

FACTOR = DELTA/TbE
If-(DtLTA.Lt.0i FL = 3.
IF(FL.EQ.3.) FACTOR = 0

DU 20 1=1,3
FSI(Ij = FSQIG) * FACTOR

TST(I) = TSO(I) * FACTOR
FPP(I) FPO(I) * FACTOR

ZO TPP(I) I-POIl) * FACTOR
GU 10 250

C SET TH MURT AND FMORT VECTORS TO ZERO ......
C

5.: DO :0 1=1,3
TMORTIl) = 0

30 FmORT (1) = 0
NM1 = IMF(2)

C

(. **- * LHANG FROM DE&i;REES TO RADIANS *****

DO .,5 I=1,.3

ESTIR(I) = ESI(I * RPD
WSTIK(lI = WSTi) * RPU
EPPIRMI) = EPP(I) * RPU

35 WPPIR(I) = WPP(I) * RPO
I-

*. ***- CALCULATE THE UIR-CTIQN COSINE MATRICES *****

C CALCULATE THE EARTH "O SEAT MATRIX ......

CALL UIRCOS (OESILSTIR)

4L CALCuLA L THE SEAT TO EARTH MATRIX ......
C

CALL TRANS OES TuES3,31

C CALCULATE THE EARTH TO PARACHUTE PACK MATRIX ......

CALL DIRCOS (cPEPPIR)
C
C CALCULATE 1HE PARALHUIT OACK TO EARTH MATRIX ......
C

CALL IRANS (DEPTIULP331

L CALCULATE TH SEAT TO PAIALHUTI PALK MATRIX ......
(.

CALL MAIMPY (DS PtIr.PvESiv.19. ,3)

L
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C *"* FORCES GUE TO LINEAR UISPLACEMENT ,**,*
C

LL. LINEAR SPklNL, FORCES ------

C CALCULATE THE PARACHUTt PACK LINEAR POSITION VECTOR IN THE
L SEAT C4 )OILNATE SYSTEM

CALL VLCXYZ (XSvXPPPSRPOES,1)

L £hTERMINE THE LINEAR DISPLACEMENT FROM THE ATTACHMENT POINT,
C AN) CALCULATE THE SPRING FORCES IN THE SEAT SYSTEM ACTING ON
C THIES EAT ...

DO 40 1=1,3
UL)LTAX(I) = XS(I) - ,YZ(I)

40 ,PRIN((I = DELTAXII) * XR
C
L LINEAR OAMPIN6. FORCES
L DETERMINE THE EARTH VELOCITY OF THE POSITION THE PARACHUTE PACK

. OCCUPIES IN THE SEAT COORDINATE SYSTEM
C

CALL VELXYZ (UXSE,USTXS,W4TIR,DEST)
C
f. LtTERNINt THE RELATIVE VELOCITY WRT THE EARTH FRAME ...... F

0 45 1=1,3
45 OtLlAV(I) = UPP(i) - UXSE(1)

C TRASFURM THIS DIFFERENCE 1NTO THE SEAT SYSTEM .......
C.

CALL IATMPY (RVcLvDESLiELTAV,3v3,I)
C

L. COMPUTE IIk: DAMPIN6 FURCE ACTING ON THE SEAT ......
C

wO 56 1=1,3
5O LAMP(I) = RVEL(I * XU

L -- LM THE SPRIN6 AND UAMPIN6 FORCES ACTING CN THE SEAT
L

OU 60 1=1,3
bu FST(IJ = ,)PRING(I + .AMP(I)

C

C ** MOKIAR LOGICC. **a*** .s.* $ * * , **

1FFL,.ft-.0.) GO TO 130
IF(FL.NE.O) bO TO bO

I~lNSTtW.b)WRITklb,7U) TYPEk,TIME

70 FORMAT(/SX,A89* i1 NITION AT TIME = *tFIO.4,* SEC*/)
TIN TIME
FL = 1.

. CALCULATE THE MORTAR FURCE
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C.

40 TIMOR = TIME - TIN
FM1 = TBLUJ (TIMORIMF(41)TMF(NT+4),I-NMT)

CALCULATE THE SEAT 80BY AXIS MORTAR FORCE COMPONENTS

E ACTlN6 Ch THt SEAT
L

DO 90 I=lt3
90 FMORI(I) = -1. * FMT * UV(L)

L
C CALCuLATE THE TORQUE 014 THt SEAT FROM THE MORTAR ...

CALL CRSPRD (TMORTXOmOFMORT)

C UUT TIHL LINEAR SPRING FORCES ONTO THE MORTAR UNIT VECTOR ......

CALL ULTPRD (DOTtSPRINGUV,31

C IF THt 16N OF THE OUT PRODUCT IS NEGATIVEv RETAIN THE SHELF FORCE
L

IF(iJGT.L.0) GO TO 13U

L DOT THL TOTAL LINEAR RESTRAINT FORCE ONTO THE UNIT VECTOR

CALL OUTPRD (OOT,FSTUV931
C
C DETERMINL ]HE VECTOR COMPONENTS OF THE PROJECTION OF THE
C RESTRAINT FORCE ONTO THE UNIT VECTOR ......

00 L0 1=1,3
IOU PKOJ(I) = DOT * UV(I)

C DETtRMINk THE FORCE VECTOR NORMAL TO THE UNIT VECTOR ......

uO 110 l=1,3
110 FST(1) = FST(I) - PROJ(l)

C

C OtTtRMINE THE TORQUE ON THE SEAT FROM THE RESTRAINTS ......
C
13U CALL CRSPRD (TOKQUttXSFSTJ

C
L CALCULATE THE TOTAL FORCE ACTING ON THt SEAT ......

OU L4G 1=1,*3
1iO FSI(I) = FSTCl) + FMORT(I)

C CALCULAIL THE FORCES ACTING UN THE PARACHUTE PACK IN THE
L EARTH SYSTEM

CALL MATMPY (FPPDESTFSTtt3t1)
uO 150 1=1,3

A56 FPP(l) = -FPP|II
C

C ***.* TOkQLU OUt TU ANGULAR DISPLACEMENT ***l
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C
L ANGULAR SPRING FORCES

ILC CALCULATt THE SEAT TO PARACIIUT PACK EULER ANGLES ......

CALL C.OSDIR (ANGiDSPI
L

L DETERMINE THE ANGULAR DISPLACEMENT FROM THE ATTACHMENT AN6LE,
C AND CALCULATE THE SPRIN6 COMPONENTS ACTING ON THE SEAT IN THE
C ATTACHMtNT AXIS SYSTEM ......

DU 160 11l3
OELTAXI) = ANGt4-i)*DPR - EA14-I)

160 SPRING(1) = DELTAX|I) * ERMi)
C
C --- AN(PULAR DAMPIN& FORCES
C

I. DETERMINE THE ANGULAR VELOCITY OF THE PARACHUTE PACK IN THE
C ATTALHMENT AXIS SYSTEM ......

CALL MATMPY (WSTEDLSTWS1,3,.3,)

CALL MATMPY (WPPEtUkPTWPP,3,3v,)
uu 110 1=1,3

170 DELTAV(I) = WPPE(I) - WSTE(I)

CALL MAIMPY (TtMPDtSDELTAVja,3I)
CALL AATMPY (RVELtUOCLA9TEMP93t3vI|

C CALCULATE THE ANGULAR DAMPIN TORQUE, AND SUM WITH THE ANGULAR
f. SPRING TOkQUk ......

Do IbG 1=1,3i

DAMP(I) = RVELII) * EDII)
1d TLMP(l = SPRING(l) * DAMP(i)

. MOVE TH- RESTRAINT TORQUES INTO THE SEAT SYSTEM .....

L
CALL MAIMPY (TSTUCEATvTEMPt,393I)

C

C CALCULAT- THE bOUY AXIS TORQUE CGNSTANIS ACTING ON THE
. PARACHUTE PACK ......

C
CALL MATMPY (TPP,OSPTST,3,3,I)
DO 190 1=1,3

190 IPPII) =-TPP(I)
c
L. CALCULAlt THE IOTAL MLMENT ON THE SEAT ...

C
00 200 1=1,3

ZOO TbT(II = TST(I) + TMORTII) * TORQUE(I)

,. IF THE MORTAR IS AT SRIPuIt- *.....

IF(TIMOR.LT.IMF(NMT+3)) GO TO 225
TLA : TIM"
FL i.

F(TDE.EUQ.OI FL - 3.
IFIFL. Ew.3.) G TO 415
DO k IC

365



FSOMl = FST(I)
TSOM1 = TSiCIJ
FPGII) = FPPII)

410 TPO(1= TPP(I)

L15 iFINST.EQ.26) WRITLEC6,e01 TYPE,TIME
220 FuRMAlC/5XAB,$ STRIPUFF AT TIME =- *vFI.O.4,* SEC*/)

,L ZERO THE FORCES AND TORQUES ACTING ON THE SEAT IF SSFLG
L. ISa LUAL 10 ZERO ......
L-
Z45 IF(S~f-LG.NE.0) GO TU 240

o0 i.30 1=1 9.
230 FST11) = TST(.I) = 0

~SEND DATA TO PARACHTUE P~ACK BODY TO ALLOW LT TO COMPUTE THE
I. SEAT LAkq1H VELOCITY UUKING TRIM

k40 IF (ImST.NE.31) 60 TO 250
CALL MATMPY (TRMtULSTvUS7,3,i,1)

k.50 RkTURN
END
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SsUROUIINE LI (ICWv
• EC,LCD9IECTFtTFDITFt
. FLAtSWIFOOTUOOFLPFAPVAPFLLELMtELCDEM,
* RMNDISCUJNtTCGtUVLtRLRLOVLPVCGPCGtCWTPTPEtPVL,
* TLStVLSt

J JFF,BLI tAPXAPitAP2tAP3tAP49,FTRtFS t ULLtULSiGOR,
* TYPFLXDUUOE.OWOXPPUPPEPPXPCUPC)

L

C UES1{3 NED 6Y C.L. WEST
L LAST MhIFIEU - i ChMbeR 6,' 19dU

C THt: EASIEST PARCHUTE LINE MODEL
C
L.$#***#* LI TABLES
C
L TCW - STRETCHED PARACHUTE CANOPY WEIGHT TABLE
L
L THE INDEPENDENT VARIABLE IS THE STRETCHED LtNGTH (FT)
CTHE DaPLNOENT VARIABLE IS THE STRETCHED WEIGHT (LB)
C

L **#$****Li OUTPUTS *******
C
L CREEP STRAIN IN PARACHUTE LINES

L EC - CREEP STRAIN IN PARACHUTE LINES (IN/IN)
L tLU - CREEP STRAIN RATE (IN/IN/SEC)
L ILC - INTEGRATION LUNTROL
C
C TIME DUkATION OF PARACHUTE LINE LOAD (CHARACTERISTIC FUNTIN)

C TF - TIMe PARA4.HuTE LINES EXPERIENCE A NON-ZERO LOAD (SEC)
L TFD - RATE (LQUALS ONE WHEN LINES ARE UNDER LOAD, OTHERWISE ZERO)
C IhF - INTEGRATION CONIROL
C

C FLA - PARACHUTE PHASt
L 0 = PRIOR TO INITIATION
C 1 = INITIATION
C 2 = LAUCH
L s = MGRTAR OFF

4 = LINESTRE7CH
C = LINES StVtkEu

Swi - FLAG SET WHcN THE PARACHUTE IS BEHIND THE BRIDLE APEX
L FUU(3) - XYZ DtCtLLRATLD OBJECT BODY AXIS FORCE COMPONENTS ACTING
C UN THe DECELERATED OBJECT (LB)
L TED(3) - XYti UCELERATED OBJECT BODY AXIS TORQUE COMPONENTS ACTING
C ON THE DECELERATED JBJECT (FT-LB)
L FLP(3) - XtYZ FORCE CMPONENTS ACTING ON THE PARACHUTE (LB)
L I BOOY AXIS FOR PALK - EARTH SYSTEM FOR CANOPY)
L FAP(3) - XYZ UECELEKATcD OBJECT BODY AXIS POSITION VCTOR OF THE
L FORCE APPLLCATIJN POINT (FT)
C VAP|i) - XtY,Z EARTH SYSTEM VELOCITY COMPONENTS OF THE FORCE
L APPLICATION POINT (FT/SEC)
L FLL - LINL LOAU (LB)
L tLM - MAXIMUM SIRAIN EXPERIENCED BY THE PARACHUTE LINE
C DURING ITS LOADING HISTORY (IN/IN)
L ELC - MAXIMUM STkAIN EXPERIENCED BY THE PARACHUTE LINE
L DoRING THE LuRRtNT LOADING CYCLt ONLY (IN/IN)
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L OEM - MAXIMUM POSITIVE STRAIN RATE EXPERIENCED BY THE
L PARACHUTE LINE DURING IT LOADING HISTORY (I/SEC)
C RMN - MAXIMUM NEGATIVE STRAIN RATE EXPERIENCED BY THE
C PARACHUTE LINE DURING THE CURRENT UNLOADING
C CYCLE ONLY (I/SEC)
C DIS - THE DISTANCk FROM THE ORIGIN OF THE DECELERATED OBJECT
C TO THE OR1DLt APLA (FT)
C CUN(4) - COEFFICILNTS IN THE EQUATION FOR THE PLANE FORMED
L bY TIL bRIDLE ATTACHMENT POINTS
C TCG(2dO) - PARACHUTL CENTER OF GRAVITY LOCATION ARRAY (FT)
L UVL(]) - PARACHUTt LINE UNIT VECTOR
L RL - PARACHUTE LINE LENGTH (FT)
C RLO - UNLUADED PARACHUTE LINE LENGTH (FT)
L VL - RATE OF CHANGE OF LINE LENGTH (FT/SEC)
E VCG - VELOCITY UF THE CANOPY CENTER OF GRAVITY ALONG THE
L PARACmUTE LINES IFT/SEC)
C PCU - STRETCHL, CANOPY CENTER OF GRAVITY MtASURED ALONG THE
C PARACHUTE LINE FROM THE PARACHUTE PACK (FT)
L CWT - WEIGIT OF CANOPY PULLED FROM THE PARACHUTE PACK (LB)
C TPE - TYPE UF PARACHUTE (I=DRAG 2=RECOVERY)
I;. PVL - PREVIOUS TIMESTEP LINE VELOCITY (FT/SEC)
C TLS - TIME AT LINESTRLTCH (SEC)
L VLS - RATE OF CHANGE OF LINE LENGTH AT LINESTRETCH (FT/SEC)

L $*$*4#* LI INPUTS S*#*4**

L
C OFF - FLAG TO SEVER LINLS
C U = LiNES ATTACHED
L I = LINEz )cVERED
C BLI - NUMBER OF 6RIDLE LINES
C APX(3) - XYZ DECELERATED OBJECT dODY AXIS POSITION VECTOR OF fHE
L 6RIDLE APEX (FT)
C A0i(3) - ArYZ OECtLEKATEU OBJECT bODY AXIS POSITION VECTOR OF THE
L FIRST BRIDLE LINE ATTACHMENT POINT (FT)
L APe(3) - XYZ DtcLt'ATEu UoJECT BODY AXIS POSITION VECTOR OF THE
L SECOND BRIDLE LINE ATTACHMENT POINT (FT)
C AP-Il) - XYZ DECELERATED O6JECT BODY AXIS POSITION VECTOR OF THE
C THIRD BRIDLE LINE ATTACHMENT POINT (FT)
L AP4(3) - X,YZ DECELERATED ObJECT BODY AXIS POSITION VECTOR OF THE
c FOURTH 6RIULL LINL ATTACHMENT POINT (FT)
L FIR - PARACHUTE LINE MULTIPLICATION FACTOR
C F.U - CANOPY STRIPOUT FORCE (LB)
L ULL - PARACHUTE SUSPENSION LINE ULTIMATE LUAU (LB)
C ULS - PARACHUTE SUSPENSION LINE ULTIMATE STRAIN (IN/IN)
L uUR - NUMBER OF PARAC-IUTE GORES

TYP - TYPE OF PAKALHUTL (I=uRAG 2=RECOVERY)
C FL - MORTAR MODE FLAG
L 0 = PRIOR IU INITIATION
c I = INITIATION uP TO LAUNCH
E = PARALHUTE LAUNCH
L 3 = MORTAR OFF
L dODY (FT)
C uUu(3) - XqYpL DECcLERAILD UdJELI bODY AXIS VELOCITY VECTOR
C t- THE DCLLtRATc) diDY (FT/SLC)
C WUCO(3) - XYZ DECELEKATLO OBJECT BODY AXIS ANGULAR VELOCIFY
L COMPONtNTS OF THe ULCELEkATED OBJECT (DEG/SECI
C XPP(.-- - XYZ cAKTH FRAME PJSITJN VECTOR OF THE PARACHuTt
C PACK (FT)
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C UIP04 - XYtL PARACHUTE PACK EARTH SYSTEM VELOCITY
L VtCTOR (FT/StC)
C EPP(.*) - EARTH T0 PARACHUTE PACK EULER ANGLES (DEG,)
c. XPL(3) - XYvL tZAR1M SYSTEM PUSITION VECTOR OF THE PARACHUTE
L CANOPY (FT)
L. UPC(3) - XqYfZ EARTH SYSTEM VECTOR VECTOR OF THE PARACHUTE

IL CANOPY IFl)

C
L. DIMENSION OF CALLING ARCUMLNTS ..

DIMENSION TCL(51,FDU(3)tTUO(3),FLPL,.,FAP(3),VAP(3),CON(4),
* TCG(2G),UVL(3),APX(:s)API(3),AP2a3),AP3(3),AP4(3),
* ~XOO(3) ,UOU(3) ,EU013),k'dO(3),XPP (3),UPP(3) ,EPP(3),
* XPC(3)9uPC0i)

L. lNThKNAL LIMENSIONS ...

DIOMENSION WUI0R13),ELUOIR(3) ,DkO(3t3),DOE(3,3)hXPPUO(3),

- UVV(3) ,FSTP(3),FAUO(3)bUPPPOS(3),
* UPPREL(3) ,UPPOO(3)9LPPIR(3),FDOT(3),
* AXPCS(3)vXPCLJO(3)

L COMMON /LTIME/ TIME

COMMON /LICCAL/ILLAL
COMMON /COVRLY/ INST
CUMML)N /CPFLAG/ UUM*ITINC *
COMMON /LID/ IRkAOIWRITEIDIAG

DATA R1PD / .01745a29I
DATA GRAV /32.174/

C

CL #* INITIALIZATION4**.

C
IF(ICLAL.NE.1) GU O 7U 1

L
L MISC INITIALiZATION
L

TPE = TYP
FLA = SW1 = FLL = LLM = ELL = DEM = RMN RL =RLO =0

VLG = PCG = CWT = PVL = LS = VLS = 0
1110FF oEQ. 0.999991 OFF = Ci
Lj 10 1=1,3
IF(APXII) .EQ. U.99999) AbiX(I) z U
If;(AP2(I) oLQ. 0.99999) AP2(I) = 0
IF(APS1(l) *Ew. 0.99999) AP3II) = 0

AD 1F(AP4(1) *tQo 0.99999) AP4(I) = 0

C CALCULATE THE DiSTANCL FROM THE ORIGIN OF THE DECELERATED OBJECT
6 10 THE bRIDLE APtX ...

015, = SroRT ( APX(114*4 + APA(Z)**2 + APX(3)**2

L. CALC..LAIL THE CONSTANTS FUR THE EQ)UATION DEFINING THE
C bloLk ATTAL~MMtN1 PLANt ...
L
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CUNt3) = 0E1311.,API(l1) API(2 ),1.,AP2(1),AP2(Z),1.,AP3(I ) AP3(2))
CUN(41 = DET3(APL(k),API(1),API(3),AP2(2),AP2(1h#AP2(3),

AP31Z),AP.>(l) ,AP3(3)J

L C.OMPUIL THE PARACHII~L LANL)PY CG TAbLE ...

Do 15 11,2OU
15 TCG(I) =

WR IT E(6,20 J
40 F0KIA(//5Xv*-- STKE1CHlLD CANOPY LG TABLE FOR COMPONENT*v

* LI -- *#//.SX,*LINE*,12X9*CG*//3
NA = CW(2)
TOIALM =0
TOTALW =TCW(2*NA+3)
0(U iO 1=2tNA
TOIALi = 1TAL14 u tTCW(3+i)-TCWI2'1))/2.41Cw12.1))*
* (lCW(NA+31+I)-TCW(NA2+I))

TCGt1)= (TOTALM, + ITOTALW-TLW'(NA+31))*TCW(341))/TOTALW
ik TLG(1) = CW(3+1) - TCG(I)

WRift:(694G) (ICW(1435 ,vTCG(I11lNA)
40 FGRMAl(lox,F5.2,IUAwf-7.4)

L
DO 60 1=193
FUoiI) U
TuD(1) =0

FLP(IJ 0I
k-AP( 1) =0

ou UVL(I) VAI) 0
f.
C.-- BYPASS THL COM4PONENT IF FL DUES NOr EQUAL 2 OR FLA EQUALS 4
L.
70 IVIFL.Lw.l.) FLA = 1.

IF(FL.Lkol. .OR. FLA.~.J.5.) 6~0 TO 330
L.

IFITYP-EQ.1.) TYPL = 4HDKAG
IF(TYP.EQ.2.) TYPE = bHRECUVERY

LC -- IF THEk LINES HAVE BEEN SEVERED --

lF(UFF.NE.l.) GU 10 lUG
FLA =5.
FLI = U
00 60 1=193

F-0 F0011) =TuU(IJ FLP(I) =UVL(I) = VAPCI) FAP(IJ 0

90 FORf4AT(/5X*Adt* LHUTE LINES SEVERED AT TIME =*vFlO.49* SEC*/)
Gu TO 330

C -- LAN~it FROM OEGkt~ TO RADIANS
L.
l(10 DU 110e 1=1,3

iIUDIk(I) = rDOMi * RPU,
EuDIR~l) = LOM * KPU

I1 10 EPPIRII) = kPPII) * RPO
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L. -- C.ALCULATE DLO
C

CALL DILOS (DLU,LDULK)

If-IFLA.LQ.4.) 60 10 26U
FLA =2.

C

C *

IFFLk... FLA*********$**P**S*

C

L. - IF 7hL CHUTE IS INzbILE THE BRIDLE -

lF(bLI.LQ.1.) 603 To 075
1F(SWI.tQ.I.) GO TO lbo
CALL VLCXYZ (XPPOOXPPgXLJOOLJ,I)

L PSR(PDC)*,+PD(2*2XPC(1*)G.I+. GO To 140

L. CALCULATE THr EARTH SYSTEM VE:LOCITY OF THE PARACHUTE PACK
. POSlIlUN IN THE DLCELLKATED OBJECT COORDINATE SYSTEM ...

CALL TRANS (DOE9DEO,3,3)
CALL Vt:LXYZ (UPPPOSvUDOXPPOUWDOIR,)OEi

L LUMPUTE THL RELATIVE VELOCITY OF THE PARACHUTE PACK WRT THE

C OLLELLRATka. OaiLLT IN THE LARTH SYSTEM

UOUPPRLLII) =UPPPOS(l) -UPI
L
L. LoLTERMINE THE RELATIVE VLCITY OF THt PARACHUTE PACK IN THE
C DkCkLEkATLU ObJECT SY.STEM

%.ALL MAIMPY (UPPUOt0EOtUPPRLL939391)
L
C. CALLULATE THE UNIT VECTLIR OF UPPO ...
C

R.ULT SQRT(UPPLUII)1*ZUPPUO(2)**2+UPPDO(jl)**2)

1-1 UVV(I) UPDO(I)/RtSULT
L
L. APPRUXIMATE. THE I-JRt.. APPLICATION POINT FROM THE VELOCITY
C. VLCTOR....
C

CALL LIbRlUL (FAP,
APXAPIAP2,AP3 ,AP4,CONBLI ,UVVXPPDJO)

140 SWI z1.
L
L --- LALCULATE THE FLJRCE APPLICATION PUINT -

L.
L. UtTEkMINt THE UNIT VtCTOR FROM THE PARACHUTE PACK TO THE BRIOLE
C. APkX INt 13* DECELiLATLU U*JECT COORDINATE SYSTEM ...

371



150 CALL VLCXYZ (XPPDOXPi~,XDdvJEO,1)

UU 160 1=1,3
160 UVLIII APXII) - ?dPPU(I)

C
KESULI = 0RT(UVLt1)**L+UVL(L )$*2*UVL (3)**2)

L70 UVLII) =UVL(I/RESULI

175 CALL LlBkIOL (FAP,
APXAPI,AP2,AP3,AP4,LON96LIUVL,XPPUiJ)

C
t CALLULATE TH& LINE VARIAbLES

C * CLL LLINEFAPXDOU~iJeDOOR,WDOIR,XPPUPPDEO)

L LTERMINE THlE CANLJPY CG POSITION AND WEIGHT
C

NA 7W2
PLG =IBLUI (RLTCW(4iTC(Iii,1,-NA)
GUI = bLu1(RLTCW(4),TCkE(NA+4),1,-NA)

C -- ChtCK FOR LiNESTRETCH

lir(RL.GL.TCW(NA+3)) 6U TO 2o5

C -- ALCULATE THlE CANOPY STRIPIJUT FORCE
C

Uu 196 1=1,3
L9U FSIP(1) =FSO * (-UVLLI))

L
C -- ,ALL.LLATL TilL FURCE ACTIN6. ON THI: DECELERAT&D OBJECT RESULTING
C FROM PULLING Tht PARACHUlT FROM THE PACK
L

DtJ 20G 1=2,NA
&uo IF(RL.LT.TCW(1+3)) Grj TO 4du

k10 wWujL = (TLW(4A+1+3)-TCW(NA4I+c))/ITCW(I+3I-TCj(1tZ))
DMIJL = WUL/GRAV
MePL)0= DOL * VL

DO iA6 1=1,3
LzLJ FAJUM = tPUUT * (-uVL(I))

C

Du, 436 1=1,3

kJ0 FbOT II) = FSTP(1) + FADOII)
CALL MAIMPY (FOO,DUL,FUiOT,3,3,1I

L. C- ALCULATE THL TLUWUE. ALT1Nu, ON THE DECELERATED OBJECT

CALL CRSPRD (7OOFAPFDU)

L SUM THE I-ORCES ALTIN6 J.N TH-E PARACHUTE PACK
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z40 FLP(I) = -FSTPM~

C
E -- ALCULAIL ThE CANOPY CG VELUCITY ALONG THE PARACHUTE
C LINES WITH RESPLCT TO THE FORCE APPLICATIUN POINT
C

00 z50 l=29NA
z50 1 -(RL.LT.TCW(i+l)) GO TO 260

C
260 Do-GOL = (TCGI-TCG1-1))/(TCW(I3)-TCfli2))

VCG =VL - VL * DLGUL
GO To ,130

C **~** AT LINES1RETCH ***

Z65 FLA =4.
TLS = TIME
VC6 0 I
DJ zao 1=1,3
100(l) = FOOI) = FLPMI 0

k7O LONT INuE
C
L CALCULATE THE UNLOALEO LINE LENGTH .....
L

CALL VE(LXYZ (APCSAPCvXL.ODLU9i)
RLO SwRT((FAP(l)-XPC.S(11))*2 +(FAP(2)-XPCS(2))s**

(FAP(3)-XPCS(3) )**2)
RL =RLO

L
L WRITL The LINESTRETCH MESSAGE
t.

IF(INST.EQ.26) WRITE 16,275) TYPE,TIME
2?5 FORMA](/5XAdq* CHUTE LINESTRETCH AT TIME =*,FIO.4,* SEC*/)

L

L. * AFTtR LINLSTRkTCI*

C

C -CALCULATE THE FORCE APPLICATION POINT
C
A- ULTERMINE THE UNIT VLCTOK FROM THE PARACHUTE CANOPY TO THlE BRIDLE
C APEX IN THE DECELERATED OBJECT CIOMOINATE SYSTEM ...
L

Z8La IF(bLI.kQ*1.) G~O TO 305
CALL VECAYZ (APC0OvAPCvAU,~.EU,1)

DO Z90 1=1,3
290 UVLII) = APX(I) - APCDO(I)

C
RESULT zSQRTIUVLII)**2..UVLI2)**2.UVL(3)**2)

C
00 300 1=1,3

-100 UVLII) r-UVLII)/R.t"LT
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-AO5 CALL LIBRIUL (FAP,
APX,AP1,AP ,AP3,AP4,CONBLIUVLXPCDO)

L CALCULATE TH-L LINE VAKIAtbLES

CALL LILINE CRLIJVLvVLVAPt
FAPXbuU&.MJ,)EDUJIRWDOIRXPC UPCDEO)

IF(VLS.IEQ.0) VIS = VI

L -- ALCULATE THL PAKALIIUTL LINE LOAD -

C LOGiC IU bETERMINE THL LINE ACCELEKATIUN

AL = U
IF(INST.LQ.kb) AL = VL - PVC
IF(IIINC.tQ.l ANU. INST.tW.2o) PVL =VL

L
TALS = 1IM - TV-
IFITALS.LT.O.) TALS C
CALL LILUAU (FLL,FTKtLC,ECD,IECrTF,TFU,ITF,

* TALSIALVL,RLihRLUiiORULLULSPTYPL,
* ELMELCLjEMqRMNI

C
1LCALLULAIL T,-k FuRCLS ANL) IURQUES ACTING ON THE OBJECT -

C
Do .-ic. 1=1,3

3110 f-DOlj =FLL * t-UVICI))
CALL MAIMPY (FDULOFUU1,3,3,Il)
CALL LRSPRL) (TDU,F-APFUjU)

L -- CALCULATE THt FURiCLS ACTING ON THE PARACHUTE CANOPY

DO 3kG I=I,3
:)ZO FLP(l) =-FOOICI)

.330 RETURN
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SUbROU7INE LIBRIOL (FAPv
APXAP1,A2AP sAP4g.CONt1LlUVAPO

C
CUMMON /CIO/ IRtAuIWRlTEPIUIAG

L *** LidRIUiL OUTPUTS *4*

C FAP~I)) - AtYrZ aCtLERATLD OI6JECT 80DY AXIS LINEAR POSITION
L VECIOR OF THE FORLE APPLICATION PUINT (FT)
L
L ***** LIBRIDL INPUTS *~
C

i. APX(31b - X#Y,2. B~ELLRATEL OBJECT BODY AXIS LINEAR PO ,ITION VECTOR
L 0OF THE BRIDLE APEX (FT)
L. API(3) - XYZ DECaLERATEU OBJECT BODY AXIS LINEAR POSITION VECTOR
C OF THE FIRST 6RIOLt ATACHNENT POINT (FT)
C AP2(3) - XtYZ DECLLtRATEU UiIJECT BODY AXIS LINEAR POSITION VECTOR

C. OF THE SECONU BRIDLE ATTACHMENT POINT (FT)
C. AP3(.$) - XipYtl UECLLLRATtD OBJECT BUOY AXIS LINEAR POJSITION VECTOR
(L OF THE THIRa bRIOLE ATTACHMENT POINT (FT)
L. AP4(3) - XYvZ UELLLLNATLD OBJECT BODY AXIS LINEAR POSITION VECTOR
L. OF THE FOURTH bRIULE ATTACHMENT POINT (FT)
L CJh(4) - CONSTAIS IN THE EQUATION FUR A PLANE
L. BLI - NUMBER OF coRIDLE LINES
L. uVIa) - UNIT VECIOR FROM THEI PARACHIUTE PACK TO THE BRIDLE APEX

C IN THE DECELERATEU OBJECT COORDINATE SYSTEM
C XPLUt(3) - AYPZ UELtLLRATEU ObJECT BODY AXIS LINEAR POSITION
C. VECTOR OF THE PARACHUTE (FT)
C
C

uIMLNSILUN FAP(31 ,APA( j),API(3) ,APi(3) ,AP3(3) ,AP4(3),
CON(4) ,XI(3iUV(3) ,XPDO(3)

C
GO3 10 (10,30,40950),bLI

10 00 20 1=1*3
do FAP(I) = APICI)

GO 1O oO

.>U CALL, bRIOL2 (FAPtAPX#XPUOAPItAP2)
GO lU 6L,

',G CALL LINLPL (XICONiAPXUV)
CALL oRIUL3 (I-APAPXUVXPOOAPLAP2,AP3,XI)
GO 10 60

C
50 CALL LINLPI (XlilCONvAPXvUVI

CALL bRIUL4 (FAP ,APXUVIXPI)OAPIAP2,AP3,AP4,XI)
C.

60 RETURN
END
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SUbROUlINFE LILINE (kLiUVLvVLvVAP,
r;APXOUUU0,EDOWDO0XPIUPC,DEO)

C 44 LILINE OUTPUTS44*

c RL - UISTAN.E FeKOM THE F-ORC.E ATTACHMENT POINT TO THEI
C PARACHUTL CtNTER OF tbRAVITY (FT)
L UVLi3) - PARACHUTE LINE UNIT VLCTJR
L. VL - RATE OF C.HAN6,E OF T~le PARACHUTE LINE LENGTH (FT/SEC)
C VAP(3) - XYL EAlm -, YSIEM VELOCITY VECTOR OF THE FORCE
L. APPLICATIUN P~OINT IFT/SEC)

i. **** LILiNE INPUTS *4

L FAPt3 ) - XvYvZ UELLERATE) ObJECT bOUY AXIS LINEAR POSTION VECTOR
L OF THE FORLE APPLICATION POINT (FT)
C XDO(3) - XtYvL EARTH SYSTEM LINEAR POSITON VECTOR OF THE DECELERATED
C OBJECT CENTER uF G;RAVITY (FT)
t. UUU(3) - XYL UECELERATLJ OBJECT BOY AXIS LINEAR VELOCITY VECTOR

OF THE DtCtLtRATtD udJECI IFT/SEL)
C LbL)(i) - EARTH TO DECELERATED OBJECT EULER ANGLES (RAD)
L. WUU(3) - XvY,,Z DECELERATED OBJECT BODY AXIS ANGULAR VECLOCITY
E VECTOR OF THE DECELRATED OBJECT (KAD/SEC)
L. APC(3) - XYZ EARTH SYSTEM LINEAR POSITION VECTOR OF THE PARACHUTE (FT
L. UPL(3) - XqY,Z EARTH SYSTEM LINEAR VELOCITY VECTOR OF THE PARACHUTE
L (FT/SLC)
L. ULU(3,.9,A - kARTH TU DECELERATLD OBJECT DIRECTION COSINE MATRIX

DIMENSIUN UVL(3) ,VAP(3),FAP(3hvAUO(3),UOO(3),EDO(3) ,WOO(3),
XPL&3hvUP.(3),DEOI393),DUOE(3,3) ,FAPE(3),UELTA(3)

L L ALCULATE THE LINE LENGTH VARIABLES *4444

C LUCAIL Tb-IL FORCE APPLiLATIuN POINT IN THE EARTH SYSTEM ..

CALL TRANS (LOEtOLO,393)
CALL VtLXY/ (FAPE~t-APXDOOOE,2)

L CLJNIL ImE RESULTANTS AND OIREC[IJN COSINES
L.

UO iU 1=1,3
10 OLLJACI) =FAPEII) - XPC11)

L.
RL = S KT(OELTA(I)*4*L+UtLTA(Z)**OEDLTA(3 )**2)

L.

0- CALCULATE: ThtI LINt UNil VECTOR........

,c UVLII) =LiELTAI)/RL

L

L. UETERMiNE THE EARTH SYSTEM VELOCI1TY 0O- THE FAP........

CALL VtLXYL (VAPUutFAPgIOODOE)

C CALIAJLAIL Tht EARTH VELLIIY DIFFtRtNCE ......
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00 30 1=1,3
30 ULLTA(I = VAP(I3 UPC(I)

C PkUJLCT T~t LIFFERLNLL UN THLt PARACHUTE LINE

CALL DUTPRD (VL,DCLIA*UVL*3)

ENO
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SUbkUUIlNE LILUAD (-TTFCTRECtCuOTIECTFTFOtIIF,
* 1ALSAXWXXLOGORESULTL),ULTSTIYPE,

. LLMvLLMlUEL3MAXRMAXDk)

L s4-* LILOAD OUTPUT!> **'
C

L FIT - TENSILE LUAU (Lol

C FCIK - ULTIMATt .TRtNGIH MULTIPLICATION FACTOR

C LC - CREEP STRAIN IN TENSILE MEMBER (IN/IN)

EC&UT - CREEP STRAIN RAIE (I/SEC)

ItC - INTEGRATION CONTROL FLAG

C I - TIME DURATION OF PARACHUTE LINE LOAu (SEC)

c Tb-U - TIME UURATION RATE (EQUALS ONE UNDER LOAD)

4 ITF - INTEGRATION CONTROL FLAt,
C

C **** LILOAb INPUTS *

L TALS - TIME AFTER LINESTRLTCH (SEC)
AX - RATE OF LHANGE UF VX (FT/SEC/SEC)

C VX - RATE OF CMANvE OF THE LINE LENGTH (FT/SE)

C LU - ORIGINAL UNSTRESSEU LENGTH OF THE PARACHUTE LINES (FT)

C GURES - NUMBER OF PARACHUTE GORES

L ULILD - ULTIMATE STRENGTH OF A PARACHUTE SUSPENSION

C LINE (LB)
L OLISI - ULTIMAIE TRAIN OF A PARACHUTE SUSPENSION

L LINE (IN/IN)

C TYPt - ALPHANUMERIC FOR PARACHUTE TYPE

C
C ***** ARLUEMENTS INCLUDED TO SAVE VALUES ***
C

C ELM - MAXIMUM STkAIN EXPERIENCED BY THE TENSILE MEMBER (IN/IN)

ELMI - MAXIMUM STRAIN EXPERIENCED DURING THE CURRENT

C LOADING CYCLE (IN/IN)

Z. DELOMAX - THE MAXIMUM POSITIVE STRAIN RATE EXPERIENCED DURING

C THE LOADING mISTORY I/SEC)

L RMAAUZ - THE MAXIMUM NEGATIVE STRAIN RATE EXPERIENCED DURING

C THE CURRENT UNLOADING CYCLE (I/SEC)

C JANUARY 1978 EDITION OF TENSILE LOAD-ELONGATION ANALOG FOR

L MIL-C-504OE NYLON CURE-SLEEVc CORD * . *

C

L REFERENCE - AFFDL-TR-7-ib9 SIMULATION OF THE DYNAMIC TENSILE

C CHARACTERISTICS OF NYLuN PARACHUTE MATERIALS

C AUTHOR - ROBERT t. MCCARTY 513-255-5251b

L AFFDL/FER W-PAFB# OHIO 45433
C

UiMENSION EXA(o|,LXO(6),EXC(5,3),TC(6),FC(3),CSR(b,3),

U OPA(b),DPO(b),UPC(5,3)ELRLC(3)tELRC(3),RATC(3)

COMMON /COVRLY/ INSI

LLMMUN /LTIME/ TIME

COMMON /CLiu/ IRtAu9IWRiIL9LDIAb

REAL KKLPKCRvKOPLLO

C - RtEP STRAIN RATE DATA FOR TABLE LOOK uP .
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C

, IC iS AN INDEPiNDENT VARIA"LE ARRAY FOR TIME (SEC) ......
C

DATA TL / 0., .29 .5, .9, 1.61 20.1
L
L FL IS AN INDEPENDENT VARIABLE ARRAY FOR TENSILE LOAD (L).

L
DATA FL / 0., 8., LOGO0./

L

L CSR IS A DEPENDENT ARRAY FOR CREEP STRAIN RATE (1/SEe) ......
C.

UATA LSR / 0., 0., 0., 0., ov 0.,
.06779, .0351A, .01870, .010109 .001919, .0019199
.0b779v .03510, .OldiO, .010109 .001919, .001919 /

C MATERIAL UNLOADiNo CUKVE FIT PARAMETERS

C
(. DPA IS AN ARRAY OF AbSISSAE FOR THE SIX FIXED KNOTS
L IN A CUBIL SPLINE CURVE FIT USt- TO REPRESENT MATERIAL
C UNLUADING CHARACTERISTILS ......
C.

OATA OPA / 0.0t 0.072, 0.27, 0.65359p 0.733979 I.0 /

L JPO (Lb) IS AN ARRAY OF ORDINATES FOR THE SIX FIXED KNOTS
L

JATA DPO / 0.677199 15.1401 30.966, 17.945, 11.3839 0.0/

L
L .PC IS AN ARRAY OF CUbIC SPLINE COEFFICIENTS ......

DATA UPC / 91.65, 21o.90, Z.33759 -60.664, -71.o35,
2716.2, -1013.b, -o9.1911 -148.32, 260.65,

-17555.0, 1574.1, -69.1269 1896.0, -603.77/
C

C. LOADING CURVE FAi PARAMTcrRS -

C
L EXA (iN/IN) IS AN ARRAY OF ABSCISSAE FOR THE SIX FIXED KNOTS

L IN THE CUbIC SPLINt CURVE FIT USED TO REPRESENT MATERIAL
L LUADIN& LHARACTLRISTICS

DATA rXA / 0.0y .03724ol .0563529 .17888d, .21044 8 .237515/
C
. tX) (L.6) IS AN ARRAY OF URLINATES FOR THE SIA FIXEO KNOTS ....

L
DATA E-XC / O.09 10.72139 33DUm-Sly 156~.4769 205.5809 251.117/

C EAC I AN ARRAY OF LudIC SPLIN: LOEFFICIENTS USED TO REPRESENT
C THE MATERIAL LOADINU CHARACTERISTICS ......

LI

DATA EXC / 122.9919 156.411p l1i3.9g, 1Z16.87 2107.30,
-3716.97, 20735.9, -3315.61, 4012.75, 24201.0,
41897,.0, -37073L.0, 20350.3, 213Z26.0, -1484210. /

L

C. - PLASTIC STRAIN LHAKACT-lRISTIC
C.

DATA ELRLC / -. 05.6b.•i76,3.59U9/
DATA ELRRO / -. U~oa.21783.5989/

L
L - AMPING SrKAIN iJEPENDENCE DATA
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JATA RAIL, / -2.72Lu, i2Z.UI, -k72.36/
C
L MISL. DATA

L
DATA KRLtKCRKDPtVSFDM 3*1.09 0.034 /

C
IL

C ***** tLONGATION ***.

L
L
L EL (IN/IN) Is STRAIN BASEU ON ORIGINAL UNSTRESSED LENGTH
C

EL = FSW (X/LO-I., u., 0.1 X/LO-.)
tL = EL * .-375I5/ULTST

L
L ELO (IN/IN) IS THE STRAIN EXCLUDING CREEP STRAIN ......
C

ELU = FSW (EL-EC, 0.t 0., EL-EC)

C ELM (IN/IN) IS THE MAXIMUM STRAIN EXPERIENCED DURING THE
L LOAUING HISTORY ......

ELM = AMAXI(ELO,ELMJ

C ELMI (IN/IN) IS THE MAXIMUM STRAIN EXPERIENCED DURING THE
L CURRcNT LOADING CYCLE ......

ELMI = FSW (VX, AMAXI(LLOELM1)9 ELO, ELO)
C
C ELRL (IN/IN) IS THE UPPER 6GUND FOR RESIDUAL STRESS ......

ELRL = ((ELRLCt3)*LLM ELRLC(2))*LLM ELRLC(l))*ELM+.O016

C LLRR (IN/IN) IS THE LOWtR 6OUND FOR RESIDUAL STRAIN ......
L

cLRR z ((ELRRC(3)*ELM+ELRRC(2))*ELM+ELRRC(i))*ELM+.008B
C

L TS (SLC) IS THE CUMULAIIVL TIM FOR WHICH THE MEMaER EXPERIENCED
LeRO LOAD

C

TS = TALS - TF
C

L TSS IS 1HE RAIIO OF TS TO THE VALUE OF RELAXATION TIME FOR

C THE MATERIAL
C

TSS = FsW ((TS/.3)-I., TS/., 1., 1.)
C

C ELR (IN/IN) IS THE RESIDUAL STRAIN ......

C
LLR = LLKL - TSS * AbS(LLRL-ELRR)
ELR = RLIM (KRL*ELR, Got KRL*ELR)

i ELUT (IN/IN) IS THE LINEAR TRANSFORM OF STRAIN ......
C

ELOI = (ELO-ELR)*ELM/(ELM-ELR .OU001)

L ELS IS iHE NORMALIZEU STRAIN ......
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ELS = (ELMI-ELO)/(ELM-ELR.OC0G1)
ELS z FSW (ELS-1, ELS, ELS, 1.0)
ELS = FSW (ELS, 0., 0., ELS)

L L ( l) IS THE CURRtNT UNSTRESSED LENGTH ......

L = LU * (l. ELR)
L

L tLOT (IN/IN) IS THk LINEAR TRANSFORMATION OF STRAIN ......
C

ELOT = RLIM(ELOTU.,ELO)
L
L DELO (I/SEC) IS THE STRAIN RATE dASEO ON ORIGINAL UNSTRESSED
C LENGTH
IL

DELO VX/LO
L

C ULOMAX (I/StC) IS THE MAXIMUM POSITIVE STRAIN RATE EXPERIENCED
DURING THL LOADING HISTORY ......

DLLOMAX = AMAXL (DLLO, DELOMAX)
L
C RMAXOI (I/SC) HAS THE VALUE UF DELO WHEN THE STRAIN RATE IS
C NtGATlVk ......

RIAXDl = FSW (bELO, uLLO, 0.00001, 0.00001)

L RMAXU2 (I/SC) IS THL HAXMiMUM NEGATIVE STRAIN RATE EXPERIENCEO
C DURING THE CJRRENT UNLQAOING CYCLE ......

RMAXU2 = FSW(DELOAMIN1(RMAXOJRMAXD2) 0.UO0010.00001)

L CHEC& 10 SEE IF PARALHUTE LINES HAVE FAILEO ......
C

DO 10 1 = 1,5
IF(tAA(I).LE.ELO.ANO.ELO.LT.EXA(I1)l) GO TO 30

10 CONTINUb
IF(INST.EQ.26) WRIT=(b,20) TYPETIML

zO FURMAT(/5XAb,* CHUTE LINES FAILED AT TIME = *vFlO.4,$ SEC*,
* ==== RUN STOPPEO-*/)

STLP

L

**4*" SPRING FORCE *s

L FSO (LB) IS THE TENSILE LUAD CALCULATE FROM THE CUBIC SPLINE
C FIT
L

0 U = iLOL-XA(l)
F.O = ((EXCI,3)*D+EXCI,2)1*u+XC(II))*DEXOI)-EXOG()

0U 40 1=1,5
1F(tXA(I).Lk.ELOT.AND.ELOT.LT.EXA(1 1)) GO TO 50

40 CONTINUE

L FSK (LD) IS THE TENSILE LOAD CALCULATED FROM THE CUBIC SPLINE
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C FiT FLR THE MATERIAL RLPLATEU LOADING CHARACTEKISTICS ......

50 L = ELOT-EXAII)
FSK = iIEXC(~tIi )U+LXC(1,2))*D EXC(Itl)I*D+LAU(II-EXQ|I|

C FSOL (Lb) iS FSL IM1TEU 10 POSITIVe VALUES ......
L

F-SOL = RLIM (FSO, 0., FSO)

L F RL (LB) IS FSR LIMITED TO POSITIVE VALUES ......
L

FSRL = RLIM (FSR, 0., FSR)
L
C FS2 (Lb) HAS THE VALUE OF FSOL FOR INITIAL LOADING AND
L THE VALUE OF FSRL FOR REPEATELU LOADING ......

FS? = FSW (ELO-ELM, FSRL, FSJL, FSOL

L F l IS IHE SAME AS FoZ, BUI I LEKO WHEN THE LENGTH IS
C LESS TIHAN THE CURRENT UNSTRESSED LENGTH ...
L

FS1 = FSW(ELO-ELR,0.0tO.O,FS2)
C
C FS (LO) IS THE CURRENT LOAD
c

FS = FSl

L wD*AMPIN6 EFFECT *4**

L

LS

L RATIO IS A SCALAR QUANI1TY USED TO ADJUST THE MAGNITUDE OF
C LUAO ......

RATIO = ((RATC(3)ELM1+RAIC(Z))*ELMIeRATC(lf *ELMI
L

DO 6U 1=1,5
IF(DPA(I).LE.ELS.AND.ELS.LI.DPAII1)) GO TO 70

60 CONIIkUE

C. Flug (Ld) IS THE LOAU CALCULATcD FROM THE CUBIC SPLINE
L f-l FUk 1HE MATERIAL UNLOADING CHARACTERISTIC ......

7o 0 = tLS-OPA(I)
u = ((OiPC(I,3)U.LPC(1,2))*O DPC[I,1) )D DPOlI)

L

C VSFU (SL0) IS THE LINEAR FUNCTION OF TmE MAXIMUM STRAIN RATE ......

VzFD = 0.90 + VSFDM * DELOMAX
C
L FU3 (Lb) IS THE VALUE OF 1-4 SCALED FOR CURRENT CYCLE MAXIMUM
C STRAIN AND MODIFIEJ bY A LINEAR VISCOUS DAMPING TERM ......
L

Fu3 = FD4*RATIO*KDP*VSFD'ILMI-ELR)/(ELM-ELR+I.E-6)
FD3 = FSW (FD3, 0., 0., FU31
FU3 = FSW (FD3-FS, F03, FU3, FS)

L FOl (Lb) IS THE SAML AS FU3 BUT LIMITED TO ZERO WHENEVER
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C THE STRAIN RATE IS ZEKU OR POSITIVE ......
C

FDI = FSW(VX,FO3,U.,G0.)
C.
C. F2 La) is THE AI4t AS FOI EXCEPT THAI IT HAS THE VALUE ERO

L. WhENVE ThE LbNGTh IS LESS ThAN ThE CURR=NT UNSTRESSED LENGTH ...

(.
FD2 -- FS(L-X,FDi,(.=G.O)

. FO (Lb) IS THE CURRENT UNLOADING DECREMENT DERIVED FROM FD2
L

FA.IOR = SQRT(D"LO/RAXD2)
IF(AX.L-.[0.) FACTUR = AX*IFALTOR-i./iO. + 1.
Fj = FSW(AXgFO29FD2,FACTOR*FD2)

C
C. **-** CALCULATE THE TENSILE LGAU (FT) *****

FI = F- - FU
FIT = F1 $ GORES * -TR * ULTLD/25i.117

L ****. b,-ItRMINE THE CURRENT CK-EP STRAIN RATk ss**
L

C IF(SLC) 1 THE CUMULAIIVE TIME FOR WHICH TENSILE MEMBER
C EXPERMIENCED NONZERO LOAD ......
C

TFu = U.
IF(FT.GTo0.O ,AND. ITF.NE.01 TFu = 1.
IF(TF .GT. TL(6)) 6O TO 80

L
C D C ( i/sCJ IS TH4E CUKRENT CLRELP SfRAIN RATE ......

DEC = TOLU2 (TFvFTtICFC,C.SR9II,-o,-3 ,b3)
.0 IF(FT.LE.O.0) DEC = U..

IFTF..T.TL(6)) DC = U.0
IF(IEC,.NE.0 LCOOT = OEC*KCR* l.8

C

RETURN
tNU
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SUBROUTINE LINDST (XYZR31,LJC,
P719PTZIP13)

DIMLN.)IUN AXZ(3),iC(ihPTI(3) ,PI2(3h9PT3(31,DClZ(3),DEL13(3)
c
L THIS RCJUITNE CALCULATES THE COORDINATES OF THE INTERSECTION
L UF A NURMAL DRAWN FRUM POINT TtREE TO THE VECTOR PTl,PT2.
L. THE LIRLCTION COSINES AND MAGNITUUiL OF THE NORMAL ARE ALSO
L LALCULAILD.
C-
L ***** LiNUST OUTPUTS **

C
c XYZ(3) - X,V,Z POSITION VECTQR OF Tj$E INTERSECTION (FT)

i. R31 - MAGNITULOt OF THE NORMAL VECTOR (FT)
c OL(3) - DIRECTION COSINES~ OF THE NORMAL VECT43R

L
t. DTmIETEMG1UEU ETRPIPZ EEMN T IETO
IL COTSINE ... ANTD O LTR IPT. DTRIE T IETO

R12=S(.RT(PT(l)-PZ(IL#J**iiPT(2)-PT2(2))**2+(PT1I3)-PT2(3))s*2)
DI) 10 l~lp3

10 UI.Z(I) =(PT2(l)-PIiL))/RIZ

C CALCULATE IT INTERSECTION POSITION VECTOR ...

UL) 15 I113
15) DL~L1,tI) =P13(l) - P11(i)

CALL fL1PRO (RIlDELI-ivDCI2.,)
C

iJ ZU 1=193
ia XYZ(I) = P11I) + RII 0C2 1

L LALLULATE ITHE DIRELTIUN COSINES OF THlE NORMAL

R3i = SORT ((XYZ(ii-PT3(I)P*2 + fXYZ(Z)-P73(2))**2
(XYZ(3)-P13(3))**2)

RMIN = .02 * R12
IF (R.zI - RMIN) 30,,,O,40

L
30 DCCII OC(2) =OfCia1 = 0

GO TO 60
C.

40 D0 50 1=10.3
50 DCCI) LXYZ(I)-PT3(l))/R31

L
o0 RLIUAN

E NU
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SUbROUTINE LINEPL (X,CXL,UC)
DiftNSION X(3)vC(4),XL(a),OC(3)

L THIS ROUTINE UETERMINEs THE LOORUINATES LhF THE INTERSECTION OF
L A LINt ANti A PLANe
c
C X13) ARE THE COORDINATES OF THE INTERSECTION~ OF THE
CL LINE WITH THE PLANE.
L
LTHE PLANE 14 ULF1NED A~i C.(1)*X + CZ2)*Y + C(3)*Z + C(4) = 0.

C
C THE LINE IS DEFINED AS HAVING DIRECTION COSINES UC(319 PASSING
L. THROUGH A POINT WITH COOKUINATES XL(3).

IF(LJP.EIJ.O.OJT=J
IF(UP.NE.C,.O)T=(-C(4)-C(1)*XL(1)-C(Z )*XLI2)-C(3)*XL(3))/DP
DO 10 1=1,3

10 XII) = XL(I) + T*DC(1)
RE TURN
ENU
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SUBKU~UTINt: LOOK(NNvRtVOUT)

L. CALLlIN(6 AR~GUMENT S----E= 3

L. NN - LOCATION IN4 R ARRAY OF DE:PENDENT VARIABLE TABLE
C k - ARRAY CUN~TA1NIN6 AIRPLANE AERODYNAMIC TABLES
C VOUT - VALUE OF TilE DLPLNUENT VARIALBE DESIRED (OUTPUT)

L

DIMLNSION K(1),tIlV(3),NSI(3) lNL3)hR(60)
COMMON /RE61ONS/

I NkIv NR29 NR39 NR4, NK59 NR69 NR7, NR69 NR99 NRIO, NR1I,
2 IdK129 I4R139 NR14v NK1S, KRI69 NR17o NRI8, NR199 NR20O, NR219 NR229
3 NR2.3, NR.4 NR259 N~b NRZ79 NR2bo NR29v NR30, NR31, NR329 NR339
', NR34*9 NR359 NR369 N.R3?v N.2.dp NR391o NR409 NR4I, NR42, NR43, NR44,
5 NR'e5, NR469 I.R479 kk4bg NK499 NRS09 NR519 NR52, NR539 NR549 NRS55

SNR569 NR579 NRSb, NR59* NRoO

tQulVALLNCE (NIV(I),NIVI) ,CNIV(2),NIV2)h(NIV(3),NIV3),
I (NSI(IlNSII) ,(NSI(21,NSI2),(t4SX(31,NSI3E,

2 (IND( 1),INDJ),(IND(2),IND2),(IND(3),INO3)
3 v(NR(l),kRl)

L. NUI4tk UP INDEPENUENT VARIABLES ...

NI =R(kN)
L
L. SLI Vo;Ul kwUAL TO ZEaU IF THjE NUMbER OF INDEPENDENT VARIAidLtS IS

C
1F(NI oNE* 0) GO T0 10
VOU7 = 0.
GO TO 50

L
10 K ,= NN +NI

Do ko 1=19NL

C LOCATION UP INGEPLNLNT VARIAaLE TABLES

NIT R(NN+I)
NR11 NR(NiT)

L NUM6ER OF VALUES IN INULPNUENT VARIABLE TABLE ...

NIVII) = R(NRIT)
L
L. LULATION OF FIRST VALUE iN TAidLE ......

NSI(Ii = NRIT + I
C
L LUCATiUN OF- INO.EPLNuthkT VARIABLE ...

L = K(K+i) + .1.

.0 CONTINUL

C LULATICJN OF FIRST VALUt IN ULPENUtNT VARIABLE TABLE ...
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L
NO = hN + 2eNI + I

C
IF(tdl.LQ.2) GO 10 30
IP(NI.EQ.3) GO TO 4u.

L.
VOWJ = 8LUI(R(INDk),R(NSI1),R.(NDh1,-NlVlJ
GUI TO 50

40 VOUT=TaILU2(R(IN1OIJ,(INOZ),R(NS11) ,R(NS12hRk(ND),1,1,
* -NIV1,-NIV29NIV19NIV2)

6,0 T0 50
0#0 CALL TBLU, tR11ND1),AtZND2)tR(IND.-),R(NSI1),R(NSI2),RtNS13),

* R(NO) ,2,4*,a-N1V1 ,-NIV2,-NIV3 ,NIVlNIV2,N1V3)
L
50 KETuRN

ENDi
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SUBROUTINE MP (IMP,
* LFvFOOT91EFELELDOTtIELWKWKDOITIWK,
* WBtWbUJOTtIWBt
* FLFTtITSTFPPTPPFMEXMtVMTLOPCtRtCVHt
* TSOFSOTRMt
* SWtXYZEAXRvXDtERtED UVvCSKtVItPAtPTtCBPCt
* CIPMWGAMtTFCltC2tBBXPTITDESRPPUSTESTtWST
o XPPvUPPtEPPqWPP)

C
C OSIbNED bY C.L. WEST
t LAST MbuUFIEO - UECEMBER b, 1980
L
L IKE EASIEST PARACHUTE MORTAR COMPONENT

C Ss*~********MP TAoLLS *P******

L TP - MORTAR PROPtLLANT LONSUMPTION TABLE
L
L THE INDEPENDENT VARIABLE IS THE PROPELLANT
C WEB CONSUMtU (IN) AND THE DEPENDENT VARIABLE
C IS THE PROPELLANT CONSUMED (SLUGS)
L

C *.**sss**ss MP CUTPUTS **************
C
4. INTIRNAL FRICTION ENER6Y ......

L
L EF - INTERNAL FRICTION ENERGY (FT-LB)
I. EF(T - INTERNAL FRICTION ENERGY RATE IFT-LB/SEC)
C ILF - INTEGRATION CONTROL
L

C HEAT LJS ......
C
L tL - HEAT LOSS (FT-Ld)
C ELDT - HEAT LOSS RAT (FT-Lb/ScC)
C IEL - INTEGRATION CUNTROL
L

L MORTAR WORK ......

L WK - MURIAR WORK (FT-LB)
L WKDT - MORTAR WORK RATE (FT-LB/SEC)
C. IWK . - INTEGRATIUN CONTROL
L

L PROPELLANT WEB bURNED

L wo - PROPELLANT wEb bURNEu (IN)
L W60UT - PROPtLLANI WEd BURN RAE (IN/SEC)
C IWb - INTEGERATICN CONTROL

L FL - MORTAR MObL FLAG
L 0 = PRIUR TO INITIATION
L I = INIIlATION UP TO LAUNCH
C 2 = PARACHUTE LAUNCH
C 3 = MORTAR UFF
I FST(3) - XqYjZ SEAT bOUY AXIS FORCE COMPONENTS OF THE
L MORTAR ANO RkSTRAINTS ON THE SEAT (LB)
C TS10.) - XqVyZ SEAT BODY AXIS TORQUE COMPONENTS OF THE
L MORTAR ANU RESTRAINTS ON THE SEAT (FT-LB)
L FPP(3i - AtYtZ EARIH SYSTLM FORLE COMPONENTS OF THE
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C MORTAR AN) RESTRAINTS ON THE PARACHUTE PACK (LB)
4. TPP(3) - XYZ PARAC-HUTE PACK bUOY AXIS TORQUL COMPONENTS OF THE
C MORTAR ANU KtSIKAINTS ON THE PARACHUTE PACK (FT-LB)
L FA - MORTAR FORCE MAUNITUDE (LB)
L EXM - MORTAR EXTENSION (FT)

C VM - MORTAR tXTkNSION VELOCITY {FT/SEC)
TLO - INITIAL LENGTH OF THc MORTAR PRESSURE CHAMBER (IN)

C PC - CIRCUMFERLNCE OF CATAPULT PRESSURE CHAMBER (IN)
L R - GAS CONSTANT (FT-LBF/SLUG-K)
C CVH - CONSTANT VOLUME SPECIFIC HEAT (FT-L&F/SLUG-K)
I TSO - MORTAR STRIPUFF TIME (SEC)
C FSO - FORCE AT MORTAR STRIPOFF (LB)
C TRMI3) - XvYvZ SEAT EARTH VELOCITY COMPONENTS TO PASS TO THE
C PARACHUTE CUMPONENT OURING TRIM (FT/SEC)
c
C *'.S*S*$***** MP INPUTS *********

C SW - FLAG TO INITIATE MORTAR (I = ON)
C XYZ(3) - XYZ SEAT 6ODY AXIS LINEAR POSITION VECTOR OF THE
L PARACHUTt PACK ATTACHMENT POINT ON THE SEAT (FI)
L LA(3) - SLAT TO PARALHUIt PACK EULER ANGLES (DEG)
L Xk - PARACHUTE SHELF LINEAR SPRING CONSTANT (LB/FT)
C XU - PARACHUTe SHtLF LINEAR DAMPING CONSTANT (LB/rT/SEC)
L ERL,) - XPYPZ PARAL-UTE SHELF ANGULAR SPRING CONSTANT
C (FT-Lb/ULG)
L ( l() - XYL PARACLUTE SHELF ANGULAR DAMPING CONSTANT
L (FT-Lo/ULG/StCl
L UVl-) - XrYZ SLAT BUbY AXIS MORTAR FORCE UNIT VECTOR
C CSK - MORTAR STROKE (FT)
L Vi - INITIAL FFRE6 VULUMt (IN**3)
L PA - PISTON AREA (IN**21
c PT - TANG RELEASE PRESSURE (LB/IN**2)
Z LoP - MORTAR bURST PRESSURE ILB/IN**2)
C I - MASS OF TOTAL PROPELLANT (SLUGS)
C CI - IGNITER PROPELLANT MASS (SLUGS)

PMW - PROPELLANT MOLECULAR WEIGHT ILB/(LB-MOLE))
E GAM - RATIU OF SPECIFIC HEATS
C TF - CONSTANT VULuME FLAME TEMPERATURE (DEG K)
C Ci - FRICTION PROPURTIONALIsY CLNSTANT
L CI - HEAT LOSS CONSTANT

C a - BURN RATL PRJPORFIONALITY CONSTANT (IN/SEC/(LB/INs*Z))
C aAP - BURN RATE eXPONENT
L Ti - MORTAR TLMPERAIUKc PRIOR TO IGNITION (DEG K)
L TUE - MORTAR FORCE ULDCAY TIME (SEC)
C SKP(3) - XYZ LARTro SYSTEM POSTION VECTOR OF THE
C SEAT REFERENCE POINT (FT)
C US1(3) - XYZ SEAT dODY AXIS VELJCITY VELTOR OF THE
C SEAT IFT/ LCL)
C EST( ) - EARTH Tu SEAT LULER ANGLES (DEG)
E WST13) - A,1,L SEAT BUUY AXIS ANGULAR VELOCITY
L OF THE SEAT (UtG/SEC)
C XPP(3) - XYZ EARTH SYSTcM POSITION VECTOR OF THE
C PAKACHUTt PACK (FT)
L UPP(3) - AYgL EARTH SYSTEM VELOCITY VECTOR OF
c THE PARACHUTE PACK IFT/SEC)
C EPP(3) - tARTH TO PAKACHUTE PACK EULER ANGLES (DEG)
IL WPP(.,J - XYZ PARACHUTE PACK BUOY AXIS ANGULAR VELOCITY
C OF ThE PARACHUTE PACK (DEG/SEC)
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C
C DIMENSIONS OF CALLING, ARGUMENTS
L

DIMENSION TMP(5),I-ST( s),TST(3),FPP(3),TPP(3) ,XYZI3),EA(3),ER(3),
* ED(3),UV(3),SRP(3),UST(3),EST(3),WST(3),XPP(3)PUPP(3),
* EPP(a),WiPH 0J)RM(3)

C INTERNAL UIMENSIONS

DIMENSION 0ES13,3),L)Lt:7(3,3),DEP(3,3),DEPT(3,3),OSP(3,33,
* OELTAX(3),OELTAV(i),ESTIR(3),WSTLR(3),EPPIR(3)i
* WPPIR(s),XS(3),SPRING(3),UXSE(3) .RVEL(3),
* DAMP(3) ,AN6(3),WSTE(3),WPPE(3),PROJ(3),
* FCAD(3),1ORw~UE(3),EAIR(3),DCEA(3,3),UCEATI3,3),TEMP(3)

COMMON / CliME UL~

CUMMON / CICCAL /iCCAL
COMMON / CLJVRLY /INST
COMnON / LSbFL6 S~bFL6
CUMMON / CIO / lhlADlWkITEtiDIAG

C
DATA RkPL,OPR / .01745329, 51.e-9576

L. ** INIIALIZATION **

L.
L.

IFiLLAL.Nt.1) 60 10 '#0

C
L. COMPUTE ]HE INITIAL LENGTH (TLU) AND) CIRCUMFERENCE (PC) OF THE
L MORTAR PRtSSUR: CHAMBtRo...

TILi = VI/PA
PC =2*.)QRl(3.1L~t59*PA)

L. COMPUIE ]HEk CONSTANT VULuMt SPECIFIC HEAT (CVH) FUR THE MORTAR
L. PRUPtLLANI 6iVLN THE GAS CONSTANT (GC) ANU THE PROPELLANT
4.MOLEC-ULAR WEIGHT (P14W) 0.

R Z-tS9475.d19/PMW'
C.VH =R/(GAM-i.C)

C
TYPE =6HMORTAR

VM = LXM = FM = FL zTSO = FSO U
TRM1I) = TRM(2) = TRt4(3) = 0
IFHTUE t~Wo 0.999991 TOE =0
Do 3u 1-1,3s

10i LAIR(I= EAMi * RPD
CALL UiRCOS (DCtAtAiR)
CALL TRANS (UCtAT,LLA39i)

C. bYPASS ]HE REMAINING, LU~t IF THlL MURIAR IS PAST Tilt
L 7(hOI
L
4u IF(fL.b.J.3.1 GO TO z6(O

L
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C CHANGE ANGOLAR oTA1Et FRUM DEGkEES TO RADIANS ......
C

DU 50 1=,..
ELTIR(I) = ESTCI) * RPD

WSIRIKI) = wST(I) * RPU

EPPIRtI) = EPPtI) * ReD
50 WPPIR(I) = WPP(1) * RPO

C CALCULATE TH- EARTm TO SEAT MATRIX ......
C

CALL LIRLOS (OESsESTIR)

L
C CALCULATE THE SEAT TU EARTH MATRIX ......
L

CALL TRANS (DESTL.ES,3,3)

C CALCULATE THE tARTH TO PARACHUTe PACK MATRIX ......

L
CALL DIRLOS (DtPLPPIR)

C
L CALCULATE THE PARACHUTE PACK TO EARTH MATRIX ......
C

CALL TRANS (UEPTOEP,3,3)

L CALCULAlt THE SEAT TO PARACIUTE PACK MATRIX ......
C

CALL MAIMPY (DSPDLPLLSTq3,31a)

C

L **** FURCt AN. TUR(,u:j OUE TO LINEAR DISPLACEMENT *****

C.

C LINEAR SPRING FORCES

C CALCULATE THE PARACHUTE PACK LINEAR POSITION VECTOR IN THE

L SLAT CUOLUINATE SYSTEM ......

CALL VLCXYZ (XS*XPPSkP9OESlJI

L
L uLtEKMINL THE LINEAR DISPLACrMENT FROM THE ATTACHMENT POINT,

C ANU CALCULATE THE SPRING FORCES IN THE SEAT SYSTEM ACTING ON
C THE SLAT

OcI b 0 1=1,
ULLIAXIl) = XS(I) - XYL(Ii

60 SPRLNG(L) OELIAXIII * AR

4L LINEAR OAMPIN6 FORCES

L UETERMiNk THE EARTH VELOLITY OF THE POSITION THE PARACHUTE PACK
L UCCUPIES IN THE SEAT COORDINATE SYSTEM ......
C

CALL VELXYZ (UXAEqUTtX.aWTIR,0EST)

LL, tTLRMINE THE RELATIVE VELOCITY WRI THE EARTH SYSTEM ...

Di. 7u 1=1,3
dG UELIAV(I) = UPP(I) - UXSE(I)
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L TkANSFORM THIS DIFFERENCE INTL) THE SEAT SYSTEM
C

CALL MATMPY (RVtLvUkSvDELTAV93v391)

L COMPUTE ilHE DAMPING FORCE ACTIN6 ON THE SEAT ...

DO 60 119-
60 UAMP(I) = RVELM1 * XD

L. -- SuMi THE SPRING AND ioAMPING FORCES ACTING ON THt SEAT -

C
Dui ',0 1=1,3

9U FST(I) = SPR1NG(.d) + DAMPII)
L

L * ~MORTAR L061C *

C

IF(SW.NE~i.) GO ID 17U

L CALCULATE THE MORTAR EXTENSION ...

CALL (JOTPRO (EXMOELTAXUV93)l

L. CALCULA~t lHE MORTAak ExTtNsILU VtLOCITY ...

CALL L.OTPRD (VMvDELTAVvUV93)
L-
C C014PUTL THE EXPOSEU THER~MAL ARtA OF THE MORTAR CHAMBER ...
L

THA PC * (TLO + EX14*12.) + PA * 2.
C
L CLJMPult TrIE FORC.E OJE WD THE mORTAR PRESSURE ...

CALL LAD (FMEFEFOUT,1tFEiLELUOTIELWK ,WKDOT, IWKPWBWBOOIIWB,
* FL,TMP,I IMEEXMCS%,CICVIPATFCVHCIBPCLVMC2,TI,
* THA,B,,dXP,PT,R,TYPETS0,FSOTDE)

C IF Tt1L MC.RTAR IS AT STKIPOFF

IF ll-L.NE.3.) GU 10 IZO
DU 110 113

110 F.T(l) = TSTCI) =FPP(1) = TPPI1I = U
GO li L60

L CALCULATE THE SEAT bUDiY AXIS MORTAR FORCE COMPONENTS
C ALTIN, ON THE SEAT

IzU LJJ 130 1:1,3
13U FCAUi(I) =-1. * FM * uv(I)

T. UUd THE LINEAR SPRING FORCE ONTO THE MORTAR UNIT VECTOR ...
L

CALL L.OTPRLI (LOTvSPRINGvUV,3)

L IF THE v1&N OF THE DOT PRODuCT IS NEGATIVE, RETAIN THE SHELF FORCE
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IF(UuT.LE.0) GO TO 155

L001 IIhL ToTAL LINEAR KtSTRAINT FORCE ONTO TI-E UNIT VECTOR
c

CALL DUiPRD IDOTFS1,V,3)
C
L CALCULAIE THE LOMPONLNIS OF THIS PROJECTION ......
C

DU 140 1=1,3
140 PKUJII) = 001 * UV(l)

C

L ULTERMINE iHE FORCt VECTOR NORMAL TO THE UNIT VECTOR ......
C

DO 15U 1=1,3
150 FST(I) = FST(IJ - PKOi(I)

L
C CALCULATE THE IOIAL FURCES AND MJMENTS ACTING ON THE SEAT ......

L
155 DO 160 1=,3
IbU FSI(I) = FCADII) + rST(1)

L

C

LIU CALL CRSPRO (TORQUEXS,FSI)

L

CALL MATMPY (FPPqDLSTFST,3,3,1I
DO lEO I=193

luO FPP(I) = -FPP(Ii
C

L * TORQUE [UE TO ANGULAR DISPLACEMENT *

C

C

L ANGULAR SPRING FOKCES
L
. CALLULATt THE %EAT TO PARACHUTE PACK EULER ANGLES ......

CALL COSDIR (ANGtuP)
L

L DETEKMINL THE ANGULAR DISPLACEMENT FROM THE ATTACHMENT ANGLE,
C ANJ CALCULATE THE SPRING COMPONENTS ACTING ON THE SEAT IN THE
L ATTACHMLNI AXIS SYSTEM ......

C
00 190 1=193

OtLIAX(I) = ANG(-IJ*UPK - tA4(-1)
190 SPRING(I) = OtLTAX(1) * ERI)

C
L ANkULAR DAMPING FORCEs --

L CALCULATE lHt bOY AXIS ANGULAR DAMPING CONSTANTS ACTING
L ON THE SEAT IN THE ATTACHMLNT AXIS SYSTEM ......

C
CALL MATMPY (WSJEDESTWST?3,3,l)
CALL MAIMPY (WPPEwDLPTvWPPt3t3pl)
OD 201 1=1,3
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ZOO0 UtLAV(1) = WPPt:(I) - WSTt(I)
CALL MAIMPY (TEMP,LtSqUELTAV93,3,I)
CALL MAJMtPY (VLL,OCLA,7EMP,:3,3,1)
DO 210 1=1,3
UAMP(1) = RVEL(I) * ED(I

210 TLMPI1) = SPRlNOI) + UAMPII)

C MOVE THE RESTRAINT TORQUES INTO THE SEAT SYSTEM ......

L
CALL MIAMPY (TST,ULLAT,TEMP,3,3,1)

C CALCULATL THlE BODY AXIS TORQUE CONSTANTS ACTING ON THE
C PAhRACIUTL PACK........
C

CALL MATIIPY (TPP,USP,TST, i,.a,t
00 220 1=1,3

i&LO TPP(I) =-TPP(I)

iL CALCULATE THE TOTAL MUMtEtVT Oft Tilt SEAT ...

DO Z.i0 1=1,3i
24U0 ISICI) = TSTtI) + 10RwiUE(l)

C ZERU THE FORCES AND 1O04QUE4 ACTING ON THE SEAT IF SSFLG
C IS EQUAL 10 ZERO ...
L

IF(SSFLG.NE.O) u TO 250
DO Z40 1=193

e4 F,5411) = TS7(1) = 0
L
C SENt) DATA TO PARACHUTE PACK 60DY TO ALLOW IT TO COMPUTE
L SLAT EAR1H VELOCITY URING TR~IM...
L
250 IF (INST.NE.31) GO TO 260

CALL MAIMPY (IRMDLSTqUSI,331.)

ZbGi RLTURN
END
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SUBROUTINE P~AXIS (BM1,bPI#8MdPvBMASS,DISP)

L PAkALLEL AXI.') TIHERLM FUR4 TRANSFt:RING THE ML)MENTS AND
L. PRIOhLUCIS OF INERTIA 70 THE SEAT ,OODY AXIS

L ***** C.ALLING2 PARAMETERS**#

L. £JUIPUT........

C bmi - MASS MOMENT 01- INtRTIA WITH RESPECT TO THE SEAT
. BUUY AXIS (SLUG-FT**2)

L BPI - MASS PRO~UUL1 OF INERTIA WITH RESPECT TO THE SEAT
L- BODY AXIS (SLUG-FT**2)
L-
L- INPUT
C.
L. tM - MASS MOMENT UF INtRTIA ABOUT THE BODY MASS CENTER
L- (SLuG-FT**Z)
L BP - M4ASS PRODUCT OF INERTIA ABOUT THE BODY MASS CENTER
L- (SLUG-FT**2)
L 6MASS - BODY MASS (SLUGS)
C DISP - AtYZ SEAT 6ODY AXIS PObITIUN VECTOR OF THE BODY
L. MASS CENTEk (FT)

L

L iNlt:RNALLY DEFINED FUNCTIONS ...

TRANSM(AvmvCrD) = A+iB*(C**Z4D*$2)
TIKAN!SP(AbvCO) = A+b**O

C
L. CuMPUIL NEW INUIVIDUAL INERTIA PROP~ERTIES ...

bNI(L) = TRANSM (bM(l),bMASSvDISP(2)9OISP(3))
SMI(d -) = TRANSM (BM(2JvbMASSpUISP(l),DISP(3))
8141(i.) = TRANSM (BM(a),BI4ASSDISI'I1),DISP(2))
blP1(I) = TRANSP (bP(l1hbMASSDISP(l),DISP(2))
BPI (z) =TRAN .P (BP(Z)vdt4A.:SOISPf1),DISP(3))
ciPI(3) = TRANSP I(P(3)vBMASSLISP(2),DISP(3))

Rk TuRkN
END
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SUBROUTINE PC (UPPUPPDIUPPtXPPXPPDtIXPPtWPPtPPotiwPP,
o EPPLPPDIEPPtUPCUPCDtIUPCXPCAPCDIXPC,
o PHAtSWtFLIFTtFDRAGFMDOTRMVOLTLATLSTOSDTI,
* ]UUIRFSTIRSCRFMRFDRFSBCICTtCNtCMPFDPWTI
* PMIPPItThtMCSPCDPDPGFLAFLPFPTPVAPUVLRL,
* VCG(PC(.CWTqTPETRM)

C
- ULSIGNEO bY C.L. WEST
L LAST MOOIFItt - OtCtMEiR o, 1980
C
C THE EASIEST PARACHUTE MObEL
C
L ***$** PC OUTPUTS s* .* .s
L

C PARACHUTt PACK LINEAR VELOCITIES - EARTH SYSTEM
L .
C UPP(;) - XYZ LINEAR VELOCITY VECTOR OF THE PARACHUTE PACK
C CENTER OF GRAVITY (FT/SEC)
C.
C UPPD(3) - XYZ LINEAR VELOCITY RATE VECTOR OF THE PARACHUTE
L PACK CENTLR OF GRAVITY (FT/SEC/SEC)
L
C IUPP(3) - INTEGERATION CONTROL

C PARACHUTE PACK LINEAR POSITIONS - EARTH SYSTEM
C
c XPP(31 - XYvZ LINtAR POSITION VECTOR OF THE PARACHUTE PACK

CENTER OF GRAVITY (FT)
C XPPD(3) - XeYtZ LINEAR POSITION RATE VECTOR OF THE PARACHUTE
C PACK CENTER OF GRAVITY (FT/SEC)
L IXPP(3) - INTEGRATION CONTROL

L PARACHUTc PACK ANGULAR VELOCITIES - 8ODY AXIS
4-

L WPP(3) - XvYPi ANGULAR VELOCITY COMPONENTS - PtQ*R (OEG/SEC)
C WPPO(5 - XY9Z ANGULAR VELOCITY RATE COMPONENTS (DEG/SEC/SEC)
C 1dPP(3) - INTL KATION CONTROL
IL
C EuLtR ANGLES - EARTH TO PARACHUTE PACK -- YAW9PITCHvROLL

L :PP(3) - EARTH TO PARACHUTE PACK EULER ANGLES (DEG)
C tPPU(3) - EULER ANGLE RATmS (OEG/SEC)
C ILPP(3) - INTEgRATION CUNTRUL

C PARACmUTt CANOPY LINEAR VELOCITIES - EARTH SYSTEM

C UPK3) - XvYvZ LINEAR VELOLITY VECTOR OF THE PARACHUTc
C (.ANOPY CLNTcR OF GRAVITY (FT/SEC)
L UPCU(3) - AqVZ LLNEAR VELOCITY RATE VECTOR Ot THE PARACHUTE
L CAMPY CENTER OF GRAVITY (FT/SEC/SEC)
L IuPCli) - INTEGRATION CONTROL

L PARACHUTL CANOPY LINEAR POSITION - EARTH SYSTEM
C
L XPC(.,) - XtYrZ POSITIuN VECTOR OF THE PARACHUTE CANOPY
C CENTER OF GRAVITY (FT)
IL XPCJI) - XYtZ POSITION RATE VECTOR OF THE PARACHUTE CANOPY
L CENTER OF 6KAVITY (FT/SEC)
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C IXPC(3) - INtbIkA|ION CONTROL

C PHA - PARACHUTE PHASE
I = PRIOR TO PAKACHUTE LAUNCH

2 = FROM LAuNCH uP TO LINESTRtTCH
S3 = AFTER LINESTRETt.H

C SW - FLAG TO INOILATE AERODYNAMIC CALCULATION MODE
L U = PRIOR TO LAUNCH

I= FROM PARACHUTE LAUNCH TO LINESTRETCH

L 2 = DURING INFLATION
C 3 = DURINb REcFING

L 4 = AFTER REEFING
C 5 = PARACHUTE INFLATEO
c FLIFT(3) - XYvi LARTH SYSTEM AERODYNAMIC LIFT COMPONENTS (LB)
C ACTING ON THL PACK BEFORE LINESTRETCH
C ACTING ON THE CANOPY AFTER LINESTRETCH
C FURAG(3) - XtYvL EARTH SYSTEM AEROYDYNAMIC DRAG COMPONENTS (LB)

C. ACTING ON THE PACK BEFORE LINESTRETCH
C ACTING ON THE CANOPY AFTER LINESTRETCH
L FMDOT(B) - XvYpL EARTH. SYSTEM FORCE COMPONENTS ACTING ON THE

-CANOPY DuE TO AIR MASS ACQUISITION FORCE (LB)
L RH - RADIUS OF THE SPHERE REPRESENTING THE INFLATED CANOPY (FT)
L VOL - VOLUME OF 1mE FILLED CANOPY (FT**3)
L TLA - PARACHUTE LAUNCH TIME / LINE SEVERING TIME (SEC)

C TLS - LINESTRtTCH TIME (SEC)
C TieS - TIME AT WHICH DISREEF OCCURS (SEC)
L UTI - PARALHUTE CANOPY INFLATION TIME (SEC)

L TDU - lIME DURATION OF REEFEk PARACHUTE (SEC)
L TRF - THE TIME AT WHICH THE CHUTE IS REEFED (SEC)
C

C *******.*** PC INPUTS **$*****$*

C STI - INFLATED PARACHUTE DRAG AREA (FT**2)
L RSC - CIRCUMFERENCE OF THE FILLED CANOPY PLUS ONE QUARTER
C, OF THAT DISTANCE (FT)
C RFM - REEF MODE FLAG
C 0 = CHUTE IS NOT REEFED
L I = TIME OF DISREEF SET AT PARACHUTE INITIATION

C 2 = TIME OF DISREEF SET AT LINESTRETCH
6 RFU - REEF DELAY TIME (SEC)

C RFS - PRu0UCT UF REFERENCE AREA AND TANGENT FORCE
C COEFFICIENT WHEN REEFED (FT**2)
C s - CONSTANT USED IN THE EQUATION FOR CALCULATING
C SCD F TE REEFED PARACHUTE

L CI - CONSTANT USED IN THE EQUATION TO COMPUTE THE CANOPY
C INFLATION TIME
C C1(0) - CONSTANTS USED IN THE EQUATION THAT CALCULATES THE
L TANGENTIAL DRAG AREA
C CN(3) - CONSTANTS USED IN THE EQUATION THAT CALCULATES THE

C NORMAL URAG AREA

IL CM(2) - CONSTANTS USEO IN THE MACH EFFECTS EQUATION

L. FD - WAKE TO FRtt STREAM RATIO
I. PWI - TOTAL WEIGHT OF THE PARACHUTE PACK (LB)

IL PMII) - PARACHUTE PALK MOMENTS OF INERTIA - IIXX91YYPZZ
I (SLUGS*FT**2)
C PPI(3) - PARACmUTt PACK PRLUUCTj OF INERTIA - IXY9iXZtIYZ

CISLUGS'FT*'i)

L TEN - TIME DURATION FOR PARA.HUTE EMERGENCE ISEC)
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C CSP -PARACHUTL CANOPY SPRING CONSTANT (LB/FT)
C CUP - PARACHUTE iANOPY DAMPING CONSTANT (Lb/FT/SEC)

DP,(3) - PARACHUTE PACK DAMPING AFTER MORTAR IS OFF (I/SEC)

C

L FLA - PARACHUTE MUODE FLAG

C 0 = PKIOR TO INITIATION
C I z INITIATION

i = LAUN H
. 3 = MORTAR UFF
C 4 = LINESTRtTCH

c 5 = LINES SEVERED
C FLP({) - X#YtZ FORCE CUMPONLNT. ACTING ON THE PARACHUTE FROM

C. THE LINES (Lb)
I. (WOY AXIS FOR THE PACK - EARTH SYSTEM FOR THE CANOPY)

FP(3) - XYL PARACHUTE PACK oODY AXIS FORCE COMPONENTS ACTING

C ON THE PACK FROM THE MORTAR OR GUN (LB)

C TP() - XYZ PARACHUTE PACK BODY AXIS TORQUE COMPONtNTS ACTING
c ON THE PACK FROM THE MORTAR OR GUN (FT-LB)
C VAP(3) - XYZ EARTH SYSTEM VELOCITY COMPONENTS OF THE
C FORCE APPLICATION POINT (FT/SEC)

4 UVLIa) - EARTH SYsTEM PARACHUTE LINE UNIT VECTOR

IL RL - PARACHUTE LINE LtNbI1H (FT)
C VCG - VELOCITY OF THE CANOPY CENTER OF GRAVITY ALONG THE

C PARACHUTE LINkS (FI/SEC)
f. PC6 - STRETCHED CANOPY CENTER OF GRAVITY MEASURED ALONG THE

C PARACHUTE LINE FROM THE PARACHUTE PACK (FT)

C CW1 - WEIGHT OF THE CANOPY LRAWN FROM THE PACK (LO)
c TPt - TYPE UF PAKACHUTE (l=DKAG 2=RECOVERY)
L TRM(3) - A,Y,Z PARENT BUOY EARTH VELOCITY COMPONENTS

C TO DktTRMINE THE PUSITION RATES DURING TRIM (FT/SEC)

C
C
C. DIMENSION OF CALLIN6 ARC~oMENTS ...
L

dIMeNSION UPP(3) UPPOIj),IUPP(3),XPP(3)tXPPD(3),IXPP(3),

* WPP(3)tWPPU(3),IWPP(3),EPP(3),EPPD(3i)tIEPP(3),
. UPC(3),UPCU(3),IUPC(3)XPC(3)XPCD(3),IXPC(3),

* FLPI3) ,FPI3),TP(3),CT(3),CN(3)tCM(2),
* PMI(3),PPIK3),OPG(3),UVL(3)tVAP(3),TRM(3)

C

L INTERNAL DIMENSIONS0....

DIMENSION EOPIR3)tWPPIR(3)tFSPR(3),FDAMP(3)tFPP(3),
. TPP(3JFPC(3)gFLIFT(3)gFORAG(3)vFMDOT(3),
* TEMPI(3),TEt4P2(3)tIEMP3(3),TINER(39s),

* DEP(393),DEPT(3,93),XC6d3,UCG(3)

COMMON /CICCAL/ICCAL
COMMON /CTIME/ TIME
COMMON /COVRLY/ INST

CUMMON /iSSFL6/ SSFLtv
COMMON /CIU/ IR AD9IWKIIttIDIAG

UATA RPUtDPk /.017t5329t 57.29548 /
DATA bkAV /32.174/

INITIALILATION9
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C
IF(ICCAL.NE.1) GO TJ lu

L. LALCULATE THlE FILLED) kAUIUS ANL) VOLUME ...

RM b836o RSC
VOL =4.16b RM*#*3

L. MIS~C INITIALIZATION ...

5 FLIFT(1) FUKAG(I) = FMD0I(I) = 0

PHA = 1.
TLA z TLS TU10 = L,11 = TOU = TRF =SW =0

TKM(l) = TRM(k) =IRMI3) = 0
IF(TE-M.LQ.U.99999) ]EM =0
IF(LSP.EQ*0.99999) CSe = ZUOO.
IH(CDP.EQ.0.99999) LUP = 14.
1FiRFM.EQ.U.99999) KFM z 0

IF(RFU.Ew..0.99999) kEO = 0
IF(kFS.EQ.0.99999) RFS = 0
IF(RFM.LQ.U) RFD =

L

C -- CUMPUTE THE INERTIA TENSOR
C

I C) TINER(1,1) = PMI(1)
TINE.R(192) = -PPI(Ii
TiNER(1,3) =-PP1(a)
TLNER(k,l) =-PPI(i)
TINERt292) = PMI~k)
TlNER(293) =-PPI(3)
TINiER(3tl) = -PPI2)
TINLR(39z) = -PPI (3)
TINER(393) = PMI(a)

C L04VERT FROM DEGREES TO RADIANS ...

DU ZO 1=113
E&PPIR(I) =EPP(1) * RPD

kO WPPIR(l) = WPP(l) * RPD
C
C. CALLULATE THE OIRLCTION COSINE MATRICES ...
C

CALL LIRCOS (DEPiEPPIR)
CALL TRANS (DtPTDLP9393)

L
L. UEFINL CHUTE *oe

iF(IPE.EQ.1.) LHU7L = 4HDRAtm
IF(TPE.EQ.2.) CHUTE =bHRECUVLRY

C
IF(PHA.EQ.2.) LxO TO 90
IF(PhAsEQ.3.) GO 10 460

C
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C 4* PHASE I **

C *4 PRIOR 10 PARACHUTE LAUNCH 4

CC

- UEFJINE VARIABLLS AT PARA.HuTE INITIATION AND LAUNCH
4,
L

IF (FLA*EQ.Ul GO 10 40

C AT PARACHUTE iNITIAT1ON ......
L.

Ia-(RFM.EQ.1. .AND. T0..EQ.0) TD = TIME + RFD

C
. AT PARACHUTE LAUNCH

iF IFLA.EQ.1.O GO 10 40

PHA = 2.0
SW = 1.

TLA = TIME
IF(INST.EQ.Z6) WRITl (,30) CHUTE, TIMt

.l0 FURMAI(/5A ,Ab* (CHUTE LAUNCH AT TIME = *,FIO.49* SEC*/)

GO TO 90

L -- dRiVE THE PARA.HUT. CANOPY T) ITS CG POSITION

C. CALLULAT- THE SPRING FORCE ON THE- CANOPY ......
C

SO F.PR(Il = CSP * (xPP(I) - APC(Ii)

C CALCULAIL THE DAMPING FORCE ON THE CANOPY ......
L

tJO bO 1=1,3
60 FDAMP(I) = CDP * (UPP|I) - UPC(1)

4,,.

C - SUM FORCES AND TURQUES ACTING ON THE PARACHUTE PACK

DO 10 1=1,3
FPPII) = FP(IJ

do TPP(lj = TP(I)
FPP(3) = FPP(i) + PWT * SSFLG

PMASS = PWT/IGRAV
L -
C. ---- SuM THE FORLES ACT1NG ON THE PARACHUTE CANOPY

Du d0 1=,3

bCO FPC(l) = FSPR(ii + FUAMPI1)
FPC(3) = FPC(3) + i. * SSFL6

CMASS = I./GRAV

Gi 10 370
C

C 4 *
L PHASE 2 ,4
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C ** FROM PARACHUTE LAUNCH TO LINESTRETCH *

C

90 IF £FLA.tQ.4.) GO T0 Z40
C.
C - LALCULAlt THE AtROUYNAMLC FORLES
L

CALL PCAERO (FLlFTYFDRA6,FM]OTSCT,
SWXPPUPPTLSOrITDuVOLUVLtCT,

* CNCMFO9bSTlRFSPFLATLATEM)

C FALTOR THE AERODYNAMIC FORCES WURING EMERGENCE ...

L LELTA = TIME - TLA

IFCOELIA.GE.TEM) 60 Tu 12u
FALTOR = 0
IF(TEM.NE.C#) FA#-TOR DfELrA/TEM
Do] 110 1=1,3
FLIFTIM = FLIFr(I) FACTOR

iLU F(JRA6(11 = FDRA4'(1) *FACTOR

G DRIJaVE THE PARACHUTE CANOPY TO ITS CG POSITION
L.
L. CALLULAIL THE LARTH POSITION OF THE CANOPY CG
C

120 IJO 1.G 1=193
IDU XC6(I) = XPPII) + PCG * UVL(I)

L
L DLTkRIQ9tV THE SPRING, FORCE ACTINty ON THE CANOPY ...

01. 140 1=193
140 FSPR(I) =CSP 0 (ACG(1) - XPL(I)i

C
L CALLULAIL THE VELOCIT7Y OF THE PAkACHUTL PACK RELATIVE TO THE
C FORCL APPLICATION POINT ...
L.

DO3 150 1=1,3
A50 TLMPif I) = 4oPP(l) - VAPLJ,

C
L iEUERMINE THE VECTOR COMPONENT OF THIS RELATIVE VELOCITY NORMAL
L TU THE LINES ...

CALL UUIPRO IDIST,TLMPL,UVL93)
Di] loo 1=1,3

160 TFLMPZ(l) = DIST * UVL(I)
DJO 110 1=1,3

170 TtMP3(I) = TEMPI(I - TEMP2(1)

I- KA71O THIS VECTOR ACCORDING TO THE POSITGN OF THE CANOPY CG ALONG
C Tnk LiMEs....

RA110 = (RL-PLG)/RL
DO 1 " 1=1,3

180 TEMP.s(ll = 7tMP3(1) * RATIO

C CUMPUTL THE EARTH VELUCITY OF THE CANOPY CG POSITION ON THE
C LINES
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L
DO 19, 1=13

190 UCG(I) = VAP(II * TEMP3(I1 - VCb * UVL{])
L
C 0tIkRMINl TH: EARTH VELOCITY OIFFERENCE BETWEEN THE CANOPY
L AND THL CANOPY CCG POSITION ......
C.

DO 200 1=1,3
200 T-MPI(Ii = UCG(I) - UP.(1)

L

. CALCULATE THE OAMPING FORCE UN THE CANOPY
L

00 210 1=193
zLU FDAMP(l) = CUP * TLMPI(I)

C --- SUM THE FORCES AND TORQUES ACTING ON THE PARACHUTE PACK

C
WDIFF = PWI - CWT

DO Z20 1=1,3
TPPII) = TP(I)

2t0 FPP(I) = FLIFTII) * FDRAGIl) + FLP(I) + FP(I)
FPP13) = FPP(3) + WDIFF * SSFLG
PMASS = WDIFF/GRAV

L --- SUM THE FORCES ACTING ON THE PARACHUTE CANOPY

LU 230 1=1,3
230 FPL(I) = FSPR(I) + FDAMP(I)

FPC(3) = FPC(3) 1. SSFLG
CMASS = L./GRAV

6O TO 370
C
C ---- AT LINE STRETCH
C,

,4U PHA = 3.
SW = 2.
TLS = TIME
TLA = u

C.

. SEI ,JIbkEEF TIME

IF(KFM.,Q.,i.) 105 = TIME + RFO

C CALLULATE THt CHUT. INFLATION TIME ......
C

VbAR 5I.wRT(VAPI1)j*2 + VAPI2)**2 + VAP(31**2)
D71 = CI * 2.0 * RSC/VBAR

C

L
LH

C *4 A F1l, L INE IRElCH 4*
4. a4* 4*al

C.
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L. -- ALCULATE THE AERODYNAMIC FOKC.ES --

Zb0 6U TO (210,210,290,310,340j), SW

L **** SW = 2 (DURING INFLATIUN) **

k70 IF(7IME.Gt:.TLS*DTI) Gu TO 320
GO 70 340

2 75 IF(SCT.LT.RFS) GO TO 345
Sw 3.

TRF =TIME
TDU IDS0 - TIMc
IF( INS7.EQ.26) WRI17(op2801 CnUTE ,TIME

260 FURMAI(/5XIA89* CnU7E REEFED AT TIMt *,Fl0.4,* SEC*/)
(G0 TO a45

L *s** SW = 3 (DURING REEFING) **

Z90 IF(IlME.LT.7DS) GU 10 340,

SW = 4.
1V-(INST.EQ.2b) WRMlEC a300) CHUTETIME

300 FUKMAT(/5X,A8,* CHUTE £ISREEFED AT TIME =*,FIO.4,* SEC*/)
GO TO 340

L

C.. 4*4*SW = 4 (AFTER REEFING)***

310 IF(TIME.GE.ILS.DTI+]Du) GO TO 320
GO 10 340

L-
L AT THE TIME THE LANOPY Is FILLEU ...
L
320 SW = 5.

IF(IftST.EQ.26J WKITE(69340) CHUTETIME
330 FLRMAT(/5AA6* CANOPY FILLED AT TIME z*,FIO.4,* SEC*/)

L
L- OLTEuKMINt THE LIFT AND DRAG FORCES ......

b") CALL PC.AERJ (FLIFT,FDRAG,FMDOI,SCT,
* SkdAPCUPCTLSDliITDUtVOL,UVLCT,
* CNCJIFDBSTI ,RFSFLA, TLATEMI

IF IRFM.NE.0 .AND. Sbi.Ea.2.1 GO TO 275

LC -- SUM THiE FORCES AC-TIN6 ON THlE PARALHUTE CANOPY --

345 DO 35M, 1=1,3
350 FPCMI = FLIFT(I) + FURAG(L) +FMDOT(l) + FLPMI

FPC(31 = FPC43) + LUT * SSFLG
CHASS = LWT/GRAV

L.
C - SUM FORCES AND 1(U.iUES ACTING ON THE PARACHUTE PACK
C

WUIFf- = PWT - CWiT
DO 36(1 1=1,3

60 FPPII) = TPP(I) =0

FlPP(3) z WDlFF *SSe-Lt
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PMASS =WDIFF/GRAV

(. 04"4- PARACHUTk PACK EQUAATIOJNS OJF MOTION **
C*4*$***S44*4****p$*$*#i 4

C
L. ***** PARACHUTE PACK ANGULAR VELOCITY EQUATIONS **

C
C. CALCULAlt TINEk * WPI'R

310 CALL MAIMPY ITEMP1ITINLRIWPPIRP,. ,31)
L
C CALCULAIC. WPPIR X Mh1Eik * WPPIR)

CALL CRSPRU (TEMPjWPPIRTLMPl)

LS4uM TtRMS TO OBTAIN TOTAL TORQut ......

L
DO .,ci0 1=1,3

aaO TEMP3( I) =TPPII) - ILMP2(I)
C
E. (ALCULAIL WPPLIoss
C

CALL LojEQS ITINERTtMiPlTtMP3,TEMP2,3,1,3,3,39l.E-14,IERROR)
IF(ILRKOR.NE~l) 6O TO -tA.0
WK1Tt(6,390) CHUTE:

39CP FORMAT(* iNERTIA MAliX UF *AdI* CHiUTE IS SlNGULAR...RUN'tT0PPED*)
STOP

400 DO, 4104 1=1,3
IF(IWPP(I).NE.O) WPPD(l) = TEMPI(1) * DPR

',1O 1rO(I-LA.GT.3.O.ANO.IWPP(Li.NL.O) WPPLItU = -OPG1 (Il WPPII)
L.
L ***** PARACHUTE PACK EULER ANGLE EQUATIONS $$L***$

CALL LARATE tTtMP1,WPPlRvLPPIRj
DO 420 1=1,3

'tZU It-(1LPP(I).Nc..0) kPPO(1 = TEMP1CI) * DPR

C *.**4PARACHUTE PACK LINEAR VELOCITY EQUATIONS ***P*
C

DO 436~ 1=1,3
4i0 1FlIuPP(I).NE.uJ tiPPUII) FPP(1)/PMASS

L *-** PARACHUTE PALK LINLAK P'JSITION EQUATIJNZ ***

DO 450 1=1,3
,50 IF(IXPP(l).ttE.0) xPPU(I) =uPP(I)

L. DUKLNU TRI'~ SUBTRACT TRIM VCLO.ITY FROM POSITION RATES

li-tLNSI.NE.51) GO TU '.4..
00 460 1=193

460 IF(IXPP(II.NE... XPPDII) = APPCP(I) - TRM(l)
470 CUNIINUE

C ***PARACHUTE CANOPY LQUAATIUNS OF MOTION ''
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LINLAR VELOCITY EQUATIONS

OU4 480 1=1,3
"0~ I(lUPL(l).Nt.01 UPCDtI) =FPC(l)/CMASS

L. -- LINEAR POITlON EQ.UATIONS -

00 490 1=1,3

r- -- URING TRIM 'AUBTRALT TRIM VELOCITY FROM POSITION RATES -

C
IF(lN.%T..NE,31) 60 10 51.0
DO 00C 1=1,3

51.J IF(IXPCLtI).NL.U) XPCD(I) XPLD(I) -TRM(1)

514) LUNIINUL

RETURN
ENO
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SUbROUTINE RL (FRSTRStFkATRAFLtFTSTTS OFFiDSASRAtDISTMv
* bLIbLZbL3,BL4tbL59BL6v
. UPRLRXRR#RLLXRLERLSPRDPGSBFtZTS,3TSCPT
. SRPUSITESTWS~tXAPUAPEAPWAP)

COMMON /CTIME/ TIME
COMMON /CICCAL/ I(CAL
CUMMON /COVRLY/ INS]
COMMON /CSSFLG/ SSFLG
COMMON / L.1 / IREADIWKIEIDIAG

C UESIGNEU BY C.L. WEST
L LAST MODIFIED - DECEMbER 6, 1980
C
C FORCES AND TORQUES ON THt VEHICLE ANO SEAT FROM RAIL ELASTICITY AND
L RAIL IC SLIDER *LOCK FRILTION FORCES
C. BLOCKS STARTING AT THE BOTTOM OF THE RIGHT RAIL AND GOING UP ARE
C NUMbERED 19 Z, 3; AT THE bOTTOM OF THE LEFT RAIL AND GOING UP ARE
L NUMBtRtU 4, 5, 6
(L
C * * * RAIL OUTPUTS $**,*****

c
C FRS(3) - X,YtL SEAT AXIS FORCE COMPONENTS ON THE SEAT FROM
C THE RAILS (LB)
L TRS(31 - XqY,Z SEAT AXIS TORQUE COMPONENTS ON THE SEAT FROM
L THE RAILS (FT-LB)
L FRA(3) - XYZ AIRPLANE AXIS FORCE COMPONENTS ON THE AIRPLANE
C FROM THE RAILS (Lo)
L TRA(3) - XYZ AIKPLANE AXIS TORQUE COMPONENTS ON THE AIRPLANE
L FROM THE RAILS (FT-LB)
C FL - STROKE FLAG (0 = GUIDED I = UNGUIDED)
t FTS - TRIP SWITCH CONTACT FLA6a (I ON)
C TTS - TRIP SWITCH CONTACT TIME (SEL)
C OFF - SEAT/RAIL SEPARATION FLAG (I = SEPARATION)
C OSA(3,3) - SEAT TO AIKPLANE DIRECTION COSINE MATRIX
f- SRA(3) - XYZ AIRPLANE COORDINATE SYSTEM LINEAR POSITION
C VECTOR OF THE SRP (FT)

DIS - UISTANCE FKOM THE CRITICAL POINT TO THE SEAT
L REFERENCE POINT (FT)
C TM(i) - XiYvZ VEHICLE EARTH VELOCITY COMPONENTS TO PASS
C TO THE SEAT COMPONENT ORING TRIM (FT/SLC)

L.***~**J* RAIL INPUTS *******

L LI(3) - XYL SEAT AXIS POSITION VECTOR OF RIGHT LOWtR BLOCK (FT)
L BL2(3) - XYtZ SEAT AXIS PJSITiON VECTOR OF RIGHT MIOULt BLOCK (FT)
C bL3(3) - XqYZ SEAT AXIS POSITION VECTOR OF RIGHT UPPER bLOCK (FT)
C BL443) - XYZ sAT AXIS POSITION VECTOR OF LEFT LOWER dLOCK (FT)
L BLS(s) - XvYL SEAT AXIS POSITION VECTOR OF LEFT MIDDLE BLOCK (FT)
L BLb(J - XYZ SEAT AXIS POSITION VECTOR OF LEFT UPPER 8LOCK (FT)

r- UP - EjECTION DIRECTION FLA6
C I = UPWARD WRT THE VEHICLE
C -1 = 6UWNWARD WRT THE VEHICLE
L RLR - RiGHT RAIL . COORDINATE OF THE END OF THE RIGHT RAIL (FT)
L XRk(s) - XYL AIRPLANE POSITION VECTOR OF THt ORIGIN OF
C THE RIGHT RAIL COURDINATE SYSTEM (FT)
L RLL - LEFT RAIL Z COORDINATE OF THE END OF THE LEFT RAIL (FT)
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(. XKL(3) -X#Y,Z AIRPLANE POSITION VECTOR OF THE ORIGIN OF
L THE LEFT RAIL CORUINATE SYSTEM (FT)
L LRL(3) - AIR.'LANE 16 KAILS EULER ANGLES (DEG)

L SieR(2) - RAIL SPkINOG CONSTANT (LB/Fl)
L LJPG(2) - RAIL JAIPING CONSTANT (Ld/FT/SEC)
L S13F - SLIDER 6LUO.K FRILTION LOEFFICIENT
L LIS - KIT RAIL AXIS Z COORDINATE OF THE KEY BLOCK AT
L. TRIP SWITCH LONTACt (FT)
C olS - TRIP SiwiTCH KEY BLOCK NUMBER

C 1 = ~oUTTM RIGHT 8LOCK
C 2 = MIDDLE RIGHT BLOCK

L = TOP RIGHT BLOCK
L CP1(3) - X,Y,Z AIRPLAtf- PUSITION VECTOR OF THE CRITICAL CLEARANCE
L P01NT FOR 1Ht SEAT (FT)

c SkP(3) - X*YL EARTH POSITION VECTOR OF THE SEAT REFERENCE POINT (FT)
L uST13) - XqYZ SEAT VELUCITY VELTOR OF ITHE SRP (FT/SEC)
L ESI1i) - EARTH TO SLAT EULER ANGLES (DEG)
C iWSI(30 - A,'iZ SLAT ANGULAR VELOCITY FECTOR OF THE SEAT (DEG/SEC)
L XAP(3) - X,1,L EARIHl POSITION VECTOR OF THE AIRPLANE (FT)
L UAP(3) - X,YZ AIRPLANE VELOCITY VECTOR OF THE AIRPLANE (FT/SEC)
L LAP~I:) - EARTH TO AIRPLAN: EULER ANGLES (DEG)
f- kAP(a) - X,'YZ AIRPLANE ANGJULAR VcLOCITY VECTOR OF THE AIRPLANE
L tOEU/SE-C)

L UIMLNt IONS OF CALLING ARGUMENTS ...

LIMENSIUN FkS(3),tRiS(3),FRA(3),TRA(3) ,DSA(3,3),SRA(3) ,TM(3),
* ~bL1(3) ,BLL(i) ,BLiA3),bL4(3) ,BL5(3),BLbC3),XRR(3),
* XRL(3),ERL(3),SPRt2),OPG(2),CPT(a ),SRP(.3),UST(3)EST(3I,
* ,~oST(319XAP(.3),UAP(3 ),EAP(3) ,WAP( 31

C INTERNAL DIMENSIONS........

UIMLNSION LAR(3,31,LJRA(3,if) ,DEA(3,3),LIAE(3,3),DES(393)v
* OSE(3,3),uER(3,3),DRE(393),ORS(393),DSR(3,3),
* ESTIRE.3) ,EAPIR(.j),WSTIR(3) ,WAPIR(3) ,ERLIR(3),
* sRPRR(3i ,SRkPRL(3,SWv(c)

UIMENSlON FSbl(3),FAbl(3),1S61(.3hvTAB113),
* FSB2(i) ,FAb2(3),TSB213),TA2(19

* FSg64(3),FAB4(3),TSB4(3),TAB4(3),
* FS35(3)iFAB5t -ITSd35(3),TAB5(3),
* FS8b(3),FA13b(3),TS8bI3)PTABb(3)

DATA KPD / .017453'9

L *44** INITIALIIZATION*..

IF(ILLAL.NE.i) GO TO 5
L
i. INITIALIZE VARIAbLS...
C

OFF =FL = Tis 77 0
TMMI IM(2) =TM(3) U
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IF(CPT(fl.EQ.0.999991 CIPTt1) = 0
IF(CPT(2).tQ.0.99999) CP1(2) = 0
IF(CPTI3).Ew.0.99999i LPT(31 = Q
IF(UP.ELJ.O. 6o999) UP = 1.
IF(bT.b.EQ.O.99999) bT!b 1.

UU0 10 1=1,3
10 EAPIRMI = LAPCI) * RPD

CALL LU1RCOS (DEA,EAPlK)

L CALCULATE SEAT REFLRENLE POINT COORDINATES IN THE AIRPLANE SYSTEM.

CALL VLLXYL (SRASRPXAPqUEAv1)

L LALC~.LAlE THE DISTANCE FROM THt CRITICAL POINT TO THE 'AP....

UIS = S(RT((CPTC1)-SRA(l))**2 + (CPT(2)-SRA(2fl4*2
(CPI3)-SKA(31)s*2)

L
L RETURN 1U EQMU IF SEAT BLLJCKS ARE OFF RAILS
C

lF(OFi-.EAQ.IOJ GO TO 140
C
i. LMAN;.k FRUM Dt(,REES TO RADIANS ...

DUi 20 1=1,3
ESTIRMI = ESTII) * RPD
WSIR(i) = WST(i) * RPU
WAPIRMI = WAP(l) * RPO

20 ERLIK(1) = LRL(l) * RPU

L LALCL.LATL THE UIREL.T1ON COSINt MATRICES ...
L

CALL DIRCOS (DARERLIR)
CALL TRANS (DRA,UAR,3,3)
CALL TRANS (UAEL)EA93,3)
CALL DIKCOS (UESvESTlR)
CALL TRANS(DED,3)
CALL AMPY (0LK,0ARDEAq33.j)
CALL TKA145 (DRE,D0hK,3,3)
CALL MATMPY (ORSPUESORE93,3,3)
CALL IkANS (LSRgURS,3,3)
CALL MAIMPY (DSA,ULAqOsE93v3,3)

C
L **444**44*44*****4*4**4*44**4**

L *** SLILoLR 6LOCK FURLES AND TOtQUES FUR THE RIGHT RAIL **

L UtcRMINE SEAT REFtRENCt POINT iN A16(HT RAIL SYSTtM ...
L

CALL VECXYZ (SRPRRISRAgAiRR,OAR,L)

C tiOTTUM BLOCK (1)

CALL bLCJCK (FSBIFAb1,TSbITAbItZbISRPRR ,SRARLRXRRtr6LISPR,
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* OPGSbF~uSl ,hSTiR,uAPwAPIROAEDERDRSORAOSADSE,
* DUSRUptsvdtl))

IF(INST.NE*26 .OR. oTS.NE.1.) GO TO 30
IFILTS*uP .GE. Zbl*UP) F'TS = 1.U
IF(FTS.EW*i1.0 *AND. 1.tU)TTS = TIME

C
C M~IJDLtL tLOCK ( Z)

30 CALL bLuCK (FS82,FAo2,1Sb2,TAB2,Zb2,SRPRRSRARLRARRdL2tSPR,
* ODP6,SBF ,USTWSTIR ,UAP,WAPIR,DAEDERDRS,ORA,OSA,DSE,
* OSR,UPqSW(J

IF(INST.Nk.26 UOR. BTS.NE.2.) GJ TO 40
1F(LTS*UP *GE. Ztd2*UPJ FIS, 1.0
lF(FTS.EQ.1.0 .AND. TTS.EQ.G) TTS = TIME

L

40 CALL bLOL( (FSB33,FAt63TSB3,A3ZS3,SKPRRSRARLRXRR,aL3,SPR
* DPG,SBFguST,wdSrIR,UAP ,WAPIR,DAE,DER,ORS,ORA, DSAOSE,
* OSR,UPgSW(3))

IF(INSI.NE.26 .OR. bTs.NL.3.) GO TO 50
IFILTS$LiP .GL. Zb3*LiP) FTS = 1.0
IF(FTS.EW~.1.0 .AND. TTS.EQ.O) TIS = TIME

L
L *$*~s*#***$##****$******4#***#
C *** SLIDER~ BLOCK FURLLS ANU TORQUES FOR THE LEFT RAIL **

C DETERMINE SEAT REFtRENCE POINT IN THE LEFT RAIL SYSTEM

50 CALL vLCAYZ (SRPRL9SRAiXRL9DAR,1)
L
L- BOTTOM BLUCK I4
L

CALL bLOCK (FSa4, FAb4,tSB4, TAB4,OUM,SRPRL,SRA,RLL,XRL,BL4, SPR,
* ODPG,SBF,UST,WSTIR,UAP,WAPIR,DAE,DERDRSORA, DSAOSE,
* I0SR,UP,SW(4))

C MIDULaz BLOCK 45)

CALL bLOCK (FS65,FAb6,TSBs!,TAB5,DUMSRPRLSRARLL,XRL,bL5tSPR,
* OPGSbF,UST9WwTlRUAP,WAPIRDAEOER,0RS,ORAOSA,0SE,
* DSRtUPvSW(5))

L. UPPER 6LOCK 4b

CALL tLULK (FSbb,FAbbTSBbTAd6,DUMSRPRL, SRARLLXRLBLbSPR,
* DPGSBF,USTvWST 1RUAP,WAPIRDAEOER,DRS,DRADSA,DSE,
* OSRvUPvSW(b))

C ***CHECK IF bLUCKS ARE OFF RAILS **

IF(FL.EQ.1.) GO TO 70
IF(SW(2).NL.l. *ANU. SW(5).Nt.l.) GO TO 70

C WKITE END OF %PUIDED STRUKE ON OUTPUT FiLE

409



IF(INST.EQe6) WR11t(6P60) TIME
0O FIRMATI/5X9*ENDO 01 6UlUkD STRiKE AT TIME =*,,F7.4,* SEC*/)

FL =1

C
L.*~**************~******
C **** TOTAL FORCES AND MUMENTS ON THE SEAT **

L 4 44~4$***.****$*4*****644
70I 08 1,
70DL0 ~v

FRSIL) FS61(1).).o2(1)+FSB3(I)*FSB4(I)*FSB5(1)eFSB6(l)
TRNII) = Th,)bltI)*T5b2(1)+lSo3(I)+TSb4(1)+TSb5(I)oTSB6(l)K

do CONTINUE

L. TUIAL FOkCLS AND MOJMENT1S ON AIRPLANE

FRAiUl = (FAbI(I)*FAB2II)+FAB3(I)4FAa4(I)+FAB5CI)+FA86(I))
* $ SSFLG

TRAMl = (TAB1(I).TAB21(I)+TA8.o(l)4TAB4(I)iTAB5(1)4'TAB6I))
* * SFLG

90 CONT INUE
L.
L. IF FJUR OUTER BLOCKS ARE OFF RAILS, SET FLAG TO BYPASS THIS
L. COMPONENT ..
L

IF(SW( 1)+SW(3)*SW(4)i.,jW(6).EQ.4) OFF=1.0
IF(OFF.EQ.O) GO TO 130

L
C WRITt SLAT/RAIL SEPARATION MES;A~GE...

IE-(iNST.LQ.26) WRITL(6,LOO) TIME
A.00 FURMAl(/5Xv*SEAT/RAIL SEPARATION AT TIME =*,F7.4,* SEC*/)

DO 110 1=1,3
FKS( 1)0O.
TRS( I)0O.
FRAC 11=0.

TRA( I)0-.
SkA(l) = 0.

116 CUNTINUE
DO izo 1=1,3
0O 12U J=193

1 0 OSA1IJJ = U
L.
L SENU LIATA TO DETERMINE TKIM EARTH VELOCITY TO SEAT ...

130 IF(LNST.NE.31)GO TO 140
CALL MAIMPY (TMOAEUAPt393,i)

140 RETURN
ENO
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S~~bR~UTINE RS (FPoq1I~ovFAb, rAIITRmv
*FL 9XYZEA9 XPb vUPtsEP,WPbXAbUAiEA~,WAd
* XR ,XDtRLLJ)

CJMMON / CILLAL / ICLAL
COMMON / COVRLY / INSI
CUMM0ON / LSSFLG / SSFLG
COMMUN / CIU / iRLAUIWRITEIi)IAux

L SIANUARD COMPONENT RS GENERATES~ THL FORCiS AND TORQUES THAT
C RESTRAINS iJNE BODY TO ANOJTHE:R (THE MAN IN THE SEAT, ETC.)

L **s***s R.' OUTPUT!). *#4*$**

C FPbI3) - AvYpZ PARENT bODY AXIS FORCE VECTOR (Lb)
L. TPbt.3) - A,Y,Z PARENT 80uY AXIS TORQUE VECTOR (FT-LB)
L FA60() - XYZ ATTACHED BODY AXIS FORCE VECTOR (LB)
C TAB(3) - XtYZ ATTACHLU DY AXIS TORQUE VECTOR (FT-LB)
C TRM(3) - XYiZ PAREN4T BODY EARTH VELOCITY COMPONENTS
L TO PASS TU THE ATTACHEU BODY DURING TRIM (FT/SEC.)

CL.**4#** RS INPUTS $*$****

C FL - FLAG TO RLLASE ATTACHED dODY (1 = RELEASE)
C AYL(3) - X9YL 60DY AXIS POSITON VECTOR OF THE ATTACHED
c BOY IN THE PkktNT SYSTEM (FT)
L. EA(,) - PARENT BODUY TO ATTACHELJ BODY EULER ANLLES (DEG)
L XPB(3) - XYZ EARTH SYSTEM PUSITUN VECTOR OF THE PARENT
C BODY (FT)
L ubpb(31 - XqYZ PARENT BODY AXIS VELOCITY VECTOR OF THE
c PARENT BODY' (FT/SEC)
L EPb(3) - EARTH TO PARENT 6ODY EULER ANGLES (DEG)
L WPbi(3) - XYZ BODY AXIS ANG.ULAR VELOCITY VECTOR OF
L THE PARENT BODY (DEG/SEC)
L. AAb(3) - XYZ EARTH SYSTEM PUSiTON VECTOR OF THE ATTACHED

L BODY (FT)
C UAb(3) - XYZ OdUY AXIS VELOCITY VECTOR OF THE ATTACHED
C aODY (FT/SE.)
IL EAB(t,) - EARTH TO ATTACHED BODY EULER ANGLES (DEG)
L WAb(3) - XYZ BODY AXIS ANlvULAR VELOCITY VECTOR OF
C THE ATTACHED BOUY IUEG/SEC)
c XR - LINEAR SPRIN6 CONSTANT (LB/FT)

i. AU - LINEAR DAMPIN, CONSTANT (LB/FT/SEC3
L ER(31 - XYvZANGULAR SPRING LONSTANTS (FT-L&/DEG)
L ED(3) - AYtZ ANGULAR DAMPING CONSTANTS (FT-LB/DEG/SEC)
C
C UIMENSiONS OF CALLING AR(6UMENTS *o.o..

DiMENSiON i-PB(3),TPB(3iFAB(3),TAB(3) ,TRM(3),
* XYZt3),EA13),XPB(3) ,UPB(3),EPa(3),WPB(3),
* XAtb(3),UAB(3),EAB(3),WAb(33 ,ER(S ) EU(3)

C i.4TERNAL DIMENSIONS ...

DIMLNs')ION UPB(393),LbAb(393),DPBTt,,3),DPA(3,3),
* XBI3),DELTA(3),SPRINGIS),UXEt,),PVEL(3),
* DOAMP(S) ,ANG( t,)9IDR1 UE(33,wPBE(3),WABE(3),
* EPtsIR(3)gWPzbiR(3),iAtSIR(3) ,WABIR(3) ,DABE(393),UA8E(3),
* EAIR(3) ,DCtA(s,93),OCEAT(3.:i),TEMP(3)
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DATA RPD,0PR / .017453299 57.Z9578/

C

L. *s***g INITIALIZATION **

IF(ILLAL.NE.1) GO TO 5
TRM91) =TRM(2) 7RM(3) =u

EAIII =EAMl RPD

CALL OIRCOS (DCEAtEAIR)
CALL TRANS (UCEATOLEAt3,31

CL BYPASS CALCULATIONS IF THE FLA6 IS SET 10 RELEASE ...

5 IF(ISW.E..) GO TO 140
IF(FL.NL.1) GO TU 2U
DU 10 1=1,3
FPbll1) =C.
FAb(I) =0.
7Pbll) =0.

10 TAbII) 0.
ISW = I
GO TO 140

CL **'** CHANGE FROM OEGR~S TO RADIANS **

20 DO 30 1=1,3
EPhIR~l) = EPB(1) * RPV)
WPbIR(l) = WPB(I) * RPO
EABIRII) EAB(I) * RPUi

.30 WrABIR(I) = WAd(l) * RP&)

C CALCULATL THE DIRECTION CUSINE MATRICES ...

CALL DIRCOS (UP8,EPbIR)
CALL UILhCOS (DABEAbIR)
CALL TRANS (DABEDAd93,3)
CALL TRANS (DPBTtDPb,3t3)
CALL MAIMPY (DPAOAoLPBT9393,31

L. *-~*** FORCES AND TLJRQUES DUL TO LINEAR DISPLACEMtNT **

C. CALCULATE THE ATTACHECJ BODY LINEAR POQ)ITIONi VECTOR IN THE
C PARtN7 bCiUY COROINATt SY.-hTM'I(Xb)...

CALL Vk:CXYZ (XBiXAbtXPb,.JPbv1)

C. hjLIAMiNk THE LINEAR UISPLACr-MtNT FROM THlE ATTACHMENT PQiNT,
L. AND CALCULATE THE BUDJY AXIS SPRIVi6 COMPONENTS ACTING ON THE
C PARENT couY ...

Du 40 1=1,3
OLLTAII) = X61I) - XYZ(I)
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40i SPRINb(I) DELTA(I) * XR
c.
C CALCuLAkt THE bOUY AXI.,) DAMPING LOMPONENTS ACTING ON THE PARENT
L b0UY9 AND SUM THE RESULIS WITH THE SPRING COMPONENTS ......

CALL VELAYL (UAk:,UPoXbWPbIRpOPBT)
CALL MATMPY (UAbEL*AbLvUAbv,3l,)
00l 50 1=1,3

50 DtLTA(I) = UABE(I) - UXEAI)
CALL MATMPY (VELDPopOELTA93,3,1)
O tu 1=1,3
UAMP(I) =VLLtII * XD

60 FPB(ll S PRINGtI) + OAMP(I)
C
L CALL TOIwUL ON PARENT BUOY DuE TO DISPLACEMENT OF ATTACHMENT
C PUINI FROM PARENT 6OOY CENTER OF GRAViTY
L

CALL CRSPRO (TORQUEvXYZFPb)

L CALCULATc ]HE bOUY AXIS FORCE COMPUNENTS ACTING ON THE
C ATTACHLD bODY ...

CALL MAIMPY tFAbUPAFPb,.$3v,)
Do 10 1=1,3

70 FA6(l) = -FAh(JJ
L.
L $******#****************

S*$** TOkQ.Us: DUE ITU ANGULAR DISPLACEMENT ***

L ******$******~*********

L
L. CALCuLATE THE PARENT TO ATTACHE) BODY LULER ANGLES ...

CALL COSOIR (ANGDPA)
L
C UtTEuCMINE THE ANGULAR UISPLACEMENT FROM THE ATTACHMENT ANGLE,
06 AND CALCuLATE THE SPRING COMPONENTS ACTING ON THE SEAT IN THE
L ATTALHMENT AXIS SYSTEM
C

00 do 1=1,3
OELIA(1) =ANG(',-II*DPR - E(*I

60 SPRLNs.(I) =DELTA(I * LR(IJ

L CALCULATE THE BODY AXIS ANGULAR DAMPING COMPONENTS ACTING
L. ON rHE PARENT bODY IN THE ATTALHMENT AXIS SYSTEM ...

CALL MAIMPY fWPbEtOPBT9WPbv3,3vI)
CALL MATMPY (WAbEDA0L#WAB,3v3t1)
DO 90 1=1,3

90 UtLTA(I) =WAdLti) - WPBE(I)
CALL MATMPY (TEMPLUPdLELTAt3t3,i)
CALL MAIMPY IVLLD~rtATLMP,3p3wl)
DO 100 1=1,3
DAMP(iJ VELMI * LDtI)

100 TLMP~l) = SPRING~i) + UAMP(I)

L. MOVE THE RESTRAINT TUR~uES INTO THE SEAT SYSTEM ...

CALL MATMPY (TP89LCEATTEMP93,3,i)
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C
. CALCULATE TIlE BODY AXX1 TORQUE COMPONENTS ACTING ON THE

C ATTACHED 6UUY ......
C

CALL MATMPY (IABDPAIPBv3v3tL)
DO 110 11,3

110 TAb(I) = -TABI)
C
. CALCULATE THE TOTAL MOMENT ON THE PARENT BODY ......

C..

DO IkG I=193
120 TPb(I) = TPbII) * TORQUE(I)

C ZERO THE FORCES ANU TORQUES ACTING ON THE PARENT BODY IF SSFLG IS
C E,AL TO ZERO ....
C.

If-(SFLG.NE.O) GO lIi 135
00 L30 1=11

130 FPb(1) = TPb(I) = 0

C SEND DATA TO ATTACHED BODY TO ALLOW IT TO COMPUTE THE PARENT BODY
E EARTH VELOCITY DURING TRIM ......

135 IF (iNSToNE.31) GO TO 140
CALL MAIMPY (TRMDPBTtUPB,39391)

L
140 RETURN

END
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SUBROUTINE SE (UST ,UOSIUSSRPXDS, IXSWSTPWDS, IWS,
* EST~tO)SIESSCDPSCDOOT ,ISCUSCSCUiOTISC,
*G (.;X6Y9GZPLJRtALTt
* Fli,9-2,Fl3,Fl4,Fl5 ,FlbFl7,Fl8,
*TllT12,Tl3,T14,Tl5,T loTI7,Tlu,
* F2IFZ22F23,F2'.,F25,F2oF27,F28i
- T2lT22,T23,T24,T25,T2bT27,T26,
* LW,CCG,CIII,CPI ,TMJ

C

C OLS1L(3 4 bY C.L. WEST
E LAST MO~IFIED - UCEMtsER 6, 19b0
L
C *#*~4*e*4SL OUIPUTS *s*$***

C LINtAR VELOCITIEs - BGiDY AXIS

L LSTI) - XvYZ LINEAR VELOCITY VECTOR OF THE SEAT
L. REFERENCE POINT (FT/SEC)
L. tJDSLa) - XvYtZ LINEAK ACLLRATION VECTOR OF THE SEAT
L. REFERENCE POINT (FT/StL/SEC)
L luS(31 - IN1EGEKATi±(M CONTROL

L INLAR POSITIONS - EARIH SYSTEM

L. SRP(.;P) - XvYZ LINLAR PASITION VECTOR OF THE SLAT
i. REFERENCE POINT (Fl)

L. XU.s(3) - XY*Z LINLAR VELOCITY VELTOR OF THt SEAT
L. REFERENCE POINT (FT/SE.)
L IXS(3) - INTEGRATION LONTROL

L ANGULAR VELOCITIES - tiLOY AXIS
L
C WSI(3) - XYL ANGULAR VELOCITY COMPONENTS - P#Q*R (DEG/SEL)
C WUSI.,) - XYL ANbPULAR ACC.ELtRATION COMPONENTS (OEG/SEC/SEC)
L. IWS(3) - INTkGRATIUN CUNTROL

L. LULLh( ANGLLS -- EA~rH TO 6LIOY - YAWPITLHqR0LL

L. EST(.$) - EARTH TO SEAT EULER ANGLES (DEG)
L EUS(3) - EULER ANa.LE RATES (DEG/SEC)
L. IcL) - INIE(LRATIUN LUNTROL

C. SPINAL CUMPRESSION VtLLU,ITY ...

L 54.0 - SPINAL CUNI'Rk5510r VELOCITY IFT/SEC)
C S.UL'T - SPINAL COMPRESSION VELOC1TY RATE (FT/SEC/SEC)
L. 15.0 - INTEGRATION CuNTKUL

~.SPINAL LU14PRLSSION ooo

L SL - SPINAL CUMPKESSION (FTJ
L. SfUTl - SPINAL COMPRtaSION RATE (FT/SEC.)
L ISC - INT&IDRATION CONTROL
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C. GA - SEAT X-AAIS LOAD FACTOR (G)
GY - aEAT Y-AXi4 LOAD FACTOR iG)

c GL - SEAT Z-AXIS LOAD FACTOR (G)
L DR - DYNAMI RESPUNSE

ALI - SEAT ALTITUDE (FT)
L

L. ****e~ Sc INPUTS *#..s* *
L
C F11(3) 1HROuGH FI6(U) - SEAT AXIS FORCE VECTORS ACTING ON THE
C EJECTION SEAT WHICH ARE GENERATEU lBY
IAN EXPLOSIVE CHARGE (LB)
L Til(3) THROUGh T1(3) - SEAT AXIS TORQUE VECTORS ACTING ON THE
C EJEC7ION SEAT WHICH ARE GENERATcD BY
4 AN EXPLOSIVE CHARGE (FT-LB)

L F2143) THROUGH F2b(i) - SEAT AXIS FORCE VECTORS ACTING ON THE
L EJLCTION SEAT WHICH ARE GENERATED BY
INON-EXPLOSIVE MEANS (Lb)

C Tkl(i) IHROUGH 126(.a) - SEAT AXIS TORwUE VECTORS ACTING ON THE
L EJECTION SEAT WHICH ARE GENERATED BY
LNON-EXPLOSIVE MEANS (FT-LB)

CW - COMPOSITE SEAT WEIGHT (Lb)
L CLe(3) - XY*Z SLAT AXIS SYSTEM COMPOSITE CENTER OF GRAVITY (FT)
L CKIt. ) - COMPOSITE SEAT MOMENT OF INERTIA VECTOR ABOUT ITS

C CENTER OF 6RAVITY - IXXIIYY,IZZ (SLUG-FT**21
I CPI(3) - COMPOSITE SLAT PRODUCT OF INERTIA VECTOR ABOUT ITS
C CENTER OF bRAVITY - IXY9IXZ,1YZ (SLUG-FT**Z)

C TM(a) - XYqZ VEHICL LARTH VELOCITY COMPONENTS TO
C DETERMINE THE POSITION RATES DURING TRIM (FT/SEC)

L UIMENSIOftS OF CALLING ARGUMENTS

C
UIMLNSIGN UST(3) ,UDS(3,1iUS13)SRP(3),AUS(3) IAS(3),

* WST(3).WDS(3),IWS(3),EST(3),tuS(3),lES(3),
* CCG(3) .CMI(3),CPI(3)rTM(3)
uIMLNSION Fll(3)tFl(a)tF13(3),F14(3) F15(3),Fl6(3),F7t73)Fl 8(3),

. TLl(3),IL(3),TL33),T4(3),T5(3)T1l(3)TIli3)TI8()

C
&uIMENSION F21(3)tF22(3),Fe3(3),F24(3),F25(3),F26(3),F27(3),F2b(3),

* T2143) ,TaA3),T43(3),T24(3),T25(3),T26(3),T27(i],tT28(3)

L INTERNAL DIMENSIONS ...
L

uiMLNSION TLNLR(3,3),TEMPI(3),TLMP2(3)TEMP.3(3),TEMP4(3) ,OSE(393),
. F(3),TI3),WSTIR(.),WUSIR(3),ESTIR(3) ,ES(393),FG(3),TG(3)

L

COMMUN /LICCAL/ ICCAL

CJMMON /COVRLY/ INSI
COMMON /CSSFLG/ SSFL6
CLIMMLN ICIL)I IRLADIWRITkIDIAG

L
DAIA RPDPPR / .i745j29, 57.9578 /
ATA URAV /ie.174/

L ***** INIIIALIZATiON **$$

IL.IF(ILLAL.NL.L) GU TU 2( 4
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DO 10 1=1,3
IF(FIl(I) .LQ. 0.99991) Fi1l) = 0

IFHFi:41) EQi. 0.99999) F13(1) = U
IF(F1511) .EQ. 0.99999) F14tl) = 0
IF(F15(1) t~Q. 0.99999) F14(l) = 0)
IF(Fio11) ELQ. 0.99999) Flb(I) = 0
IF(F17dl) .EQ. 0i.99999) F17(1) =0
IF(FIb(.) .EQ. U.99v999) Fl7(I) =0

IFFbi EQ. 0.99999) F111I) = 0
IF(F24(i) .EQ. 0.99999) F22(1) = 0
IF(F23ai) L~Qo 0.99999) F23(1) = 0
IFII-2.#II) .EQ.. 0.99999) F23(1) = 0
IF(FZ'.(i) .EQ. U.99i999) F,11(1)= 0
IF(F-b5I) .EQ. 0.99999) F A 1) = 0

IFFbi EQ. 0.99999) F2711I) = 0
IF(r21(ti) EQ. U.99999) F27L1) = 0

1FFc E).Q. 0.99999) Fc1d(l) = 0
E~11().Q. 0.99999) iIJAI) = 0

iF-(T.LI1) EQ. 0.99999) T13(1) = 0
IF(114(i) .EQ. 0.99999) T13() = 0
IF(V15(l) E~Q. U.99999) Tl14(1) = 0
IF(Tl5(1) .EQ. u.99999)l T16(1) = 0
IF(Tlb(L) .iw. 0..999i9) TIM() = 0

IlF~libil) .EQ. 0.99999) lid(I) = 0
ILF(T21A1) Ffw. 0.99,999) 1?-1(1) =0
IF(12 4(1) .EQ. 0.99999) T22(1) = 0
lF(Tkit) .Ew. U99999) TZ3(I) =0
IF(T 4I1) E~Q. 0.99999) Tz4tl) =0
tF(125(l) .EQ. 0.99999) 725(l) = 0

iFEQt1 t.. 0.99999) Tio(l) = 0
IF(Tk7(1) .EQ. 0 .99999) T23(1) = 0
IF(Teb(I) EQ.. 0.99999) T~b(I) = 0

10) CUNT INUL
TM~l) =TM(2) = 114(3) = 0

L ***** CHANGE FRUM DL~kEt-S 10 RADIANS **

WSTIRII) = WST(I * RPO)
,>0. ESTiR(I) = tST(I) * KPD

L-

L ***** St.1 UP zEA7 iNEkTIA TENSUR*#S

TINERIA91) = CM1(i)
rINtR(192) = -CPI(Ii
TINtk(193) = -GPI(k)
TINLR(291) = -C.PItI)
TlNLk(kp2) = CMI(i)
TiNLR(2,3) = -LPi(3)
TINERI3,±l) = -CPIIk)
TINtukt312) = -CPI(3)
TiNtR(393) =CMI(3)

L-
L. LALLULATL lIti UIRLTiON 4,OSINE MATRICES
L

LALL UIRk.US (Dt.S,ES11IK)
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CALL IKANS MDetOL),9393)
I-
C ***** C.OMPUTk GkAVITY FORCES~ AND TORQUES **

DO 40 1=19i
40 FG(l) =Cw * DLS(1,3) *SSFLG

CALL CRSPRD (r(,CC(~,F6J

C

DU 50 1=1,3
F(I) = Fil(l) +F12(1) + F13(1) +F14(I) +F11011) +F1611)*
*F17(1) +FIBl) +F21(1) +FZ2(l) +F23(1) + FZ'4I)+
*FZ5(I) + F26tI) +F2741) + F28(1) +FG(I)

I(I) = T11(l) + T2(1) +TI3(l) +114(1) T15(1) +Tlo(l)+
T 17(1) + TIb(1) + T21L(1) + TZ2(l) + T23(1) + T2411) +

*T25t1) +T26(1) + Tisl(1) + T28(1) + IGII)
50) CON1INUL

L. CALCuLATE THE SEAT AL71TUDE ...
c.

ALI = -SRP(3)

C CALC.ULAIL THE LYNAMIC RESPONSE ...

JR= SL * d6.977

L. ***** ANGULAR VELOCITY EUUAIIJNS***

L. CALCLJLATt TINiIC * WSTJIA
L

CALL MA7MPY (TE?4P1v1I1NER9WST1.~,j,3,1)
L
C. L.ALCULATL WSTIR X 1T1NLR * WSTIK)

CALL CRSPRO (TEMPZtWSTIRirE4PI)

L. CGMPuTL CCG X F...

CALL CRSPRU (TEMP3.C.GF)

C SUM4 LKRM TO ObrAIN TOTAL TORQUE ......

UG oO 1=L93
ou TEMP3(l) = T(I) - ILkMPZ(1) - TE4P3 (l)

C. C.ALCULATt wC)S ......

CALL LUEWS (TNRTMlTM5TM2:99999.-,9ERR
IFIIERRUR.NEol) GU TO 80
WRIIL(6970)

70 FJkiMAT(* INERTIA MATRIX OF StAT IS SINGULAR...RUN STOPPED*)
STOP

00 COJNTINUE

Luu 90 1=19a
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IF(bIS(1).NE*OJ WOD.1R4I) =TEMPIMI

19V WUiSI1) =wasIRtI) * UPR

C *4** hLtR ANG1LE EQUATIONS **

CALL EARATE ITEMPIWSIIRvESTIR)
U0 100 1=1,3

1(U0 lF(ILSC1.Nt.0)EDStI) =TLMPI(1I 4 IPR

-~~ LINEAR VELOCITY EQUATION. ****

CALLLP.A1L WUSTIR X C6

'-ALL CRt Pk) (TLMP1,W0biRvCCk')

C LAL(.ULATL WSTIR X CC6 ...

L.AL.L CRSPRJ (TkMPi-,jWSTIR*,CG)

L. CALCULAU aWSTIR X IWSTIR A LC() ...

ALL C.RSPRD (TLMP3vWSTLRTEMPe-)
L

L - ~ALCULA~t WSTlR X UST ...

CALL LR, PRD (TEMPzqSTIR*USTJ

L CALCtJLAIL F/M ...... r-

C-MASS = CW/biRAV
UO 120, 1=1,3

IZO TEMI'4(1) = F(1)LMASS

L SU14 iHE ACCELcRATIGN COMtPQNENIS ...

Lid 130 1=193
130 IF-IIUS(1).Nt:.0) UUiSMI = Tt:MP4(1) - TEMPiI) TEMP2II) -TEMP3(1)

L ==== DiT:KM INE THt LOAD FA4.TURS

6,A =(1EMP11(U lkM1P3i) - TEMP4(1))/RAV
6= ITEMPI(2) +TEMP3(2) - TEMP4(2JJIGRAV
6= ITt:MP113 + TtMP3(31 - Tht4P4t3))/,RAV

L.
IL $*****,*******4#***

L ***** LINEAR POSIJiuft tQwUATIUNS
L.*~*~s**$~$s***~s***
L

CALL MATMIPY (Tt:MPIUiqUSTv3,3vLJ
U00 14U lz1.3

140 IEIIAsI1).NE.,) XDSMI = TEMP1II)
L
L..*e...****s.*sss***s
L.*** SP~INAL CCI4PRESSION EQJUATIONS***
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4.. SPINAL (UMPRLS410N VELUCLIY EQUArION

IF(ISLu.NE.0J) SCLI)O1 z -23.6992 * SCL) 2798.41 $SC

+ L,RAV * GZ,

L

LF(ISC.NE.0) SLcUOT = SCLU

L. 14RINi; TRIM, SUcsTRACTI hUM VELUJCITY FRU.M POSITION RATES

IF (INS1.Nk:.31) GU 10 160,
O013 5( 1=1,3

156 IF(lXS(II.NE.Gi) XDS(i)=X0511)-IM(I)

160 RLTURN
END
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SUbROU.TINt SL (US3LUSLDLUSL, XSLXSLDIXSLvW~SLWSLDIWSL,
* ESL,ESLC,IESL,
*U UI Wui)

LIMENSION USL(3),USLD(3),IUSL(3),XSL(3),XSLO(3) ,IXSL(i),
* WS)L(3),WSLD(i),IWSL(3),ESL(3) ,ESLD(3),ItiSL(3),

DIMENSION TEMP(3) ,WSLXR(3),kSLIR(3) ,DES(3t3) ,LSE(3,3)

CUMM4UN /CICCAL/ ILCAL
COMMON /C.Ju/ IRkAD,1WRITEqI~kAG

LUAIA RPLDDPR / .017453299 57.29576

L

L, EASIEST SIX Ut:GRLE UF FRkLE:OM SLED MODEL

C

L. USL(3) - XYtL LINEAR VELOC.ITY VECTOR (FT/SEC)
L WiLD(J) - XYL LINLAR VELOCITY RATE VECTOR (FT/SEC/SEC)
L. IUSLJ3) - iNTEGRATifiN CONTROL

L LINEAR PU41IONS - EARTH SYSTtM
L
C XSa.A3) - XtY,L L.LN&AR POSITILJN VEC TOR (FT)
C ASbLD(J) - XYvL LINEAR POSITION RATE VECTOR (FT/SEC)
C. IASL(3) - INTEGRATIONd CUNTRUL
L.
L ANGULAR VELOCITIES - BODY AXIS

C. WSL(3) - XYL ANGULAR VELOCITY VEC.TOR - P,QR (DEG/SEC)
L W.)oLLJ( - AwY9Z ANG".LAR VELOCITY RATE VECTOR (DEG/SEC/SEC)
L IudSL(3) - INTEGRATIGM CUNTRUL
L
L cULER ^NULLS - EARTH TO BODY - YAWtPiTCH,RULL

L. tSL(3) - EARTH 1u SLED LULtR ANGLES (DEG)
L L. La(3) - EULER ANGLE RATES (LeEG/SEC)
C &SL0.) - INTt4KAT1uN CUNTRUL

L--------- i0t INPUTS

C. uDL. - XYpL SLED bYS~tM LINEAR VELOCITY RATE VECTOR (FT/SiC/SEC)
L WD(.3) - XvYqZ SLkU j.YSTEM ANGULAR VELOCITY RATE VECTOR (DEG/SEC/SEC)
C

L *-*** INITIALIZATION .*

IFIIL4.AL.NE.1) GO T.j aO
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C
DO 5 1=1,3
IF(UI) .EQ. 0.99999) uD(I) = 0

5 I.FfwLU(i) .Ew. Co.99999) WDtI) = 0

lFlwL()-wSL(2)-WSL(3).Ew.0J (60 TO 20
L

WKIl db, 10)
10 FJRI4A71/5X,*SLtO ANGULAR VLLCITY IS NOT INITIALIZED AT ZERO *

* -- RUN STOPPLD -- */

C

L CHANGE FRGM DL(2REES 10 RADIANS ...
L
20 Do .0o 1=1,3

W,,LIfr(I) =WSLCI) * RPU
30 LSLIRIl) =LSL(I) * RPL)

L. ***** ANGULAR EWUATI0NS **

L

L

UO 4U 1=1,3
4(1 IF(IWSL(I).NE.O) WSLD(I) =WD(I)

L
C LULEK ANGLL RATES

CALL LARATE lTE1MP,WSL~ktF:SLIR)
DO 5U 1=1#3

50 IF(ilSLMI.Nt.0) LSLi)(I) =TtMP(I) *DPR

L.$** LIkLAR LQUAINS *.

C
4L LINLAR VLLkJCITY cQUAT1UN. ...

i.ALL LRSPRD (TEf4P,WSLIR,USL)
U4J oO 1=1,3

60 (1 1s(I.~0 USLDII) =01 -O TEMPMI

L LiNtAR POSITION EQUATIONS ...
L

CALL (U1RCOS (DESESLIK)
CALL TRANS (DStDtS,3,3)
CALL MAIMPY (TEMP90.)EvUSL93*391)

lo IFIlASLII).NE.0) ASLD(l) =TEMP(l)

RETuRN
END
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SudROUTINE SP (rRF-,1MAqTST,
. NGPW6D*IWG ES ,PESG-)PIESGESRPESRL, IESRP rA,

* F,lTINELA,
* FLYPRAVWWMISMItRII RIFXRtUV,
* GSA,6SFtSPRDPGFMTTMXtTNFPTOStTSUGMAtWST)

L STANbARD CUMPONENT )P CALCULATES FORCES AND TORQUES APPLIED
C TO Tht SEAT BY THt STAPAL STABILIZATION SYSTEM

G ***~s** SP TABLE,.) **4****

L
C TRF - STAPAC KOLKET ThRUST TABLE

I. THE INOtPENENT VARIABLE IS TIME (SEC)
C THE UEPENUtNT VARIAdLE IS ROCKET FORCE (LB)

L TMA - MECHANICAL ALVANTAGr TABLE
L
L THE INOEPENOLNT VARIABLE IS THE GIMBAL ANGLE (DEG)
C. WITH RESPtCL TO THt CAGED POSITION
C THE DEPENutNT VARIABLE IS THE MECHANICAL ADVANTAGE

C TS1 - SPRING TOKQUE TABLE

THE INDePENOENT VARIABLE IS THE GIMABAL ANGLE (DEG)
C WITH RESPtCT T THE CAGED POSITION
C THE DEPENUENT VARIAdLE IS THE SPRING TORQUE (FT-La)
C

C *~*~**#4$$P*SP OUTPUTS********

C AN6ULAK VtLOLITY -- GIMBAL X-AXIS
L (LESS THE SEAT ANGULAR VELOCITY PROJECTEa UNTO THE GIMBAL X-AXIS)
L
C Wt - ANGULAR VELOCITY IDtG/SEC)
L WGD - ANGULAR ACCELERATION (DE6/SEC/SEC)
L IWC - INTEGRATION CONTROL

f EULLK ANbLES - SEAT To GIMBAL - YAWPITCHRJLL
C

C tSG(3) - SEAT 10 GIMBAL EULER ANGLES (DEG)
4. L6(- - EULtR ANGLE RATES (DEL/SEC)

C ItSG(3) - INTtGRATlGN CONTROL

L LULER AN6LLS -- SEAT TO ROCKET - YA vPITCHtROLL
L

ES&R(3) - ANGULAR PUSITION (DLG)
C tSRU(3) - ANGULAR VELOCITY (DLG/SEC)
L IESR(3) - INTtGRATIUN CONTROL

L PHA - STAPAC OPERAIIONAL PHASE
0 = dLFUbK ILNlTIN

C. I = STAPAC IGNITIN
L = STAPAC bURNUUT
c F(3) - AtYL SEAT BOUY AXIS FORCE COMPONENTS (LB)
L. T(3) - XYvZ SrAT BUOY AXIS TORQUE COMPONENTS (FT-LB)
L TIN - TIME AT STAPAC INITIATION (SeC)
c ECA - SEAT TO 61MoAL ROLL EULER AN&LE AT THE CAGED POSITION (DEG)
L

423



C. ~ ~~~ SP INPUTS **$****

L FL - STAPAC IGNITION FLAG (1 STAPAC ON)
L YPk - STAPAC APPLICATIaN FLAG
L I = YAW SIAPAC
C k = PITCH STAPAC

Ca = ROLL STAPAC
1 AVW - AN6ULAK VELOCITY OF THc GYROSCOPE WHEEL (DEG/SEC)

C WMI - MOMENT OF INERTIA OF THE WHEEL AdOUT ITS
L SPIN AXIS (SLUG-Ff**2)

C SMi - MOMENT OF INERTIA OF THE SYSTEM LESS ROCKET A8OUT
L THE GIMbAL AXIS (SLU6-FT**Z)
C R11 - MOMtNT OF INERTIA OF THE ROCKET PRIOR TO

4IGNITION (SLuG-FT**Z)
C RIF - MOMENT OF INLRTIA OF THE ROCKET AFTER
C BURNUUT (SLU-FT**Z)
I R(3) - XAYZ SEAT bODY AXIS POSITION VECTOR OF THE

IROCKET NOZZLt (FT)
C uV(3) - XYZ ROCKtT FORCE UNIT VECTOR IN THE ROCKET COORDINATE
LSYSTEM

C GSA - GIMbAL MOTION STP IN THE NEGATIVE ROLL DIRECTION WITH RESPECT
C TO THE CAGED POSITION (DEG)
C GSF - GIMbAL MOTION STOP IN THE POSITIVE ROLL DIRECTION WITH RESPECT
C TO THE CAGeL POSATION ([EG)
C SPR - GIMBAL STOP ANGULAR RIGIDITY (FT-LB/DEG)

L DPG - GIMBAL STOP ANGULAR DAMPING tFT-LB/DEG/SEC)
C FMI - LOAD AT MAXIMUM FRICTION (LB)

C TMX - MAX FRICTIUN (FT-Lb)
L TNF - FRICTION AT NO THRUST (FT-LB)

L TOS - THRUaTLINt OFFSET (Ld)
L TSU - GYROSLOPL WHEEL SPINuP TIME (SEC)
L GMA - GIMBAL ANGULAR VELJCITY AT MAXIMUM FRICTION (DEG/SEC)

C WSl(31 - X,Y,Z SEAT BOOY AXIS ANGULAR VELOCITY VECTOR OF
C THE SEAT (ULG/SEC)

L
CC - uIMENSIONS aF CALLING ARGUMENTS

UlMtNSION TRF(5)TMA(5),TaT(5),ESG(3),ESGO(3),IESG(3),
* tSR(3),ES#O(3),igSR3),F(3),T(3),AR(3),UV(3),
* WST(3)

L -- INTERNAL DIMNtSION-S
C

OtMENSION WG id3),wRI3),FR&TL3),WSTG(3),TEMP(3),DSR(3.,),DRS(3|31,
* DSG(3,3),EsiRIR. ),ESGIR(3)

C
COMMON /CICCAL/ ICCAL
COMMON /CTIME/ TIML
CUMMON /CIU/ IREAuIWRITEILAG

DATA RPD#UPR / e01745329t 57.Z9578 /

UATA PI / 3.14159 /
OATA WG bIM2WGb(t) / Q u / WRB(l),WRB(3) I 0 9 0 /

L

C *.**. INITIALLZATIUN s*$
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IF(ILCCAL.NL.1) G0 7O 20

PHA = N
ELA =ESG(3)
00 10 1=1,3
Fil) = 0.

10 Tll) = 0.
IF(TSU.EQ.0.99999) ISU = 0.005
IF(#.MA.LQ.0.99999) GI4A = 10. I
1F(L.Vwi.EQ.0.9999,) UVII)=

IFIIV12).EJ4.0.99999) UV(2) = (a
IF(UV(3).EW..0.99999) tJV(3) = -1.

L

L. 6TPASS COMPONENT IF STAPAC IS OFF ...

20 IF(FLoNE.1. O0k. PHA.EWe2.) GO TO 261

C -- WRITE IGNITION Mk:SSAGE AND INITIALIZE START TIME-

1F(PHA.LQ.1.) GU TO 90
L

IF(YPR.EQ.2.) GO TO 40
IF(YPk.EQ*3*3 GO TO 60
WkITt;Ab,30l) TIME

3(l FORMATI/5X,*YAW STAPAt, IGNITION AT TIME=*tFlO.4,2XV*SEL*/)

4co( WIUTE(6,50) TIME
50 FCRMAT(/5Xt*PITCH STAPA. IGNITION AT TIME=*tFlG.4,ZX9*SEC*/)

GO TO 80
6O WRITt(6,70) T I M
70& FQRMAl(/SX,*ROLL STAPAL IGNITION AT TIMt=*vF10*4v2X9$SEC*/)
80 TIN = 7ME

PHA = 1
90 CUNTINU:

L. L-(HANGE FROM DLGREES TO RADIANS --

Du] 100 1=1,3
ESGIRMI = ESG~l) * RPD

100 ESRIR~l) = LSR(I) * RPO

L. -- LiMPUT& THE SLAT TO 6IMB3AL DIRLCTION COSINE MATRIX --
L.

CALL DIRLOS iDSGES6IA)
L
L. -- CALCULATL THE %LAT ANGULAR VELOCITY IN THE GIMBAL SYSTEM
L.

CALL MATMPY (WST6,QSGqWST,3t3913
C
L --- ilkRMINE Tht TIME INTO STAPAC
c

TI.S = lIME - TIN
C

C. -- LcTkRMINk THt ROCKET THRUST
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NRT = TRF(ZJ
IF(TIS.G7,TRFINRT+3)) 60 TO 190
Fk =TBLUI 4TlStTRFI4)tTRF(kRT+'tlt-NRT)

iL-- UltkRINk TilL ME:CHbANICAL AUVANTAGE

ULLIA = ES6(31 - L

NMA =TMA(2)
SMA =18101 (DELTAiMA(4),TMA(NMA*4)1,-dMA)

L --- ALLULATE THE SYSTEM INERTIA --

SYSMI = jMl + SMA**Z*(RII-(TiS-TRF(4))/(TRFtNRT+3)-TRF(4))
*iRll-RIFI

L

L. *$# UETLRMINL THE (,1MB1AL X-AXIS TORQUE**

i.
L. -- ALC.ULATE THE THRUSTLINE UFF.%ET TORQUE

TaFF = FR * TOS * SMA

L --- ALCULATE ]HE FRICTIONAL IGRQUE

ANGV = (WG - WSTG(1))/GMA
TFRlCT = -SIGN(AMlNIII.,AbS(ANGVflANGvV) *ABSISMA)

(TNF+FR/FMT*(TMX-TNF)i

C LALC.ULATE THlE PRLCESSb~tIAL TLJRw.UE

AVWIR =AV * lRPO
lF(IIS.LFE.TSU) AVWIR (1.i.SIN(3.*PI/2.'.TIS/TSU*PI) )/2.*AVW*RPO
IF(TIS.LE*01 AVWIR =
TPRtC =-WMI * AVW1R *WSTGI2) * RPD

L -- DETERMINE THE SPRING TORQUE

NST =TST42)
TSPR T BLUI (OELTATST(4htTS~TNST44),1,-NST)

Z --- LALC.ULATE THt UYI4BAL STOP TORQUE

iIOELlA.Ll.GSA) GO TO 110
lF(L.LLTA.GT.6SF) GU 10 120
GO 10 140

G. CALCIJLATL SPRING TURQUE ...

110 TSIUP = SPR * (USA - UELTA)
GU 10 130

120 TSTOP = PM * (65F - DELTA)

L ALCULA~t DAMP'ING TORQut ...
L
130 TSTO.- TSTOP -ANUV * DPG
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GO TO 150

C.

146 TSIOP =0.

L - bUM ]HE TOkQ.UEbs -

L

C

C FIG.L0 $*** =ACLAE (H:RTbU/A SI ***

C

C - UETERMINE. 7tM GIMBAL EULER ANGLE RATES -

L
WI~~bil) =WG - WSTG(1J
CALL EARATE (TEMPvwboESGIR)
DO 160 1=1,3

160 IF(IE:SGl1)oNE.Q) LSG0(I) =TEMP(l)
C
L - CoMPuTE IHL kOCKLT EULLK AN6ULAR RATEs -

C
WRB(Z) = W~b(l) * SMA
CALL tARATE (TtMPpWkBESRLR)
DO 1iD 1=1,.3

170 Ii-(IESK(I).NE.U) LSRD(I) = TEMP(I)

C *** CALCULATE THE ROCKLT FORCES AND TORQUES***
L **********~**$******* ****

L - TRANSFORM THE ROLKET THRUST TO 1HE SEAT
L.

CALL DIRCOS (DSR#ESRik)
CALL IRANb (0KbvO-%K3v3)
Do IaG 1=1,3

1b0 FkV.T(I) = UV(I) * FR
CALL MATMPY (FviuRSvFkKTt39.i,1)

L - CUMPUL THE bEAT UY AXIS TORQUE COMPONENTS -

L
CALL CRSPRD ITARtF)
GO TO Z60

L. *4* iHtN THE RUCKET ShUIS DOWN ..

L. LEaqO OUT RATES, FORCES, AN,) IORQJES

liwo D0O l00 11,
ESGD(1) = 0.
ebRUd1) =0.
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F( 1) =0. '

kOUa T(Ill 0.1
wb~i = 0.
PHA = 2.

c

IF(YPK.EQ*2,) GO 10 220
I(YPR.LQ.3.) GO TO 241U
WRITE (69210) TIME

210 FuRtMAT(/5X,*YAW SIAPA. bURNOUl AT TIME=*,FlO.4,2XI*SEC*/)
GO 7O 260

~22 WRITEIb,230) TIME
230O FURt4AI(/5X,*PITCH STAPAC dURNOUT AT TlME=*,FlU.4,2Xit*SEC*/)

GO TO 2bO
L'tU WRIIL(b,250) TIME
250 FaRtIAI(/5X,*KOLL STATPAC OURNt)UT AT TIME=*,FlO.4,2A,*SELs/)

2oO RETURN
END
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SUBROUTINe 4k (IRF,
. PwPwioIPW,
* PNAKONFSTISTAC(.,tPMIPPIFRPW1,SPIvRHOt

* VW19TMIvTlG,
o FONPC 9EAXKNtYAWPITPLPODPIO)

IL(. FORCES AND MOI4ENT ALTLNb ON THE SLAT FROM THE SUSTAINER ROCKET

C UkSlbNEO BY C.L. WEST
L LAST MODIFIED - DECEMbEK 69 1980

C. **4**$ ROC.KET TAcdLES *$*4**$*

C
L TRF - ROCKET THRUST TAbLE
C

L THE INOEPtNNJNT VARIAdLE IS TIME (SEC)
CTHE UtPENUEN1 VARIA6LL IS THE ROCKET FORCE (LB)

C ***-****ROCKET LGUTPU7S********

L PW - WEIGHT OF UNBURNED PROPELLANT (LB)
C PWD - PROPELLANi BURN RATE tLB/SEC)
L IPW - INTtGRATION CONTROL
C
C PHA - ROCKET PHASE
C 0 = bEFOKt IGNITION
C I = ROCKET BURN
c 2= ROCKET OFF
C RUN - ROCKET ON FLAG (i=UN (=OFF)
C FS 1() - XvYZ SEAT SYSTEM ROLKtT FORLE COMPONtNTS (Ld)
C TST13) - XvYZ SLAT SYSTEM ROCKET TORQUE COMPONENTS (FT-La)
L XLG(3) - XYZ SEAT SYSTEM POSITION VECTOR OF THE
L PROPELLANT CENTER OF GRAVITY (FT)
S PMI(3 - PROPELLANT MOMENTS OF INERTIA - IXXtIYYtIZZ tSLUG-FT**2)
c PPi(,3 - PROPELLANT PRODUCTS OF INERTIA - IXYPIXZPIYZ (SLUG-FT**2)
L FR - SUSTAINER ROCKET FORCE MAGNITUDE (LB)
C PWI - INITIAL WLI6HT OF THE PROPELLANT (LB)
L SPI - ROUKET PROPELLANT SPECIFIC IMPULSE (LB-SEC/LB)
C RHO - ROCKET PRUPELLANT DENSITY (LB/FT**3)
C VwI - INITIAL VIRTUAL WEIGHT (Lb)
C TMI13) - SOLID GRAIN MOMENTS OF INERTIA - IXXIYYILZ (SLUG-FT**21
f TIG - ROCKET IGNITION lIM (SEC)
C
C *$ $$4**ROCKET INPUTS *S***S*

C
C FUN - ROCKET ON FLAG (1=0N)
4 PCG(3) - INITIAL XY,& SEAT SYSTEM POSTION VECTOR OF TH*
L PROPELLANT CENTER OF GRAVITY (FT)
L tA(3) - SEAT TO ROCKET PROPELLANT EULER ANGLES (DEG)
C XRNO) - XvYL PROPELLANT SYSTEM POSITION VECTOR OF THE ROCKET
C NOZZLE (FT)
C YAW - YAW EULER AN4LE OF THE THRUST VECTOR IN THE PROPELLANT
LCOORDINATE SYSTEM IDG)
L PIT - PITCH EULtK AN1LE OF THE THRUST VECTOR IN THE PROPELLANT
L COURDINATE SYSTEM (DEGI
L PL - PPOPELLANT 6RAiN LENGTH (FTI
L Puu - PROPELLANT GRAIN OUTSIDE DIAMETER (FT)
C PID - PROPELLANT bRAIN INSIDE DIAMETER (FT)
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L DIMENSION.% OF CALLING ARGUMENTS ...
C

* TMI(3)9PCG(3)vkA13)vXiRN(3)

L 1NTtkNIAL iiIt4EN4,IONS oo*

DIMENSIONVMN3Dit,3,P(,)O(),AR3,TP3,
* XRNST(3)

L
COMMIJ4 /CTJ.ME/ TIME
LOMMON /LICCAL/ CLAL
COMMO4 /COVRLY/ INST
COMMON /010/ ZRkADIWRIcIJIA6,f

C
DATA RPO /.01745329/
DATA 6RAV /32.174/

L

IFtICLAL.NEai.) GO TO 80
c
uOLJZNE Tttk PROPELLANT GiNlkk OF t7RAVITY IN THlE SEAT SY: Tkm

L F-OR OUTPUT ...

DJ 1(0 1=193
I 0 XCG(1) -PLGtI)

C
C M14C INIIIALIZATIOU
L

IF(PW4NE.0) GO TO 30

20 FJ4AlI/5Xv* ===PROPLLANT WtIGHI NOT INITIALIZED RUN*,
** STJPPED - 4/

ST OP
L
30 PW1 =PW

PHA = RON =FR = 116 0
C.

U0 4ib 1:1,.)
40 PboIC1) =FS7411 Tb.rl) =0

C LALC.LAW THE SUSTlNtK( K~OC~cT'. TOTAL IMPULSE ...
L

IJTlMP =0
NiA = kF(2)
DiO 56 t=29NA
ULLLMP= (TRF(1.hA*j-TRF(I.NtAe2J)/(T.RF(+31-RF(2)*f)5

~0TOTIMP =TOTXMP + DtL~IMP

LC ALCUALAht THlE SPELIFIC IMPULSE ...

SPI = IJTIMP/PW

LCALCULA~t TilE INITI^L. iaRAlN VULLIME ......
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PV (,.1854 *PL (P004*2 -P104**2)

L

L CALCULATE THE~ DENSITY ......

RHO =Pw/PV

L

VWLI = 0.7854 * PL * P10*4 * KHO

L. VIRTUAL MASS MOMtNTS 0F INLRTIA..

VMJAASS = VWI/GKAV
VMlk(l) = (VMIMASS/12.) *(3.*(PIO/2.J**2 + PL**2)
VMIN(i) = VMIN(1J
VMIN(3) = (VMIMASS/2.1 (PID/2.)**z

C
(L TOTAL MASS AS IF IT WERE A COMPLETELY SOLID GRAIN

TMASS =0.7d54 * POOS*2 * PL * RHO/GRAy

C 16TAL MOf~tN~T OF INERTIAS ...

TmIck) = (TMASS/I2.) (3.$(POO/Z.)**2 + PL**2)
Imitz) =TMIMI
7IM3 = (TMASS/2.) *(POU/2.)**2

C IhITIAL PkOPELLANT MUMENT OF INERTIAS

00 CO0 1=1,3
60 PMI(I) =TM1IM - VMIN(I)

L RJ1ATE THE PRUPELLEN1 INERTIAS IN70 THE SEAT SYSTEM

Du 7u 1=1,3
70 EAIRII) = LAMI * RP(J

CALL UIRC.OS (DSP9EAIRI
CALL TRANS (DPS,DSbP,393)
CALL RUTATEI (PMIPPIDPS)

C

L. RkTURN 1F SUSTAINER RuC.Kc-T IS OFF ...

dSo IF(FUt.E.*. .OR. PHAeEw..2.) GO TO 160

C =----------OCKLT 0ON

IF4PHAwEQe1.) 6O TO 100
PHA = RON = 1.
TIG = IME

LF(INST.EQ.k61 wRIIL(b,991 TIME
90 FoRNAT(/SX,*SUSTAlNLR RCICKT ON AT TIME =*vFI0s4v* SEC*/)

L CQMPttTL THE DIRECTION COSINE MATRICES
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1(30 DO 11. 1=193
110 EAlR(l) = EA(IM RPLI

CALL DIRCOS (DSP,EAIR)
CALL 7kANS (OPS,USP,s,.l)

CI
C C.MUPu1 IHRU ST VtCTUR LIRECTLIN 4-OSINES

ThE = PIT * RPL,
PSI = YAW * RPL)
L)L(1) = COS(PSI) * SIN(THt)
DL(2) = SIN(PSI) * $IN(lHt)
OC(3) =COS(THE)

C CALCOLATE THE bODY AXIS FORLE AND) TORQUE COMPONENTS ...

NA = TRF(k)
TINRK7 TIME - 71(
1IFLTLNRKI.GE.TRF(NA*3)) Gut TOi 130
FR = -TdLuI(1LNRKTTR-(4),TRF(NA+4)1--NAI
D0 lkD 1=103

12(3 TLMP(I) = DCII) * FR
CALL MAIMPY tFSTLiPSTEMPvsv391)
CALL VELXYZ (XRNSTtXRNP(.&,DPS92)
CALL LRSPRO (TS1,XRN. TvFA1)

C PkUPLLLAhT CJNSUMPTIUN4 RATE (Ld/SEC).....
C

IF(IPW.NE.0) PWU = -FR/SPI
L.
L PROPi:LLANT MASS BURNEU (SLWbSI.....
L

b= (Pwi - PW)/GRAV
L
L BuRNLU VOLUML (FT**310..

8VUL =BM/RHU/GRAV

C. BUR~NED RA(JIU, OF GRAIN (FT).....
C

d= SwRT((bVOiL/PL/O.7854) +PID**2)/2.0

~NEW VIRTUAL MASS (SLUbaS).....

VM4P = VWX/GJRAV + bM

L. NEW~ VIRTUAL INERTIAS~.....

VNIN = (VMP/12.) *3.*bR**2 + PL**2)
VMINIe.) =VMIN(I)
VMIN(:3) = VMP/2o) 4dR*

C IhER~iAS O;F RLMAININ6 PRUPLLLANT .....

PRMI = TMIMk - VMIN(I)
pmI(4) = PMI(1)
PMI(31 = TMI(3) - VMIN(3i

C
C ROPTATE THE R(3CIET PROPLLLANT INERCTIA PROPERCTIES INTO THE
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Z. Sf:AT AXIS SYSUhM s.

LALL RWJATE1 (P141,PPIPDPS)
GO TO U160

C ~AT ROCKET bURNOUT ...

13o0 IF(I1NT.EQ.26) WRITL(69140) TIME
140 FORMAT (/5X ,$USTAINtR ROCKET OFF Ar TIME=* F10.49 2X9*SEC;*/)

PWD =RON =0
PHA zk
DO 150 1=103

150 FST(I) =TST(IJ =P141(1) 0

160 RETURN
END
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SUBROUTINL Wb (CWCCGlCMICPI,
* AbvWS*XStSMI ,SPIWltL i BMI ,BPI,
* W2vXzfBMkqbP~sW3qX3,8M3,8P3s)

DIMENSION CC6(3)vcMI(. ),CPI(3)t
* p.5X(3) ,5M143) ,SPI13) ,X113) ,bMl(3) ,BPI3),
* X213),oM2(i),bP2I3) ,X3t3),BM3(3h8BP3(3)

UIMLNSION TSfI(.)TIMI(3htT2M1(3),T3Ml(3I,
*TSPI(3),71I13),T2PI(3h9T3PI(,j),DIFF(,-)

C COMMON /CIC.CAL/ IC.CAL

CZOMMKt /CIL)/ IRLAOiWklTfzIDIAb

DATA GkAy /32.174/
L.
L. UESIGNEL) bY C.L. WEST
C LAST MODIFIED - DECEMB6ER bt 19d0
C
L. NOTE - ALL MOMENT AND PRODUCT OF INERTIA VECTORS INPUT
L. INTO THIS ROUTINE HAVE bkEN ROTATLD INTO THE
L- SEAT COORDINATE SYSTEM.
c.
L s sss* ssWts OUTPUTS **s**e*
L.

L CM - COMPOSITE SLAT WEIGHT (Lb)
L CCGI31 - XvYjl SEAT AXIS SYSTEM COMPOSITE CENTER OF GRAVITY (FT)
f. CM113) - COMPOSITE SEAT MOMtNT OF INERTIA VECTOR AdOUT ITS
L. CENTER OF GRAVITY - IXXIYYIZZ (SLU6i-FT**i.)
L LP113) - COMPOSITE SEAT PRODUCT OF INERTIA VECTOR ABOUT ITS
C CENTER OF G6RAVITY - lXXIYYvIZZ (SLUG-FT**Z)
L.
L sss**** Wt3 INPUTS**$*****
L.
L. Ab - NUMBER aF oUDILS ATTACHED TO THE BASIC SEAT
L. WS - t3A.)IC lsEAT WLiGHT (LaiJ

4- XS(iJb - X9YZ SEAT AXIS SYSTLM POSTION VECTOR OF THE
C. 6ASIC SEAT CENTLR OF GRAVITY IFT)
C SMI1i) - MOMENT OF lNcRTIA VECTOR FUR THE BASIC SEAT A6UUT
L ITS Ck:NTLR OF GRAVITY - IXXtIYY9IZZ (SLU(G-FT**2)
c SPI(3) - PRODUCT ul- INERTIA VECTOR F-OR TmE BASIC SEAT ABOUT
C ITS CENTER OF GRAVITY - IXYtIXZIYZ (SLUG-FT**Z)
L. Mi - WEIGHT OF bODY ONE (Lb)
L. xii.,) - A,V,L SEAT AXIb SYSTEM POSITION VECTOR OF rHE
I. CENTER OF GRAVITY FOR BODY ONt (FT)

0- ts~i(-:) - MOMENT OF INERTIA VECTOR FOR BODY ONE A6OUT ITS
IL CENTIER OF GRAVITY - IXX,lYY,.IZZ (SLuG-FT**2)

L oPI(3) - PRUUUCT OF INERTIA VECTOR FOR BODY ONE ABLUT !TS
L CENTER OF 6RAVITY - IXYtIXLIYZ (SLUG-FT**Z)

L wz - WEIGHT OF BODY TWO (Ld)
L XZ(3) - X,Y,L SEAT AAIS SYSTEM POSITION VECTOR OF THE
L CENTER UF 6RAVITY FOR bODY TWO (FT)

0- bMZili) - MOMENT OF INLRTIA VECTOR FOR BODY TWO ABOUF ITS
L. CENIt.R OF GRAVITY - lXX9iYYtIZL (SLUb.-FT**Z)
L 6Pa(J) - PRODUCT OF INLRTiA VLCTOK FOR 8ODY TWO ABOUT ITS
L CENTER OF GRAVITY - IXYYIXZ*IYZ ISLuG-FT**Z)
L -~ - WEIGHT OF *UUOY ThREE (LB)
C XJ.24~ - XgY*Z SEAT AXIS SYSTEM POSITON VECTOR OF THE
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C, CE:NTE:R OF I.6RAVI1Y FOR BODY THREE (FT)
L. BM3L3) - MOMENT OF INLRTIA VECTUR FOR BODY THREE ABOUT ITS
L. CENTER OF GR~AVITY - IXXIYYIZZ (SLUG-FT**2)
C 6PI(3) - PRODUCT OF INERTIA VECTOR FOR BODY THREE ABOUT ITS
C CENTER OF (RAVITY - IXYtIXLIYL (SLU(1-FT**2)

L **4*4 INLIIALIZATIUN **

IF(ICCAL*NE.1) 6U hI bO

IF(AB.EQ.0.99999) Ab =0.
c
C ZERO WEIGHTS AND INEkTiAS OF NON-EXISTANT BODIES
C

IF(W, .EQ. 0.99999) W~l = 0.
i1-(W2. EQ. 0.99999) W2 = 0.
IF(W, .EQ. 0.99999) W. 0.
IF(Ab.(1E.l.) GO TU 20
Do 10 1=1,3
IF(A111) .EQ..99999)X1)=0
1FlbMI(l).EQ..99999jbMl(l)=0

I() lF(bPl(I).EQ..99999)bP111)=U
4.0 IF(Ab.Gt*2.1 GO TO 40

UJ, 30 1=1,3
IF(X2( I).LQ..99999)AaZI)=D
IF(bMkI ).kQ..999995,4ai 3=G

.0 IF(bP2(l).EQ..99999)6P2(1)=0
4.0 IF(Ab.GE.3e) G.O TO 60

DO 50 1=1,3
IF(X3(l).EQ..99999)X3 (I)=G
IF(bIL3(1 .EQ..99999)BM5(1)=O

50 II(nP3(I).EQ..99999)JBP3(I)=0
L
L ZLRk UUT THlE MOMENT ANU P~RODUCT VECTORS ...
L
60 a13) 70 1=1,3

1.)Mli4) = TIMI(l) = T2MI(li T3MI(l) = 0
70 TSPIMI = TlPl(L) = T2PI(I) = T3PI(I) = U

L. (,uPUIE IHE LOCATIL.N OF THE COMPOSITE L.G. FROM THE SRP ...
C
60 CW =WS + Wi+W2 + 3

00 90 1=1,3
90 CL(d) = (WS*XS(1) + WI*Xi(l) +WZ*X2(1) + W3*X3(Ifl/Cw

C. ***** SEAT INERTIA PkIJPERTIES **

C
C. CALCULATE THE SEAT MASS ...

C
BAS= WS/(3RAV

L.
E. CLJMPUlt THE INERTIA PkUPERTtS ...
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C,
Da I0U 1=193

100 DIFF(I = CCG(I) -XS(1)

CALL PAAIS (TSM1,ISPLPSMIPSPLSMASSOIFF)

C ****4 tbOuY 1 INERTIA PKUPER IlLS **

C

IF 1A15.LT.1.U) GO TO 140.
c
C- CALCULAL. THE MASS OF bODY I1...

bMASS = W1/6.RAV

C Li'Pukt THt INERTIA PROPchJicS ...

au 110 1=1,3
110 UIFFIL) = LC(1) - i)

CALL PAXIS (T1Mi9T1P1,cI~i,dP1,bMASS9O1FF)

L. *$** tiOY 2 INERTIA PROPERTIES **

C
IF (Ab.LTe.U) GO lii i4OC

L. CALCULATE THlE MASS OF bUDY 2 ...

BMA.SS = WZ/GRAV
IL
L CO~MPUTE rTE INERTIA PR(JPERTIES ......

Do 120 1=1,3
12U LiIFFli) = CG(I -X2(1)

CALL PAXIS (Ti-MlILP1,dM2,6P2,BMASSDIFF)

C **.*** tiLJLY 3 INERTIA PkOPERTItS **

CL **********~********

C,
IF tAb.LT.3.0) 60~ TU 140

L.
C CALCULATE TalE MASS OF oLJDY 3 e .
L

6MASS = 3/GRAV
L
C C014PUIE THE INLRTIA PROPcRTILS ...
L

jtJ hG =1
iSO UIFiCI) zCCG(I) - A3(1)

CALL PAAIS IT3MiT3Pl~bMi$*bP3,bMASDIFFI
c
L **S*4*,**$***$*S*~*******$***

C *-*A'. COMPUTL THE LUTMPOSITE BU3LY INERTIA PR3PERTItS **
CL 4***~***$*$*4***~$***********

L
1-9O io 150 J193
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CMIL(1 = TSMIMI + 1134111 * 71a41(1) + T3MI(IJ
LSO Cel(L) = T,,)Pl(1) Ia.PL(L + TZPIM1 e T3P1(I)

RLTUR4
i-Nu
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APPENDIX H

EASIEST SUBROUTINES AND FUNCTIONS

This appendix contains listings of the EASIEST subroutines and functions,

which include the following:

ARTAN2 DISECT PAXIS

BLOCK EARATE PCAERO

BRIDL2 FSW RATIO

BRIML LAG RLIM

BRIML LIBRIOL ROTATE!

CAD LILINE TBLU3

CEAERO LILOAD TLU

COSOIR LINOST UNPACK

DET3 LINEPL VECXYZ

DIRCOS LOOK VELXYZk
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FUNCTION ARTAN2(AlAKi

C. FOUR QUADRANT ARCTAN(eNT FiNC710NI Al bElNG THE NUMERATOR AND AR
L. BEING lh DENUMINATOR.

IF(AbS(AR) - .0( O0 * AB.)(AI)) IU9iO,30
AD IFLAl) kO,5OZO
ICU ARTAN2 = .55079, * SIGN(L.vAI)

GO TO 60
C
31J ARTAN2 ATANCAL/Ak)

lf-(AR) 40,20,6Uj
40 AkTA~i.= 3.14159 + ARTAN2

N1 AKTAN2/3. 14159
ENt N
ARTANk = ARTAN2 -b.k63I8*E4

GO TO 60

50 ARTAN2 0.
60) RETURN

ENO
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SuBkOuTINE BLOCK (hSEATrFAIRPTSEATpTAIRPvZBL,
o SRPRSRPARAILLtXKAILXBSSPRDPGtFRILT,
* U~iTWSTtUAPPWAP0OAEOERDRSDRAOSA,0SEt
* LUR #UP, FLAG)

L DESIGNcL bY C.L. WLST
L LAST MODIFIED - DOttMbER o, 1980
C
C CALCULATta THE FORCES ANU MOMENTS ON THE SEAT ANU AIRPLANE FROM
C ]HE bLOCKS
C

C. ************BLOCK OUTPUTS *******

C FSEAT(3k - XvYtZ SEAT BODY AXIS FORCE COMPONENTS (LB)
C FAIkP(3) - XYvZ AIRPLANe UOUY AXIS FORCE COMPONENTS (Lb)
C TSLAT(3) - XYqZ SEAT bOuY AXIS MOMENT COMPONENTS (FT-LB)
C TAIRP(3) - XtYZ AIRPLANt BUOY AXIS MOMENT COMPONENTS (FT-LB)
L LBL - RAIL AXIS Z COORDINATE UF BLOCK
C
C $*****$*BLOCK INPUTS ******#

C
L SRPRI3) - XYZ RAIL POSITION VECTOR OF THE SRP (FT)
L SRPA(3) - XYZ AIRPLANt POSITION VECTOR OF THE SRP (FT)
L RAILL - RAIL LENGTH (#;I
C XRAIL - XtYZ AIRPLANE POSITION VECTOR OF THE OKlI.IN
L OF THt RAIL COOKDINATE SYSTEM (FT)
C POINT ON THE AIRPLANE (FT)
C AbS(i) - X,YL SEAT POSTION VECTOR OF THE BLUCK (FT)
L SPR - RAIL SPRIN6 CONSTANT (LB/FT
L OP6 - RAIL DAMPING LONSTANT (L8/FT/SEC)

C FKILI - SLIDER BLOCK FRICTION COEFFICEINT
C UST(3) - SEAT AXIS VELOCITY OF SEAT REFERENCE POINT (FT/SEC)
C WST(3) - SEAT AAIS ANGULAR RATES OF SEAT (RAD/SEC)
C UAP(3) - AIRPLANE AXIS VELOCITY OF AIRPLANE IFT/SEC)
L WAPt.i - AIRPLANE AXIS AN6ULAR RATES OF AIRPLANE (RAD/SEC)
C OAL(3031 - AIRPLANE TO EARTH DIRECTION COSINE MATRIX
C ULR(39a) - EARTH TO RAILS OlkECTIUN COSINE MATRIX
L DRS(393) - RAILS TO SEAT DIRtCTION COSINE MATRIX
C URA(39.) - RAILS TO AIRPLANE DIRECTION COSINE MATRIX
C USA(3,9.) - SLAT TO AIRPLANe DIRkCTION COSINE MATRIX
L DSEI.921) - SEA[ TO EARTH DIRECTION COSINE MATRIX

OSRI3,i) - SEAT TO RAILS DIRECTION COSINE MATRIX
C UP - LJECTION UIRtCTION FLAG
C +1 = UPWARD WRT THE AIRPLANE

-1 = DOWNWARD WRT THE AIRPLANE

C FLAG - BLOCK POSITION SWITCH ( 0 = ON RAILS I = OFF KAILS
L

L UIMENSINS OF CALLIN6 ARGUMENTS ......

DIMLNSION FSEA(3)hFAIRP(3)gTSEAT(3)hTAIRP(31,SRPR(3)vSRPA(3),
* XRAILC3) ALSIi) SPR(2)tDPb(2),UST(3),WST(3),UAP(3),
* WAP(3)tDA(t,3) ,OERt3,3),DRS(393)ORA(3,3},DSA(3,3),
* DSE(3,a),DSK(393}

C IfIckNAL DIMENSIONS
L

ijIMENSIUN XbRf3)vUSEl3),tFDFL(3)}ARM(3),
* XaAt3),UABE (31RVdE(3),RVBR(3),TEMPI3)
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COMA4ON/COVRLY/ INST
COMPICN/C IU/1READq IWR IT k qI UIAG
DATA TEMP /0OUU/

C CALCULATION OF SLIDE:R IbLUCK LOCATION IN THE RAIL AXIS SYSTEM

CALL VEI.XYZ tXclR9Xb,SRPRvOSRt,4
LBL =XBR(3
TEMP(3) = XbR(33

i-
C StT FORCES = 0 IF bLQC.K UFF RAILS (EXCEPT DURING INITIALIZATION)

FLAG 0
IF(lbs1.EQ*.3IeOR.INST.LQ*61) GO TO 20
IF(A~bR(31*UP.GT.KAILL*UP) GO TO 20
00 10 1=193
F.AEAT(Ii=O.
FAIkP(l)=0.
TSEAT(l)=G.
TAIRP(I)0.

10 CONT INUE
FLAG 1.
GO IT 5

L
r- COMPUTE VELOCITY OF BLOCK IN EARrH AXES StSTEM *..

C
io CALL VELXYZ lUS8EpUSTrX3B.bSTr0SE)

i. COURDINAILS OF *LGCK IN AIRPLANE AXES SYSTEM ...

CALL VECXYZ (XdAtXdSvSRPAqDSAti.J

C VIELOC11Y OF BLOCK POS111UN4 idR THE AIRPLANt IN EARTH AXES SYSTEM

CALL VLLAYL (UAbLYUAPPXbAvWAPtDAE)

L RELATIVE VELOCITY OF bLUCK WRT THE RAILS IN EARTH AXES SYSTEM ...

30 RVBEM zI USBEMI - LUABk(I) *
C
L RELATIVE VELOCITY OF bLOCK WRT RAILS IN RAIL AXES SYSTEM ...
L

CALL MATMPY lRV8RvDtR9RVBc#393,I)

L FORCES UNk SEAT IN RAiL AXES DUE TO R~AIL RIGIDITY AND DAMPING..e,

FOEFLII) =-SPR(I) * AbRII) - UCibl) * RVBR(i)
F~tFL(21 = -SPR42) * Abk(2) - DPG(2) * RVBR(2)
FRYLL = SIGN(AMINI(AabS(.VBR(31))I.O),RVBR(3))
FUEFLI.3)= -FRICT*SwhITFDEFL(i)**2+FIJEFL(21**Z)$FRVEL

L. FORCES ON SLAT IN SEAT AXIS SYSTEM ...

C
CALL MATMPY (FSEA1,5,.SFDtFL,3p3tl)

C FORCES ON AIRPLANE IN AIkPLANE AXIS SYSTEM eg.
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00 40 1=193
40 FOEFLII)=-FOEELII)

CALL MATMPY (FAIRPiDRAtFDkEFL*39391)
C.
C AIRPLANE MOMENT ARM ...

CALL VECXVZ (ARM,1&MPXRAILDKA,2)

C MOt~tNTS ON SaEAT ...

CALL LRSPRD (TSEATAB~tFSEAT)

L MiJMENTS ON AIRPLANE

CALL CRSPRD (TAIRPtARM,FAARPJ

±50 REAUkN
END
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SubROUTINE BRIOL2 (FAP,
APXtXPCOO, PT19PT2)

C
C THIS ROUTINE CALCULATES THE rORCE APPLICATION POINT OF A FORCE
C APPLIED 10 A TWO SIRAND BRIDLE.
L

L ***** bRlOL2 OUTPUTS *
C
L FAP(3) - X1 YZ DECLLERATEO OBJECT BODY AXl LINEAR POSITION VECTOR
C OF THE FORCE APPLICATION POINT (FT)

C *-* 6RIOL2 INPUTS **.V

C

L APX(3) - X9YvZ DECELERATED OBJECT BODY AXIS LINEAR POSITION VECTOR
C OF THE BRIGLE APX IF11
C XPCUO(3) - XYZ UECELERATEO OBJECT BODY AXIS LINEAR POSITION VECTOR
C OF THE PARACHUTE (FT)
C PTI3) - XYvZ UECELERATED UbJLCT BODY AXIS LINEAR POSITION VECTOR
C OF bRIDLE ATTACHMENT POINT ONE (FT)
C PT2(.() - XYZ DECELEkATi) OBJECT BODY AXIS LINEAR POSITION VECTOR
LOF bRIDLE ATTACHMENT POINT TWO (FT)
C

UIMNSION tAP(3)tAPX(i)tPTI(3),PT213)tXPCOO(3)
C

DIMENSION DELAIf3) ,ELA2(3)9,CN(3) XI13),DC3I(3)tXIN(3),
APXT(3),0IFFI3)9UVI(3)

L CALCULATE TiHE DIRECTION LUSINES OF TtiE NORMAL TO VECTORS APX9PT1
C AND APA,PT .

OU L 1=1,3
ULLAlII) = PT11I) - APXIl)

10 DLLAZII) = PT2(I) - APX(I)

CALL CRSPRO (OCNUtLLAlvOELAa)
IL

RN = SwRT (DCN(I)**2 + UCN(2)**2 + DCN(3)**2 )
U0 20 1=1,3

kO OCN(I) = DCN(I)/RN

C
L CALCULAIL THE NOkMAL FROM APX TO VECTOR PT19PT2 ......

CALL LINOST (XIRAIvDC31,PTIPT2,APX)
L

. CALCULATE THE UNIT VECTOR FROM XPCOO TO PTI ......
C

UU .0 1=1,3
isG DIFe(I) PT(13 - XPCCO(I|

C
RESULT = Sl.RTtDIFFt)**2eiIFF(2)**2 0IFF(3)**'2)

C

C CALCULATE THE LOCATION OF THt BRIDLE CONFLUENCE POINT
IL

PHI = ARTANZ ( DCN(I1*UVIII)eDCN(2)*UVI(2)eDCN(3)*UVI31,

443



-(DCB1(1)*UV I( I) 4-C31(2)*UV1(2)+DC3I1(3)*UVI(3f)
SINPHI =SINIPHIJ
CLISPHI = CUS(PHI)
DuI 50 1=1,3

5u APXT(1IJ XIMI + RAI * (-OC31II)*COSPHI + DCN(I)*SINPII

CCALCULATE THk UNIT VECTO~R AND MAGNITUDE UF THE NORMAL FROM
L. THL *kIULt: CONELULNCL P01NT TO VECTOR PIP1PT2

CALL LINOST IrRA1,DC3I#PT1,PT2pAPAT)

C CALCULATE iKE UNIT VECTOR~ FRUM XPCDO TO APXT ...

DO 60 1=1,3
60 UIFFII) APXTCI) - XPCUOID~)

RESULT =SQRT(O IFF(k)**2*D1FF(2)**24DIFF(3)**Z)

DO 70 1=193
70 uVI(I) = DIFF(I/RLSULT

C
C OUT THE PARACHUTE LINL UNIT VECTOR ONTO DC31...

CALL OTPRD ICOSINLqUi.-,IUVI93)

C. OETkRMIft THE MAGNITUUL aUF THE VECTOR FROM THE CONFLUENCE POINT
C TO VtLIOR PT19PT2 ALUNG THE LINL FORCE UNIT VECTOR
IL

IF(COSlN:.Ntefis) RI = RAI/COSINt

L CALLULATL THE INTtRSECTION OF THE PARACHUTE LINE FURLE VECTOR
L. WITH VLCIOR PT19PT2 *.00..

L

O b0 1=1,3
bcG XIN(I) = APXT(I) +Ri * UVI(I)

C
L. UkTtRNINE THL FUR.Lt APPLICATION POINT

* (PT2(2)-PTI(zJ)+(IN(31-PT1(3) I*(PT2(3)-PTI(ifl)
IF(ITST.LE.0) GO TO 120)

C
R11N SQRTI(X1N(l1-PTI(1) )**ZN(XIN(2)-PT1(2) )**2+

* LXIN(3)-PTI(3))**Z)
R12 SijRT ((PTZ(1)-PTI(l))**2 +(Pr2(ZI-PTi(2))**2

* (PT~f31-PT1t3))**2
IFfRI2-K1iN.Gk.~j) GO TO IUD

ODU 90 L19,3
9u FAP(I) = P72(1)

GO 10 140
C
hiD 00 Iia 1=1,3
110 FAPII) =XIN(I)

63 TO 140

~20 OaU i..,0 I193
13U FAP(1) = P11IM
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140 RtTURN
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SUBROUTINE BRIDL3 (FAP,
APXUVtXPCDOPTIPT29PT3,XI)

C

C KRUTINt FLPR COMPUTING IH FURCE APPLICATION POINT FOR A BRIDLE
C WITH THREE FLEXILE LINE

L*4*** bRIDL- OUTPUTS *****

L
C FAP(3) - XvY*L DECELEKATED OBJECT bODY AXIS LINEAR POSITION VECTOR
C OF THE FORCE APPLICATION POINT (FT)
C

L ***** bRIUL3 INPUTS 4**'

C APX(3) - XYZ DECELERATED OBJECT BODY AXIS LINEAR POSITION VECTOR
C OF THE BkIDLL APEX (FT)
C UV(3) - PARACHUTE LINE UNIT VECTOR
C XPaLUO(3) - XYZ iLCELERATEO OBJECT BOUY AXIS LINEAR POSITON VECTOR
C OF THE PARALHUTc (FT)
L PT114) - XYtZ DELELERATEU UBJECI BODY AXIS LINEAR POSITION VECTOR
C OF 6RIULE ATTACHMENT POINT ONE (FT)
L PT2(3) - XY9Z DECLLERATEU OBJECT BODY AXIS LINEAR POSITION VECTOR
IL OF BRIDLE ATTACHMENT POINT TWO (FT)
C PT3.L - XvY*Z UtCLLERATEU OBJECT BODY AXIS LINEAR POSITION VECTOR
C OF BRIDLE ATTACHMENT POINT THREE (FT)
C XL(j) - XPYL DECELERATED OBJECT BODY AXIS LINEAR POSITIJN VECTOR
C OF THE INILERSECTION UF THE BRIDLE ATTACHMENT POINTS PLANE
C WITH THE PARACHUTE LINE FORCE VECTOR (FT)

DIMENSION FAP(3)tAPA(3),UV(3),PTi(3)|PT2(31,PT3(3)XI(31
* XPCDO(3)
JIMtNSION XNEI3(3),DCi23t3),XNI 313),DC123(3)tXN213(3),

* DC213(3) XNil3(5),OCIi3(3),XN312(3)tC312(3)
A xN 12(3)vDL ?a(3)

C COMPUI THE INTERSECTION OF THE NORMAL FROM POINT I TO
L VECTUR 293 ......
L

CALL LINOST (XN12. ,0UC1I23,PT29PT3,PTI)

C COMPUTE Tht INTERSECTION OF THt NORMAL FROM THL FORCE-PLANE
Z INIERSECTION TO VECTOR 293 ......

CALL LINDST (XNI23vOvUCI23vPT~vPT3vXI)
C

C 1ET FOR COMPREISSLU IN LINE 1
C

TEST = UC123(1)*UCI23(1l + QC123(2)*0CI23(2) +
* uCI23(3)*UCIk3(3)

IF (TEST) IG910,2U

L LINE A uNDER COMPRESSIUN - COMPUTE THE FORCE APPLICATION
L POINT LYING ON VECTUR 43 ......
L
IU CALL bKIUL2 (FAPjAPAXPCDOPTktPT3)

GO TO bO

L LMPUIE THE NORMAL FkOM POINT 2 TO VECTOR 1,3 .
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ZO CALL LINDST iXN2l3,Uq0L2I3vPTIPI3fP12)

C COMPUTE THE NORMAL FROM THL FORLt-PLANE INTERSECTION To
L VECTOR lvo....
C

CALL LANOST (ANII3vO,0C113,PTIPT3vXI)

C --- TEST FOR COMIPRLSSION IN LINt 2

TLSI z DC2l3(1)*DC113(1) + DC213(21*0CI13(2) +
* DCZi3(3)*OCl13I3)

IF(IEST) 30,30Y46

LLINt 2 UNUER COMPRcSSION - COMPUTE THE FORCE APPLICATION

.A CALL BRIL)L2 (FAPvAPXAPCOOPTltPT3)

GO TO b0

C CGHPUTt THE NORMAL FROM POINT 3 TO VECTOR 1,2 ......

40 CALL LINDST (XN3IZ9G,0CllzvPT1,PT2,PT3l
CL
L LUMPUIE IKE NOkMAL FROM THt FUKCE-PLANE INTERSECTIUN TO
C VECTOR 1,2 ...
L

CALL LINI)ST (xNIIaj,'jC112,PT1 ,PT2qXI)
L
L - tST FOR COMPRESSION IN LINE 3 ---

C TEST = 0C312(1)*OCJA211) +0C312(2)*OCI1Z(Z)+

* OC312(3)*L)CII2L )
IF (TEST) 5O,5Uo,6U

L. LINE- , tAUER COMIPRESSlCJN - COMPUTE THE FORCE APPLICATION
~POINT LYING ON VECTJR 194

5( LALL bRIOL2 (FA$,APX9APLDOPTIPT2)
GU TO tbO

L
LC ALL THREE LINES IN TtNSION
IL
bu 00 10 1=193
lu FAPII) =XIl)

a0 RETURN
END

447



SUbRUUTINE bRIUL4 (FAP,
APXtUVXPCDOAPIAP2,AP3,AP49,XI)

C THIS RUUTINt DETERMINES Tht THREE BRIULE ATTACHMENT POINTS
C 10 6b USEU IN *RIUL3

C ***** RIUL4 OUTPUTS
E
C FAP(3) - XvYtZ DLCtLERATtD OBJECT BODY AXIS LINEAR POSITIUN VECTOR
C OF THE FORLE APPLICATION POINT (FT)
C
C s** BRIOL, INPUTS **

IL APX(3) - XvYtZ DECELERATED OBJECT BODY AXIS LINEAR POSITION VECTOR

C OF THE BRIDLE APtX (FT)
C UV(o) - PARACHUTE LINE FORCE UNIT VECTOR
L XPCDJ(3) - XtYL DECELERATED OBJECT BODY AXIS LINEAR POSITION VECTOR
C OF THE PARACHUTE (FT)
C API(3) - XYL UECtLERATEL OBJECT BODY AXIS LINEAR POSITON VECTOR
C OF BRIDLE ATTACHMENT POINT ONE (FT)
C APZI31 - X9YZ UECELERATEu OBJECT BODY AXIS LINEAR POSITION VECTOR

L OF BRIDLE ATTACHMENT POINT TWO IFT)
C AP3(3J - XYZ DECELEkAIiD O6JECT BODY AXIS LINEAR POSITIUN VECTOR
C OF BRIDLE ATTACHMENT POINT THREE (F1)
C AP4(3) - XYjZ UECtLERATEU OBJECT BODY AXIS LINEAR POSIIIJN VECTOR
E OF BRIOLL ATTACHMENT POINT FOUR (FT)
C X(-i) - XYZ DECE4-RATED OBJECT OODY AXIS LINEAR POSITION VECTOR
C OF THE INTERSECTION OF THE BRIDLE ATTACHMENT POINTS PLANE
C WITH THE PARACHUTE LINE FORCE VECTOR (FT)
IL

DIMENSION FAPC3),PX(3)tUV(3)hAPI(3),AP2(3)bAP3(3),AP4(4),
0 XI(31,APCuO(3)
DIMENSION AN1l24|3)#DCIZ4(3)wXNIl24t.2|)DCI24(. 1

C
4. THE FOuR ATTACHMENT POINTS OF THE BRIDLE ARE DESIGNATED AS 192,3,4
C (NUMBEREL CONSECUTIVELY IN A COUNTER CLOCKWISE DIRECTION)
C LET POINTS 2 AND 4 fJEFINE A LINE AND CHECK TO SEE WHICH SIOE OF
; THE LINE THE FORCE-PLANE INTERSECTION LIES ON

CALL LINDST (XNi24,UCI24tAP2,AP4,API)
CALL LINDST (XN4124,DC.Z4APZvAP4vXI)

TEST = C124 I)*DC1241I) DC12412)*DCI242)+DC124(3)*DC124(3I
IFIIES7.6E.O) tO 10 10

CALL bRIUL3 (FAPtAPXUVXPCDDAP2,AP3,AP4,XI)
GO TO 20

C
Iu CALL oRIUL3 FAPAPXUVXPCOUtAP1,AP29AP49XI)

4O RETURN
END
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SUbRLMJTLNE CAD (CFLFEFOUTIEFELtELDOT, ILL,WK,WKDOT, IWK,
* bd8,h4BDOT, Iwb,
*FLPILPTIMECEX,C SKq, I ,CVI 9PAtTF,CVHiPCBPtC It
SCVCk I TI, THA v696XP9PTvRvTYPE 9
* 1S#OFSU910O I

£CUiMPUTES THE PERFOiRMANLE OF A CLOSED TELESCOPING TUBE
C ACTI-11 A6AINST A LOAD IN AN~Y 6 ENVIRONMENT AND USING A BURNING
C, PROPELLANT AS A SOURLt OF ENERGY ...
L:

DIMENSION TCP(5)
COMMON / COVRLY / INST
COMMUN / LIU. / I~KADIWRiTEIDIAG
UATA P102 / 1.570b0

6 PRINT A..AIAPuLT IGNITION STATEMcNT ......

I.-(FL.Nt.0) GO TI. iD
iF( ANSToEQ.26) WRITE( a,1O) T YPE,TIME

1.0 FL~MAT(/5XgAbg# IbNITiUN AT TIME *,Fl(i.4,* SEC*/)
FL = .(#

C CALLULAlk THE CATAPULT FORLL DECAY AFTER STRIPOFF ...

20 IF(FL.L.i.L.) Gu TO 40
TASO = TIME - ISO
IFITASO.LI.TDE) uO To 30
FL 3.
CF 0
GO 1O 150

0b IF(1DE.NE.U) CF = I-SO 4 CJS(TASa/TDE *P102)
GU TO 150

C
L. COMPUTE PROPELLANT CONSUMMED ...
L
40 NA=TCP(2)

w = LI + 7BLUI (Wk6,P(4)qTLP(NA*4)q1,-NA)

L HAS ALL THE PROPELLANT csuRNED ...

IF(C.GE.W) GU. TO 5Su

C ALL BURNED *..*

C Lu.MPUTE INTERNAL VOLUME ...

C
51 VOL VI + PA * CEA 12.

L
IC UU~ND LLI ]HE VOLUME ULCREASE BELOW INITIAL VALUE ...
L

IF(VUL.GE.Vi) GU TO bOi

VUL = VI

60j IF(w.Nt.O.O) GO TU TO
TLMP I F
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GO 10 bO

70 TtMP TF - (WK + LF + tL)/(W * CVH)
L
. LUMPUlt ChAMdEtk PRESSUKE USING EQUATION OF STATE ......
C
bG PALSS = 12.0 * R * IEMP * W / VOL

C.

L PRINT LATAPULT dURST SIAI.MENT (IF REQUIRED) .....

IF(Lt3V.GE.PRcSS) GO TO 100
IF(INSIEQ.L6) WRITE(O,0)O TYPE,PRESStTIME

vu FOXMAI(//5X,*GRRRkbdOdU MMMM ;/< POOF HSSSSSSSS*,//XAS,
* uRST AT *,F1O.4,* LbS PRESSURE AT TIME = *IFIO.4,* SEC*//)

STOP
1.

L HAS TIHL PRESSURE- UNLCLKtD THE PISTON YET
L
1O IF(PRESS.oT.PT) GO 10 110

C STILL LOCKED - SET CATAPULT FORCE TO ZERO
C

CF = 0.0
GOL TU 120

L
L UNLOCKIE - HIT OtM AND MOVE 'EM OUT ......
C
110 CF = PA*PRESS*(I.-CIJ

C
C • t

L * COMPUTE iNTERNAL FRICTIONAL ENERGY RATE, HEAT LOSS RATt t
C. * CATAPULT WORK RAIE, ANU THE PROPELLANT BURN RATE *

C.

C
C COMPuTE ThE INTEkNAL FKICTIONAL ENERGY RAIE (POWER) ......

120 IF(IEF.N-.0) EFUOT = ABS IC]*PRESS*C.V)
.
C L MPUIt THE HEAT LOSS RATE ......
C

IF(l.L.NE.O) ELOOT = ABStC2*(IEMP - TTI*THA)
C
. CLOMPUT. LATAPULT WORK RAIL- .....
L

If-(IWK.NE.O) WKUOT = ABSLF*CV)
L-
L CjMPUT- PRPELLANT BURN RATE ......
C

PoR = .,,

IF(W.E.C) GO TO 130
PbR = ,*Abb(PRESS)**xP

130 IF(Iwb.NE.OI W)OOT = PbR
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C WIHEN S1RIPOFF OCCUR~S

IfE(LEX.LT.CSK) GO 10 150
FL =2.
EFOUT = Ce.
ELDOl = U.
WKDOT = 0.
W*,DGT = U.
TSO = IIML

F:k= CF

C PRINI CAIAPULT STRIPUFF SJTATEMENT

IF(INST.LQ.2b) WRIrE(69140) TYPtsTIME
140 FulRMAl(/5XAbv* STIiPOFF AT TIME =*tF1O.49* SEC*/)

C
1±bO RETukN

END
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SUbROUTINE CE (UCPUULP,lJL.P,XCPXDCPIXCPWCPWDCPIWCP,
* ECPEDCPIECPSCDSC.DDOTISCDSCSCD0T,1SC,
* ~ ~ ,X GY(.lDRFAiTADWT ,SBCCNCXCYCZ,
* CLCMC.NALPHABLTAVMACHQALT, SEP,
* SWPCCEWCMILPI,1CLPCMQCNRXSP,FAB,TAB,FDO,
* TDOFAU91AUlTRM)

L
L Lt OUIPUIS $*****#

C LINEAR VELOCITIES - 6LUDY AXIS
C
L UCP(3) -XtYrz LINEAR VELOCITY VECTOR OF THE CREWPERSON (FT/SEC)
C UUCP(3) XviZ LINEAR VELOCITY RATE VECTOR OF THE CREUPERSON
L (FT/SEC/SEC)
c IUCP(3) -IPTEGERATIGN CONTROL

L. LINEAR POSITIONS - EARTH SYSTEM

ACc) -XYZLNA UIIN ETRO H RWESN(T
C XCP(3) - XY9i LiNEAR POSITION RT VECTOR OF THE (.REWPERSON (FT SC

L. IXCP(3) - INTE6RATLON CONTROL

L AN(2ULAR VELOCITIES - BODY AXIS
I-
L. WLP(3) - XYZ AhIGULAR VELOCITY COMPONENTS - PQtR (UEG/:)EC)
C ELCP(3) - AIYV. AN6,LLAR VELOCITY RATE COMPONENTS (DEG/SEC/SEC)
C IWCP(3) - INTEGRATION CONTROL
L
t. LULEK AN6LES -- EARTH 10 BODY - YAWvPITCHRULL
C
L ELP(. - EARTH TO LRLWPEKSUti EULER ANGLAES (DEG)
C EDCPI.2) - EULER ANGLE RATES (Dt6/SEC)
L. iLEP(3) - INTE6RA~ION CONTKUL

L. SPINAL COMPRESSION VELOCITY

C SCD - SPINAL LOMPRESSION VELOCITY (FT/SEC)
C SLD".Ol - SPINAL CUt4PRESSION VELOCITY RATE (F1/SEC/SEL)
c ISEL, - INTEGRA71iON CONTROL

L SPINAL LUMPRESSION ......

C
L SC - SPINAL CUMPRESSIUN (FT)

L SLIOT - SPINAL LUMPRESIN KATE (FT/SEC)

C iSC - INTE(PRATION CUNTRULI
IL
L GA - CREWPLRSON SYSTEM X-AXIS LUOu FACTOR (G)
L (4y - LREWPERSON SYSTEM Y-AXIS LOAD FACTOR (6)j
L G4 - CRtWPERSUN SYSTEM Z-AXIS LOAD FACTOR (G)
L. DR - DYNAMIC RESPONSE
C
C. FACD(3) - XvYZ BOCY AXIS FORCE COMPONENTS OF THE AkR~UYNAMIC
C FORCE ACTING ON THE CREWPERSON (LB)
C TAG(.,) - XY*i BQUY AXIS TURW.IE COMPONENTS OF THE AERODYNAMIC
C lOIkwUt AC7ING JN THE CRLWPERStIN (FT-LB)
C dl - WEIGHT UF THE CREWPERSON CORRESPONDING TO HIS
C PERCENTILE PLUS CLOTHING AND EQUIPMENT (LB)

L S - AEROUYNAMIC RtFtktNCL AREA (FT**2)
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C B - AERODYNAMIC LATERAL REFERENCE LENGTH (FT)
L C - AERODYNAMIC LONGITUDINAL REFERENCE LENGTH (FT)
E ClN(4) - CREWPLRSON INERTIA PROPERTIES TO aE USED AFTER
C SEAT/CRLWPtgSON 4EPARATIUN

CIN(l) = IXx
C. CIN(2) = IYY
C CIN(3) = IZZ
L CIN(4) = IXZ
C CL - X AXIS AIROUYNAMIC FORCc COEFFICIENT
L CY - Y AXIS AERODYNAMIC FORCE COEFFICIENT
C CL - Z AXIS AEROUYNAMIC FURCE COEFFICIENT
L CL - ALRODYNAMIL ROLLING MOMENT COEFFICIENT
C CM - AERODYNAMlC PITCHING MOMENT COEFFICIENT

CN - AERODYNAMIC YAWING MOMENT COEFFICIENT
c ALPHA - CRtWPtRSON ANbLt OF ATTACK (DEG)
C BETA - CREWPERSON SIDLSLIP ANGLE (DEG)
C VMALH - CREWPERSON MACH NUMdLER

Q - CREWPER t)N DYNAMIC PRESSURE (LB/FT**2)
C ALT - CREWPERSUN ALTITUUE (FT)
C SLP - SAT/CREWPERSON SEPARATION FLAG FOR OUTPUT
C (1 = SEPARATION)
C
C L.**s**S E INPUTS .*s****
L

C SW - FLAG FOR SEAT/CREWPERSON SEPARATION
L (I = SEPARATION)
C PC - CRLWPLRSON PERCkNTILL
C CLW - WEIGHT OF CRLWPERSON CLOTHING ANU EQUIPMENT (LB)
0 CMI(3) - CREWPERSON MOMENT UF INERTIA VECTOR - IXXtIYYZiZ.
t(SLVG-FT**2)
C CPI(3) - CREWPERSON PRODUCT OF INERTIA VECTOR - IXYIXZ,1YZ
C (SLUG-FT**Z)
C CLP - AtRODYNAMIC ROLL DAMPING COEFFICIENT (1/DEG)
C CMw - AkRODYNAMIC PITCH DAMPING COEFFICIENT Il/DEG)
C CNK - AERODYNAMIC YAW DAMPING COEFFICIENT (1/DEG)
C XSP13) - X,YZ CREWPERSON SYSTEM POSITION VECTOR OF THE BASE
C OF THL SPINE (FT)
C FAb(3) - XyYvZ 6ODY AXIS I-ORCE COMPONENTS ACTING ON THE CREWPERSON
tFROM THE RESTRAINT COMPONENT (LOi
IL TAD(3) - XvYZ BODY AXIS TORwUE COMPONENTS ACTING ON THE CREWPERSON
L FROM THE RtSTAINT COMPONtNT (FT-LB)
C FDO(3) - XvYZ BODY AXIS FORCE COMPONENTS ACTING ON THE CREWPERSON
C FROM THE PARACHUTE LINE COMPONENT (LB)
. TOOI.b) - XtYqZ ODY AAIS TORQUE COMPONENTS ACTIN6 ON THE CREWPERSON
LFROM THE PARACHUTE LINE CUMPONENT (LB)
L FAU(3) - XYPL BOuY AXIS FORCE COMPONENTS ACTING ON THE CREWPERSON
C -- AN AUXILIARY INPUT --- (LB)
i TAU(3) - XYZ bODY AXIS TORQUE COMPONENTS ACTING ON THE CREWPERSON
i---- AN AUXILIARY INPUT --- (FT-LB)
C TRMt3) - XYZ PARENT BODY EARTH VELOCITY COMPONENTS
L To DETtRMINh POSITION RATES DURING TRIM (FT/SEC)

C DIMENSIONS OF CALLIN; AR,2UMENTS ......
C

UIMLNSION UCP(3),UUCP(3),IuCP(3),XCP(3),XDCP(3),IXCP(3),
SWCP(3),WDCPt(o)lIWP(3),tCP(3)tEDCP(3)IECP(3),
* FAO(3) ,IAD(3),CIN(4),

* CMI(31, CPI(3),XSP(3)tFAB(3),TAB(3),FD(3)TD(3),
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FAU(3)tTAU(a),TRM(3)
c
L. INTERNAL DIMENSIONS *..

DIME1NL.ON TINER(3,3),tTEMPh(33 ,TEMP2(3),TEMP3(3),
* UW6(3) ,UW(3) ,UO(3),ECPIRC3) ,WCPIR(3) ,EDCPIR(3),
* WULPLR(a),OECt3,3),UCE(393),TaLCP(LOITBLCPWT(iO),
*TIBLIXX( 10),TBLIYY(I0),TbLIZZ(IO),TBLIXZ(10) ,TBLSIO),

C ThLadUC0)v18LC(10) ,F(3), 1(3)

COM4MON / CICCAL / iLLAL
COMMON / COVRLY / INST
COMMON / CTLME / TIME
COMMON / CSSFL6 / SSFL6
COMMOCN / LIO / lREAD,IWRITE,IDIAG

C
DATA kF'DLUsK / .017,4532995~7.29578/
UAIA GRAy /32.174/

DATA 7bLCP . 1.5.3.4.5,6.5.8,9/
DATA TdLCPWT /13Z.3,14ko1,149.l,154.3,159.39164.6,170.5v

* 177.4, 1d6.5,200.9/
DATA 16LIXX /LO.53,±Ll.51, 12.10,12.56913.00,13.47,14.009

IJATA TBLIYY /l0.3b,11.57,12.1bI2.61,13.04,13.50,14.01,
* 14.63t,1).48916.92/

DATA TBLIZZ /1.68*1.7891-8591.9091.9592.0192.0792.141
* 2.24,2.41/

DATA liaLIXZ /-.52 ,-.51,-.50,-.5O,-.49,-o4d,-.48,-.47,-.479-.46/
UATA TbLS /i.4697.b5,b.09,b.30,bo4996.67,8.b1,9. 10,9.38,9.85/

DATA TICL /5.43,5 .55 ,5.63,5.69,5.7495.79,5.84,5o89, 5.97,6.10/
C

L.*44 INI1IALIZA~iON **

IF(ICLALoNt.1) GO TO Z0

CX =CY = C4 CL =CM =CN =ALPHA BETA VMACH =

Q =SEP = 0
DU I 1 1=1,3
TRM(1) = FAUII) =TAD(I) = 0
IF(XSP(l) .EQo U.999991 XSPtI) = 0
IF(FAB(I) .EQo 0.99999) FAB(I) = 0
IF(IABII) oEW.. 0,99999) TAB(I) = 0
IF(FOO(1) oEQ. 0.99999) FLU(I) = 0
IF(TDO(1) .EQ. G.99999) 100(1 = 0
IF(FAU(I) .EQ. 0.99999) FAUMI = 0
lF(TAU(I3 *EQ. 0.99999) TAUCI) = U

11) CUNTINUE
IF(SW .EQ* 0.99999) SW = 0
wl = TeoLU(PCTbLCP7uLCPWT19-10) + CEW
S = T8LUL(PC,TtLLPTcdLS91,-10)
b = TbLUICPCvTbLCPwTbLI~k,-10)
C = TbLUl(PCTbLCPqTdLCq1-iJ)

L L*4 ALLULATE THE CREWPtRSUN INERTIAS FOR USE AFTER **
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L SEAT/CREWPERSON SEPARTION

CIN11) = 7bLU1(PCvTbLC.PvT5LIXXv1,-10J
CIN(d;, = TBLU1(PC,Th$LCP,TdLIYY919-l10)
CIN(3) = lbLUI(PCtToLCPvTbLIZZt1v-I0)
CJN(*) =TadLUL(PC,TdLCPtTdL1XZtlt-10)

C

I. CHIANGE FROM DO-GRELS 1O RADIANS .oo

k0 DO 30 1=1,3
ELPIR(1) = Cel1) RPU

30 WCPIR(I) =WCPII) k PO

L. COMPUTE THE I)Ikk:CTION COSINE MATRICtS
L

CALL DiRCOS (DEC#ECPIK)
CALL TRANS (OCkvOEC,3v3)

C ESTAbLISI POSITIVE ALTITUDE ...

ALT =-XCP(3)

C bYPASS THlE AERUDYNAMIL CALCULATIONS UiP TO SEAT/CREWPERSUN
C SEPARATION

11(SW.LW.1.) GO TO '.0

L. SET uP THE SEATED CRLWPEKSJ INLRTIA TENSOR ...

TINERtI,) = CMI(1)
TINLR(193) = -CPI(ki
TINERII,3l) = -CPIl)

TINER(492) CMI(2)
TINER(293) =-CPI(3)
TlktR(391) =-LPI(Z)
TINER(3,2) =-CP1(3)
TINER(393) =CMI(3)
Go To 110

L. bl uP ]HE EXTE4OEL CRtWPERSON INERTIA TENSOR ...
C
40 TlftER(1,1) = ClitIl)

TINEK(192) = 0
TINER(193) = -CIN44)
TiNtRikol) = 0
TiP4ER(29Z) =CIN(k)
TkNER(U,3) = 0
TINkR(391) =-C1N(4)
TINEIKt392) = 0
TINER1393) = CINI3i)

L. WkITL ThL SEAT/CREWPLRioJN SEPAKATIJN MESSAGE ...

IF(SLP*EQi.1.) GO TO bO
SEP =1.
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IF(INST.LQ.26) WR1TE(6#501 TIME

C50 FORMAT (/SX **SEAT/CRtWPtRSJN SEPARATION AT TIME =*FlU.41* SEC*/)

G. [JiTAJ.N SPLEU OF ,UUbNU, AIK DENE ITY* AND WIND VELOCITY ...
C
co CALL AIMOS (VS,RKiU,ALT,UWviOvD)

CPU.T Thi: WIND INTO 8OUiY AXIS ...

CALL MAIMPY (UW8,0t(,qUW,4,$,I)

L. AEiu THE WINU VELOCITY TU THE CR~wPERSON VELOCITY ...
C

D0 90 1=193
90 U~jtI) ULiPII - uwS(Ih

i. LALCULAIL THE AERO VAkLABLES...

IL IF(UU(L).EQ.0. .ANfo. UQ(3)okQsU.) UOMI .01
ALPHA = ARTAN2(UO13)qU0(Il) * OPR
CALL LOIPRD lVBAR~,LJOtU093)
ViAR = SQRT(Vh1AR2)
BETA =ASIN(u0(k1/VBAR) * OPR
VMACH = VdAR/VS

C COMPUTE DYNAMIC PRtSSURe X REPEKENCE AREA ...

C QA =*5* RHO * VdAKZ K
C CALCULATE THE AERODYNAMIC COEFFICIENTS ..
C

TdLALPH =ALPHA
IF(ALPHA. LT, 0) IBLALPH =ALPHA + 360.0
TbLtLTA =ABS(BOTA)
CALL CLAERO (CXCYCZ ,CLC14,CNTBLALPHThLbETAPC)

CY =CY *SIGt4(1.,bkTA)
CL = -CL 4SIGNtI.tBETA)
CN =-CN *SIGtI(l.voLTA)

C ADL DAMPIN6 TERMS FOR AN AiRSPEkLu GREATER THAT .1 FT/SEC .. o...
c

IF(VbAR oLko 0.1) GO TU 100

CUi1V = C/t VBARtVBAR)
BU2V =B/(VBAR.VdAR)

G AOL. ROLL DAMPING

CL = CL +CLP * WCP(1I * b~kV

L. AlA) PITCH UAMPING ...

CM =CM + C14Q *WLP42 * C0V

L. ADO YAW UAMPING ...
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CH = Ch CNR * WCP(3) b~i.V

L.**.*ib AEROUYNAMIC FORCES *****

L
100 FAU1l) = WJAC * CX

FAD(Z) = QAC * CY
FAO(3) = WAC * CZ

E ~a** AF-RODYNA041C TORQUES *****

L
TAO(1) = QAC * 6 * LL
TAO(S) = QAC * C * LM

TAD(31 QAC * * CN
c
C ***** SUM FORCE.,# (INCLUDING GRAVITY) ANU MOMENTS **

1101 00 120 I=193
F(i) = FAo(l) + FOOMI + FAU(I) * FAD(I) + WT *DEC(I,3J

* SSFLG
T(I) = TAb(I) + UO(l) + TAU(I) + TAD(I)

120 CONTINUE
L.

L CALCULATE THE DYNAMIC RESPUNSE ...

C

~ *4**ANGULAR VELOCITY kEQUATIONS **

E. LALCuLAht TINER X WCPIR
IC

CALL MAIMPY (TEMPI,1INER9WCPIR,34,)

L CALCULAIh WCPIR X tTINeR * WCPIR) ...
C

CALL CRSPRD (TEMP29WCPIRvTEMP1)
C
L. SUM TLRMS TO OBTAIN TUlAL TORQUE

DO 130 1=1,3
130 TtMP3(1) = TIIJ - TEMP2tI)

C
L CALLULAIL W0CPIR
C

CALL LUEW.S (TINER,1LMPITtMP3,T:MP2,3,1,3 ,3,3,1.E-14, 1ERRQR)
IF(IIRRUR.Nk.1) GO TO 15U
WRIl t(6,140)

1*.0 FCRIAT(* INERTIA MATRIX OF CRtWPERSON IS SINGULAR ... RUN STOPPED*)
St op

L

160 IF(1WCP(I).NE.OI WDCPIR(I) TEMPI(I)

C
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CALL LARATE ITEMPI#WCPIR#ECPIR)
DU) 170 I=193

&70 IF(IECP(I).NEi.01 EDCPIR(1) = TEMPLtI)

C *.'$' LlNtAR VELOCITY EJSUATIUNS***

C CALCULATE THE CORIOLIS ACCELERATION (WCPIR X UCP) ......

CALL CRSPRD (TkMP19WLPiRPUCP)

L. CALCuLAlt F/M ...
C

COMASS =WT/GRAV
D4J I80 1=1,3

161. TEMP2(1) = F(I)/CPMAS

L SUM THE ACC.ELERATlUN COMPONENTS ...

D0 191, 1=1,3
19U IF(IUCP(1)*NE.01 UDCP(I) =TE14P2(I) -TEMPM()

L---------CALCULATE THE LOAD FACTuRS ==

C LotTERMINL WDCPIR X ASP
L

CALL CRSPRO (ThMP19WDCPIRXSP)

L. DkTLRMINL WCPIR X (WCPIR X XSP) ...

CALL CRSPRD (TEMP2,wCPIRvXSP)
CALL LRSPRO (ltMP3qWCPIRTtMP2)

C
C ULIERMiNE THE LOAD FACTORS
C

t.,A = -(Fti)/CPMASS +TEMPI(I) + TEMP341))/GRAV
GY = -(F(2)/CPMASiS +4 TEMP1(k) + TEMP3(2))/GRAV
G= -IF(3)/CPMASS +TEI4P1(3) + TEMP3(3))/GRAV

C

L. ***** LiINLAR PIJSITICN EQUATIONS***

CALL MATMPY ITEMPIOCEvVCPv3,3*I)
uUJ 200 1=19.3i

21.0 IF(IXLP(i).NE.0) XDCP(I) = TEMPIII)
C

C ****~SPINAL COMPRESSION eQUATIUNS **

L. SPINAL C.UMPJkESblDN VELOCITY EWUATION

IFt1(LU.NE.Q) SCOUUT = -23.6992 * PCD -2796.41 *SC

0 + 6RAV * GL

L. SPINAL LUMPREbSION EhIUATiON ......
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IF(ISC.NE.Ob SCO = SCOi
L
C UtAIN6 TRIM, SIJ*TRACl TR~IM VELOC17Y FRUM POSITION RATES

IF(INST.t4Eo3l) GO 7O 220
00 2101 1=1,3

210 IF(IXCP(I).NE.01 XOCP(I) = XDCP(I) -TRM(I)

L *"** ILiANGE FROM RADIANS TO UEGREES **

12C# 00 236 1=1,3
EL)CP(1) = EDCP1R(1) * UPK

230 W0CP~l) =wDCPLR(1) * DPR
L

RETURN
ENU
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SuBRWUTINk CEALR0 (CX,CY,CZ,CLC-MCNALPHiA,8tTAPC)
DIMENSION TLXt8,13,e),1TCY(8,13,2),TCZ(891,,92),

* TBETA(b)vTALPHA(13)vTPC(k)

iJATA (((TC.X(1,JK), 1=196)9 J=1913), K=191)/
4-0.1063,-0.1063,-0.bb42,-I3.6099,-0.5004,-o.3017,-0.07299-U.0898,

*-0.j$174,-0.3j174-0.3244-.hi73,-L,.2471,-0.1553,-0.1235,-0.0898,
* U.01919 0.0191, r0.Col7, 0.0879,-0.01l99,-G.*0454-0.053t,-0.0898,
* 0.2640,g U.26409 0.34739 0.2-',83, 0.21299 0.0899,-0.00359-0.0696,
* O.'e88kv 0.4*829 0.5048, 0.4907v 0.3730t 0i.1918t 0.0516,i-0.0898,
* i0.5664, 0.5864# U.6006, 0.5b69, 0.4485t 0.2593t O.0663,-0*0898t
* 0.5250, 0.5250, 0.51o7, 0.53639 0.4208, 0i.22839 0.0359,-Ci.0698t
* 0.363t 0.36319 0.26539 0.2458, 0*15699 0.0462,-0.0635t-0*0698,
* u.037b, 0.03769 u.03039 U.ull3,-0j.0141,-C.03b4,-0.0424,-0.0898,
*-U.3u9?,-u.3091, -U.3329,-0. 3566,-0 * 923,-0. 1910 ,-O.0743,-0. 089b,
*-0.6183,-0.6l83,-0.6155,-0.5990,-0.5208,-0.32d2,-0.09b0,-0.0898,
*-0.7CI63,-C.70t3-0.649-U.6099-0.5004,-0.3017,-0.0129,-0.0898/

DATA ((ITCX(1,J,K), 1=1,8), J=l,13), K=292)/
*-0.1327,-0.73279-U.o897,-0.tb126,-0.4624,-0.3180,-0.0855,-0.0376i
*-U.6u37,-O.6037,-fo.594.3,-U.50719-0).3653,-0.2623,-0.O960,-0.037b,
*-05-0.29.s5,kib-0.3034,-0. Z410,-0.2507,-0.1197,-0.0730t-0.0376,
" U.61!)0, 0*6150j, 0.02.j14g 0.0849* 0.0387, 0.0369,-0.0377,-..s769
" U.2b43, 0.k640, U.k91b, U.2494, 0.196a, 0.0811, G.Gll5t-0.0376,
" 0.503h, .. 503b, 0.50259 0.4278, 0.3519t 0.2251, 0.1094t-0.03769
" U.67M), O*0700t 0.61979 0.552b, U.44239 0.3026, 0.15359-0.0376t
" U.5o14, 0.5614t UJo6, .)82, 0.44189 0.Z94Z, 0.1685,0.0O3769
" 0,26939 0.ko939 0.0530, 0.2388, 0.1663, 0.1055, 0.0356,-0.0376t
" O.Co059, 0.0059, 0.0110,-0.01239-0G.0100,-0.0067,-0.0367,-0.0316,

*-0J.644,9,-0.640D9,-(.6366,-4.5762-.4643,-0.2956t-0.2037t-0.U370v
*-0.7327,P-0.1327,-O.b97,-0.b126,-0.4624,-0.3160,-0.0655,-0.U376/

L.
DATA £alTCYtIvJ#K)v 1:-1,8)t .1=1,13), K=1911

* 0. 9 0.0559,-C,.&501,-0.4218,-0.6545,-0.7659,-0.1094,-0.6854,
* 0. 9 0.021.a,-.. UL4089-.4061,0.6172t-.ba39-.828g-.6854t
* U. ,-0.0095,-0 .1570,-0.3564,-0.5500,-0.63b5,-0.654d,-0. o8549
* 0. ,-0.0230,-O.1cb9,-0.3U46,-0.4497,-0.5521,-0.bl62,-0.08549
*j 0. 0.0061,-0.14'4b,-0.369b,-0.5458,-U.6565,-0.6287,-U.68549
*0. ,-0.065Z,-0.k422,-0.4668,-0.bl33,-0.b874,-0.b840,-0.6854t
U . t 0.0242,-0.2l39,-0.50619-'4.6741,-0.725Z,-0.7153,-0.6854t
G . ,-0.0401,-0J.ed',5-0.466-,-QUo1l74,-0.I0't6,-0.7335,-0.b854,
b* (3 -0.08B86,-0J.a043,-6.467Z,-G.6191 ,-0.7370,-0.7753,-0.6854,

*U. ,-U.0842 ,-0.k098,-0.4341,-0.6554,-0.b032,-0.7b23,-0. ob54,
" 0. ,-O.td2,-0.z64Co,-U.49259-U.70229-0.7839,-0.79069-0.6854,
" (3. ,-0.0(80,-0.1922,-Q.4524,-(i.6568,-0.7583,-0.75do,-0.6854,
" 0. 9 0.0559,-C.1501,-0.4278,-0.6545 ,-0 .7659,-0. 7094,-0.6854/

DATA ((IICY(1949K)t i,8g), J=113)v K=2tZ)/
" a. ,-0904469-(JoL.359-0.36419-0.5Z37*-0.blb5,-0.5995t-0. 5636,
" G. ,-0.0a2a,-0.141'dl-Q.390,-U.504 8 t-U.57 3 1,-Q.561O, -0.5836,
" %)o -,-0UI5. p-Oo3o89-U*.974,-U.4289,-0.56Z9t-0.5607,-0. 5836t
*0. ,-0.0293,-0.L-)Ud,-C0.26o6,-0.4045 ,-0.4979,-.55:3,>-0o.58369

* 0. ,-0.0L21 ,-0.1999,-0.a636,-0.4d97,-0.5510,-0.57a34,-0.5836,
U . ,-0.uo7b,-u.L164,-0.'.456,-0.5490,-U.6332,-0o.5840,-0.5636,

*0. ,-0.0238,-%A.2042,-e.4314,-0.5635,-0.6022,-0.6l60,-0. 5836,
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* 0. ,-0.0144,-.9,-.3961-0.549-06027-.b2i,-0.5836,
* 0. v 0.0006,-0.1197,-0..,59l,-O.515l,-0.5870,-0.5874,-0.58369
* 6. 9-0.C2609-,-.12.1t-..3069-0.529dr-0.58979-O.b420, -0.5du369
* 0. ,-0.01a4,-0 .1709,-0.4301,-Q.5883,-0.a462,-0.b588, -0.5836,
* 0. 1 0.0102,-O.1165,-U.3813,-0.5472,-O.6291,-0.6089,-0.5836,
w 0. ,-O.0446,-0.1359,-0.3641,-0.5237,-0.61eS5,-0.5995,-0. 5836/

UAA (((TCZ(1,J,K), 1=198)9 J~lli)t K=191)/
*-.U230,-0.0z30,-0.01 11 -0.0375,-0.0600,-0.0599,-O.0627,-0.0422,

*-0 .1042,-0.1042,-0 .10I1,-U.0918,-G-.0695,-U. 1192,-0.0741,-0. 0422,
*-0.255i-,-0.2552,-0.k611,-u.22229-U. 1591,-0.0801,-0.0605-0.0,22,
*-o.2772,-0.2772,-0.a784-0.256,-0.2339-01772-0.0735-0.0422
*-0.2644,-0.2844,-0.2632,-0.2797,-0.2245,-0.1109,-0.0846,-0.0422t
*-u.1581,-0.1581,-0.16bto,0. 1522,-0.1390,-0.0891,-0.0466,-0.0422,
* 0.6156, (6.01569 0j.0191, 0.0100i, U.0033,-0.03229-0.0610,-0.042Z,
* U.07969 0.0796, 0*07151 0.U576, 0.0419, 0.00719-0.0247,-0.04229
* 0.1269, 0.1269, 0.1873, U.14,E4v 0.09769 0.0237,-0.04359-0.04229
* 0.2bb2o 0.28629 0.46. S, 0.20009 0.1228, 0.01921-0.0618v-0.04239
* 0.ki04jlp 0.2002, G.1883, 0,1504, 0.0733,-G00b3,-0.09B8,-G.u422,
* 0.11a4, 0.11249 0.LO93,, U.0612, 0.0088,-0.0330,-0.0740,-0.04229
*-G.0s30,-0.0230,-0.01177-0.0375,-0.0600,-,.0599,-0.0627,-0.0422/

DATA (((Tl2(1,JtKlt 1=1,8), J=1,13)t K=292)/
G .L471, 0.041, (.0202-0.0124,-0.0694,-0.0836,-0.0684,-0.03279

*-0,0669,-0.0669,-0.0611,-0.09fs7,-Oo0860,-0.1145,-0,0708,-0.0327,
*-(.2314,-0.2314,-0.2186,-0.1931,-0.1657,-0.1251,-0.0754,-0.0327,
*-0.j24e.9,-O 2429,-0.25Ub,-0.24b8,-0.2234,-0.1389,-0.10,-0.0327,
*-U.2743,-0.2743,-u.2768,-0.Z551,-0.2092,-0.1461,-U.0640,-0.03279
*-0.1841,-0.1847,-0.1738-0.2008-j.1823 ,-0.1144,-0.0792,-0.0327,
*-0.00O49,-0.Cj049,-tj.0344,-G.0633,-0.Ci657,-0.0574,-0.0351,-0.0327,
* 0,1.996, 0.1996, 0.15369 0.1157, 0.0469t 0.05279 0.06609 0.03279
* G0.1bfit 0.1680, 0.17499 0.0368, 0.09959 0.0483t-0.0098,-0.0327,,
* 0.Z.bl9g 0.26799 0.2453, 0.20049 0.1273, 0.0304, O.01a9,-0.03279
* 0.1896,-0.1896, 0.1931, 0.14729 0.0684, 0.0024,-0.06119-U.03279
* 0.0163 , 0.076B, 0.0649, 0.0273,-0.0258,-0.0601,-0.0621,-0.0327,
* 0.0471, 0.0471, 0.0204,-0.0124,-0.0694,-0.0836,-0.0684,-0.U327/

DATA (((TCL(1,JvKI, 17198)1 Jr=1913), K=191)/
* 0. 9 0.0051, 0.0171, 0.0343, 0.02729 0Cul99 0.0021v-U.00O259
* 0. 9 0.0121, 0.03959 OOuOp 0.04309 0.0381, 0.0173,-0*00249
*0. 9 0.0007, 0.01729 0.0312, 0.0396, 0.0412, 090339w-0.0024t
* 0. 9-0*00169 0.0070, 0.0204, 0.G467, 0.05409 0.0405,-0.00249
*0. 9 0.0112, 0.0063, U.0145, 0.0478, 0.0593, 0.0410,-0*00259
U . 9 0.0024, (o.00379 0.02249 U.03119 0.0417, 0.03679-0.0025?
%)J. v-OoO012t-0.C0L2, 0.0070, 0.01769-0.01519 0.U029,-0.00249

*0. ,-0.01239-0U1$6,b-U.0145,-0.0044,-0.0139,-0.0064, 0.0024,
*e 0. 0.0003,-0.0163,-0.0336,-0.0389,-.037-.26-.tI024t
*0. r 0.0034,-0.C.06,-0.0e72,-0.Ci409,-0.0327,-0.0184,-0.3024,
*0. , 0.0004,-0.0036,-0.013Z,-0.01d6,-0.0301,-0.0215,-0.00249
U . 9 0.0061t U.01409 0.015)9, 0.OaI0008-OO22,-0.0147,-0.00O24,

* a , 0.0051, 0.0171, 0.0343, 0.0272, 0.0169, 0.0021,-0.0025/

IL DATA ((ITCL(1,JiPK3,118 J-'1,13)9 K72t2) /
* Q. , 0.0184, 0.0292, 0.0310, 0a.02759 0.0158, 0.0066, 0.0080,
* 0. 9 0&03329 0.0417, 0.0564, 0.05439 0.03509 0.0158, 0.0079,
* GO t 0013b, GO0229, 0.0339, 0."440, 0.04989 0.033o, 0.00799
* u , 0.0039t 0.0112, Uo02069 0.0464, 0.05499 0.0377, 0.0080,
*0. 9 0.00%t3# 0.0099, Uo.0242, 0.0j473, 090537t 0.0309, 0.0080,
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* 0. 0.0132v 0.0030, 0.01.14t 0.02679 0.0390,-0.0171, 0.0080Y
* 0. ,-0.0011,-U.0L0,-.CM..5l,-O0.041, 0.0001,-0*0007, 0.0071
* 0. ,-0.0006,-0.006b4,-0.0113,-0.0079,-0.0045, 0.01L7, 0.0079,
* Co. ,-0.0O06t-0.U3U9,-0.0251,-0287,-0.0265,-0.00869 0.00799
a 0. ,-0.0021,-0.0123,-0.0268,-0.0267,-0.0215,-0.0097, 0.0080,
*0. , O04-.A0,009,0C11 .G169, 0.0032, 0.0075,
*0. , 0.01379 0.0156, Oo0I339 0.00599-0.0024,-0.00699 0.0080,
(J. t G*C#U',, G.0Z9k, 0.G310, U.0275, 0.0158, 0.0008, 0.0080/

UATA t((TCM(IjgK), 1=1,d)v J=1913)9 K=191)/
* .0119, 0.0119, 0.0121, 0.0111, 0.G107, 0.00259-0.0022,-0.0065p

*-0.U?491,-0.0291v-0.G114, 0.0018,-0.0017,-0.003,-0.C,0331-0.00659
*-0.00669-O.U066, 0.0011, 0.0098, 0.00299-0.00589-0.0042,-0.00659
* 6.61499 0.01499 0.0119, 0U*0629 0.01699 0.0058,-0.0009,-0.0065,
* Uo.053U, 0.0530, 0.0468, 0.0073, 0.0352, 0.0255, 0.005bg-0.0065,
* 0.057a, 0.0571 0.U5i589 U.05159 0.0433, 0.0301, 0.00979-0.00659
* O.u15.;.t 0.01559 0.0161, 0.0117t 0.0114,-0.0151,-0.00639-0.0065p
*-O0±i16,t-0.057a8,-0.0471,-U.U470,-0.0216,-0.0i03,-0.0085,-0.0065,
*-O.O6. L,O .0622,-0.0615,-0.0561,-U.0435,-0.0228,-0.0088,-0.00659
*-0.0 .t4,-0 .224,-0.Cl1b5-0.0098,-0.0129,-0.0066,-0.0048,-0.0065,
* 0.0306, 0.0306, 0.0306,p 0.0303t 0.0237, 0.0117, 0.0038,-0.0065,
* U*04.,bi 0.0438, 0.0408, 0.0355, 0.0254, 0.01859 0.01099-0*0065,
* 0.G179, 0.0179, 0.01Z1, 0.0117, 0.0107, 0.00259,-0.00229-0.0065/

c
DATA (((IC.M(1,JgK)v 1-1,6), J-1913)9 K=292)/
*-4.2349-0.0234,-0.0191,-0.0135,-0.0097,-0.0029,-0.0006t-0.G004,
*-0.0401L,-0 .0401,-U.0406,-0.02311,-0.0189,-0.0079, U.0045,-0*0004,
*-U00i.2,-0.0232,-0.0016,-0.0120,-0.0092,-0.0017,-0.0011,-0.0004,
* 0.0085, v*00859 0.0019, 0.0039, 0.0066, 0.0043, 0*00029-0*0004,
* 0.0425, 0.0425, 0.0444, 0.0j421, 0.0351# 0.0192, 0.00269-0.0004,
* 0.054. I# U.65439 G.04i9# U.0408, 0.0316, G.0 512,-0.008ZP-0.00049
* u.0249, u.0249, 0.01999 0.01659 U.01079-0.0049,-0.0056t-O.0004t

*-Cjo.0441,-0.0441,-0.0415,-0.0269,-0.0193,-0.0151,-.005.,-0.0004i
*-0.01l~5,-0.0125,-0.0101,-0.0056,-0.0081I,-0.0044, 0.0012,-0.0004,
* U.ui3kv 0.0332, 0.u2709 0.0185, 0.0124, 0.00b2, 0.UO0't-0.OOO4i
* 0.U24bv 0.0248, 6.04.41# U.0164, 0.0138, 0.0070, 0.G083q-G.G004q
*-u.u234,-0.0234,-0.0L19-0UI135,-U.0097,-0.0029,-0.000b,-0.0004/

DATA t((TCN(I,JvK)o 1=1,81, J=1,13)t K=1,1)/
* 0. ,-0.0034,-0.00U31,-0.0120,-0.0252,-0.0340,-0.0257 -0.0123,
* 0. t 0.0008,-0.0026,-0.0143,-0.0242,-00344,-0.0232,-0.0123,
* 0. 9 0.0006, 0.001IG,-C.013-0.0161,-0.0132,-0.014a,-0.01239
* U. ,-0.0030,-0.0025,-L..0014,-0.0156,-0.0155,-0.0081,-0.0123i
* U. ,-0.0003,-0.0004,-0.0091,-0.0063,-0.010a,-0.0099,-0.0123I

* 0. ,-ij.0057,-G.0lIZ,-0.*01049-0.JU1,-0.0061t-0.0077,-0.0123I
*0. 9 0.00k5,-0.0010,-0.0O10,-0.0036,-0.0096,-0.0131,-0.01239
Ge 0. 0.00Z39-U.0072,-0.0072,-0.0101,-0.00o8,-0.0090,-0.0123,
0 0 t 0.004,-0 .0052,-0.00j60,-0.0135,-0.01bb,-0.0171, -0.0123,

* 0. ,-0 .0041,-U.00949-U.ul2l,-0.0210,-0 .0231,-0.023b,-0.0123,
*U. ,-0.0005,-0.00b3,-J.0115,-0.0233 ,-0.0205,-0.0200,-0.01239
*0. ,-0.0034t-L.0076,0U.U1o5,-0.0272,0.034-.0250-.31239
*0. 9-0.0034,-0*.:zl-0.0120,-0.0252,-0.0340,-0.U257,-0.0123/

L

(JAJA (((TCNIIvJvK), I118), J=1913)9 K=2,2)/
* 0. ,.0066,0.01~4,0.0012,-.0058,-0.0116,-3.0098,-0.0012,
*~ ~ O. ,0.016, 0.0015, 0.u005,-0.0047,-0.0116,-0.0070,-0.0012,

*0. ,003,005,0C05-.07-.00-.0~-.02
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* 0. , L.00249-D.UU14,-G.C0OS,-0.0044,-0.0049,-O.0008,-0.0012,1
Ja i. 0&00569 0.003bi-0.0032,-0.00039 0.0005, 0.00129-0.0012v
0. 9 0.0040, u.Lu0O5q-0.OUie7j-U.LjO14v O.OOld, IUo01329-0*UO129 I

* L. 9 0.0051, U*0011, 0.0002, 0.0017, 0.00289 0000019-O.0012t
*0. 1 0.0000,-O.OOiL4,-Ci.0269,-0.0036,-0.0019, 0.C00009-0.00121P
*0. 9-0.00L0, O.CWjdd,-0.0003, 0.00089-0.00279-0.00019-0.00129
$0. t-0.(I0.O, 0.00Li4,-D.0016,-U.0062,-0.0061,-0.0031-0.0iiZ,
us 9i , 0.013, ,J.OOCM-.0071-0.0108,-0.0078,-0.0055,-0.0012,
U . ,-0.0036,-0.0004t-U.UO38t-0 .01169-0.0109,-0.01139-0.0012,
6,0 ,-O.Ci66,-rj.(sO49-0.00129-U.OC58 ,-0.0ll6,-0.0098,-U.0012/

C

UATA tTALPHA(X)*I1,13) / 0.,a0.,60.,90.,120.,150.,160.,21O.,
& 240.9270.,300.9330.93oO.

UATA (TPC(1),I=1*2) / 5.175./

CAL TBLU3(bETAALPHtAPCTbETATALPHATPCTCL,

CZ = bLU3UBETAALPhiAPCTBETATALPHATPC,TCZ,

LN =TbLU3(6ETAALPHA,PCTbETAtrALPHATPC,TCN,

C 1,1,1,8,13,2,8,13,Z)

RETURkN
END
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SUbROUIINE COSOIR(AN69DCUS)
&INkNSION ANG(3), LhUS393)

L CALCULAES, THE EULER ANGLES F~ROM THE UIRECTION COJSINE MATR1x

ANGELJ AR7AN2(DCUiS(LZIOCO$(1It))

ANG(21 ASINt-OCUS1.,11

AI4G13) =ARTAN2(DLGS(2t3)tUCoS.s,3)3

RE1L&RN
END
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FUNLIION UET3(DkilO2,Di~,uZlD22,D23ID3.D32,D33)

L FUNCTIUN FOR COMPIUIN6 TMi VALUE OF A 3 X 3 DEIER?4INENT

DtL13= D11*(U22*U33-U)2a*U3.-O-L2*(U21*J.a3-O23*b31)
I + D13*(D21PD32-D2k'u3l)
RE TURN
END
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SuiiROULTNE IJIRCOS (DCOSqANGJ
O1?4tNSION DC0s(3,jI), ANb(. )

C
L. LsLSI(,NED~ bY C.L. wcSI
C LAST MOUIFIED - UtCE14bER 8, 1980
c.
L. CALCULATLS Tht DIRECIILUN CiJSINE MATRlX FRUM THE EULER ANGLES
c

SINPSL = SIN(AN((i))
CUSI = COS(ANG(?))
SINTHE = SIN(ANG(2))
LOSTHL = COS(ANC,(2))
SIN~hl = SIN(ANGt31)
CAJsPHI =LUs(N I

L
DCOSIIL) = CUSTHL * COSPSI
OLUS(Iti) = COSTHL * SINPSi
DC.0S(193) =-SINIHL
DLOSt ,I) = SINPHI -SINTHE *COSPSI

* COSPHI * SINPS[
DL.Ots,L2) = SLNPHI * sINTHE * SINPSI +

*COSPHI * COSPSI
UCOS(2,3) = SINPHI * CUSTHL
OLOS1391) =CUSPHI * S11NTHt * COSPS1

SI~NPhI * SINPS1
LCOS(392) =COSPHi 4 SINTHE * SlNPSI

*S1NPHI * COSPSi
LCOS(393) = COSPHI $CUSTHE

c
RtluRN
END
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C SUbROUTINE IJISi&L1 - NTiAY PUINT OF COMPASS PROG PLCKER
Xli&NT PiLAER
LIST LRGL)
ENTRY Ol.)ELU

/WORD/
iTRWOP 65S 4
ISQUAD bSS 1

Usk 0
UISLC.T tiss 1

: A2 ISQUAD

MX3s -15
LOOP BXl -X2+A3

dX6 -X7
SA6 ITRUDP*82
LX2 X2tbl

Sbk B2-1
6L 629LOUP
LQ DISEC.1

END
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SU6ROUllNL LARAJE (kADOTvWdOvtUtLER)
DIMENSION EAOOT(3)9waouyt.si#EULk:Rt,3)
DATA PS10 / 0/

IL CALCULATES THE LULER ANG3LE RATES FROM THE BODY AXIS ANGULAR
C VELOC~lYt VECTOR
C,

C .**a**.*..** CALLING SEQUENCE*****s**

C ** OUTPUT, *

C LA00T(31 ELILER AN6LL RATES -- YA~4,PITCHPROLL -- (RAU/SEC)r

C *- INPuT

C. wbouyuo) -vv X, a uoY AXIS ANGULAR VELOCITY COMPONENTS (RAD/SEC)
L LULLR(3) -EULtR ANGE., (KAD)
C

CP=CUS(EUILERM()
SP=SIN(EULER(2))

CR = L"(EULER00)
SR =SlN(EULER(3))

EAUUT(2) =WBODY(2)*CR - WdUDY(3)*SR

IF(CP.NE.0o) PSIU = (W~bOY(2)*SR + WBOOY(3)*CR)/CP

EALJOT(I) =PSID
LAOUT131) WBODY(1) +PSID*SP

C
RETURN
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FUNCTION FSW(AtBtCtO)
L

L THIS FUNCTICN IS UES1t6tu AS FOLLOWS -
. FSW = B iF A IS LESS THAN ZLKO
L7 FSW = C IF A IS tQUAL TO ZERO
C FSW = C IF A IS GREATER THAN ZERO
C

IF(A) I.,Z0030
10 FSW=B

GO TO 40
C
20 FSW=C

GO 10 40

30 FSW=U

40 RL IURN
END

I,
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SUBROUTINE LAG (C.SUUTCSCOMCSPOSCSTRMTCTIME,rTO
C.

. RESPONSE OF A FIRST ORU-R LAG FUNCTION TO A CONTROL SURFACE STEP
L INPUT. TO MAY BE USED TO MECHANIZE A TIME DELAY, WITH THE CQNTKUL
. SURLFAC REMAINING AT IIS TRIM POSITION UNTIL TIME TO.
C
. LiEFINITION OF CALLING ARUUMENTS ...
C
C. CSDOT - CONTROL SURf-ACE RATE (DEL/SEC) --- OUTPUT
C CSCOM - CONTROL SURFACE COMMANDED POSITON (DE()
C CSPO3 - DEFLEC1ION OF THE CONTROL SURFACE FROM ITS
CTRIM POSITION (DEG)
C. CSTRM - CONTROL SURFACE TRIM POSITION (DEG)
.. TC - TIME CONSTANT (SEC)
L TIME - SIMULATION TIME (SEC)
C TO - TIME DELAY AFTER WHICH THE CONTROL SURFACE RATE IS
C CALCULATED (SEC)

IF(TIME-TO.GE.0) GO TO LU

CSDOT = 0
60 TO -O

£

10 CSUOT = (CSCOM - (CSPUS+CSlRM))/1C
C,.

2O RETURN4
END
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SUbROUTINE PCAERO (FLIFTFDRAGtFMDOTtSCT,
* SWtXPCPUPCTLSDTLTDUVOLtUVL#

CT CNtCMvFDdST IRFSy FLAPTLATEM)
L
L THIS KUUTINt DETERMINES PARACHUTE AERODYNAMIC FORCES ACTING N
L. THL PARACHUTE

L *$w. PCALRU UUTPUT. **
L

C FLIFT(3) - AtYvL EARTH SYSTEM LIFT COMPONENTS ACTING ON
C THE PARACHUTE (Lai
L FDRAb(j| - XYL LARTH SYSTEM DRAG COMPONENTS ACTING ON
L THE PARACHUTE (LB)
C FMDOJ(31 - XtYvZ EARTH SYSTEM MASS ACQUISITION FORCE
C COMPONENTS ACTINb ON THE PARACHUTE (LB)
C SCT - COMPUTED TANgeNTIAL DRAG AREA (FT**2)
LI

L *$~44 PCAtRO INPUTS ***#
L
L Sw - FLAG 10 INDICATE AERODYNAMIC CALCULATION MODE
C I = FROM PARACHUTE LAUNCH TO LINESIRETCH
c 2 = DURING INFLATION
C 3 = DURING REEFING
L 4 = AFTER REEFING
L 5 = PARACHUTE INFLATED
C XPC(3) - AY#Z EARTH SYSTEM LINEAR POSITION VECTOR OF THE
L PARACHUTE (FT)
L UPC(3) - XYrZ EARIH SYSTEM LINEAR VELOCITY VECTOR OF THE
L PAKACHUTc (FT/SEC)
C TLS - TIME AT LINESTRETCH (SEC)
L oil - THE TIME DURATION OF PARACHUTE CANOPY INFLATIUN (SEC)
L TDU - REEFING DURATION (SEC)
C VOL - VOLUME OF THE FILLED CANOPY (FT**3)
L UVL(3) - PARACHUTE LINE UNIT VECTOR

CT3) - CONSTANTS USED IN THE EQUATION THAT CALCULATES THE
L TANGENTIAL DRAG AREA
L CN(0) - CONSTANIS USED IN ]HE EQUATION THAT CALCULATES THE
C NORMAL DRAG AREA
C CM(k) - CONSTANTS uSED INTHE MACH EFFECTS EQUATION
C FU - WAKE TO FREE STREAM RATIO
L B - CONSTANT u.Esi IN THE EQUATION FOR CALCULATING
L SCU OF THE PARACHUTE
L s|l - INFLATED PARACHUTE DRAG AREA (FT**Z)
L RFS - PRODUCT jF RLFtRLNCe AREA AND TANGENT FORCE
C COEFFICIENT WHEN REEFED (FT**2)
L FLA - PARACHUTE MODE FLAG
L 5 = LINES SEVERED
L TLA - PARACHUTE LAUNCH TIME / LINE SEVERING TIME (SEC)
L ILM - TIME DURATION FOR PARACHUTE EMERGENC. / LINE
L SEVERENCE lStC)
L

L CALLIN6 StQUtNCE UIMENSION. ......

DIMENSION FLIFT(3J)FDRAG6( )FMDOT( 3vXPC(3),UPC(3)vUVL(3),
* CT(3)vCN( )JLM(2)

C INThRNAL UIMENSIONS
L
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UIMLN.'3I0N UO(3),UW(3) ,TEMPl(a),9TE4P2(i) ,UVV(3),uVLIFT(3)

COMMON /CTIME/ TIME

C COMMON /CIOA/ IREAL),LWRITEIDIAG

UATA P102 / 1.5108C /

L ZtRO T8a MASS ALQUI: ITION F~o.CE ......

DO 5 1=h3
5 FMDUT(I) = 0

E. - UE~kRf4INL THE AERU PARAMETERS

CALL ATMUS (V~vRHO,-APC(3)9UW90,00O)
UUMI = UPC(I) - uwil)
u012) =UPC(2) - UW12)
UGC3) = UPC0i) - UW(.B)
VbAK = SQR1(UO(I)*4s.+UU(2)S*ZtUO(3)**2)
VMACH = VBAR/VS

C
L-- %.ALCULATE ALPHA (Thk ANGLE WHOSE COSINE IS TH-E CHUTr -

C VLLOCITY UNIT VECTOR DLJTTEL) ONTO THlE LINE UNiT VECTOR
L
L. iJEILRMINL THE PARACHUTL VELOCITY UNIT VECTO3R...

DO 10 1=1,3
10 uvv(I) =UO(I)/VBAR

L IF THE LINES HAVE BEEN SEVERED) ......
L

FACIIR =1

II-FLAJfE.5.) GO TO L5
IF(7LA.IEQ.OI TLA =TIME
I-LIFT(1) = FLIFT(2) = FLlFT(3) =ALPHA =SINA =0

COSA z1.
DLLTA z TIME - TLA
IF(UtL]A.GL.TEM) GO Tj dO
FALlOR a SINIULLTA*PIOZ/TLM)
(au T u 60

001 lTlt VfLOCITY UNIT VECTUR ONTO Tilt LINE UNIT VECTOR
L
16 CALL UUIPRO (CALPh-AUVViUVL93)

I(Ab4(LALPhA).GE.1.O3 CALPHA =SIGN(l.U,CALPHA)

ALPHA =ALJSICALPHA)
:)INA SIN(ALPHA)
LUSA COS(ALPH-A)

L -- CALCULATE Tilt MASS ACQUISITION FORCE-

L LAL~uLATt: THE MASS ACQUISITIUN FU)RCE IF SW =2 OR 4 ...
C.

LPISW.NE.2. .ANU, S~eNt.4.) GO TO 40
L

RHLJS RHO*(t1..2L*VMAL.*2**2.5)
PCNJF =(lJIME-IoU)-TL.S)/0TI
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PLNT = PCNTF
IF: (PC.NT.GT.0.5) PCNT 0.
00Th4 0.01*PCI4T*VOL4EUOS/DTI
DO 30 1=1,3

30 FAiUOT(l) = -OOTr4*uO(I)
C

~ *4 LU4IC TO CHOOSt [HE PRUPLR EQUATIONS 4

40 GO TO (5096097090OvbO)t SW
L.

-- EQUATIONS USEO PRIOR TO LINESTRETCH
C AND AFTER TH-t LINES ARE SEVERED

5u SC.! = b *STI
SCM = 0.0
GO TO 90

L.
LC - EQUATIONS USED WHEN THE LHUTE IS INFLATING -

L
C CALCuLAIE THE WAKE TO FREE STRtAM RATIO o...
C
b) FL = FD

IF(VM4ALH.G.T.1.0) ,C = Il.O+(CM(i)'+CM(2)*(VMAC.H-1.0))*
(VMACH-1.0) )*FD

L
L CALCULATE THE VARIABLES USED IN DETERMINING THE NORMAL AND TANGENTIAL
C JKA ARIAS D)URING CHiUTE INFLATION ...
C

S .1IA =STl + ((CT(3)*ALPHA"CT(2))*ALPHA+CT(1))*ALPHA
SLLS =8 * SCTIA

SL7 = bSCULS +(SLTLA-SCOLS)*PCNTF*FC
SCN = (ICN(3)*ALPHA+CN(2) )4ALPHA+CNI1))*ALPHA*PLNTF*FC
GO TO 90

L
L. - LW~UATIJNS USED W~tN THLt CHUTE IS REEFED --

ici SCI = RFS
SCN = 0.
GOl TO 90~

L -- LUA11ONS USLU WHEN THE CANOPY IS FILLED -

60j ,,LT = S11 ((CT(3)*ALPHA+CT(2))*ALPHA+CT(l))*ALPHA
SCM = ((CN(3)*ALPHA+CN(2))*ALPHA+CNCI))*ALPHA

L

L. *4 ALCULATE THE LIFT AND DRAG AREAS 4

90 SLI = ABS(SCN*CUSA - SCT*SINA)
, Lui = ABS ISCN*SINA + SCT*COSAI

C L ALCULATL THE tA14IH AXIS~ LIFT CUMPONENTS *
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C,
L COMIPUTE THE UNIT VECTOR IN THE DIRECTION OF LIFT ...

1FIFLA.LQ.5.) 60 TO 120
CALL CkSPRD ITEMPLvuOvUVL)
CALL C.RSPRD (TEMP29uOtTLMPL)
RESULT =SQ.RTETMPZ(1)442 +, TEMP2(2)**2 +TEMP2(3)**21
DO 100. 1=1,3

100 UVLIFT(1) = TEMP2(i)/RESULT
L.

E = .,*IRHO*SCL*V6AR*VbAR
L.

U63 110 1=1,3
110 FLiFT(l) =-E * UVLiFT(I)

C
L.************'************

L, L*CALCuLATE THE ctARTHi AXIS DRAG COMPUNENrS 4
L

IZO( E =.5*RHO*SLD*VbAR*VOAR
L

UL 1.30 1=1,3
130 FOIAG(I) =-E *UV V(1Il FACTOR

C.
R~t URN
ENUL
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S&iBKOUTINE RATIO (NVtGVtTViKAT,NC)

IF (NV.LQ.1) GO TO) 10
1FIGV-TVII).GI.0) 6U T0 30

10 NC=
20 RAI 0

GO TO 60
ic, 00 40 NCNT=29NV

NC =NCNT
IF(GV-IV(NC)) 50,;dU,40

40 CONT1Nut
GO TO 20

5(10 RAT = (TV(NC) -GVI/(TVCNC) -TV(NC-I))

60 RL1URN
END
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FUNt.TION RLIM(AA,bbC.C)

0- FuNCTIUN WH-ILH LImItS Tin VALUE OF VARIABLE AA
L. TO WXIIHIN A RAN(E ULFINED 6Y VARIAbLES 68 AND LC

IF(AA.LI.Bb)11 0 TO 1'.
IF(AA.6T.CC)GO FO ?(j
RL JM=AA

GO 10 30

GO TU 30

ZO RLIM=CL

30 RtIURN
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SubRUUTINE ROTATE! C(lkIIPI90CJ
LJIMENSIUN bMI(3) ,bM1T 3),BPL(3),bPIT(3) ,DC(3,31

L
C TRANSFORMIS INERTIA PRUPERTIES FROM ONE AXIS SYSTEM
L TU ANUTIIER ThRUUCH A DIRECTION COSINE MATRIX
C
L
C IkANSFUiRM Thk MOMENTS UF INERTiAS
L

00 10 1=1,3
BMITUl) + DCIO'*$M~)4 C(IP2)**2*BMI(2) +

* DCI,3).*2*BMI(3) - (DC(II,13DC(It2)*BPI(I)+
* DC( Ivl)*DCII,33*BPI (2) + DC(I,2)*DC(I,3)*bPI(3) )*2.0

10 CONTINUE
L

TRANSFORM THE PRODUCTS OF INERTIA ...
L

6P17(l.) -OC(l,1)*DC(2,J.)*BMI(l) - DCII,2)*DCf2r2)*8MI12)-
* DC(1,33*DL(293)*3MI(3)+ (OC(1,1)*UC(292)+
* DC(1,2)*LC(2,1))*BP1(1) + (DC(191I*OC(2,3)+
* CI1,3J*ODC(2,Il))*bPI(2) + (UC4192)*OC(293)+
* DC(1,3)*OC(t2) )*BP1(3)

BPI1I2) =-C11*C31*MI.)-DC(192)*DC1392)*BMI(2)-

* OC(1,3)*DC(393)*BMI(3) + (DC(1,,l)*DC1392)+
* OC(1v2)*UCt3vlJ)*oPI(I) + (DC(1,1)'*OC(393)+
* OC(1v3,sOC(3vI))*BPI(a) +(IC(192)*OC(393)+
* ODC(l,3)*DC(3v2) )$PI(3)

8PI1L,) -0C(291)*DC(391)*t$MI(l) - DC(2v21*0C(39Z)*BMI(2)-
* DC(2,3)*UC(3t3)*BMI(3) + (OC(29I)*0Cl3,2) +
* DC(292)*0CL391)')*bPltl) + (DC(291)SOC(393) +
* DC(2,3)*OC(3,1))*BPI(2) + (UC(2,2)*OC(3,3) +
* DC(293 )*OL(a,2) )*BPI(3J

00 20 1=1,3
8141(i) = bMIT(l)

20 bpI(l) = dp1TII)
L

RETURN
END
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FUNC.10NI TcdLU3(XI ,Yk,ZliXYLF3,NOXNOYNUZPNXNYNZMXMYgMZ)

C PURPUSL
L TbLU3 PERFORMS TAbLE SEAKCHI AND LAGRAN61AN POLYNOMIAL
C INTERPOLATION OF USER-E-INE) DEGREE ON 3 INDEPEN~tNT
L. VARIABLES
L USAGE
C L.1MEN~ION A(NA) ,y(dY),Z(NL ) F3(MX,MY,MZ)

IL V :- 7bLU3(XlY1,LJX,Y ,ZF3NDXNOY,NDZNXNYNLMXMYML)
L. INPUT PARAMETERS
L. XIYIlvl - POINI 10 INTERPOLATE FOR
L. XY,Z - ARRAYS OF INDEPENDENT VARIABLES
C F3 - 3D ARRAY OF DEPENDENT VARIABLE
L NDXtND)YtNDZ - DE6REE OF INTERPOLATION FOR EAC.H DIMENSION

NXvNYNZ - IAbS OF EALH IS THE NUMBER OF DATA POINTS IN
L THE RESPECTIVE Xv Y OR Z ARRAY. IF NEGATIVE,

L NEAREST ENO POINT IS TO dE U!SEU. UPON
C EATRAPOLAT ION
L. MA,MY,MZ - DIMENSIONAL CONSTANTS FOR F3 ARRAY
L OuTPuT PARAMETERS
L. V - RESULT OF )ABLE SEARCH ANt) INTERPOLATION
r- SUCCESS V = INTERPOLATED VALUE
L. ERROR V = INDEFINITE VALUE WHERE RIGHTMOST DIGIT
L DEFINES THE ERROR DETECTED
C. I UATA VALUES WITHIN X, Y OR Z ARE NOT DISTINCT

2 ONE OF NOXt NOY OR NUZ IS LESS THAN ZERO
L 3 JNE OF NXt NY DR NZ IS ZERO
C 4 EITHER MX.LT.IAL3SINX) OR MY.LT.IABS(NY)

DIMENSiON X( I),Y (I),Ztl),F3(MX,MY,14Z)
INTEGER SEARCH
DATA ERR2/ i777000G000000002B/
DATA kERR3/I17000000CiOOOOUOOO3B/
DATA ERR4/ 17770COOO0UU00OUOU04b/

C. TEST FOR USER ERRORS
TbLU3 =0
IF ((NCX.LT.O).OR.(NOY.LT.O).OR.(NDZ.LT.O)) TBLU, ERR2
IF ((kX.E:Q.OJ.OR.(NY.EQ.0).OR.(NL.EQ.O)) TBLUWs ERR3
IF ((MX.LT.IAbS(NX)).UiR.IMY.LT.IABS(NY)fl T&LU3 =ERR4
IF (IbLU5.NL.0) GO TO 50

L. SEJ UP INITIAL PARAMETERS
2 X1
Y2 Vi
Zz Li

M = NUX
MGY =NOY
MLJZ = P4LZ

C. SEARLH FOR X19 YI AND ZI IN TABLES
iX =SEARCH(X2,XqMDXNXtI)

LY SLARCH(Y29YvMDY9NYvJ)
IL =SLARC.H(Z2,ZvMOLvNLK)

L. TtST FOR LXACTNtSS IN I OR MORE DIMENSIONS
IN ix*IY+Il
IF (1w.EQ.OJ GD TO 40i
IF tiw.NL.3) 6O To ID
TbLU3 = F3(19JPaKJ
GO TO 50,
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10 IF (1A.kQ.0) 1,0 TU 0
X2 X(1)
MDA =0

20 IF (LY.EQ.0) GO TO 30
Y2 Y(J)
ML.Y 0

30 IF (IZ.EQ.0) GO TO 40
ZZ =l(K)

C IN7ERPOLATt
40 TbLU3 TERP.3(X2,Y2tZ2,XYZF3tMOAMDYMDZMXMYtMZIJK)
50 RETURN
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SUBROUTINE TLUtIbNXNYtNZtROWCOLMPAGEXGY6,ZGANS,NTAB)
DIM-NSION lB(l),ROWINXJCOLMINY),PAGEINZ)vANS(6)
FIRSTF (XYZ) = A - L*(X - Y)

C
C WHAT BALL PARK lb THE POINT IN .......
C.

CALL RATIO (NXX6tkOWvKATA91)
CALL RATIO (NYYGpCOLMRAIYJ)
CALL RATIO (NZ-,GPAGERA]ZtKi

C
C. IT'S JUST PRIOR TO THE 'iTHS ROW, *JTHI COLUMN AND THE 'KTHI PAGE ..

C NulE - IF ONE OF THE INCOMING ARGUMENTS IS UUT OF THE TABLE BOUNDS,
L THE APPROPRIATE VALUE OF RATXRATYRATZ, WILL idE ZERO
C

C WHAT IS THE LOCATION OF THE NEXT HIGHER POINT

NXY = NX*NY
NP = I + NX(J-I) NXY*(K-1.

C
. LET'S INTERPOLATE FROM AS MANY AS NTAB TABLES.....
C.

DO 50 L=19NTAb
C

b = L =E =0
C.

C WHER- It THE POINT BETWEEN ROWS ....
C.

CALL UI4PACK (NPviBClvC2)
A = FIRSTF (C2,C.LvATX)

L

L IF Wt ARE IN THE FIRST COLUMN JUMP TO STATEMENT 10 .....
C

IF (J.EQ.1) 6O 10 10
C
C JUMP TO THE NEXT LOWER COLUMN .....
L

NP = NP - NX

C
t. BETWEEN ROWS IN THE ADJACENT COLUMN .....
.

CALL UNPACK (NPlbC1,C2)
B = FIRSTF (C2,CI.RATX)

C.

C JUMP TO THE NEXT LUWER PAGE.....
C.

10 NP = NP - NAY
C. 1

C IF WE ARE NOT ON Ttt= FIKST PA4L JUMP TO bTATEMENT 20 .....
.

IF IK.NE.i) GO T0 20

L If- WL ARE IN THE FIRST CJLUMN# JUMP TO STATEMENT 40 .....

L
II ( .E~i. I GO TO ,40

. JUMP TO THt NkAT HIhtR COLUMN
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NP = NP + NX
GO YU 40

C. IF We ARL IN THE FIRST COLUMN, JUMP TO STATEMENT 30
E
,co IF (J.EI.1) GO TU 30

C
C bETWEEN ROWS

CALL UNPACK (NPIb CL.C2)

C = FIKSTF (C2,CIPRATA)

C, JUMP 10 Tih. NEXT rIGHER COLUMN .....
C

NP = NP + NX
C
L bETWEEN ROWS AGAIN IN THE NEXT HIGHER COLUMN
C.

iU CALL UNPACK (NPtIbsCIC2)
0 = FIKSTF (C2,C1lRAlX)

C bETWEEN COLUMNS .......

E FIRSTF (OCPRATY)
40 F FIRSTF (Attb*RATY)

LC Nt,, BETWE:EN PAGES .....

ANS L) = FIRSTF (FiEvRATZ)

L MUVt TO THE BEGINNING OF THE NeXT TABLE

L

50 NP = NP + NXY + NZNXY

C THAT'S IT, LET'S GO HOME

RETURN
END
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SUbROU]INE UNPACK (NPv18rWJ3RO1,WURU2)

COMM&JN /WORUi/ ITRUOP(4),ISQUAU
D)ATA FOUR /4.0/, BN /16383./,CIIN /-1.5/, RANGE /3.0/
NPRIOR =
MIS = NP
WUR, = PNTS/FOuK
NWORD WORD) + 0.1
NSuBWRO = (WORD - FLOAT (NWORD))*FOUR
IF tNSUbWKD*EQ.I) NPRIOR = 2
Ifh{NPRIOR.EQ.1) GO 70O - K
ISI.JAG = 1(NWORO)
CALL UISECT
DU 10 1=1,4

lu JWOKOMI = ITROOPM1
io ISf.UAD =IBINWURUil)

IF (NSUBWRD.EQ.,) IS(.UAD IS (NWORD)
CALL UISECT
Do 30 I=lt4

361 JWORO(1+4) = ITROOPM1
IF (NSUbWRO.EQ.OJ NSUBWRD = 4
IWORDI JWGRO(NSUBWRU+i3)
1WOROz JWORD(NSUbWRD+4)
WUROL = CMLN + FLUAT(IWURD1)/BN)*RANGE
WURUZ CMIN + (FLOAT(IWORO2)/6N)*RANGE
RLTURN
ENUi
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SUBkUUTiNE VECAYZ (TRANSPVECORIGINvDCtIOPT)
DIMENSION TRANS(3),V:C(3),ORI6IN(3),DC(3,3),DIFF(3)

C

C TRANSFORMS VECTORS FROM ON: REFERENCE FRAME INTO ANOTHER ......
L

C $**0* CALLING ARGUMENTS * $
C

C TRANSti) - TRANSFORMED VECTOR (OUTPUT)
L VEC(3) - INPUT VELTUR
r ORIGIN(3) - ScCONUARY SYSTEM ORIGIN IN THE PRIMARY SYsTEM
L DC(3,31 - DIRECTION COSINE MATRIX
C 1UP] - FLAG TO uETERMINL TYPE OF TRANSFORMATION
C 1 = FROM PRIMARY TO SECONDARY

C = FROM SECONDARY TO PRIMARY

IF(IOPT.EQ.2) GO TO ZO

DO 10 1=1,3
10 DIFFM1 = VEC(1 - ORIGIN(i)

CALL MATMPY (TRANSDCvDIFFt39,3,)
GO TO 40

C

zo CALL MATMPY (TRANSUCVEC,3,3,i)
DU 30 1=1,3

30 TRANSIi) ORiGIN(M) +IRANS(i)
C
40 RLIUKN

END

483

I.



SUBROUTINE VELXYZ (UtUSECvXPIvWSECtDSI)
UIMENSION U(3)tUSEC(3)XPT(3 wSEC(3),UPTSEC(3),

• ~TEMP (3,D O I I 3t-3

C CUMPUTES THE EARTH SYSItM VELOCITY VECTOR OF A POINT
C DISPLACED i-ROM THE ORiGIN 01U - A SECONDARY COORDINATE SYSTEM
C

L U(3 - XYvZ EARTH SYSTEM VELOCITY VECTOR OF A POINT
C OISPLACEu FROM THE ORIGIN OF A SECONUARY SYSTEM
C (FT/SEC) - JUTPUT --

L US& C(3 - XtY9L BODY AXIS VELOCITY VECTOR OF THE SECUNDARY
C SYSTEM (FT/SEC)
. XP1 - XY9Z bODY AXIS POSITION VECTOR OF THE DISPLACED

POINT IN THE S-C.ONUARY SYSTEM (FT)
C WSEC. - XvYqZ BODY AXIS ANGULAR VELOCITY VECTOR OF THE
C SCONDARY SYSTEM (RAD/SEC)
C 051(3,3) - SECONDARY TO tARTH SYSTEM DIRECTION COSINE MATRIX

L CALCULATE WSEC X XPT
C

CALL CRSPRD (TEMPWSECqXPI)
C
C IJTERMINE USE. (WSLC X API) ......
C

DO 10 1=I3
10 UPIStCIl) = USELI) TEMP(I)

C
L iRANSIURM IH- VELOCITY VECTOR FROM THE SECONDARY TO THE

L EARTH SY TEM ......

CL
CALL MATMPY (UiDSIUPTSEC.,39391)

RE IURN
END
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APPENDIX I

FILOAD INPUT DATA

This Appendix contains the FILOAD Input Data. FILOAD is a program which

creates a random access file from input data that defines the variable

names in the calling sequence for each standard component. This random

access file is employed by the Model Generation program to build the

model defined by the user in the Model Generation input data.
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NEW FILL
FILL NAMi:=EASIEST
AbItEPI
WYT ML~ 3 del sl FAts 3 YAS 3 FAu 3 TAU 3 TRM 3
ABOUIP = i
UAti 3 .AAb 3 SW AB .3 SE Ad 3 S
ABTABS =
S Y14b LL Ad 10 1
AtLNPI = 29
AW b CS ALP ZLP AM1 3 API 3
IHR AIL LLE RUD XEN 3 END 3 TAL IVE
1-R 3 1 IRA 3 1 FCA 3 1 ICA 3 1 FDA 3 1TODA 3 1 FRA 3 2 IRA 3
FL.A -' 2 ILA 3o 2 FDA 3k 2 IL)A , 2 CPF
ALOUTP = 9 F
UAP 3 SXAP 3 SWAP 3 SEAP a STRM 4 iALP mE I VM
ALT
ALTABS 0
SYMB8OLl At 101
AFINPI 6
Li)0 cl Ck C3 C4 C5
AFOU1P I
s 2
AFTAbS = u
.aYMBOL9 AF = 101
AGINPT 5
ii WIN 3 sp TE sw
AGUP =

AGIAbS = 0
.%YMbUL9 AG 101
AMINPI 14
f-L PRT EXP GAP GXN GYL GZL DRP
6RN ROL DR GL G
AM&JUTP = 4

UtRADb PTS PiT
AMTAtIS = 0
SYMBOL, AM = 101
APINPI = i
UP XFC. 3 PA EPL. 3 ZEM 4kP 3 UST 3 EST 3
WST 3 XAP 4 LAP ;s
APOUTP = 6

12 31 1 Z 3 1 sW ALP CA c

APIAI3S - 2
ICA aC(. 1
(LZ 20. 1
SYMbOL. AP £01
ASINPI 19
OFF UP iW4 XEM 3 Cox ECX ELY ECi
CLP Cft CNR S SRP 3 US1 3 EST i WST 3
USA 3 1 SRA 3 RON
AsuuIP 17i
F2 .3 1 12 3 L ALP BET V" Q CAxC
(.1 LL CM LN LXL EXA LEN 3 TCZ 2U

ASTABS = I
lAs: 20o 1
bYMS&fL, AS 101
AVIMPI L 4
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u 3 w 3 ALT EA 3 ID I vs ALS S

UN VN WW PW QW RN

AVOUIP Is

ub 3 w ( 3 lu 2 QW 2 RW 2 CAL SAL AL

ALP VI BL P UP EU 3 SIG Qc

ijS MAL
AVIAbS ~ C
.bYMB0L, AV i10l
C.LNPI = 16

Pc.ClWCM 3 CP1 3 CLP CMQ CNR

ASP J~ FAb 3 TAb 3 FOG . Too 3 FAU 3 TAU 3 TRM 3

ELUTP = 2se
UILP 3 SXLP 3 SwtP 3 SECO 3 SSCO SS(. SGX GY

6LDR FAD. TAD 3 WT S 6C

IL IN 4 CA CY CL. CL Cm LN ALP

OTVM Qi ALT SEP

4VMb0Lv CL 101
L1-61NPT 20 BzC
w 3 R TMI AD DA GR BlCBS
LA PLO DU GFI DR DRS caCB

L60.UIP 6
AL 4ALLJ AX SSG SSGD S(,1 SSF ST 3

CLIIAbS = 0
k.YMbdjL, L61  101
L,.bLNPI z 10

LOA TCLA IDA COE ICE TOE CUR TCR

TOR TRH 4
%.SuuTP = 3
AlL !)IkLE SiWO s

LSIABS = G
SysiduL CS 1.01

sw up SAP 3 AAV .3 uCL GS AM
C6P Cb L l PMW SK CKGA

IF- Cl C2 a BXP TI TOE SRP 3

U. ,I 3, ENT .~WST X XAP 3 UAP 3 EAP 3 WAP 3

rlIuulP 1.9
1:FELSWatS SFL FUN FC A 3 1 ICA 3

Ft 3 1 TL 3 1 CF LkAX CV TLO PC R

LT SO FSO

TIAzdS = 1
1LP 20. 1
.SYMbUL, Ll 101
(ct1hPI = 3
s N I TAU N I I

s N 2AL)1 N 5
LIAOS z 0
SYM13ULP GL -99
WPDsOE = UL
LjFINPI 9

s N 1 10 N LL N Z2 N PO N P1 N TAU CPU

N I I

UF UI b A1 D N SAO N Al N Ak N i N 2 N

"F7AbS = 0
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SYMBOL, DF = -99
MO0D ES = D
wIINPI = a
S N L ft 3 h
L.1UUIP = 1
S N 2
aioTAbS 0
SYMBOL, 01 = 10L
MODES = DI
DRINPI1 b
LAP 3 OBA 3 XAP 3 EAP 3 SRP 3 EST 3
ioROUTP 7
Fke 3 1 T2 3 1 FOA 3 1 TUA 3 1 DLL DBF Sw
IJRTABS I
1BF 20. 1
SYMbOL9 Uk = 101
kLNINPT = 6
Ica THR GAX (,AZ X0 20
LNOUTP =

JHSF i T
ENIAbS = 0
SYMBOL9 EN 101
FIIINPT =
1 3 GAi LIMP UN CX 3
FMOUTP = z
A SAU S
FMIAkI$ = 0
SYMboL, Ff4 101
FPINPT 3
A AD CU 3
E-POUTP 2
LA 3 2W 3
FPIABS = 0
SYMbUL, FP = 101
f-uINPT = 2
S IAft
FLMJUlp = 1
S 2
FUTAtS I
FIA 46. 1
SYMBULl FU LOA.
IVINPT = 4
S I1S 3 AN B
FVOUTP 1
S 2
t-VIA&S = 1
FIA 17-4. 2
SVMbujL, FV = 10
FWINPT 6

41s3 S 4 ANX ANY ANZ
FWOUTP = 1
S 2

IFTA 24.i. 3
SYMbOL, FW = 101
FkINPT 11
t f, EQl Ai)I AW.I Ab RNL RSI RU
AW X Uw
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F; OlJUP = 10
r O SEWi SA UO SA QC SARO A10 RTF PHI

AT PF
F21AdS 0
SYMBOL, F2 = 101
GPINPT 18
.sw UV 3 XMO 3 XYZ i EA 3 AR AD ER 3
L) 3 TDE SRP U LST 3 EST 3 WST 3 APP 3 UPP 3
AEPP 3 WIP5I 3
Lpoulp 13
FL FMI Fl l a 11] IPP i TPP . TIN TLA
FSO 3 TSO Bo FPO ., TPt) 3 TRM 3
(-P IS "
IMF 20. 1
,,jYMBOL9 6P = 101
661NPT ka
w cl L2 Eb PSM Xi X2 X3

A4X5. X6 RI R R3 R4 WO
KZ. X7 Xt8 AFB EFB 11 R5

AM ANt K3 K(4
6oUUTP Id
smc A SA!) S. D SSQ SE5 St7 SAl

A2A3A7 SM E3o E4 E6A9
SN 7D
6blABS
FAI 4.5. 1
FL', 45. 1
SYMbOL, (38 101
m6 INPT = 4
s&UT I FUIP FLU SIR

HGOUTP A
Fl F2 F3 F4 F5 F6 F7 FS
F9 FlU Fl F12 F13 F14 F15 F16
FA
HTABS 0

SYMbOL, H6( 101XE 3 CX CEYEZ
HihPT IV,

UFF U WI E D C C C
LLP (.MQ CNR s SRP 3 UST 3 EST 3 WST 3
LISA 3 3 SRA 3 RON
ht;OUTP 17
FiQ 3 112z 3 1 ALP BET VIM Q CX CY

Ll.CL cm CN EXL EAA CEN 3 TCZ 20

hQlAbS
I At 20. 1
SYM60L, Hko 101
nYINPI = 4
b N I 6AI N DEL N N I1I
HYuuTP = 5
N N z SL N CU ft IL CPU
HYTAbS = 0
SYMBUL, HtY = 101
muDo.s= MY

s N 11 GKI N I N I, I
JNuUTP = L
S N dS
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INTA~S0
SY~OLIN = 101

Mj~j)kS, IN

IT NI 6(B~ N (L N AMA N AML N N I

IIAbS ZS

SyMoOL, 1 144

MOLL), = IT

IN~Pt 4 w

A SLiWAT

ILTAt$s= 0

SyMBOL, LL= 101

LAINPT 4
G I AL N IC N N 1

LATAbS 0

SyMbLL LA jai1

MUOLS L ~YJ YOA LB LBD
LfNT= - .YRNfBo NP NR

LPLR LOK ~ LOA NBU 3 w

M AA R U A L L C A L S A L O 3O 3

bE LU 3 vIt

LOOUI P 2 4

LDIADS = 0

-,.1MbDL9 ILU 101I

L NP zL A N 2L N Pu N N 11

11tOUIP 2
Al N S

Lk:TASS 0

jYfb0L LL 101

MUDES LE

L(,1NPT 4

SN Ii0 N P0 N N 1

S N Z.s

L&.TAtS = 0

"ImbuL, LL, 101

^GOLS L T

OFF N bLI hex 3 API 3 AP2 3L AP3 3 P4 33I

JF LL L~ GUR TYP F Xpc 3 P 3 D 3

t-so 3 wEOO 3 xp 3 uI'P 3 L~pp 3 3 UP 3

LIU IP 3 2b F G 3 TO 3 F P 3 F AP 3

LyA P 
:LIwL lC O O atV' 5I CON 4t

STF SFL ELC OE RL &L 
PCG CWT

lt PVL 
L

ILW 20. 1
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SYMOULP LI 101

s N I TC1 N TCZ N GAI N N I11
LLa3UTP = 2
Al N ss N 2
LLTABS = 0
NYMBUL, LL = 101
ROUEN = LL
LGILNPI = 35

AUXA XU 10E LoA LAD ZQ
zu ZDE MO MAL MAD MQ MU MOE
HA I C XP I ID CAL SAL F -4 T 3

tEAL ALP UO 3 UP W vy QS
idi 3 wM EL. 3
LOGUIP = 7

I 2 FL 2TY 2 UL WD MA 2 XP 2
bLOAbS = C
SYM'BOL, LO 101
L21kPT =
AL AQI RS2 RL RNL XL XL wo
L20UTP = 5
too SEQO SAUS SAQS SKTL
LzIABS = 0
SYI~bOL9 LZ 101
MAINPI I
N N I Cl N C2 N N 1
14ALUTP I.
s N 2
MATAbS = 0
SYMbOL, MA = 101
MOUES = MA
MLINPT b
s N I S N 3 S H 4 Cl N C2 N C3 N C4 N N I
I'LOUTP = 1
S N 2
MLTAbS =
SYMtsULp ML = 101
MUDES =MC
MOINPT = 5
b N UMP N UN N GAI N N 1 I
t4DOUTP = 3
Ci N SQD N SQOD N
MuIAbS = 0
SYMhOLI MC, 101
ROUENS MUi
MElNPT = 3
F 3 LiCM N 3 h I1I
04EGUTP 1
Zo N 2 1
MEIABS 0
SY14.aL, ME 1.01
MODES =ME
AFINPT =
s N 1 S N 3$S f N 5 N I I1
KFLIUTP = L
Sb N 2
MF1AbS, = 0
.oYM60LI MF = 10
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MuDES = M

PLG 4 I

AMG 4
NT~bS = 0

SYMENJL, M6, 10
MJIINPI 5

QI N QU N QUO k PCM iN N I

MMU3UTP = 3
A 3 xD 3 XDD 3
RAlrAbS = 0
'&yMBUL9 Mft 101

AWS= M14

MPINPI 3?E= D 3 u
s yl- 3 F-A 3 XR X0 E D 3 U

(.5K VI P~A PT CbP C cI P14W

GiAM TF LI Cz b BXP TI TDE

SK'P .~UST 3 EST as WST 3 XPP 3 UPIP 3 EPP 3 WPP 3

MPUP = 19
LFSLL SWK S. SFL Fl 3 1 TI 3 1 FPP 3

IPP .3 FmH EAm WI TLO PC R CVII

153 F-SU TRM 3

MPTAIBS I
IMP 'CO. 1
.Y14bULv MP 101
MKLNPI At

IC AL 6TIM TMS

MkIIP I
TR
,IXTAbS I

WE 29. 1
3,yMbt)L,9 MR = 101
MIINPT = 3
s N IS N 3 N

nIUUTP = 1.

s N 2
MlIAoS = 0i
:3YMOILtL MI= 101
MUUES = MT
MlINPT 4
u 3 U 3 EA 3 RFL

n10tUTP = 4
?Dv ALP' MAC FL6

i41IA65 = 0
zoYMbUL i MI 101
MAiftPT = 17 M
FL. PUiV LX LP NN LP L M

m MRk MMP KURFL RFA MA lxx

yy

m2LjuIp = 19 XY
U -1 sA 3 sw .5 SFX FYv FZ RXPM

122 XD YU( zuX Y LRP

PIT YAW ILI

MkTAb~i =
SYM1OJLN M; = 10
LjCINPI = L
3LOUlp G
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OCTADS 0
SYMbOL, OC 400
PLINPI i 3
s11 RSC RFM RFD RFS b CI CT 3
LN 30 CM 2 FD PwT PMI 3 PPI 3 TEt4 CSP

LPUPG 3 FLA FLP 3 FPP 3 TPP 3 VAP 3 UVL 3
KLVCG PCI2 CWT TPE TRM 3

PLUUTP 1.9

IjPP 3 SXPP 3 SWPP .1 SEPP :3 SUPC 3 SXPC 3 SPHA SW
FLI 3 FDR 3 FMA 3 RM VOL TLA TLS TOS
Dli TDU TRF
P4.IAkS = 0
SYMbOL, PC 101
PFINPT = 14

a AD AQ xi X2 X3 X4
IFFR AB V5 LMA CMI GA
jFUUTP = 9
bk S02 SARO AID AT VPF PFL FIN
F6
PFJAbS = 0
SYMbOL, PF = 101
PNINPT 10
F- 3 MA LA LO ALT 71 DA VEL
All GAM
PHUUTP = 2
K a SRD 3 s
PMTAbS = 0
SYMBOL, PM = 101
PIIPT =
R 3 RD 3 A l3 11 DA
POOUTP = b
LA LO ALT AZl GAM EA 3
POTAtIS = i
SYMbaL, PO 101
KAINPI = 0
KAJUTP z 4
NU NV NW NP
kATAbS, = Ch
SYMbOL, kA = 101
RGINPT 4
W 3 1 SL DMP WN
RGUUIP = 2

W .3 _swx 3 S
iIIJTAkIS = 0
SYMbUL, R6 101
RKINPT = 4
I-ON XRN 3 YAW PIT
RKU.TP = 6
PHA RON FST 3 TST 3 FR TIG
IqKTA8S = I
IRE 20. 1
SYMBUtJL RK = 101
RLINPI k
xsLI 3 81.23 B L3 3 BL4 3 dL5 3 a3L6 3 UiP RLR
.iRR 3 RLL ARL 3 ERL 3 SPR 2 DPG 2 SOF ZTS

6TS LP1 3 SRP 3 UST 3 EST 3 WST 3 XAP 3 UAP 3
LAP 3 WAP 3
KLOUTP 12
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Fk 3 112 6 1 FRA 3 1 TRA 3 1IFL FTS TTS OFF
",A 3 5 ZRA 3 L1 TM 3
RLIAIIS 0
symouL, RL 101
fkiNP1
AX 11i MN
X6~0UTP

KNIAbS 0
SYMBO3L RN 10 1
RsINP1 15

tLXYl 3 EA 3 XPS 3 upt) 3 EPS 3 wPB 3 XAB 3

UAb 3 LAb 3 WAb 3 AR XD ER 3 ED 3
.CSQLITP =

F1 3 TPB 3 FAB 3 TMs 3 TRM 3
K4SAbS C,
SY.MOUL, kS 10k
4AINPT1

N Cl N C2 N U-3 N C4 N C5 N L6 N N

'bAi) I P = I
b N z
-*A1AzS = 0
LYMbLt SA = 10
Muut =,
L.1NPT = 17

4AUP SAP~ AAP 3 UCL CSK SK4 1.
I tRAP 3 UST 3 F-ST 3 WST 3 XAP 3 UAP 3 EAP 3

MAP
SL,#J P = 1

fLFUN FCA :, T C. A 3 IFC S 3 TCS 3 CF CEX

LY TO1 150~ F --.
SC1AbS = I.

It- ii Q 1.
SYMa~iL SC 101

LA) vuI X TY IL lAX IYY
IZL 1I lAy LYL-
NUU1TP = b
u 3 Sw 3 SLA 3 SxQ Y ALR ALT SWO 3

SbiTAb~h 0
!SYMbUL, u- Ld
SE1NPT
Fl 3 1 vi 3 2Fi 1 3 Fl 3 4 Fi 3 5 F 3 6 Fl 3 7 Fl 3

11 .3 1 TI 3 2 71 3 11 3 4 71 3 5 TI 3 6 TI 3 7 TI 3

5- 3 11-2 3 2 F2 a ~FZ 3 4 F2 3 5 FZ 3 o FZ 3 7 F2 3

14 3 1 12 3 Z 12- 1 3 TZ 3 4 TZ 3 5 Tk 3 6 T2 3 1 T2 3

LNLLu 3 r1 PI Bk TM 3

usl 3 S5,P 3 SwST i SESI 3 S4LD SSc SGX GY
6LUk ALT

. scTAo.:i 0
LYMbOL, Sc 1 IA
.LNP7 4
I-5(1 ~k A141 AM2

S FL4F AMP

bVMbQL* %6 = 10
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ti( .l WO 3

SLOUTP 4

uAiP 3 SXAP 3 SWAP 3 SEAP 3 s
!)LlAoS 0
SYMoJ)Lt LL 101
SPINPI z 20
kLI VIOR AVW WMI S"I RII RIF AR 3
by 3 16SA GbsF SPR DPG FMT TMX TNF
TOS TSLJ GMA UST 3o
SPLUIV = 8

WG kG 3 SkESR 3 SPHA Fl 3 1 TI 3 1 TIN ECA
:bPIAbS =3

T6kl ru. I
UMA 20. 1
TST Lc 1.I
SYMbL* SP 101

i-ON FVLA 3 LA 3 RN 3 YAW PIT PL. POD

4kU1P = 15
wISPIIA RON Fl 3 1 TI 3 1 x 3 1 BM 3 1 BP 3

lFR PWI SPI RHO vWI TMl 3 TIG

Ikr- edi. I
SYMbUL, SR O
S..NPT = I

SI SL SSAV CAV GAN PHS CPU

iYMbuL, SS = 1.01
STINI 2

M~N MAX MIN SIG

'aYMidOL9 SI 101
!bulftPl 4
i- I~ T 3 1 F 3 3T1 3 3

1 2 21 3 Z

SYMbUL, Sti 101
SVINVI b
a- 3 L T 3 I F 33 1 3 3 F 3 417 3 4

.4VIAbS = 0
SYMbUL, SW L01

S N I S N 3 Shwl rCL TC2 N 1 1

aYMb~JL, sui 10i1

SA1NIT = a495



s N 1~ 3 3S N 56s N 6 SW1 TCI TC2 NSA(JUTP 2
S N ~6 N 4
6X1AbS 01
SYMbUL9 SA = 101
"lOuts = s
SYINS-1 10
Zb N 1I h 36 S f 5 S ft bS N 7 S N 9 SW'1 TC1IC2s N 11
SVDUIP 3

- N 2 S N 46S N 6
SY1ABS = 0
6YIUL, SY = 101
MU0L 5
IAIMPI
lAOUJP = 4
S as3t4
1ATAbS = 4
oi?1 39. j
3t21 39.
(.21 s9.

021 J~9. 1
.iYMbOLt TA = 10
1o1NPTl 0
IBUIP = 2

IPTlAbS=
A2T i9. 1
otk-T 3(j.
SYMtsUL, T7s 101
IDINPI =4
I .o lAx IYY LI Z
]J~ol1p = 3
w .3 bLA 3 SwL) 3
IOTAbS% = 0
SlYMbUL9 ITi 101
IIINPT =6
.) N 1 4c N ii N Po N Pi N N 1
TF-0UlP =
Al N SS N 2S
IF7AbS = C)
,zYMd0L9 TF = 101
MUiJEs = TF

4i All 3 x 3
ht,UTP = 2
1.- 3 1 3
IGTAtIS = U
SYMoUL, TG 101
IRIMPi Al
AL ALu GTA C~H C.N CRIP CilO CMF
IN" whio W (F
TROO1P =1

TIlAbS = C
:bYMo)L9 1K = 101
TS.LNPT
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TSOUTP I
1 3 2
lSlAtsS 0
SYMbL, TS = 01
TT INPT = a
1 3 1 T 3 3 T 3 4
11OUTP = 1
1 3 2
VIAbS = 0

. YMbU.L, 1 0
USIMPI 10
LMP M M MSI M M wKK M STE M M ITHR 3 1 LMN 3£1 GNF N I DLM 2
ly I I M 1 1
UuUlP = £0

uv _: P. 3 SSDI 2 SSD2 2 SOLD 2 SFXO N SSL1 2 SSL2 2
iL T 2 SFLX N S
USM~LS = 0~i
SbUL US 0
mouts = us
UTINPI = 40
P,.a 3, msk MS2 LSI LS2 SPI. 3 SP2 3 ME

LLLP 3 Mss lX IYY ILL IXY IXZ
LYL j.yt Z IYHi lZH Mm N PS1 2 N PS2 2

PL N Ptp 2 N WPI WTI WP2 w72 WFX N WEP
wt S1 ZS2 LFX N ZEP ZET N 1i 1M I

L1OUIP = 5
li.MP MM, MSA M M STE M M MAS M M LOW M
ulTAbS = 0
SYMmCL, UT = 101
MUULS =UT
VAINPI = 9
1 3 IN 3 3 LA I L I n I DA I ROL PIT'
Y AW
VAUUP b
A I~ %Q 4 SA 3 3 EA 3 LA 2 LU 2 TI 2DA
VA1AOS a
SYMBUL, VA = 10±
VOINPI 1
VPF VL ED LWVRE GI G2 K
TI T2- T3 T4 CEX Eb G3
VbUUTP = 7
r2 SL4 SE15 sVo SktL El t 3
V61ABS = u
SY~aLP Vo 101
ibINpT A7

SN SA x i SM 3 SP 3 W I x 3 1 BM 3
op :I L 2 X 3 2 6M i 2 bp 3 2 w 3 x 3 3 BM 3
aP 3 3
wbJUIP = 4

La CUP 3 (L4I .3 CPA 3
wbiAbN = u
SYMbLt Wb = 10£
wMINPT = ±0
Nu NV NW NP SLH SLy VS 1 SIH

1VbI
iM0u1Ip = 11
4LM %VW Svx AwSwdX SPW S %gx SjW
KA ~ IWVs 2
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a, YA b.L W"4 101
APINPI 7- 2
w 3 1 TRN 3 3
XPOUTP L
w 's 2
XP1A&bS u

sYMOCu,- XP 101

1 3 1 TRN 3 3
AIC5#.TP = 1
1 3 2

.%YMbUL, X] 101
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APPENDIX J

EASIEST F-4E MANEUVERING COEFFICIENTS

This appendix contains a listing of the EASIEST F-4E airplane maneuvering

coefficients formatted for the EASIEST airplane modeled by component AE.

499
I,



42
6b 11 11 67 lI ou 5d bd 11 11 67 31 40 40 40 40 40 58
67 56 49 67 5o 49 49 4.0 49 d 9 d 6 4 7 5 3 5

5 4 5 4 4 7
1 0 1 2

(7ELO.O)

k. 30.
1 3 1 4 LOCATION OF INDEPENDENT VARIABLES

(ILIO.U)

5 1 b8 CZO(AM) Z AXIS BIAS COEFFICIENT FOR TRIM
(7FlO.(J/F lG.O

-. 22 .(*L .29 .55 .8 .975 1.07 CL M=.2
1.i35 CL M=.2
-. 22 .02 .29 .55 a4 .975 1.07 CL M=.6
1.2.5 CL M=.6
-. 23 .03 oZ9 .55 .81 .975 1.08 CL M=.7
I.Zl CL M=.7
-. 23 .03 .29 .57 ob25 .975 1.1 CL M=.8
I.cl CL M=.b
-. 26 .C., .32 .b2 .86 .995 lo125 CL M=.9
1.23 5 CL M=.9
-. o4 .34 .65 .90 1.12 l.16 CL M=l.
A.2 CL M=l.
-.25 0. o235 o445 .655 o85 A.01 CL M=1.
1.17 CL M=I.
-. 2 -. 035 .125 .29t .455 .605 .76 LL M=2.
.91 CL M=2.

2 0 2' 1

(IEIU.0)
1. 29.

k 2 2 2 LOCATION OF INDEPENOLNT VARIAbLES
tlhlu.U)
1.

- 3 2 11 CZADIM) VARIATION OF CZO WITH ALPHA OOT
(7ti0.0/4L±000)
A..25 Z.45 2.45 2. 3 I.d5 -1.25 -4.0 CLAD
-1.1 -. 65 CLAD

3 0 3 1
(IL10.0j
1. 49.

31 2 3 2 LUCATION OF LNUtPENUEN7 VARIABLES
(ThI(1.UJ

1.
3 3 3 11 CzE)iM1 VARIATION OF LZO WITH PITCH RATE

*i t I.0/2E 10.0)

4..9 34 7 ,oB5 4.1 4.5 5.32 CLQ
2.o 1.3 CLQ

4 to 4 4
tTEIU.oj

29. 33.
4 3 '.4 ' LOCATION OF INOtPENO-NT VARIAbLLS

17tiG.0)

,t o 4 b7 CZJr.IMtAl VARIATION OF CZO WITH ELEVATOR POSITION
l7FIU.U/kkl O.0)
C,.(4113 0.LI(,7 U.uiG 0.0090 0.0062 0.0078 0.007b CLDS A=
.GO545 .00.35 CLDS A=
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0.0109i 0.0102 L.00'V5 0.00d7 0.0080 U.00765 0.0077 CLOS Az
.G0o545 U(JO 5 CLOS Az
u,.Ult)E' 0.0(i99:, U.0093 0.0065 0.0079 0.U075 0.0075 CLDS Az
.U0545 .0035 CLOS Az
...0109 0.0102 0.009b 0~.0067 J.00782 0.0073 u.(07'4 CLOS Al

.CO54 003:5CLDS Al
(,.0ul, 0.00965 0.0091 O.0081i 0.0074 0.0115 0.0013 CLOS Al
.00u5zh u035 CLOS Al
iJ.DU92 U.;.81 U.0073 0.00645 U.0058 0.005d 0.0000 CLDS A2
G0 4 -1 035 CLDS A2

0.O00-1 U.GJ58 0.005.3 0.0050 u.00475 0.0047 0.0056 CLOS AZ
.(0037 .0#035 CLDS A2

5 0 5 1
t17 Lu.0)

S 2 5 tLOCATION OF INijtPtNUENT VA*RIABLLS

5 3 5 11 CZDA(M) VAkIAT ION OF CiG WITH AILERON PoSITldN
I 7~LU.0/2tl .0)

.EO25 tr22 Uok~ .00117 .00162 .00152 .001345 CLOAE
.UOO035 .00048 CLDAE

6 Ci 2
(7 k: lu. (1)

b 1 4 LOCATIUN OF INOEPENOENT VARIAbLES

6 5 6 60 CXG(CL,M) X AXIS mIAS COEFFICILNT FOR TRIM

.46 .0315 .0485 .u77 w13 .18 .26 Co M=.2
.L0e6 .0315 .04b5 .071 .13 .16 .2o CD M=.6
.U25 0i0s .U46 .0745 .13 .1b .27 CD M4=.7
.024 OL-95 .045 Oi15 .136 .2 .29 CD M=.6
.40k7 u033 .0485 .063 .155 .23 .33 CO M=.9
.(o47 .054 .070 .111o .195 k253 .3 45 CO M1l.
.(,4o.' .663 . U e~4l .445 .547 .649 CD M1l.
.U445 .0b5 .133 .28 .49 .595 .7 CO M=2.

10~i.0)
Z9. 31.

1 3 1 4 LOCATILN OF INDEPLNUEN1 VARIA8LLS
I 7E10.G)
1. 2.

7 5 1 5d CALIA(M,Ai VAKIATIUN OF CXO WEITHl AILERON POSITION
£iLIO.0/2E 10.0)
W.0006,e 0.00064 O.064 0.00005 0o.00077 (0.00118 0.00090 CODAE A
.00090 .00Ou44 CODA A
U.000*76 v.OCMJ7b 0.00070 v.Quijlb u.000b8 0.00134 U.00107 CODAE A

.56 .4OOSZ CODA A
0j.uoi0 U.00104 0.00104 0.00105 U.00112 0.00156 j.001.e2 C0DAE A
.00062 . UA56 CODA Al
C.00111 0.00114 0.001L14 0.(00115 012 2 0.00170 0.001a8s CODAE A
.000aj7 .000ab3 CODA Al
t.U.00L9b 0o.ti.,100 0.U0100 (U.Gu100 U.00108 0.U0146 U.00148 CDDAE A
.f0o07b f.4-U 14 CODA A2
0.00090 0.f00100 0.U00100 0.00100 0.00108 0.00146 0.00148 CDDAE A
6oi078 .L000l4 CODA A2
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8 0 b 2

a. 30. 28.
6 3 6 4 LOCATION 3F 1NJPENULNT VARIABLES

4. 1.

b 5 6 bd CMO(AtM) dlAS PITCHING MOMENT COEFFICIENT FOR TRIM
(7FI0.0/FIO.0 )

.U03 -.012 -. 027 -. 042 -.055 -. 058 -. 076 CM M=.2
-. 117 CM M=.2
.004 -. oil -.026 -. 039 -. 047 -. 047 -. 074 CM M=.6

-. 116 CM M=.b
°007 -. 008 -.0' -. 039 -. 042 -. 045 -. 085 CM M=.7
--.15 CM M=.7
.012 -.. U6 -.024 -. 04 -. 042 -. 051 -. 101 CM M=.b
-. 126 CM M=.8
.G17 -.011 -. 039 -.0O -.*66 -. 079 -. 116 CM M=.9

-.18 CM M==9
.053 -. 014 -.0 -. 14 -. 193 -. 209 -. 209 CM M=I.
-°209 CM M=1.
.053 -.OU6 -. U64 -. 116 -. 161 -. 202 -.245 CM M=l=
-. 286 CM M=l.
.U51 .00i -. 037 -. 077 -. 11Z -. 146 -. 182 CM M=2.
-. 218 CM M=2=

9 0 9
f7tiu.0)
1. 29.

9 z 9 2 LOCATION OF INUEPtNDENT VARIABLES

1.

9 a 9 11 CMAO(M) VARIATION OF CM0 WITH ALPHA DOT
(4E10.0/E.&.O)
-1.3 -1.25 -1.25 -1.37 -1.45 -1.35 --0.9 CMAO
.22 .b CMAO

l0 0 IU 1
t7IE 1.0)
1. 49.

1O IL 10 2 LOCATION OF INDEPENDENT VARIABLES
17EAO.O|

I .
10 3 10 11 CMQ(M) VARIATION OF (MO WITH PITCH RATE

titlu.O/2L1.0)
-3.45 -3.33 -3.17 -3.15 -3.5 -5.15 CMQ

-. L~daCMQ
11 0 11 2

lTEIU.Ul
29. 33.

11 .1 11 4 LOCATION OF INuePENUENT VARIABLES
7ELIO.OI

A.. 2.
11 5 It o7 CMUEIM,A) VARlIATION OF CMO WITH ELEVATOR POSITION
SIFI0.u/EFIU.0)

--.01 -0.U155* -4.U1445 -0.01l1 -0.012 -U.0121 -0o121 CMUS A=
-.uOb4 -. 0%.55 CMOS A=
•-(.flb --(.01495 -u.Lij395 -0.0127 -0.1175 -U.0118 --0.01e0 CMDS A=
-. 00 4 -. 0055 CMDS A=
-0.bl, --U.0145 -0.0136t -O.01 -U5 --. 01145 -0.0115 -O.U1T8 CMOS A=
-. Ubb4 -.0055 CMOS A=
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-0.016 -0.01495 -0.01395 -0.0127 -0.01150 -0.01125 -0.0116 CMDS Al
-.o0O3 -. 005- CMOS Al
-0.O54 -(o.01445 -O.UI340 -0.01185 -. 01080 -0.01115 -0.0114 CMDS Al
-.002 -.0055 CMDS Al
-. 01365 -U.0119 -0.U1565 -0.0095 -0.0065 -0.0091 -0.0102 CMDS AZ
-.0079 -. 055 CMDS A2
-0.0099 -U.0064 -U.00775 -0.0071 -0.00675 -0.0073 -0.0087 CMOS A2
-.0069 -.0L55 CMDS A2

1l U Z 2
I 1.0)

4.29. 35.
I z 12 4 LOCATION OF INDePtNUENT VARIABLES

(7L.LU.U)

1z 5 I 31 CMDA(MA) VARIATION OF CMO WITH AILERON POSITION
17LlU.O/kllO.O)
-C.UJ005j -. U0052 -0.00052 -0.00052 -0.00053 -0.00009 -0.00096 CMDAF A
-.300. -.(0035 CMDA A
-'O.O040 -0.00040 -U.0.o040 -0.00044 -0.00048 -0.000*0 -0.00080 CMDAE A
-.OUo3 -.000o2 CMDA Al
-0.0003/ -0.003UZ -0.60035 -0.0003d -0.00042 -0.00051 -0.00049 CMDAE A
-0.0002 -0.0002 CMDA A2

13 u 13 2
(Itlo~O

2. 47. 32.
13 3 i. 4 LOCATION OF INDEPENDENT VARIAaLES

17LIU.O|

i 1 ] 1. 40 CY*(MA) VARIATION OF CY WITH BETA
3thlO.0/2LO.0

-.0115 -.°ll7 -.011i -.0121 -.0124 -.0129 -.0143 CY8 A:O
-.0l44 -.Oild CY8 A=O
-.0L13 -.G.13 -.01' -.011b -.0119 -.0125 -.0134 CYB A=8
-.013 -.0104 CY5 A=8
-.010b -. I106 -.0101 -.0108 -.0111 -.O1L4 -.0119 CY6 A=l
-.01 -.0091 CYB A=I
-.0096 -.0098 -.0096 -.0095 -.0094 -.0097 -.0102 CYB A=2
-.00u -.0108 CYB A=2

14 0 14 2
(7LiU.O)

2. 29. 40.
L4 3 14 4 LOCATION OF INDEPENDENT VARIAdLES

(lELa. a)

14 . 14 40 CPY(MA) VARIATION OF CY WITH ROLL KATE
7t Iu.U/a 1.O

--0.0o -0.0o5 -0.065 -0.07 -0.06 -0.03 -0.u3 CYP A=
-. 03 -.03 CYP A=O

*0U.20 +U.24 +O.z3 +0.20 +U.15 +0.34 +0.42 CYP A=
.l *0045 CYP A=8
+U.2j5 +OZ4 +U°Z. +0.11 +0.11 +0.2u +0.60 CYP Al
.32 .07 CYP A=l
*(.,b5 +0.24 +0.21 +U .17 +0.11 +0.28 +0.60 CYP A2
.12 .07 CYP A=2

15 u 15 2
(ILI 10

O.Y. 3o.
15 3 L5 4 LOCATION UF INULPLNDENT VARIABLES
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17LIU.0i

15 5 15 4tO GYRIM,A) VARIATION OF CY WITH YAW RATE

L75 U.lus 0.8i O.d35 0.b8 0.08 0.56 CYR A=
.455 .31 CYR A=O

(0 d) (.80 0.62 0.855 0.90 0.915 0.61 CYR Al

(0.7d!) A.8.b0 (.8Z U.b55 0.90 0.915 0.61 CYR Al
.47 .273 CYR A1l

io.b)u U. bb u.67 U.70 0.735 0.75 0.49 CYR A2

.42bo3iu~ FlNk~NjE1M:L: OI O CYR A=2

1 010 40

(lEi0.0/LalU.0)

.621 .uo21 .02(jo .0020't .00189 .00O163 .00149 CYOR Al

.(00126 u&.097 YRA

.UO16 .0097CYOR Al
.(o0jkG6 .GG197 .00195 .00191 .00177 1.)0152 .0014 CYOR A2
.U0114 .CiOubb CYDR AZ
.LGrlbib .0C)l8 G()i7b .00±7,t .00161 .00139 .00126 CYDR AZ
.(0105 .000Th CYOR A2

11 U 17 2

4.29. 32.
11 11 4 LOCATIUN OF INULPENUENT VARIABLES

C7ELu.0)
1.

L7 5 17 4U CYDA(M,A) VAR~IATION OF CY WITH AILERDN POSITION
17tio.0/itl0.0)
.0002e6s O006465 .000265 .000205 .000265 .000265 .0002o5 CYDA A=
.00014t5 .00007 CYDA A=
.000j~2 .OC02 .0002 .0002 .0002 .0002 .0002 CYDA A=
.00005 -.00006 CYDA A=
-.U00017 -.000017 -.uUUll -.000017 -.000017 -.000017 -.000017 CYDA Al
-.00012 -.60oId CYDA Al
G. 0. 0. 0. 0. 0. 0. CYLJA A2
-. 000ulu) -. 0ow0I1b3 CYDA A2

Lb 0 Lb 2

29. 31.
J±8 18 4b ' LOCATIUN OF IN~rPENDENT VARIABLES

lb to Lb 56 CLd(MqAJ VARIATION OF CL WITH 60TA
tmLlG.o/iaIU.0)
-. Uuu55 -.L.00i4 -. Uou.-5 -.uUb2 -.00076 -. 00007 -.000b5 CLB A=Q
-.JOI9 U. CL8 A=Q
-.00183 -.00192 -.0019a -.002U5 -.00216 -.00225 -.0021 CLB A=8
-. tjow2I 0. CLS A=6
-. 00eZ43 -. UAi247 -. 002-t5 -.002'-3 -. 00214 -.O0235 -.0023 CL8 AIl
-. OUU'5 -. u004 LLB A:).
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-.008 -.Ju262 -.002b5 -.0027 -.00277 -.00286 -.0029 CLB A=I
-. 00067 -. O6b7 CLB A=l

-.002d -.o0012 -.00325 -.00338 -.00351 -.0036 -.00362 CLB A=k
-. 0016 -. Go16 CLB A=2

-.o08 -.00399 -.004A2 -.00423 -.00435 -. 00447 -.00452 CLB A=2
-.0044 -.0044 CLB A=2

19 0 19 2
(7ti0.0)
2. Z9. 33.

19 3 19 4 LOCATIUN OF IN[tPENDENT VARIAdLES
t71IiU. O)

1. 2.

19 1 19 67 CLPIM,A) VARIATION OF CL WITH ROLL RATE
(a IG.0/2 IG.0)
-G..9 -G.207 --A.?5 -0.26 -0.291 -0.33d -0.345 CLP A=
-. bb -. 214 CLP A=O

--6.295 -U.295 -0.290 -0.29 -0.304 -0.33w -0.33k CLP A=
-z5> -.207 CLP A=4
-0.3U -(.304 -G.3G -0.30 -0.302 -0.324 -0.319 CLP A=
-.241 -.203 CLP A=8
-(.31 -4.310 -0.31 -o.30b -0.270 -0.263 -0.300 CLP Al
-. k -. i98 CLP A=l

--0.271 -0.270 -0.261 -O.k45 -0.215 -0.218 -0.26a CLP Al
-O. 25 -. 183 CLP A=I
-0.Z4, -0.247 -0.Z33 -0.205 --0.173 -0.170 -0.228 CLP A2

-.155 CLP A=2
-0Ch.5 -0.211 -11 .0 -U.16b -0.130 -0.133 -0.168 CLP A2

-. 17 -.13 CLP A=2
20 0 20 2

IEI0.0)
29. 31.

20 3 20 4 LOCATION OF INDEPkNUENT VARIABLES
(7EIG.0)
L. 2.

20 5 a0 50 CLRtM,A) VARIATION OF CL WITH YAW RATE
llkIU.0/2E10.0)
.015 .G4 .015 .U15 .01 .03 .05 CLR A=O
.07 (j3i CLR A=C
.C09 .1 .107 .i5 .136 .14 .07 CLR A=8
.U75 .03b CLR A=8
.132 .146 L57 .168 .183 .14 .057 CLR A=l
.06 ua3l CLR A=l
.1B5 .168 .196 .21 .226 .14 .01 CLR A=i
.005 Gi1b CLR A=i

.193 22 233 .247 .e66 .14 -.025 CLR A=2
-.045 -.U45 CLR A=2
-2 .55 .27 .285 .305 .14 -.U4 CLR A=Z

-.065 -.065 CLR A=2
tl 0j Z1 2

(7EIU.O)
36.

;- 3 il 4 LOCATIUN OF INUEPENDENT VARIABLES
(7LIO.O)

21 5 Z1 49 CLUR(MtA) VARIATION OF CL WITH RUDDER POSITION
Lk10°0/2L10o0)

*0.0o00.5 +4.j*00035 +0.o0OU45 +U.U0250 +0.U00250 +U.000222 +0.000210 CLDR A=
.UU014 o0UO15 CLDR A=
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*.LoD00I *0.00035 eJ.000,5 U.o00.a15 0.000035 0.000035 +0.000030 CLOP A=
0. O CLDR A=
-0G00Ci50 --b.GG0055 -O.i00655 -0.OOIU5 -0.000055 -0.000055 -0.000055 CLDR Al
-. UOOUOob -. 000055 CLDR Al
-0.0l2u -G.600120 -. UUi30 -. u00130 -0.000130 -0.U00120 -0.000110 CLOR Al
-. 0001 -. 0001 CLOR Al
-0.002560 -0.u0A60 -0.000270 -0.uvOi15 --0.000270 -0.G00250 -0.000230 CLOR A2
-.00015 -.00015 CLOR A2

Z2 6 22 2
(7EIU.0)
2. k9. 33.

z 3 k.t 4 LOCATION OF INDtPENuENT VARIABLES
(7tI4.01
1. 2.

Z2 5 Z b7 CLUA(M*A) VARIATION OF CL WITH AILERON POSITION
ItEIU.O/2L10.U)
-.OOU45 -.000a0 -.000o25 -.000845 -.00086 -.U0089 -.00078 CRDA A=
-. 000355 -.O3023 CRDA A=
-°000i -.00075 -o000905 -.00094 -.00097 -.000995 -.000865 CR0A A=
-.00u36 -.00023 CROA A=
-.000375 -.000915 -.000945 -. 00094 -. 00ub7 -. O001 -.00073 CRDA A=
-.00033 -.OGO02 CRDA A=

-. 0408 -.00O85 -. 00081 -.00073 --00055 -.00046 -.0005 CRDA Al
-. 0003 -. 000Z1 CROA Al
-.0ub45 -.OLUOo -.000545 -.00047 -o0041 -.000355 -.00039 CRDA Al
-. GOc2o -.0002 CRDA Al
-.00U4 -.u026 -.00022 -.00017 -.00016 -.000185 -.00023 CROA A2
-. 000 45 -. 000245 CROA A2
-.000105 -.0OZ05 -. 00u18 -.00015 -. 00011 -.00009 -.000095 CRDA A2
-.00U125 -.060125 CRDA A2

43 0 23 2
(7El1G.0)
2. 29. 31.

23 3 23 4 LOCATION OF INULPENOENT VARIABLES

iE 10.0)i. 2.
23 5 23 5d CNB(MA) VARIATLON OF CN WITH 6ETA

(7E t.0/2E. 10o.)
.C(.9k .0018 .0016 .001t .0019b .UG24 .00307 CNB A=O
.60024 .0012 CN8 A=O
.00195 .*194 .00195 .O0198 .00212 .0023 .00265 CNB A=8
.00246 .600d4 CNB A=6
.0202 .UL205 .0007 .00219 .00224 .00235 .00257 CNB A=l
.G29 .00U07 CNB A=l
.U21)6 .O0194 .00193 .O191 .00192 .00205 .0024 CNB A=l
.C02Zb .00226 CNB A=l

.001-3 .UU15 O00153 .0016 .0017 .00187 .00212 CNB A=2

.003i7 .00377 ENB A=2

.00152 .Uls05 .o15 .UO13 .00147 .001o7 .0019e CN8 A=Z

.Uu3!7 .60367 CNB A=2
24 0 24 21 1 L10.O)

29. 3 90
Z4 3 /.4 4 LOCATIUN OF INDtPENDENT VARIABLLS

(7LIC*01

24 5 Z4 49 CNPtMtA) VARIATION OF CN WITH ROLL RATE
(7LlG.OU/Li.Ol.5
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. 005 +0.005 +0.005 *0.005 +0.005 +0.005 0.005 CNP A
GGS .(A(i CNP A=O

•-0.035 -0.045 -0.04U. -U.U3' -0.032 -0.040 -0.055 CNP A=
-. 017 .0U5 CNP A=4
-0.073 -0.05b -0.050 -0.04?- -0.040 -0.10 -0.20 C.NP Az
04z -.003 CNP A=b

-0..bd -0.0o8 -0.064" -0.055 -0.050 -0.075 -0.125 CNP Al
-.07 -:l C.NP A=2
-C.058 -0.068 -0.004 -0.055 -0.050 -0.075 -0.125 CNP A2
-(,.L? -. 61 CNP A=2

25 J 25 2
1E0.0

2. 29. 37.
25 3 Z5 '. LOCATIUN OF IND.P.NUNT VAkIABLES

47LLOO
1. /

2.5 5 25 49 CNR(MAJ VARIAT10N OF CN WITH YAW RATE

MTL10.0/210.0)
-C.304 --0.32 -0.a25 -0.34 -0.357 -0.374 -0.38 CNR A=
-. 332 -. 205 CNR A=O
-0.a-,5 --0.341 -0.350 -0.365 -0.375 -0.380 -0.36 CNR Al
-. 3L -. 18 CNR A=l
-0.340 -i.370 -0.382 -U.39i -0.403 -0.403 -a.39 CNR Al
-.31 -.. 8 CNR A=l
-0.315 -0.40 -0.41 -0.42 -0.425 -0.410 -0.39 CNR A2
-. 31 -.1b CNR A=2
--u.4Z5 -0.435 -U.44 -U.445 -0.435 -0.410 --0.39 CNR A2
-. 31 -. 10 CNR A=2

2o 0 26 2
I1EIO°.0)

2. 29. 41.
to I ,b 4 LUCATIUN OF INDEPENDENT VARIABLES

tTEl().O)

1. 2.
/b 5 26 40 CNDR(M,A) VARIATION OF GN WITH RUDDER POSITION

-. 00131 -.0013 -. 00126 -. 00124 -. 00116 -. 00111 -.001 CNDR A=
-. 00b62 -. 00031 CNOR A=
-. o00131 -.U013 -. 0012b -. 00124 -. 00118 -. 00111 -. 001 CNDR Ai
-. 00052 -. %U031 CNOR Al
-. 00122 -. U0121 -. 00116 -. 00115 -. 0011 -. 00103 -. 00093 CNDR A2
-.00045 -. 00045 CNOR A2
-. 00111 -. 00111 -. 00106 -. 00106 -. 00101 -. 00095 -. OO0c6 CNDR AZ
-. u0036 -. U(#036 CNOR A2

2.7 0 27 2
IlU. 01

i. 29. 34.
27 ., 4 LOLATION OF INUEPE NLJNT VARIABLES

(t10.0)
A. 2.

,C7 5 27 49 CNOA(MtA) VAKiATION OF CN WITH AILERON POSITIuN
(?tLU.O/ZIOl.u)
-. uOu12o -.0056 -. 0GOao- -. 000073 -. 000089 -. 000108 -. 000123 CNOA A=
-. OOU045 -. O00024 CNDA A=
.0000L .000075 .000077 .O0076 .000074 .000065 .o000d CNDA A=
.(0o06 .GO0075 CNDA A=
.G01 .Ou02Ob .0002.b .0OZ2 .000192 .00016 .000172 CNDA Al
.0oo0l2 .Gv02k3 CNOA Al
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.G00178 .000245 .UO02: ? .000222 .000205 .000195 .00019 CNDA A2
(AM, 192 .000J(19k CNDA A2

.0001L3 .06,025 .UQOZ27 .00018 .000133 .00011 .000097 CNDA A2

.C.09 tojoo CNDA A2
28 i 2b 0 NM1

2b 1 ;.6 d MACH NuMdLK TABLE I
I ILIU.U/E1U0)
G.2 0.5 0.7 0.b 0.9 1.1 1.6 MACH 1

2.1 MACH L

(7LAO.Gi

429 . 9 9 MACH NUMbiR TAbLL 2

0.2 0.6 0.7 0.8 0.9 1.0 1.1 MACH Z
1.6h 2.11 MACH 2

30I 0 30 0 NAL
(7E1L..0J

30 1 3)u a ALPHA lAdLE 1

-4. 0. 4. 8. 12. 16. 20. ALPHAl
24&. ALPHAl

31 u 31 Ui NA2
47Li10.0)
6.

31 1 3i b ALPHA TAbLE Z
(I1LI.0) 

I.0. d . 12. lo. 2(o. 24. ALPHA2
32 co ad-. 0 kA. s

17LlU.01
4.

12 1 32 4 ALPHA TAdLE 3
S10u. 0)
G. 8. lb. 24. AL PH A3

Ck i l 3i 0 NA4
I7Elu.O)
I7.

33 L 33 7 ALPHA TAbLE 4
fie10.0)

0.4. 8. 120 16. 20. -24. ALPHA4
34 Ci 34 0 NA5

.44 1 _s4 5 ALPHA TAOLt 5

U. 8.1. 20. Z4. ALPHA!)
35 G. 35 NA6

(I7EI.0)

36 1 j 5 3 ALPHA TA6Lk 6

1j 6. 24. AL PHA 6
e26 0 306 0 NA?

17LiO. 0)
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3b 1 36 5 ALPHA TABLE 7
M~h10.0)
0. 8. 1zo L6. 24. ALPHA7

37 0 37 0 NAb
(71lU. O)

37 1 37 5 ALPHA TABL" 8
MIE 1.0 1
0. 12. lb. 20. 24. ALPHA8

.,b G 38 0 NA9
(7EIO.0)

'9.

36 1 3b 4 ALPHA TAbLE 9
I1E1O.0)
. 12. . 24. ALPHA9

9 0 39 0 NA.O
1710G.0)
S.

s9 1 39 5 ALPHA 1AdL. 10
I7LIU.0)
U. 4. 8. 12. 24. ALPHA10
40 0 '0 0 NAIl

(7LhG.0)

40 1. 'tO 4 ALPHA TABLE 11
7E 0. 0

4,. 8. IZ. 24. ALPHAII
4. 0 41 0 NAlZ

41 1 41 4 ALPHA TABLE 12
17LID.0)
U. lb. 20. 24. ALPHA 1

42 0 42 0 NCL
17LIU.O
-.l.

4, 1 42 7 CL TABLE (INDPENUENT)
17F-10.0)
. 0.? 0.4 0.6 O.8 0.9 1.0 CLTAbLE

-5
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I.

APPENDIX K

EASY5 INPUT/OUTPUT LISTS

This appendix contains input and output tables for the EASY5, (not

EASIEST), standard components. Descriptive figures are also presented

for the more complex components.
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ANALYTIC FUNCTION GENERATOR A F
2

A FS

INPUT

PHYSICAL PPORT
QUANTITY DESCRIPTION UNITS

NAME NO.

COD Specifies which analytic function is calculated.

(See equations below for use of these inputs)

C1

C2

C3

C4

C5

COD I S2 - Cl + C2.SIN(C3.t + C4)

2 S2 - CI + C2.COS(C3.t + C4)

3 S2 - C1 + e-C5"t-(SIN(C3.t + C4))

4 S2 - C1 + e-C5"t.(COS(C3.t + C4))

5 S2 - C1 + C2.t

6 S2 - C1 + C2.e

where: t - TIME

OUTPUT
PHYSICAL

QUANTITY PORT I DESCRIPTION' UNITS
NAME 1N.

S 2 Output
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AV
INPUT AV

PHYSICAL PORT
QUANTITY DESCRIPTION UNITS

4AME

U(3) X, Y, Z BODY AXIS LINEAR VELOCITIES FT/SEC

W(3) X, Y, Z BODY AXIS ANGULAR RATES DEG/SEC
ALT ALTITUDE ABOVE SEA LEVEL FT
EA(3) PITCH, ROLL, YAW EARTH TO BODY AXIS ANGLES DEG

ID 1 INDICATOR FUNCTION FOR AERO COMPONENTS

0 u BODY AXIS, DIMENSIONAL

I u BODY AXIS, NON-DIMENSIONAL

2 - STABILITY AXIS, DIMENSIONAL

3 - STABILITY AXIS, NON-DIMENSIONAL

VS STEADY STATE (TRIM) AIRSPEED FT/SEC

ALS* STEADY STATE (TRIM) ANGLE OF ATTACK DEG

S REFERENCE AREA FT2

UW, VW, X, Y, Z BODY AXIS WIND VELOCITIES FT/SEC
WW*, PW*

QW, RW* I X, Y, Z BODY AXIS WIND ANGULAR RATES DEG/SEC

*DEFAULT VALUES " 0
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OUTPUT AV
PHYSICAL
QUANTITY No. DESCRIPTION UNITS

NAME

UO(3) X, Y, Z BODY AXIS VELOCITIES INCLUDING WIND FT/SEC

WO(3) X, Y, Z BODY AXIS ANGULAR RATES WITH WIND DEG/SEC

ID 2 INDICATOR FUNCTION v ID1

WW(3) 2 ANGULAR RATE DUE TO GUSTS DEG/SEC

CAL, SAL DIRECTION COSINES FOR STABILITY AND BODY AXES

AL, ALP ANGLE OF ATTACK IN BODY AND STABILITY AXES DEG

VT TRUE AIRSPEED FT/SEC

BE SIDESLIP ANGLE DEG

WP, UP Z & X STABILITY AXIS VELOCITIES (DIMENSIONAL)

Z & X PERTURBATION VELOCITIES (NON-DIMEN.) FT/SEC

EU(3) X, Y, Z BODY AXIS ACCEL. TERMS FOR U, V, W SOLUTIONS FT/SEC 2

SIG STANDARD ATMOSPHERE AIR DENSITY RATIO

QC COMPRESSIBLE DYNAMIC PRESSURE LBS/FT 2

QS DYNAMIC PRESSURE TIMES REFERENCE AREA LBS

144C MACH NUMBER

513

J.



VECTOR DEFINITIONS A
U(3) V( () o - (') EA(3) (ROL 0O(3) VO)

WUR YAW WO

WO(3) - 1Q03 WW(3) - (QW) EU(3) U)k
\RO/ RWI EW/

AERODYNAMIC VARIABLE EQUATIONS

CAL 2 {COS(ALS) ID a2,3ID0-0,1 u
'SINALS ID 2, Sideslip angle

SAL - j I(AS I 20-,3 x C -Cross-wind vector0 10. 0, 0D Drag vector

UO - U-IN
VO - V-VW

PO0- (P+PW).CAL+(R+RW)*SALy
qP - Q+QW I

RO - (R+RW).CAL-(P+PW).SAL w

AL = TAN'1(WO/UO)
ALP -AL-ALS

VT - (UOZ+VO24Wo2)D L = Lift vector

BE -SIN- 1(VO/VT) a = Angle of attack
UP - WO*CAL-UO*SAL x B Pitch angle

iUO*CAL+WO*SAL ID -0.2 uL
UP = UO-VS.COS(ALS)/VS ID - 1 TRCEO

UO'CAL+WO*SAL-VS)/VS ID - 3 .- HORIZONTAL PLANE

EU - -Q.W+R.V - G.SIN(PIT) PROJECTION OF V ON '
EV *-RUP.W G.OS(IT).IN(OL) PLANE OF SYW4ETRYEV --R-UP-W+ G-OS(PT)-IN(RL)'PROJECTION OF g ON

EW - -P.V+Q.U + G.COS(PIT)*COS(ROL) iPLANE OF SYW4ETRY

where P - P-1T/18O, Q - Q*'ff/180, R 2 R'ir/180
zzw

SIG SIG(ALT) and A - A(ALT) obtained by table lookup

OPS = PO.SIGo(VT)2

QS - DPS*S
MAC - VT/A

O PS.(1+(l.(14'MAC2/40) MAC 211O) MAC 2/4) MAC :E
QC . DPS(l.839 -. 772/MAC2 +.164/MAC 4 + .035/MAC6) MAC 1
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CONTROL MOMENT GYRO C G
CMG ANGULAR RATES CG CMG TORQUES

MOTO TORUE . (ee olloingpage) MOTOR & GIMBAL___
MOO OQE(e olwn ANGLES AND RATES

INPUT

PHYSICAL P
QUANTITY P DESCRIPTION

NAME

W(3) CMG Angular Rates; P, Q, R rad/sec

TR Motor Torque ft-lbs
TMI Torque Motor Inertia slug-ft 2

AD Torque Motor Rate Damping Limit rad/sEcDA Torque Motor Damping ft-lb/rad/sec

GR Gear Ratio
BDZ Gear Backlash Deadzone rad
CS Gear Train Compliance ft-lb/rad/sec

CA Preload Spring Compliance ft-lb/rad/sec
PLD Preload Deadzone tad
DG Damping ft-lb/rad
GFI Gimbal Inertia slug-it2

DR Gimbal Damping Coefficient ft-lb/rad/sec
DRS Gimbal Damping Saturation Limit ft-lbs
CB Gimbal Friction Spring Term ft-lb/ rad/sec
CBS Gimbal Friction Compliance Limit ft-lbs

DDZ Gimbal Damping Deadzone cad
OF Gimbal Friction Equivalent Spring

OS Gimbal Viscous Friction ft-lb/rad/sec
H I Angular Momentum ft-lb-sec

OUTPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

*AL Torque Motor Angle cad

ALD Torque Motor Rate rad/sec
*AX Torque Motor Intermediate State rad/sec
*SG Relative Gimbal Angle rad

SGD Relative Gimbal Angle Rate rad/sec
*SGI Inertial Gimbal Angle cad

*SF Gimbal Friction Spring Term
T(3) CMG X, Y, Z Axis Torques ft-lbs

*These outputs are states
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I CG
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S 45
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52
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DISCRETE DELAY D E
(N x 1) Z (N x I)-

INPUT

PHYCICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

S(N) 1 Input quantity

TAU Sample period seconds

OUTPUT

PHYSICAL PORT I
QUANTITY NO. DESCRIPTION UNITS

NAME

S(N) 2 Delay output (Delay state)

EQUATIONS:

S2(N) Z'I [SI(N)]

Z-i [ ] Discrete delay operator of TAU seconds

NOTE: N may be specified at Model Generation time to allow inputs and

outputs to be N dimensional vectors. Default value of N is 1.0

517



DIGITAL FILTER D F
S ------ I.-z 2S + zI1S + ZO0 2 S

iNl) S"2 + P S + PO (Nxl)

INPUTS

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

S(N) 1 Input Quantity

ZO(N) Numerator coefficient (S-plane)

ZI(N) Numerator coefficient (S-plane)

Z2(N) Numerator coefficient (S-plane)

PO(N) Denominator coefficient (S-plane)

PI(N) Denominator coefficient (S-plane)

TAU Sample period sec

OUTPUTS
PHYSICAL PORT

QUANTITY O. DESCRIPTION UNITS
NAME

S(N) 2 Output quantity (Sample)

01(N) Intermediate output (Delay)

D2(N) Intermediate output (Delay)

EQUATIONS:

D2 - Z"1 A2.SI - B2.S2

D1 - Z-1 D2 + AI.SI - BI.$2

52 w AO-Sl + D1
Z"1 discrete delay operator

AO u A2 and BO + BI are related to S-plane coefficients by applying

prewarping and billnear transformation;

Wi - to each of the singularities, WI,

TAU W- +( -  of the numerator and denominator.

Note: N may be specified at Model Generation time to allow inputs and
outputs to be N dimensional vectors. Default value of N is 1.0
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DIVIDER D I
- S2 s S1 2S

INPUT

PHYSICAL PQUANTT PORT

QUANTITY NO. DESCRIPTION UNITS
NAME

S(N) I Numerator

S(N) 3 Denominator

OUTPUT

PHYSICAL D U
QUANTITY PORTD UNITS

NAME NO.

S(N) 2 Quotient

EQUATIONS:

S2(N) - 1(N)
53(N)

NOTE: N may be specified at Model Generation time, to allow inputs and

outputs to be N dimensional vectors. Default value of N is 1.0

51
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FIRST ORDER LAG ENGINE MODEL EN

THR 1TH BODY AXIS F(3)

TCO-S + 1 TRANSFORMATION T(3)

GAX, GAZ, XO, ZO
INPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME

TCO Engine time constant sec

THR Required thrust level lbs

GAX, GAZ X, Z body axis direction cosines

XO, ZO X, Z thrust location components ft

OUTPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

TH Thrust output - state lbs

F(3) X, Y, Z body axis forces lbs

T(3) Axis torques (pitching moment) ft-lbs

EQUATIONS

TH (THR - TH)/TCO

F(1) - TH.GAX

F(2) - 0

F(3) a TH.GAZ

T(1) 0 O

T(2) - (ZO.FX - X)oFZ

T(3) - 0

*TCO a Yields

TH w THR
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TORQUES-TO-FLEXIBLE MODE AMPLITUDE AND RATE F Mv
T(2) _______ _

T(2) nI

I NPUT____ __

PHYSICAL PR
QUANTITY NOT DESCRIPTION UNITS

NAME NO

T(3) X, Y, Z body axis torques ft-lbs

GAI Mode gain, G rad/ft-lb-sec

OMP Mode damping,

WN Mode natural frequency, Wn rad/sec

CX(3) X, Y, Z body axis coefficients to convert

OUTPUT ______

PHYSICAL PTI
QUANTITY PORT DESCRIPTION UNITS

NAM4E NO

*AMode amplitude - state rad

*AD Mode rate - state rad/sec

EQUATIONS OF MOTION:

AD z((GAl .(CX(l)*T(l) + CX(2).T(2) + CX(3).T(3)) - A).WN -2MP.AD).WN

A- AD

NOTE:

This component is used with FP to produce angular rates due to flexible structure.
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FLEXIBLE MODE AMPLITUDE-TO-DEFLECTIONS AND RATES F P
--- - CW(1) l

ROL
AI ,-- CW(2) I -- I A 3

APIT EA(3)
CW(3) I YAW

CP P

AD I CW(2) W(3)

C cw(3) 1 ---- 
-- R

INPUT

PHYSICAL PORT
QUANTITY O. DESCRIPTION UNITS

NAME

A Mode amplitude rad

AD Mode rate rad/sec

CW(3) X, Y, Z body axis coefficients to convert
mode amplitude to body axis rates

OUTPUT
PHYSICAL PORT

QUANTITY NO. DESCRIPTION UNITS
NAME

EA(3) X, Y, Z body axis angular deflections rad

W(3) X, Y, Z body axis rates rad/sec

EQUATIONS: VECTOR DEFINITIONS:

ROL - CP*A CP (ROL
PIT - CQ-A CW(3) • CQ EA(3) - PIT W(3) -

YAW - CRA (CR YAW)

P - CP.AD

Q w CQ'AD

R a CRAD

NOTE: This component is used with FM to produce angular.
deflections and rates due to flexible structure.
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FUNCTION GENERATOR FU
S S2 L 2 S-

Si

INPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME N

S 1 Input quantity

AN Degree of interpolation (AN<O prevents
extrapolation)

FTA Tabular values of function

OUTPUT
PHYSICAL PORT

QUANTITY NO. DESCRIPTION UNITS
NAME

5 2 Output quantity

EQUATION:

S2 - FTA(Sl)

NOTE: A maximum of 18 points is allowed in the table
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TWO-DIMENSIONAL FUNCTION FV

S3

S1

INPUT

PHYSICAL
QUNIY PORT DESCRIPTIONUIT

QUANTITY NO. UNITS
NAME

S 1 Input quantity

S 3 Input quantity

AN Degree of interpolation for S1*

BN Degree of interpolation for S3*

FTA Table of functional relationships

OUTPUT

PHYSICAL PORT
QUANTITY DESCRIPTION UNITS

NAME

S 2 Output quantity

EQUATION:

S2 - FTA(S1, S3)

* A negative value for AN or BN prevents extrapolation beyond the table boundaries
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FW

THREE-DIMENSIONAL FUNCTION

st S2 - f(Sl,S3,S4) 2 S

INPUT
PHYSICAL
QUANTITY
NAME PORT DESCRIPTION UNITS

S 1 INPUT QUANTITY
S 3 INPUT QUANTITY
S 4 INPUT QUANTITY
ANX DEGREE OF INTERPOLATION FOR St*
ANY DEGREE OF INTERPOLATION FOR S3*
ANZ DEGREE OF INTERPOLATION FOR S4*
FTA TABLE OF FUNCTIONAL RELATIONSHIPS

OUTPUT

PHYSICAL
QUANTITY
NAME PORT DESCRIPTION UNITS

S 2 OUTPUT QUANTITY

EQUATION: S2 - FTS(S1,S3,S4)

* A NEGATIVE VALUE PREVENTS EXTRAPOLATION BEYOND THE TABLE BOUNDARIES.
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FEEDER AND CIRCUIT BREAKER F2
INPUT 

F2
PHYSICAL FIGURE
QUANTITY 3.0-1 DESCRIPTION UNITS

NAME NAME

EDI edl Load Voltage, D-Axis Component p.u.

EQI eql Load Voltage, Q-Axis Component p.u.

ADI id  Generator Current, D-Axis Component p.u.

AQI iq Generator Current, Q-Axis Component p.u.
AB IB Base Value of Current, Peak amps

RNL R No-Load Shunt Resistance p.u.

Default Value - 50.0

RS1 Rsl Simulated Breaker Open Circuit Resistance p.u.

RW R Feeder Resistance p.u.

XW XW Feeder Resistance p.u,

XC X No-Load Shunt Capacitive Reactance p.u.c Default Value - 50.0

WO j o Base Frequency (WO - Wzero) rads/sec

OUTPUT
PHYSICAL FIGURE
QUANTITY 3.0-1 DESCRIPTION UNITS

NAME NAME

*EDO ed Generator Terminal Voltage, D-Axis Component p.u.

*EQO eq Generator Terminal Voltage, Q-Axis Component p.u.
*ADO idl Load Current, D-Axis Component p.u.
*AQO ql Load current, Q-Axis Component p.u.

*AQ0 1 ql LoadcurentQ-Ais Cmpoentp.u.

ARO Ip Real Current amps

AID IQ Imaginary Current amps

AT Total Line Current, RMS amps

PF Power Factor

RTF Intermediate Quantity i p.u.

PHI 8L Load Voltage D-Q Angle radians

* This output quantity is a state.
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F2

EQUATIONS:

RTF RS1+RW

PHI *ATAN.(EDIIEQI)

ARO (AB/1.4142)*(l/SQRT(EDI*EDI+EQI-EQI))*(EDl*ADO4EQI-AQO)

MIO (AB/1.4142)-(I/SQRT(EDI-EDI+EQI-EQI))-(ADO-EQI-EDI-AQO)

AT *SQRT(ARO*ARO+AIO.AIO)

PF COS(ATAN(AIO/ARO))

EDO *(WO/RNL) *(-EDO*XC+EQOORNL+AOI'XC.RNL-ADO-XC.RNL)

EQO ( WO/RNL).(-EQO*XC-EORNL-AQO.XC.RNL.AQI.XC.RNL)

ADO *(WO/XW) '(-ADO*RTP+AOXW+EDO-EDI)

AQO a (WOIXW).(-AQO*RTF-ADOoXW-EQI.EQO)
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GENERATOR - EXCITER G 8
OUTPUT

PHYSICAL FIGURE

QUANTITY 3.0-2 DESCRIPTION UNITS
NAME NAME i

Al id Generator Current, D-Axis Component p.u.

A2 i Generator Current, Q-Axis Component P.u.q
A3 if Generator Field Current p.u.
*A4 Component of D-Axis Amortisseur Flux p.u.

*A5 Component of Q-Axis Amortisseur Flux p.u.

A7 Generator Saturation Correction Current p.u.

A9 i Exciter Field Current amps

E3 e Exciter Output Voltage voltse

E4 eed Exciter Output - A.C. Voltage volts

E5 eed Voltage Behind Exciter Transient Reactance volts

E6 ef Generator Main Field Voltage p.u.
*E7 i Internal Parameter

0

*SD Armature Flux, D-Axis p.u.

*SQ 4q Armature Flux, Q-Axis p.u.

*SMC Internal Parameter

SM ' Mutual Flux, 0-Axis p.u.

SN Input to Saturation Table, FAI p.u.

TO TD  Generator Output Torque p.u.

*This output quantity is a state.
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GENERATOR - EXCITER G 8
INPUT

PHYSICAL FIGURE 1
QUANTITY 3.0-2 DESCRIPTION UNITS

NAME NAME _

AFB I Exciter Current Base Value amps

EFB Efb Exciter Voltage Base Value volts

El ed Generator Terminal Voltage, D-Axis Component p.u.

E2 eq Generator Terminal Voltage, Q-Axis Component p'u.

E8 eef Voltage Into Exciter Field volts

FA1 f Generator Saturation Function (Table)

AM* Degree of Interpolation for Table FAt

FE4 fef Exciter Saturation Function (Table)

AN* Degree of Interpolation for Table FE4

K1 ki  Exciter Current Rectification Constant

K2 k Exciter Voltage Rectification Constant

PSM PSM 1/Time Constant rad/sec
Default Value = 10000.0

R1 Rkd Amortisseur Resistance, D-Axis Component p.u.

R2 Rkq Amnortisseur Resistance, Q-Axis Component p.u.

R3 Rf Generator Field Resistance p.u.

R4 Ra Armature Resistance Per Phase p.u.

R5 Ref Exciter Field Resistance ohms

TI re Exciter Field Open-Circuit Time Constant secse
WO wo Base Frequency (WO - Wzero) rad/sec

w w Input Speed p.u.

XI Xfl Generator Field Leakage Reactance @ WO p.u.

X2 X md Mutual Reactance, D-Axis @ WO p.u.

X3 X Mutual Reactance, Q-Axis @ WO p.u.mq
A4 Xkd o Artisseur Leakage Reactance, D-Axis @ WO p.u.

X5 X Amortisseur Leakage Reactance, Q-Axis @ WO p.u.
kql

X6 Xal Armature Leakage Reactance @ WO p.u.

X7 X ed Synchronous Reactance, Exciter D-Axis ohms

X8 Xed Transient Reactance, Exciter D-Axis ohms

K3 K3  Saturation Function Adjustment PSI-MD
p Default Value - 1.0

K4 K4  Saturation Function Adjustment ED
1 Default Value - 0.3

* A negative value prevents extrapolation beyond the table boundaries.
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PROBABILITY DENSITY ANALYSIS HG
S HG

INPUT

PHYSICAL 1PORTDECPTO
QUANTITY DECROTO UNITS

S I Input quantity to be monitored

FUP j Upper limit for histogram

FLO Lower limit for histogram

STR Parameters to initialize calculation
(DEFAULT provided)

OUTPUT

PHYSICAL PR
QUANTITY I ODESCRIPTION UNITS
NAME 1 _ _ __ - _-

FlF1 6 Output array containing histogram data

FA Measurement interval

The input quantity is monitored during a SIMULATE analysis.

When time reaches TMAX, a histogram is produced with 16 intervals

that span the range from FUP to FLO.

The histogram is drawn on page of the output history.
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HYSTERESIS H Y

S I GA__ 2 S

(N x 1) (N x 1)

INPUT

PHYSICAL P

QUANTITY DESCRIPTION UNITS
NAME No.

S(N) I Input quantity

GAI(N) Gain

DEL(N) I 1/2 Histeresis Band Width

OUTPUT

QUPHYSICAL PORT. DESCRIPTION UNITS

NAME

S(N) 2 Output quantity

SL(N) Previous input value

CU(N) Curve number

TL Previous time

CPU Precalculation indicator

NOTE: N specifies the number of modes and is specified at Model Generation time.

The default value of N is 1.0.

This component is used in conjunction with ME, MM, MT, and MF.
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INTEGRATOR IN

INPUT

PHYSICAL PQUANTITY PRQUN I POR DESCRIPTION UNITS

NAME

S(N) I Input

GKI(N) Integration gain

OUTPUT

PHYSICAL PORTQUANT17Y POR DESCRIPTION UNITS

NAME "

*S(N) 2 Output

EQUATIONS:

2 - GKI.S1

*This output is a state

NOTE: N may be specified at Model Generation time to allow inputs and

outputs to be N dimensional vectors. Default value of N is 1.0
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INTEGRATOR WITH SATURATION IT
AMA

S 2 S

AMI

INPUT

PHYSICAL 1 ORT
QUANTITY PORT DESCRIPTION I UNITS

NAME NO.

S(N) 1 Input

GKI(N) Integration gain

GKL(N) Saturation limiter gain

AMA(N) Upper limit of output (Default = 1036)

AMI(N) Lower limit of output (Default = -I036) _

OUTPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

*S(N) 2 Output

EQUATIONS:

$2 GKI[SI - GKL(S2 - AMA)] , if S2 - AMA

i2 = GKI-Sl ,if AMI,4S24AMA

52 - GKICS1 - GKL(S2 - AMI)] , if S2 < AMI

* This output is a state

NOTE: N may be specified at Model Generation time to allow inputs and

outputs to be N dimensional vectors. Default value of N is 1.0
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INFINITE BUS

WlF~o INFINITE BUS

6 (TA) radians

e
qll s i

einfinite

bus
e d

INPUT

PHYSICAL
QUANTITY FIGURE DESCRIPTION UNITS
NAME NAME

ER E INFINITE BUS VOLTAGE AT INFINITE BUS PU
WI w INFINITE BUS FREQUENCY AT INFINITE BUS RAD/SEC
WO wO BASE FREQUENCY PU
Wi WI SHAFT ROTATION RATE RAD/SEC

OUTPUT

PHYSICAL
QUANTITY FIGURE
NAME NAME DESCRIPTION UNITS

El Edl DIRECT VOLTAGE PU
E2 Eql QUADRATURE VOLTAGE PUWA GENERATOR FREQUENCY RAD/SEC

* TA 4(TA) TORQUE ANGLE RADIANS
TX -TORQUE ANGLE DEGREES

* THIS OUTPUT QUANTITY IS A STATE
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FIRST ORDER LAG TRANSFER FUNCTION LA

P S I CAI 2

TC*S + I

INPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

S(N) I Input

GAI(N) Gain

TC(N) Time constant seconds

OUTPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

S(N) 2 Output

EQUATIONS:

S2 (GAIS1 - S2)/TC

NOTE: D.C. gain = GAI

and time constant = TC, seconds

infinite freq. gain s 0

1pole location - rad/sec

* This output is a state

NOTE: N may be specified at Model Generation time to allow inputs

and outputs to be N dimensional vectors. Default value of N is 1.0
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INPUT LD
PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

YB, YBD Side force coefficients:*

Beta and Beta dot coeff. (nondim.) lb-sec/ft

V and V dot coeff. (dim.) lb-sec2/ft

YP, YR P and R anqular rate coefficients Ib-sec/deg

YDR, YDA Rudder and aileron coefficients ib/deg

LB, LBO Rolling moment coefficients:*

Beta and Beta dot coeff. (nondim.) lb-sec

V and V dot coeff. (dim.) lb-sec 2

LP, LR P and R angular rate coefficient ft-lb-sec/deg

LDR, LDA I Rudder and aileron coefficients ft-lb/deg

NB, NBD Yawing moment coefficients:*

Beta and Beta dot coeff. (nondim.) lb-sec

V and V dot coeff. (dim.) lb-sec 2

NP, NR P and R angular rate coefficients ft-lb-sec/deg

NOR, NDA Rudder and aileron coefficients ft-lb/deg

RUD, AIL Control Surfaces:*

Rudder and aileron deflections deg

UD, WD Longitudinal accelerations:*

X and Z body axis acceleration ft/sec 2

F(3) External forces* lbs

T(3) External torques* ft-lbs

UO(3) I X, Y, Z body axis velocities ft/sec

WO(3) X, Y, Z body axis angular rates deg/sec

BE I Sideslip angle deg

EV Y body axis acceleration term for VO ft/sec 2

VT True airspeed ft/sec

QS Dynamic pressure x reference area lbs

RW } Y body axis angular rate gust deg/sec

VECTOR DEFINITIONS:

F(3) FY T(3) T UO(3) U WO(3) ( QOFZ \TZ 1\woI R ;

* Small Beta angle approximation
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INPUT LD
PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

ID Indicator function for coefficients

0 - body axis, dim.

1 a body axis, nondim.

2 - stability axis, dim.

3 - stability axis, nondim.

CAL, SAL Direction cosines for body or stability axes,
depending on ID

OUTPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

FY 2 Y body axis force sum lbs

VD Y body axis acceleration ft/sec 2

TX, TZ 2 X and Z axis (ROLL and YAW) moments ft-lb

CONSTANTS

PHYSICAL
QUANTIT PORTQUANTITY DESCRIPTION UNITS

NAME NO

MA Rigid body mass slugs

B Wing span ft

XP* X axis c.p. - c.g. ft
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LATERAL-AERODYNAMIC FORCES AND MOMENTS (Implicit form) L D
DIMENSIONAL EQUATIONS:

FY aer YB'VO + YBD.(V+VW) + YP'PO + YR.RO +. YDR'RUD +YDA'AIL,

where

V VD *FY2/MA + EW

VU - RW'VT.iT/180

TXar LB'VO + LBD(V+VW) + LP'PO + LR'RO +LDR'RUD + LDA-AIL

TZ ero NB'VO + NBD(i+W) + NP-PO +NR-RO + NDR'RUD + NDA'AIL

NONDIMENSIONAL EQUATIONS:

FY -QS.(YB'BE + (YBD'BeTA + YP.P +. YR.R) B/(2.VT) + YDR-ROD + YDA-AAIL),

where
BET - '(1- B 2)/VT _ BE (UO'UD + WO'WD)/VT 2 +RW

A A 
TBE - BE.1T/180, etc. for P, R. RUD, AIL, RW i

TX -QS'8*(LB-BE + (LBD.BETA + LPP + LR-'R)'B/(2'VT) + LDR'RUD + LDA*AIL)aero

TZ -QS'B'(NB-BE + (NBD-BETA + NP9'P + NRR)'B/(2-VT) + NDReRUD + NDA*AIL)
aero

FORCE AND TORQUE SUM:

FY2 FYaero + FYI

T2- TXae + TX1 ID - 0.,1

STX aero'CAL - TZ aero 'SAL + TX1 ID-u 2, 3

T eo+ TZ1 + XP*FY aeoIDo 0. 1

TZ TZ aero*CAL + TX aero 'SAL + XPeFY aero ID - 2, 3

*Small Beta angle approximation

538



FIRST ORDER LEAD-LAG FUNCTION L E
S I GAI(S + ZO) 2 S

S + PO

INPUT

PHYSICAL P
QUANTITY O. DESCRIPTION UNITS

NAME

S(N) 1 Input quantity

GAI(N) Infinite frequency gain

ZO(N) Numerator coefficient rad/sec

PO(N) Denominator coefficient i rad/sec

OUTPUT
I .

PHYSICAL
QUANTITY' DESCRIPTION UNITS

NAME NO. 
D

X(N) Intermediate quantity

S(N) 2 Output quantity - variable

EQUATIONS:

S2 - GAI.Sl + X1

XI - GAISI.ZO - S2.PO

NOTE:
GA I,*ZO

d.c. gain - PO
PO

zero location -- ZO

infinite frequency gain - GAT

pole location- -PO

NOTE: N may be specified at Model Generation time to allow inputs and

outputs to be N dimensional vectors. Default value of N is 1.0
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FIRST ORDER LAG TRANSFER FUNCTION LIG
S1 zo 12 s

-[ S + PO I

INPUT

PHYSICAL PORT 
IPT

QUANTITY NO. DESCRIPTION UNITS
NAME

S(N) 1 Input quantity

ZO(N) Numerator coefficient rad/sec

PO(N) Denominator coefficient rad/sec

OUTPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

S(N) 2 Output quantity (state)

EQUATION:

S2- ZO-sl - PO.S2

NOTE:

d.c. gain - p-

time constant= -P

infinite frequency gain - 0

pole location - -PO

NOTE: N may be specified at Model Generation time to allow inputs and

outputs to be N dimensional vectors. Default value of N is 1.0
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LEAD-LAG TRANSFER FUNCTION
_ 1 GAI(TC1.S +-1) 12 S

INPUT

PHYSIYCAL O.

QUANTITY PORT DESCRIPTION ' UNITS
NAME

S(N) 1 Input quantity

TC1(N) Numerator time constant sec

TC2(N) Denominator time constant sec

GAI(N) Gain

OUTPUT

PHYSICAL 1
QUANTITY ODESCRIPTION UNITS

NAME NO.

*x1(N) Intermediate quantity (state)

S(N) Output quantity (variable)

EQUATIONS:

S2 - (Xl + S1,TC1GAI)/TC2

Xl - GAI.S1 - S2

NOTE:

d.c. gain - GAI

infinite gain - GAITCI
TC2

zero location a- TC , rad/sec
1

TC2pole location -T , rad/sec

*This output quantity is a state

NOTE: N may be specified at Model Generation time to allow inputs and

outputs to be N dimensional vectors. Default value of N Is 1.0
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INPUT L0
PHYSICAL PORTQUANTITY PRQNTITY NO. DESCRIPTION UNITS

NAME

X axis force coefficients:*

XO Bias coeff. for trim lbs

XA Alpha coeff. (nondim.)

Z axis velocity coeff. (dim.) lb-sec/ft

XU X axis velocity coeff. lb-sec/ft

XDE Elevator coefficent Ib/deg

Z axis force coefficients:*

ZO Bias coeff. for trim lbs

ZA, ZAD Alpha and Alpha dot coeff. (nondim.)

Z axis velocity lb-sec/ft

and accel. coeff. (dim.) lb-sec2Ifft

XQ Z angular rate coeff. Ib-sec/deg

ZU X axis velocity coeff. lb-sec/ft

ZDE Elevator coeff. lb/deg

Pitching moment coefficients:*

MO Bias coeff. for trim ft-lb

MAL, MAD Alpha and Alpha dot coeff. (nondim.)

Z axis velocity lb-sec

and accel. coeff. (dim.) lb-sec 2

MQ Q angular rate coeff. ft-lb-sec/deg

MU X axis velocity coeff. lb-sec

MOE Elevator coeff. ft-lb/deg

Constants:

MA I Rigid body mass slugs

C Mean and aerodynamic chord ft

XP* X axis distance: c.p. - c.g. ft

ID Indicator function for coefficients

0 a body axis, dim.

1 = body axis, nondim.

2 a stability axis, dim.

3 w stability axis, nondim.

*efault values - 0
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INPUT L0

PHYSICAL PORT
QUANTITY UNITS

NAME NO.

CAL, SAL Direction cosines for stability, body axes

External forces and moments:*

F(3) X, Y, Z body axis forces lbs

T(3) Body axis (pitching) moment ft-lb

Aero-Variables:

ELE* Elevator deflection deg

AL, ALP Alpha in body and stability axes deg

UO X body axis velocity ft/sec

UP, WP X and Z perturbation velocities (nondim.)

X and Z stability axes velocities (dim.) ft/sec

VT True airspeed ft/sec

Q$ Dynamic pressure x reference area lbs

QO, QW Y body axis angular rate, rate gust deg/sec

EU(3) X, Y, Z axis accel. terms for UD, WO ft/sec 2

OUTPUT

PHYSICAL PORT
QUANTITY DESCRIPTION UNITS

NAME NO.

FX, FZ 2 X and Z body axis force sum lbs

TY 2 Y body axis (pitching) moment ft-lbs

UD, WD X and Z body axis acceleration ft/sec 2

MA 2 Rigid body mass slugs

XP 2 X axis distance: c.p. - c.g. ft

*Default value * 0

VECTOR DEFINITIONS:

F(3) - FY) T(3) T- EU(3) E
FZ TZ EW
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LONGITUDINAL AERO - FORCES AND MOMENTS

(Implicit Form) 1 0
DIMENSIONAL EQUATIONS

FX XO + XA*WP + XU-UP + XDE*ELE
aero

Fz aero -ZO + ZA*WP + ZAD.(W + WW) + ZQ-QO + ZU-UP + ZDE*ELE,

where

i - UD.SAL*

WW -QW.VT

TY zMO + MALsWP + MAD.(W + Ww) + MQ.QO + MU.UP + MDE*ELE
ae ro

NONDEMENS IONAL EQUATIONS

FX QS.(XO + XA-ALP + XU*UP + XDE.ELE)

Faero QS.(ZO + ZA-ALP + (ZAD-(ALPHA - QW) + ZQ.6O).C/(2.VT +ZU*UP +ZDE.ELE),

where
ALPHA -(WD - AL.UD)/UO*

ALP - ALP.1T/180, etc., for ELE, QW, QO, AL

TY =QS.C.(MO + MAL-ALP + (MAD*(ALPH -QW) +MQ*Q)/2V)+M'P+MEEE

aero O C/2V) M-P MEE )

FORCE AND TORQUE SUM

FX SUM FX aeo FX1*CAL. FZ1*SAL

FZ sm FZ + FZ1*CAL - FX1*SAL

FX2 -FX SUM CAL - FZ SU*SAL

FZ2 -FZ CAL + FX *SAL

TY2 = TY aeo TYJ - XP.(FZ ar* CAL +FX ar* SAL)

ACCELERATIONS

UD -FX2/MA + EU

WOD FZ2/MA + EW

*Small alpha angle approximation.
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LOAD 12
INPUT

PHYSICAL FIGURE
QUANTITY 3.0-3 DESCRIPTION UNITS

NAME NAME

AO id1 Load Current, D-Axis Component p.u.

AQI iql Load Current, Q-Axis component p.u.

RS2 R Linear Load, Simulated Open-Circuit Resistance p.u.
s2RL RL Linear Load Resistance p.u.

RNL RNL No-Load Shunt Resistance p.u.
Default Value - 50.0

XL XL Linear Load Reactance p.u.

XC X No-Load Shunt Capacitive Reactance p.u.
c Default Value - 50.0

WO wo Base Frequency (WO a Wzero) rads/sec

OUTPUT

PHYSICAL FIGURE
QUANTITY 3.0-3 DESCRIPTION UNITS

NAME NAIME

*EDO edl Load Voltage, D-Axis Component p.u.

*EQO eql Load Voltage, Q-Axis Component p.u.

*ADS ids Intermediate Quantity (State) p.u.

*AQS i Intermediate Quantity (State) p.u.
qs

RTL Intermediate Quantity p.u.

EQUATIONS:

EDO WO.XC (-EDO/RNL+ADI-ADS+EQO/XC)

EQO - WOXC,(-EQO/RNL+AQI-AQS-EDO/XC)

ADS - -ADSeWO.RTL/XLEDO-WO/XL+AQS.WO

AQS - -AQS.WO*RTL/XL+EQOWO/XL-ADS*WO

RTL w RS2+RL

*This output quantity Is a state.
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MULTIPLY AND ADD M A
S1

Cl~5 =2C1.S1 +C2 2
C2

INPUT

PHYSICAL POR
QUANTITY N.DESCRIPTION JNITS

S(N) I Input quantity

C1(N) Input quantity

C2(N) Input quantity

OUTPUT

PHYSICAL PR ECITO NT
QUANTITY NO.DECITOUNS

NAME

S(N) j2 Output quantity

EQUATION:

S2 = Cl*Sl + C2

NOTE: N may be specified at Model Generation time to allow i-p-1- and

outputs to be N dimensional vectors. Default value of N is 1
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MULTIPLY AND-ADD M C

S 3

S 4

C1 S2 S2 CI"S + C2"S3 + C3.S4 C4 2 S

C2

C3

C4

INPUT

PHYSICAL PORT

QUANTITY NO. DESCRIPTION UNITS
NAME

S(N) I Input quantity

$(N) 3 Input quantity

S(N) 4 Input quantity

CS(N) Input quantity

C2(N) Input quantity

C3(N) Input quantity

C4(N) Input quantity

OUTPUT

PHYSICAL PORT
QUANTITY O. DESCRIPTION UNITS

NAME NO.

S(N) 2 Output quantity

EQUATION:

S2 - Ci.Si + C2.S3 + C3,S4 + C4 9

IVE N may be specified at Model Generation time to allow inputs and

outpULS to be N dimensional vectors. Default value of N is 1.0

547



STRUCTURAL MODE DYNAMICS M D
s1 GAI QO(N x 1) I S2 + 2.WS + W2 QDD

I _(N x 1)

INPUT

PHYS ICAL PRQUANTITY NO. DESCRIPTION UNITS

NAME NO

S(N) 1 Mode excitation

DMP(N) Mode damping

WN(N) Mode natural frequency - W rad/sec

GAI(N) Mode gain at scale factor

OUTPUT

PHYSICAL 1
QUANTITY PORT DESCRIPTION UNITS

NAME No*

Q(N) Mode position (state)

QD(N) Mode velocity (state) 1/sec

QDD(N) Mode acceleration 1/sec2

EQUATIONS:

QDD(I) - GAI.S(I) - WN(I).(WN(I)-Q(1) + 2.DMP(I).QD(I))

QD(I) = QDD(I)

Q(1) -QD(I) I 1, 2, ..., N

Freezing Q(I) causes QD(I) to be frozen and QDD(I) to be set to zero,
thus removing all effects of that mode from the model.

N specifies the number of modes, and is specified at Model Generation time.
The default value of N is 1.0. This component is used in conjunction with

ME, MM, MT, and MF.
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ME

STRUCTURAL MODE EXCITATION

S = 1 2 S

(34l) - S = DM*F(Nxl1)

INPUTS

PHYSICAL PORT
QUANTITY NO.DESCRIPTION UNITS
NAME

F(3) Disturbance Force or Torque lbs or ftlbs

DCM(N, 3) Disturbance coefficient matrix

OUTPUTS

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS
NAME

S(N) 2 Mode excitation

N specifies the number of modes and is specified at Model Generation time.
The default value of N is 1.

This component is used in conjunction with MD, MM, MT. and MF.
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MF
FOUR VECTOR SUM

S

S 3
2 S

S 4 S2= S + S3 + S4 +S5

(Nx1)
s 5

(Nxl)

INPUTS

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS
NAME

S(N) 1 Input quantity -

S(N) 3 Input quantity -

S(N) 4 Input quantity -

S(N) 5 Input quantity -

OUTPUTS

PHYS ICAL
QUANTITY PORT DESCRIPTION UNITS
NAME

S(N) 2 Output quantity

N specifies the number of modes and is specified at Model Generation time.
The default of N is 1.

This component is used in conjunction with MD, MM, MT--MF.
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EARTH'S MAGNETIC FIELD MODEL

INPUT
PHYSICAL PORT
QUANTITY UNITSQNTITY NO. DESCRIPTION UNITS

NAME

PLG(4) Position in local geographic coordinates

- 0 Magnetic field in TESLA
N a 1 Magnetic field in gauss

OUTPUT

PHYSICAL PORTQUANTITY FRQUNTITY NO. DESCRIPTION UNITS

NAME

AMG(4) Magnetic field data

VECTOR DESCRIPTION:

PLG(1) - Distance from geocenter, earth radii - dimensionless

PLG(2) - Co-latitude - 7T/2 - Geographic north latitude, radians
PLG(3) = Geographic east longitude, radians

PLG(4) - i , orbit inclination measured at ascending node, radians

AMG(1) - Magnitude of magnetic field, tesla or gauss
AMG(2) - Magnetic field along line of fliqht, tesla or gauss
AMG(3) -Magnetic field Perpendicular to orbit plane, tesla or gauss

AMG(4) - Magnetic field along local vertical, tesla or gauss
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MM

STRUCTURAL MODE MOTION

QD XD
- XD PCM * QD

QO DuCMQ XD

-XDD - PCM * QDDXD

(Nxl) (3x1)

I NPUTS
PHYSICAL
QUANTITY PORT DESCRIPTION UNITS
NAME NO.

Q(N) Mode position

QD(N) Mode velocity 1/sec
QDD(N) Mode acceleration 1/sec2

PCM4(3,N) Position coefficient matrix u

OUTPUTS

PHYSICAL PORT DESCRIPTION T NTQUANTITY UNIT
NAME NO

X(3) Position due to modes U

XD(3) Velocity due to modes u */sec
XDD(3) Acceleration due to modes u *sc

*Units depend on units used in PCM.
N specifies the number of modes and is specified at Model Generation time.
The default value of N is 1.

This component is used in conjunction with ME, MD, MT. and MF.
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MOTOR RIPPLE M R
TC

AL

GTM MR TR

TMS

C

INPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

TC Torque motor command ma

AL Torque motor angle rad

GTM Torque motor gain ft-lb/ma

TMS Torque motor saturation limit ma

C Array of Ripple Model coefficents
and frequencies (See below)

OUTPUT

PHYSICAL
QUANTITY PORT UNITS

NAME NO.

TR Motor torque ft-lbs

EQUATIONS:

TCS - GTM.SATUR (TC, TMS)

TR - TCS*(1. + C(4)-SIN(C(14).AL) + C(S).COS(C(15)*AL)

+ C(6).SIN(C(16).AL) + C(7).COS(C(17).AL)

+ (C(8).TCS.TCS + C(9).ABS(TCS) + C(10)).SIN(C(18).AL) + C(11)
+ SIN(C(21).AL) + C(12).COS(C(22).AL) + C(13)*SIN(C(23).AL))

RIPPLE MODEL COEFFICIENTS & FREQUENCIES: C SUBSCRIPT USAGE:

RIPPLE MODEL COMPONENT COEFFICIENT FREQUENCY

Hall probe null 4 14
Common node 5 15

Hall probe placement 6 16
Unequal gains 7 17
Magnetic field 8, 9, 10 18
Offset currents 11, 12 21, 22
Reluctance (Cogging) 13 23
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MT

TWdO VECTOR SUM

S 12
S 3 S2 -S1 +S3 2S

(Nxl) (Nxl)

INPUTS

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS
NAME

S(N) 1 Input quanti ty -

S(N) 3 Input quantity -

_________OUTPUTS____

PHYSI CALJ
QUANTITY PORT DESCRIPTION UNITS
NAME __________ ____

S(N) 2 Output quantity -

N specifies the number of modes and is specified at Model Generation time.
The default value of N is 1. This component is used in conjunction with
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OPTIMAL CONTROLLER 0 C

!EK

-so Uo

INPUT

PHYSICAL PORT
QUANTITY O. DESCRIPTION UNITS

NAME

All optimal controll-r inputs are defined via the O.C.

INPUTS command in the EASY Model Generation Program.

OUTPUT

PHYSICAL PORT
QUANTITY NODESCRIPTION UNITS

NAME

All optimal controller outputs are defined via the 0.C.

OUTPUTS command in the EASY Model Generation Program.

NOTE: Due to its very general nature, the D.C. component is specified by a

special set of Model Generation and Analysis commands, which all start

with the letters O.C. (See Section 4.13)
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PF
POWER FACTOR CONTROLLER

INPUT

PHYSICAL
QUANTITY FIGURE
NAME NAME DESCRIPTION UNITS

ED ED D AXIS VOLTAGE PER UNIT
EQ EQ Q AXIS VOLTAGE PER UNIT
AD AD D AXIS CURRENT PER UNIT
AQ AQ Q AXIS CURRENT PER UNIT
Xl Xl LEAD TIME CONSTANT SEC
X2 X2 LEAD TIME CONSTANT SEC
X3 X3 INTEGRAL GAIN (INVERSE)
X4 X4 LAG TIME CONSTANT SEC
PFR PFR POWER REFERENCE FACTOR
AB AB BASE LINE CURRENT AMPS
VB VB BASE LINE VOLTAGE (SEE CODE)
C14A CMA OUTPUT LIMITER (MAX) PER UNIT
CI CMI OUTPUT LIMITER (MIN) PER UNIT
G1 G1 SATURATION SLOPE -

OUTPUT

PHYSICAL
QUANTITY FIGURE
NAME NAME DESCRIPTION UNITS

* 81 INTERMEDIATE STATE
* 82 INTERMEDIATE STATE
ARO ARO REAL CURRENT AMPS
All All REACTIVE CURRENT AMPS
AT AT TOTAL CURRENT AMPS
VPF VPF OUTPUT TO VOLTAGE REGULATOR (SEE CODE)
PFL PFL LINE POWER FACTOR
FIN FIN ERROR INPUT PER UNIT
FO FO LEAD LAG OUTPUT PER UNIT

* THESE OUTPUT QUANTITIES ARE STATES
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POINT MASS IN GRAVITY FIELD P M
~RD(3)

F(3) -PM R(3)

INPUT
PHYSICAL R
QUANTITY PORT DESCRIPTION U

NAME NO. DESCRIPTION UNITS

F(3) External Force Vector, inertial axes lbs

MA Mass slugs
*LA Initial latitude deg

*LO Initial longitude deg

ALT Initial altitude feet

**TI Initial time hour

***DA Initial date - Julian day day

VEL Initial velocity ft/sec

*AZI Initial horizontal flight path angle (azimuth) deg

*GAM Initial vertical flight path angle deg

* Default values of zero are provided for these quantities

** Default value of 12 is provided for TI

* Default value of 80 is provided for DA

OUTPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

R(3) Position vector, inertial axes ft

RD(3) Velocity vector, inertial axes ft/sec

ZI Z G1

YLA
YLA 'YG

First point of ARIES

XLO I
XG
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POSITION AND ORIENTATION OF POINT MASS P O

INPUT

PHYSICAL PORTQUANTITY UNITSQNTITY NO. DESCRIPTION UNITS

NAME NO

R(3) Position vector, inertial axes ft

RD(3) Velocity vector, inertial axes ft/sec

A(3,3) Inertial to Body Axis Transformation Matrix

TI Initial time hours

DA Initial date - Julian days days

OUTPUT

PHYSICAL PORT
QUANTITY O. DESCRIPTION UNITS

NAME

LA Latitude day

LO Longitude day

ALT Altitude ft

AZI Azimuth angle, 0 = North & clockwise deg

GAM Vertical flight path angle, + w pitch up deg

EA(3) Euler angles - Local Horizontal to Body Axes

EQUATIONS: TIME)

LO wtan-l R() 36+ -1

~1)/ 365 12O A ~ T 3600/

ALT - R$- 20927491.

. sin-1 JR-
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PO
Vehicle Attitude relative to Local Horizontal Transformation from Initial
to Body Axes is given:

T5  = T, (-0) T2 (a) T (4,) T2 (-90 -,0) T3  ~ *

Separate Transformation from Local Horizontal to Body Axes

OBH T 1 (,0) T 2 (9) T 3 ()UTB I T 3 -X A) T 2 (90 + )

XH

- HB

< YH

sin" (-d13

* tan- 2(d33)

4, tan-1  2
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PO
Calculation of Flight Path Angle and Euler Angles relating Body Axes

to Local Horizontal Axes:

Flight Path Angles

Given: velocity vector inertial coordinates

- latitude

.A - longitude

a - time angle

- date angle

Transform velocity vector into Local Horizontal Axes

H T2 (-90- ') T3 (a- + A) RI
RH  23

XN North
*RH (2)RH

RH 3 azimuth - horizontal flight path

7yRH (1 vertical flight path angle

YH East

ZH Down

AZI =p = tan- I (H (

RH (3)

GAM = , = tan - 1  (eH2 H 2 (2)) )
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NOISE GENERATOR FOR WIND MODEL R A
< NU

NOISE GENERATOR < NV
SUBROUTINE RN < NW

NP

OUTPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

NU, NV, NW Noise samples for U, V, W gust velocities

NP j Noise sample for P angular rate gust

METHOD:

Call RN(VAR, DUM, SIG, AMN)

where

VAR - Gaussian random output variable

DUM - Internal variable to start RN

SIG - Standard deviation of VAR - v2./z ; where

A = integrator stepsize

AMN - Var mean value = 0

NOTE: RA can only be used with the fixed step integrator which is specified by

the command: INT MODE - 3 or 4

*
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RATE GYRO PACKAGE R G
r

W(3) I1 Wn2  SL/2 W(3)
S S2 + 2WnS + Wn2

I JI_
L

INPUT

PHYSICAL PORT
QUANTITY PO DESCRIPTION UNITS

NAME J

W(3) 1 Three axis angular rates rad/sec

SL Rate gyro saturation level (Same for all axes) rad/sec

DMP Rate gyro damping coefficient,

WN Rate gyro natural frequency, Wn rad/sec

OUTPUT

PHYSICAL IPORT
QUANTITY NO DESCRIPTION UNITS

NAME N.

W(3) 2 Three axis angular rates as output by gyros-states rad/sec

WX(3) Intermediate states associated with each rate gyro

EQUATIONS:

FB - W2(1)

IF(fW2(I)ISL),FB - 100(WI(I) - SIGN(SL, W2(1)) + SIGN(SL, W2(I))

WX(1) - (WiCI) - FB),WN

W2(1) - (WX(I) - 2DMPFB)WN I 1 1, 2, 3

Saturation of output state is accomplished by increasing feedback
gain by 100 if output exceeds saturation limit.

VECTOR DEFINITIONS:

W1(3) Q11) W2(3) 1Q21 WX(3) - IQXI)
\RII \R2 RX

NOTE: Component XP should be used to convert to and from body axes to gyro axes.
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RANDOM NUMBER GENERATOR RN
RN 2 S-

INPUT

PHYSICAL PR ECITO
QUANTITY N.DSRPINUNITS

NAME NO

AX Seed (Default *43146971.)

SIG Requested standard deviation

MN Requested meanI_______________

___________________________OUTPUT

PHYSICAL PR ECITO
QUANTITY O.TDSRITO UNITS

NAME NO

S 2 jRandom number output

RN generates a normally distributed random number each time it is called.

The seed, AX, should be an odd number greater than one.

This component is automatically disabled for all analyses except SIMULATE.
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SATURATION FUNCTION SA

S C62 S-

INPUT

PHYSICAL PR ECITO
QUANTITY POTDSRPINUNITS

NAME NO.

S 1 Input quantity

Cl Slope 0 -<S1 -cC3

C2 Slope S1 > C3

C3 Positive saturation intercept

C4 Slope 0 > S1 > C6

C5 Slope Si-c C6

C6 Negative saturation intercept______

.0OUTPU T

PHYSICAL f-
QUANTITY POT DESCRIPTION UNITS

NAME NO

S 2 Output quantity

EQUATIONS:

S2 - Cl*C3 + C2.(SI - C3) if S1 C3

S2 - C1S1 if 0-cSI< C3

S2 wC451 if 0> SI>,C6

S2 -C4*C6 +- C5-(Sl - C6) if S1 C6
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SIX-DEGREE-OF-FREEDOM RIGID BODY DYNAMICS S D
ACCELERATIONS, ACCELERATIONS, VELOCITIES,

TORQUESANGLES & POSITIONS

INPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

UD, VD, WD X, Y, Z body axis linear accelerations ft/sec2

TX, TY, TZ X, Y, Z body axis torques ft-lbs

IXX, IYY, X, Y, Z body axis moments of inertia slug-ft2

I ZZ

IXZ, IXY, Cross products of inertia slug-ft 2

IYZ

OUTPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

U(3) X, Y, Z body axis linear velocities ft/sec

W(3) X, Y, Z body axis angular rates deg/sec

EA(3) Euler angles, body to inertial axes deg

X0, YD Horizontal position rates i ft/sec

*ALT Vertical altitude from sea-level ft

WD(3) 2 X, Y, Z body axis angular accelerations deg/sec 2

ASSUMPTIONS:

1. Constant gravity, flat-earth model.
x Y

*These output quantities are states. Xu. L, p v

I Z, Altitude -Z

z
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SIX DEGREE OF FREEDOM EQUATIONS OF MOTION S D
LINEAR VELOCITY EQUATIONS

U UD(1 - UDOT(l)

V UD(2) -UDOT(2)

=UD(3) - UDOT(3)

ANGULAR VELOCITY EQUATIONS

TXE aTX+YZI*(Ql**2-RI**2)+XZI*P1*Q1-XYI*Rl*PI

+(YYI -ZZI )*Ql*Rl

TYE -TY+XZI*(Rl**2-Pl**?" XYI*Ql*Rl-YZI*Pl*Q1

+(ZZI-XXI )*R1*p1

TZE - TZ+XYI*(Pl**2-Q1**2).YZI*R1*P1-XZI*Q1*RI

+(XXI-YYI )*P1*Q1

DETI XXI*(YYI*ZZI-YZI**2)-XYI*(YZI*XZI+ZZI*XYI

-XZt*(XYI*YZI+YYI*XZI)

WD(I) =(TXE*(YYI*ZZI-YZI**Z)+rYE*(XYI*ZZI

+YZI*XZI )+TZE*(XYI*YZI+YYI*XZI )/DETI

WD(2) (TXE*(XYI*ZZI+YZI*XZI)+TYE*(XXI*ZZI

-XZI**2)+TZE*(XXI*YZI+XYI*XZI) )/DETI

WD(3) (TXE*(XYI*YZI+YYI*XZI)+TYE*(XXI*YZI

+XYI*XZI)+TZE*(XXI*YYI-XYI**2) )/DETI

ANGULAR POSITION EQUATIONS

PITD = EAD(2) -W(2)*CR-W(3)*SR

PSID -W(2)*SR+W(3)*CR)/CP

EAD(3) - PSID

ROLD - EAD(1) -W(1) +PSID*SP
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SD
LINEAR POSITION EQUATIONS

XD - CY(CP*U(1) 4(-SY*CR + CY*SPSR)*U(2) + (SY*SR + CY*SPCR)*Y(3)

YD - SY*CP*U(1) +(CY*CR + SY*SPSR)*U(2) + (-CY*SR + SY*SPCR)*U(3)

ZO - SP*U(1).CP*SR*U(2)..CP*CR*U(3)

The following abbreviations are used in these equations:

SR = SIN(ROL) CR =COS(ROL)

SP - SIN(PIT) CP = COS(PIT)

SY x SIN(YAW) CY COS(YAW)

SPSR - SP*SR

SPCR -SP*CR

VECTOR DEFINITIONS:

P1 P1 ROL\

RI YAW/
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SERVO ANALYZER SIGNAL GENERATOR S G

(This component is used with component SS)

INPUTS
PHYSICAL PORTQUANTITY NO. DESCRIPTION UNITS
NAME

FRI Initial, (lower), frequency hertz

FR2 Final, (upper) , frequency hertz

AM1 Initial, (lower), amplitude -

AM2 Final, (upper), amplitude

OUTPUTS
PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS
NAME

S Test Si Test signal

F Test signal frequency hertz

LGF Log of test signal frequency -

AMP Amplitude of test signal -

Equations:

S - AMP sin (2 Ft)

Frequency scan occurs if:

FR2 > FRI

Amplitude scan occurs if:

FR2 < FRI or FR2 - .ggggg

***WARN I NG***

This component operates only with fixed step Huen integrator INTMODE 3.
Only one SG Component can appear in a given model.

For frequency scans the following guidelines have been found
useful in selccting simulation duration and step size.

TMAX 11FR * (No decades scanned)FRI

1
TINC' 30 * FR2
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SS
SERVO ANALYZER

GANSS PHS

(This component is used with component SG)

INPUTS

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS
NAMES NO.

S Test system output signal

OUTPUTS
PHYSICAL TR

QUANTITY DESCRIPTION UNITS
NAMES NO.

GAN Gain db.

PHS Phase degrees

SI * sine integrator

CI * cosine integrator -

SAV sine (in phase) average value -

CAV cosine (quad phase) average value -

CPU signal used to initialize component -

*These Quantities are states

Eo a tions:

GANz 201og 2(SAV + CAV2  )
( AMP /

PHS = tan (CAV)

Several SS components can be used simultaneously with one $6 signal generator.
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STATISTICAL ANALYSIS ST
M _ mean

s 1SIG Std Deviation
SST MA X, Max

MIN M

INPUT

PHYSICAL POR
QUANTITY POTECRPIN NT

NAME NODSCPTNUNT

S j1 Input quantity to be monitored
STR Parameter to utilize calculations

(Default provided)

OUTPUT

PHYSICAL] POR
QUANTITY PORTPTONUNT

NAME NO.DSRPIO NT

MN IRunning mean of input quantity

MAX maximum value of input quantity

MIN Minimum value of input quantity

SIG j Running standard deviation of input quantity -rms

The measure of mean standard deviation, maximum, and minimum will start

at the beginning of each SIMULATE analysis.
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SUM TWO SETS OF 3-AXIS FORCES AND TORQUES S U

F(3) 1

T(3) so F(3)

F(3) 3 T(3)

T(3)

INPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME N

F(3) 1 X, Y, Z body axis input forces, port I lbs

T(3) I X, Y, Z body axis input torques, port I ft-lbs

F(3) 3 X, Y, Z body axis input forces, port 3 lbs

T(3) 3 X, Y, Z body axis input torques, port 3 ft-lbs

OUTPUT

PHYSICAL PORT
QUANTITY SO UNITS

NAME NO.

F(3) 2 X, Y, Z body axis output forces, port 2 lbs

T(3) 2 X, Y, Z body axis output torques, port 2 ft-lbs

EQUATIONS:
F2(1) = FI(1) + F3(1)

T2(I) - TI) T3(1) I - 1, 2, 3
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SUM THREE SETS OF 3-AXIS FORCES AND TORQUES SV
F(3) 1

T(3)

F(3)  32 2 F(3)
T(3) T(3)

F(3) 4

T(3)

INPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

F(3) 1 X, Y, Z body axis input forces, port I lbs
T(3) 1 X, Y, Z body axis input torques, port I ft-lbs

F(3) 3 X, Y, Z body axis Input forces, port 3 lbs

T(3) 3 X, Y, Z body axis input torques, port 3 ft-lbs

F(3) 4 X, Y, Z body axis input forces, port 4 lbs

T(3) 4 X, Y, Z body axis input torques, port 4 ft-lbs

OUTPUT

PHYSICAL PORT
QUANTITY O I

NAME

F(3) 2 X. Y, Z body axis output forces, port 2 lbs

T(3) 2[ X, Y, Z body axis output torques, port 2 ft-lbs

EQUATIONS:
F2(1) - Fl(I) + F3(1) + F4(1)

T2(1) - TI(I) + T3(1) + T4(1) I = 1, 2, 3
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SWITCH SW
s 112

S-i = 1
SWI SWI 0 S

S32

Si Si

TCl TC2 TC1 TC2

TIME TIME

The switching operation may be controlled by either time or the input parameter SWi.

The time dependence may be eliminated by setting TC1 = 1036

INPUT

PHYSICAL I1 I

QUANTITY DESCRIPTION UNITSNAME N.,

S(N) I Input to switch

S(N) 3 Input to switch

SWi Switch control parameter

TC i Time for first switching sec

TC2 Time for second switching sec

OUTPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

S(N) { 2 Output from switch

EQUATIONS:

S2 - S1 if SW1 a 1 and t ' TC1 or t > TC2 or if SWI = 0 and TCi < t < TC2

S2 a S3 if SWI - 0 and t 'TC1 or t > TC2 or if SW1 = I and TC1 < t < TC2

where; t - TIME, seconds

N may be specified at Model Generation time to allow inputs and outputs
to be N dimensional vectors. Default value of N is 1.0
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TWO POLE SWITCH SX

_ 3 of
S 5 4
S 6

NOTE: See SW for switch control logic.

INPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME

S(N) 1 Input to switch 1

S(N) 3I Input to switch 1

S(N) 5 Input to switch 2

S(N) 6 Input to switch 2

SWi Switch control parameter

TC1 Time for first switching sec

TC2 Time for second switching sec

OUTPUT

PHYSICAL PORTD
QUANTITY ODESCRIPTION UNITS

NAME NO.

S(N) 2 iOutput from switch

S(N) 4 Output from switch 1

NOTE: N may be specified at Model Generation time to allow inputs

and outputs to be N dimensional vectors. Default value of N is 1.0
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THREE POLE SWITCH SY
S 12 S
S - o0

S54 5

S 78 S
S -9

NOTE: See SW for switch control logic.

INPUT

PHYSICAL PORT
QUANTITY N.DESCRIPTION UNITS

NAME NO

S(N) 1 Input to switch 1

S(N) I3 Input to switch 1 <
S(N) 5 Input to switch 2

S(N) 6 Input to switch 2

S(N) 7 Inutosic3
S(N) 9 Input to switch 3

SWii Switch control parameter

TC1 Time for first switching sec

TC2 [Time for second switching sec

OUTPUT

PHYSICAL
QUANTITY PORTDECITOUNS

NAME NO.DECITOUNS

S(N) 2 Output from switch 1

S(N) 4 Output from switch 2

S(N) 8 Output from switch 3

NOTE: N may be specified at Model Generation time to allow inputs and

outputs to be N dimensional vectors. Default value of N is 1.0
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FOUR TABULAR FUNCTIONS OF TIME TA
S2 2 S

S 3 3 S

S4 4 S _

S5 5 S

TIME

INPUT

PHYSICAL -,

QUANTITY PORT DESCRIPTION UNITS
NAME

A2T Tabular data describing S2 vs. time

A2T I Tabular data describing S3 vs. time

C2T I Tabular data describing S4 vs. time

02T j Tabular data describing SS vs. time

OUTPUT

PHYSICAL -QUANTITY !PORTNME NO. DESCRIPTION UNITS
NAME

S 2 Output quantity

S 3 Output quantity

S 4 Output quantity

S 1 5 Output quantity

EQUATIONS: S2 - A2T(t) NOTE: 15 points are allowed per table.
S3 B2T(t) Linear Interpolation is used between
S4 - C2T(t) points. The last point in the table
S5 - D2T(t) is used for values of time outside

the table range
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TWO TABULAR FUNCTIONS OF TIME TB
S2 2 S_

$33 S

TIME

INPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

A2T Tabular data describing S2 vs. time

P2T Tabular data describing S3 vs. time

OUTPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

S 2 Output quantity

S 3 Output quantity

EQUATIONS:

S2 - A2T(t)

S3 - B2T(t)

NOTE: 15 points are allowed per table. Linear Interpolation is used between points.

The last point in the table is used for values of time outside the table range.
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THREE-DEGREE-OF-FREEDOM RIGID BODY 1 D

INPUT

PHYSICAL
QUANTITY PNOT DESCRIPTION UNITS

NAME NO

T(3) X, Y, Z body axis torques ft-lb

InX, IYY, X, Y, Z body axis moments of inertia slug-ft 2

I ZZ

OUTPUT

PHYSICAL PR

QUANTITY POT DESCRIPTIONUNT

W(3) X, Y, Z body axis angular rates rad/sec

EA(3) Euler angles, body to fixed axes rad

WD(3) X, Y, Z body axis angular accelerations rad/sec2

ASSUMPTIONS:

1. Body axes are principal axes, i.e., products of inertia =0

2. Body moments of inertia are constant

3. Euler angle sequence, body to fixed axes roll, pitch, vaw,

578



TD
THREE DEGREE OF FREEDOM RIGID BODY

Angular Velocity EquationsI

P = PD = (TX - Q*R(ZZI -YYI))IXXI

= ZD = (TY - P*R*(XXI -ZZI))/YYI

R RD z(TZ - Q*P*(YYI -XXI))/ZZIr

Angular Position Equations

PIT = Q*COS(ROL) - R*SIN(ROL)

YAW =(Q*SIN(ROL) + R*COS(ROL))/COS(PIT)

ROL = P + YAW*SIN(PIT)

Vector Definitions:

TX /'ROL\ PD\
T(3) = 

TY) W(3) Q) EA(3) ~PIT  WD(3) QD
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TRANSFER FUNCTION T F
_ ----- ZI-S + ZO S2__

- I 2 + PI.S + PO

INPUT

PHYSICAL P
QUANTITY NO. DESCRIPTION UNITS

NAME

S(N) 1 Input quantity

ZO(N) Numerator coefficient

ZO(N) Numerator coefficient

P(N) Denominator coefficient

PI(N) Denominator coefficient

OUTPUT
PHYSICAL

QUANTITY PORT DESCRIPTION UNITS
NAME

S(N) 2 Output quantity (state)

Xl(N) I Intermediate state (state)

EQUATIONS:

Xi - ZO.Sl - POS2

S2 - X1 + ZISI - PIS2

NOTE: d.c. gain - -

TO

infinite frequency gain - 0

NOTE: N may-be specified at Model Generation time to allow inputs and

outputs to be N dimensional vectors. Default value of N is 1.0
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ENGINE THRUST BODY AXIS TRANSFORM TG

INPUT

PHYSICAL RPORT
QUANTITY NO. DESCRIPTION UNITS

NAME

TH Engine thrust lbs

GAM(3) X, Y, Z body axis direction cosines

X(3) X, Y, Z thrust location components ft

OUTPUT

PHYSICAL PORT
QUANTITY PO DESCRIPTION UNITS

NAME

F(3) X, Y, Z body axis forces lbs

T(3) X, Y, Z body axis torques ft-lbs
L - I

EQUATIONS:

F(I) - THGAM(1)

T X x F (vector cross product)

1 1, 2, 3
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TACHOMETER RIPPLE EFFECTS T R
AL

ALO

GTA

CH

CN
VO

CHP TR

CHG

CMF

WH

WMF

INPUT

PHYSICAL I
QUANTITY PORTi DESCRIPTION UNITS

NAME NO.

AL Shaft angle rad

ALD Shaft rate rad/sec

GTA Tachometer gain volt/rad/sec

CH Hall probe null coefficient

CN Comnon node coefficient

CHG Unequal gain coefficient

CMF Magnetic field coefficient

WH Hall probe frequency rad/sec

WMF I Magnetic field frequency rad/sec

OUTPUT

PHYSICAL POR
QUANTITY PORTDESCRIPTION JNITS

NAME NO.

VO Tachometer OutDut voltaqe volt

EQUATIONS:

WHAL a WH*AL WHPAL s WHP.AL

VO - GTA°ALD.(I. + CH-SIN(WHAL) + CN'COS(WHAL)
+ CHP.SIN(WHPAL + CHG.COS(WHPAL) + CMF.S[N(WMF.AL
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SUM TWO SETS OF 3-AXIS TORQUES TS
T(3) 1 '" T(3)

T(3) 3# TS

INPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

T(3) 1 X, Y, Z body axis input torques, port 1 ft-lbs

T(3) 3 X, Y, Z body axis input torques, port 3 ft-lbs

OUTPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITS

NAME

T(3) 2 X, Y, Z body axis output torques, port 2 ft-lbs

EQUATIONS:

T2(I) TI(I) + T3(1) 1 1, 2, 3
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SUM THREE SETS OF 3-AXIS TORQUES T T
T(3)

T(31 4

DESCRIPTION: Same as TS, except with one additional port.

I-
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IUS Vehicle with 6 Degrees of Freedom, Fuel Sloshing, U S

Structural Flexibility, and Tail-wag-dog Engine Dynamics.

(This component must be used with component UT

to form complete vehicle model.)

INPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

DMP(MM) Damping matrix 1
MSI(MM) Inverse Mass Matrix Formed by

WRK(M) Work vector component UT

THR(3) Engine thrust vector in body coordinates lb

LMN(3) Spacecraft torque vector due to engine thrust in-lb

DLM(2) Moment exerted by actuator on engine nozzle in-lb
about yaw and pitch axes

GNF(N) Generalized forces due to thrust exerted on
flexing modes

OUTPUT

QUANTITY O. DESCRIPTION UNITS
NAMEI NO.

UVW(3)* v Rigid body translational velocity vector

PQR(3)* Rigid body rotational velocity vector

SD1(2)* Ij Slosh dynamics velocity vector (1st tank)
\SI

SD2(2)* ($24
) Slosh dynamics velocity vector (2nd tank)
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OUTPUT US

PHYS ICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

DLD(2)* (: Nozzle attitude velocity vector

0
FXD(N)* (:) Body flex modes velocity vector

SLI(2)* K i .)Fuel slosh position vector (Ist tank)S1
SL2(2)* ( Fuel slosh position vector (2nd tank)

S20 /

DLT(2)* : Nozzle attitude vector

FLX(N)* (\) Body flex mode position vector

EQUATIONS:

y- MS I[- X - STF X + f_

MSI, DMP, and STF are M x M Matrices formed by standard component UT.

* These quantities are continuous states.

N must be specified as the number of structural flexibility modes

M must be specified 
as 12 + N
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us
u THR( 1)
v THR(2)
w _THR(3)

p IL

q JM

r N

i 14  0

.: 12
S10 0

Xu and f
S24  0

S20 0

i4 DLM(1)

so ,DLM(2)

T- - GNF(I)

GNF(N)

The above represent the spacecraft state vector and the

vector of forces due to engine thrust and nozzle actuator,

respectively.

This formulation follows Boeing Document D2-84124-4 (pg 70)

except that some of the components of X have been permutated

for programming convenience.
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IUS Vehicle with 6 Degrees of Freedom, Fuel Sloshing, U T
Structural Flexibility, and Tail-wag-dog Engine Dynamics.

(This component must be used with component US

to form complete Vehicle Model.)

INPUT

PHYSICAL
QUANTITY DESCRIPTION UNITS

NAME NO.

PQR(3) (q) Rigid body rotational velocity vector rad/secp

MS1 ms
MS2 ms2i Sloshing masses for tanks 1 and 2 lb-sec2/in

LS1 isl
S(Sloshing pendulum arm lengths inch

LS2 1s2

spI(3) [ysJ
SZsl/ Nominal position of sloshing

r 2 tanks I and 2 in body coordinates

SP2(3) Ys2

Zs2

ME Me Mass of engine nozzle

LE I Distance from hinge point inch
to nozzle center of gravity i

IXe Position of nozzle center of gravity
EP(3) KYe) in body coordinates when nozzle is in inch

Ze undeflated position

MSS M Mass of entire spacecraft lb-sec 2/in

IXX IxI
IYY ly Spacecraft moments of inertia in-lb-sec2

IZZ Iz

IYE lye Nozzle moments of inertia about in-lb-sec2

IZE Ize nozzle center of gravity
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INPUT UT

PHYSICAL PORT
QUANTITY ODESCRIPTION UNITS

NAME NO.

IXY Ixy

IXZ Ixz Spacecraft products of inertia in-lb-sec 2

IYZ Iyz

MM(N) (M)
\Mn

PSI(2,N) 1 (2,N) Flex deflection coefficients

PS2(2,N) 'Ps 2 (2,N) j at tanks l and 2

PE(2,N) Pe( 2,N) Flex deflection coefficients at nozzle

PEP(2,N) (qe(2,N) Flex rotation coefficients at nozzle

WP1 Ws14

WTI WslO Natural frequencies at sloshing modes

WP2 for tanks I and 2 rad/sec
s24 about yaw and pitch axes

WT2 G's20

WFX(N) Natural frequencies of flex modes 1, ... n rad/sec

WEP ws4 Natural frequencies of nozzle

WET sO in yaw and pitch axes

zS Ilsi

ZS2 s2 Damping ratios of sloshing modes

ZFX(N) Damping ratios of flexing modes

ZEP 0s4 Linear damping ratio for nozzle

ZET sO about yaw and pitch axes

589

L ....j
4 . ,, - ,' " . ..=. *,, ' -'A: -'-- ; '" .... '



OUTPUT UT
PHYSICAL PORT

QUANTITY NO. DESCRIPTION UNITS
NAME

DMP(M,M) Damping matrix

MSI(M,M) Inverse mass matrix
STF(M,M) Sti ffness matrix

EQUATIONS:

See document D2-84124-4, page 70.

N must be specified as the number of structural flexibility modes

M must be specified as 12 + N
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VEHICLE ATTITUDE VA
T(3) W(3). Q(4)

IN(3,3) -- AA(M,), EA(3)

INPUT

PHYSICAL I
QUANTITY P DESCRIPTION UNITS

NAME T NO.

*LA I Initial latitude deg

*LO I Initial longitude deg

**TI 1 Initial time hours

***DA I Initial date - Julian days days

*ROL Initial roll - relative to local horizontal axes deg

*PIT Initial pitch - relative to local horizontal axes deg

*YAW Initial yaw - relative to local horizontal axes deg

T(3) External torques, body axes ft-lb

IN(3,3) Inertia matrix, body axes slug-ft 2

- Default values of zero are provided for these quantities

** Default value of 12 is provided for TI

Default value of 80 is provided for DA

OUTPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NA NO.

W(3) Angular rates - body axes deg/sec

Q(4) Quaternians - inertial to body axes

A(3,3) Direction cosine matrix - inertial to body axes

EA(3) Euler angle - inertial to body axes deg

LA 2 Initial latitude deg

LO 2 Initial longitude deg

TI 2 Initial time hour,

DA 2 Initial date - Julian days days

591

- . --.. . . . .. - -



- -

VOLTAGE REGULATOR V 6

INPUT

PHYSICAL
QUANTITY FIGURE DESCRIPTION UNITS

VPF VPF INPUT FROM POWER FACTOR CONTROLLER PER UNIT
VL VL LINE VOLTAGE PER UNIT
ED ED D AXIS VOLTAGE FROM GEN PER UNIT
EQ EQ Q AXIS VOLTAGE FROM GEN PER UNIT
VRE VRE VOLTAGE REFERENCE PER UNIT
GI Gi LAG GAIN
G2 G2 LEAD LAG GAIN (FEEDBACK)
K K FEEDBACK GAIN
Ti Ti LAG TIME CONSTANT
T2 T2 LEAD LAG TIME CONSTANT (FEEDBACK) SEC
T3 T3 LEAD LAG TIME CONSTANT (FEEDBACK) SEC
T4 T4 LAG TIME CONSTANT SEC .4
CEX EX LIMITER MAX SEC
EB EB LAG GAIN (PER UNIT CONVERSION) PER UNIT
G3 G3 SATURATION SLOPE

OUTPUT

PHYSICAL
QUANTITY FIGURE
NAME NAME DESCRIPTION UNITS

" E2 E2 INTERNAL STATE LAG OUTPUT PER UNIT
* E4 E4 INTERNAL STATE PER UNIT
* E5 INTERMEDIATE STATE
* VO VO OUTPUT TO GEN/EXCITER VOLTS

EL EL RSS OF EQ AND ED PER UNIT
El El ERROR SUM PER UNIT
E3 E3 LIMITER OUTPUT PER UNIT

* THESE OUTPUT QUANTITIES ARE STATES
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RANDOM WIND GUST MODEL WM
N 'UW

NV DRYDEN MODEL WIND VW, VX

NW --- TRANSFER FUNCTIONS W WW, WXNP PW, QW, RW

SLH, SLV, VS, SIH, SlY, B

INPUT

PHYSICAL PORT DESCRIPTION
QUANTITY NO. UNITS

NAME

NU, NV, NW Random noise inputs for UW, VW, WW

NP Random noise input for PW angular rate

SLH, SLV Horizontal and vertical scales* ft

VS 1 Steady state airspeed input ft/sec

SIH, SIV Horizontal and vertical RMS gust intensity* ft/sec

B Wing span ft

OUTPUT

PHYSICAL PORT D
QUANTITY NO. DESCRIPTION UNITS

NAME

UW, VW, WW X, Y, Z body axis wind velocity states ft/sec

VX, WX Y, Z axis intermediate states ft/sec2

QX, RX Y, Z body axis wind angular rate states deg/sec

PW, QW, RW X, Y. Z body axis wind angular rate outputs deg/sec

VS 2 Steady state airspeed ft/sec

*Oefault values:

SLH w SLV a 1750

SIH w SIY a 0 (I)2 (I)
in general, choose SIH and SIV such that (SI V___SlY2

SLH SLV
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WIND MODEL TRANSFER EQUATIONS W M

NU G -L

UWW

CH.-

GuaSIHe(L'/) 2 1+-

VX- (Gu *NV - VW)fL~

VVW:('.G.V 2vWH)/) 11

(1 +CH Z

-v SIV.('/ G)

liX - (GV .1W - VW)/(LC) 2

W -wX + (17.G *NW - 2-WW)/LCH

(1 + L'. S2
CH a 4.BI~wVS)v

Gw u SIV -(L.( I L /4B)1' 3 (LVVS)

PU - (GP'NP - WICH) lB fi2

RN: GW -(180/f) RU

c Ha 34BI(7T.VS) 1 +.C5.Cs

RW - RXG-N -80/77H)/(VS/v)

__ _ __ _ __ _ v S(180/T) QW
VS(l aHs)

Q!W w QX + 18O/,TOWW/(VSOCH)

QX W -QW/CH
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STATIC TRANSFORMATION OF ANGULAR RATES X P

WW3 XP 2 W(3) .--

INITIAL COORDINATES FINAL COORDINATES

INPUT

PHYSICAL PORT
QUANTITY NO. DESCRIPTION UNITSNAME NO

W(3) 1 Input angular rates - initial coordinates rad/sec

TRN(3,3) 3 x 3 transformation matrix

OUTPUT

PHYSICAL
QUAMTITY PORT DESCRIPTION UNITS

NAME NO.

W(3) 2 Output angular rates - final coordinates rad/sec

EQUAT IONS:

W2 v TRN*WI (Matrix Multiply)

ASSUMPTIONS:

TRN contains the direction cosines required to transform from the

initial coordinate system. TRN is input as follows:

PARAMETER VALUES - TRNXP

R(I,I) all, a12, a13

R(2,1) a21, a22, a23

R(3,1) a3 1, a32, a33
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STATIC TRANSFORMATION OF TORQUES X T
T(3) 1[ X 2 T(3)-XT

INPUT

PHYSICAL P

QUANTITY PORT DESCRIPTION UNITSNAME NO

T(3) 1 Input torques - initial coordinates ft-lbs

TRN 3 x 3 transformation matrix

OUTPUT

PHYSICAL
QUANTITY PORT DESCRIPTION UNITS

NAME NO.

T(3) 2 Output torques - final c6ordinates ft-lbs

I
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APPENDIX L

EASY PROGRAM ANALYSIS DESCRIPTION

This appendix is a reproduction of Section 4.4 of reference 1. It

presents a description of the mathematical methods used in each of the

anlayses available in the EASY Analysis Program.
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4.3.2 Scalar Data

Scalar data, i.e., parameter values, error controls and initial con-

ditions, should be loaded by data cards immuediately following any tab-

ular data cards. All of these scalar values should be specified before

any analysis is requested. However, to prevent the loss of an analysis

run due to the omission of one or more parameter values, error controls,

or initial conditions, all parameter values are initialized to a default
value of 0.99999, all error controls to 0.1*, and all inital conditions
to 0. Sections 4.2.2 and 4.2.3 describe the program commands and for-

mats used to specify scalar data. Once the parameter values, error
controls, and initial conditions have been specified, other program comn-
mands may be issued to request analyses. The values of any of the scalar
data can be modified between analysis requests by using the same commnands
described in Sections 4.2.2 and 4.2.3.

4.4 ANALYSIS DESCRIPTIONS

This section contains a description of the mathematical methods used in
each of the analyses available in the EASY Analysis Program. Further
details of each analysis can be found in the Section 6.

4.4.1 Simulation Calculations

One of the most used and well known numerical integration rules is the

classical explicit fourth order Runge-Kutta method (Reference 1). The
method is easy to implement, has nice truncation error properties, and

combined with an error control (step size adjustment) is a good stan-

dard integration method for systems with eigenvalues (of the Jacobian)

all relatively the same size. For this reason, the 4th order Runge-

*See Section 4.5.3 for special default values provided by the EASY Model

Generation program for states whose name starts with the letters P or
T.
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Kutta method Is included as one integrator available in EASY. It is

not the default integrator, however, because of its stability prop-
erties. A short discussion of integration rule stability follows.

For most integration algorithms, truncation error (the error incurred
due to a finite order approximation to the exact solution) is directly
related to the step size raised to a power equal to the order of the

method. By controlling the step size, the single step error can
theoretically be maintained at any desired level. This assumes that
sufficient precision is used so that round off effects (error due to
approximating numbers by a finite number of bits or digits) does not
become a factor. Most integration algorithms thus contain some error
measurement calculation and a step size adjuster so that single step

error is below a specified limit.

The question now arises of what happens to such systems when the actual
value of the truncation error becomes very small due to the actual

solution approaching a steady or slowly varying value. The normal logic
in most algorithms indicates that the step size should be increased.
As the step size is increased a phenomenon related to integration rule

stability occurs. That is, even though the solution and the resultant
error are well below the specified error limit, increasing the step
size will eventually cause errors to increase over the limit. This is

due to the fact that every integration rule has a region of stability
(a function of step size) where given a stable (non increasing) system

it will compute a nonincreasing solution. Outside of that region, even

though the solution should decrease, it will compute an increasing

solution. This region is normally described as a function of the time
step h times the complex eigenvalues of the system. Thus if one were to
plot the region in a complex plane modified by the step size, the 4th
order Runge-Kutta would have a region that appears as shown in Figure 42.

This means that if any stable mode (represented by a eigenvalue
Xi) is large enough that hX I lies outside the sha-ted area, then for that
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mode and step size h, an increasing solution will be computed even

though the actual solution is decreasing. For this reason, even when

truncation error is reduced to a very small value and the solution

mode is in steady state, the step size for the Runge-Kutta method is

limited to approximately

2.7

hm~
hma x 'lmax[

in order to prevent the conputed solution from diverging.

For systems that have wide ranges of eigenvalues, this limitation can

cause unreasonably long computation times. Thus, one seeks integration

rules which have more desirable stability properties.

The integration rule implemented in EASY is a "stiffly stable" method

developed by Gear and published both in his book and in the Com-

munications of the Association for Computing Machinery, Vol. 14, No. 3,

March 1971. This is a variable step size, variable order method which

has regions of stability outside of the contours in Figures 43 and

44. For these regions, it is noted that large magnitude eigenvalues

with negative real parts that are large fall well inside the region of

stability. Thus as truncation error becomes small during the integration

process, the method is not restricted from using large step sizes.

Note that part of the right hand plane is stable even though the actual

system would be unstable. All this means is that if the step size were

unchanged, the integrator would output a decreasing solution. Error

control, however, would detect the difference and decrease the step

size until a correct solution to the specified accuracy was obtained.

Since the algorithm is well documented in Gear's book in Chapter 9, the

theoretical exposition is not repeated here. The modifications made to

the data structure so that storage is by column and not by row.

Theoretically this is of no importance but practically it is better due

to the manner in which FORTRAN stores and computes indices in arrays.
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Only the stiff integrator that computes partial derivatives by numerical
differencing is retained. The process of solving a linear system of

equations by matrix inversion is replaced by the more efficient and

accurate direct Gaussian elimination method. The method order isL
restricted to 5 or less because of stability considerations.

The process of integration is controlled by a master subroutine which
keeps track of timne and the necessary reporting sequence. Further,
this routine recognizes when a new call is made to the integrator for
the first time and uses a special start up procedure. This procedure
essentially uses the standard 4th order Runge-Kutta for 100 steps
(picked by the step size controller) to let initial transients settle
out before handing the problem over to Gear's method. Since the Gear
method must start out with a 1st order integration rule, large initial
transients can cause problems. Thus using another 4th order rule to
integrate over small intervals of large transient behavior allows the
Gear method to start in a smoother region of the solution. This external
integration process will occur whenever large transients cause the Gear

method to fail.

Minimum step size is set at 10 -5seconds or TINC/10000, whichever is
the smaller value. The maximum step size is set equal to the print
interval and is often attained. The error test used is based on
relative error with respect to the maximum value computed for a
particular variable. The current value is set at 5 significant figures
maintained over a single step.

At the start of each simulation run, the time variable is set equal to

zero; the state vector of the system model is set equal to the initial
condition vector, (values input via the INITIAL CONDITION commvand); and
the state variable time derivatives (rates), are set equal to zero. The

rates are set equal to zero as part of the procedure that allows ind-
ividual states to be frozen.

602



For frozen states, the rates are not recalculated by the system model.

Thus. since the rates are set to zero these states remain "frozen" at
their initial values.

Integration of the system model equations continues until the value of

time equals the value of TMAX specified by the analyst. If it is desired

to have a simulation stop for some condition, bafore time reaches THAX,
a test on this condition can be added to the system model, (in subroutine
EQMO), and TIME set equal to TMAX should this condition occur. An

example of this sort was shown in Example 3.3.

4.4.2 Steady State Calculations

The STEADY STATE option allows the steady state of a stable system
dynamic model to be quickly determined. This is accomplished by

modifying the dynamic characteristics of the system so that all
eigenvalues are near. -1. This allows the system transient to be

quickly integrated to reach steady state.

The nonlinear simulation model can be defined as:

*=f (L~t) 4.4-1

whr: ndmninlvcofsaevral eiaie

whr:x = n dimensional vector of state variablesdrvaie

f = n dimensional vector of nonlinear functions relating state
variables and time to state variable derivatives.

The steady state of this system is defined as that value, s of
the system state vector, x, that causes x to equal zero. Thus:

0f- f Qs, t) 4.4-2

Let a linear approximation for the nonlinear system, as described in
Section 4.5.3, be given by:

x=Ax 4.4-3
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Where A = nxn stability matrix (Jacobian) of the system model.

The major objection to integrating the given nonlinear system of (4.4-1)

to obtain the steady state is that many small integration steps are

required over a long transient duration to reach steady state. As

discussed in Section 4.4.1 this problem is related to a large range of

eignevalue magnitudes of the system stability matrix, A. If the

objective is to rapidly reach steady state, the ideal dynamic system would

have all of its eigenvalues concentrated in a very small range. This

can be accomplished, if one is not interested in the accuracy of the

transient calculation, for a stable system with a negative definite A

by premultiplying the system matrix by -A_" . The modified state will be

designated by x'.

_ -A 1 A x' 4.4-4

=-T x' 4.4-5

The modified system of equation (4.4-5) has the desired feature that all

of its eigenvalues are in a small range, i.e., all equal minus one.

Thus, by pre-multiplying the given system function by -A:, we may

obtain a modified system with all eigenvalues near -1. Applying this
modification to equation 4.4-1 we obtain

it = -A-1 f (X', _) 4.4-6

Since the transformation A-1 is nonsingular, the only solution to the

modified steady state equation

0= A'f- -A (ss' t) 4.4-7

is that shown in equation (4.4-2). Thus the system of equations given

in (4.4-6) has the same steady state solution as the original system,

(4.4-1) but has an eigenvalue range that greatly reduces the number of

integration steps required to reach steady state. This approach to

solving for the steady state may also be viewed as a multi-dimensional

604



version of Newton's Method for solving the nonlinear algebraic equation

of (4.4-2). The numerical method proceeds as follows:

The system rates and stability matrix are evaluated at the initial state,

= f- (x' t) 4.4-8

f(x,t)

ax 4.4-9
- x=x.

Rather than premultiply by the inverse matrix, as indicated in (4.4-6),

the equation

"Axi =f(x 4.4-10

is solved for x i, given A, and f(xi,t) by the Gaussian elimination meth-

od.

The Euler forward differencq approximation, for a time difference of 1,
is then used to represent -

-i -+'1-1i 4.4-11

Solving for xi+1 we obtain

!1+1 L--i + i 4.4-12

The process of solving equations (4.4-8),through (4.4-12) is repeated

until the norm of the residual vector, , becomes less than 10- 4 or

more than SS ITERATIONS occur. As implemented, the system stability

matrix A is not completely recalculated each iteration and a step size

less than I second is used if the method encounters difficulty in

converging.
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Should this method fail to reach a steady state from a given initial
condition, the less efficient, but more stable simulation approach can be
used. Of course, for some nonlinear systems a steady state can not

be reached from certain regions of the state space, (initial conditions).

In these cases, it will be necessary to vary the initial conditions to

find a steady state by either the STEADY STATE, or the SIMULATE comrmands.

At the final state reached by the steady state analysis, a linear model
of the system is generated and its eigenvalues are calculated and printed.

These should be examined to assure that there are no non-negative real

parts which would indicate an instable system. It is usually of interest

to know the eigenvalues of the system at each steady state operating
point. Also, in rare cases, the steady state method can converge to an

unstable equilibrium point such as point X2 in Figure 45.

4.4.3 Linear Analysis Calculations

Stability Matrix Calculation

The LINEAR ANALYSIS option allows linear approximations to the nonlinear

system model to be generated at any given operating point. This analysis
calculates the stability matrix (i.e. Jacobian) of the nonlinear system

model and the eigenvalues of that matrix. This analysis can be described
as follows. The nonlinear system model can be defined as:

;x f(x,t) 4.4-13
where: X = n dimensional vector of state variable derivatives

x = n dimensional vector of state variables

f = n dimensional vector of nonlinear functions relating state

variables and time to state variable derivatives.

A linear model of this nonlinear system can be expressed as:

x Ax 4.4-14

where A =n x n system stability matrix
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The iith element of A, a.i, is related to the partial derivative of the

elements of f with respect to the elements of x, at the operating point

as
afi (x,t)

aij 4.4-15

The eigenvalues of the stability matrix are a set of n complex numbers

that characterize the dynamic behavior of the system in a region about

the chosen operating point, o" Eigenvalues with non-negative real parts

indicate that the system is unstable in the region about, x .-o

It must be kept in mind that for highly nonlinear systems, this simple

measure of stability is not a necessary or sufficient condition for

stable operation. This can be demonstrated with a simple first order

system as shown in Figure 45. For this example, the state derivative

i is shown as a highly nonlinear function of the single system state
variable, x. The arrows on the plot of the function show the trajectory

the state, and state derivative would follow from any initial state x.

For the values of x shown, there is a stable region, and an instable

region. Initial values of x in the stable region will result in the

system reaching the steady state operating point, xSs. Initial values

of x>x2 will result in x diverging to large positive values.

The eigenvalue of this simple system is the partial derivative, --

We see that the simple criteria of a negative real eigenvalue for

stability specifies that the system is unstable in the region x1 to x2,

while for this example, it will converge to the steady state point, xss.

In the region x3 to X4 the eigenvalue criteria would indicate that tne

system was stable, while in fact it will diverge from this region.

This example is presented to illustrate the hazards that exist when

using eigenvalues to measure system stability at points other than

steady state operating points. However, much useful information and
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insights into system behavior can be obtained from such linear analyses.

Especially since they can be easily verified by the nonlinear simulation
capabilities of the EASY Analysis program.

The numerical method used to calculate the stability matrix is as follows:
The values of the state variable derivatives, (rates) are calculated at
the given operating point, x_

ic=f ( , ,O) 4.4-16

where: xo n dimensional vector of state derivatives at operating point

1x = n dimensional vector of state variables which specifies the

operating point.
f - n dimensional vector of nonlinear functions relating state

variables to state derivatives.

These values are printed and should be examined to determ'ine if the

operating point is a steady state operating point, i.e. (i 0= 0).

Non zero elements of ios (rates), indicate the sign and magnitude of
unbalance at the chosen operating point.

The ,i th element of the operating point vector is perturbed by adding the
th
Selement of the error vector, ej. **This perturbed operating point

is used to recalculate the state variable derivatives, ii. The j t
column of the stability matrix, A. is then calculated as:

(A i- lo-

*Note: this is the same vector that is used for integration error control.

It's values are furnished to the program via the ERROR CONTROL commands.
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where: xi n dimensional vector of state derivatives at the operating

point, perturbed by adding jth element of error vector to

!0.

*the! = i element of the error vector.

(A). = th column of the system stability matrix.

This process is repeated for all n columns of A.

As a measure of the validity of the linear approximation, the stability

matrix calculation described above is repeated using perturbations one

half those used in the initial calculation.

The ratios of the derivatives calculated with the two step sizes are

evaluated and placed in an array, RATIO. If the results of measuring

all derivatives with both step sizes are equal, all elements of RATIO

will equal one.

The elements of RATIO are compared to one and the number of elements

differing from one by more than ten percent noted. If one or mare

such elements is found, the count of such elements is recorded on the

printer along with a list of the elements of RATIO that exceed the

tolerance of ten percent.

Figure 46 shows an example of how the values in the array RATIO may

be used to measure the local linearity of the system model.

Eigenvalue Calculation

The method used to compute the eigenvalues of the system stability matrix

consists of three basic steps. The first step is the conditioning of the

matrix prior to the application of the normal transformation process.

The conditioning process is divided into two steps of reduction and scal-

ing. Reduction is the process whereby through row and column inter-

change the matrix is transformed into upper block triangular form. This

means that the diagonal blocks can be treated independently for the
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purpose of eigenvalue calculation. This reduction naturally occurs

whenever openloop or feed forward systems are described. The algorithm

used for reduction is described in detail in Appendix A under the

title of the McCreight algorithm. For hisotrical perspective, an

earlier method proposed by Harary is given. The second phase of the

conditioning process is scaling. Since the errors in all the trans-

formation algorithms used subsequent to the conditioning process are

related to the norm of the matrix, scaling is used to reduce the norm.

Historically it was though that the need for scaling was eliminated when

the transition form analog to digital computers was made. Modern

numerical analysis indicates that this is not true and that proper

scaling is important to minimize loss of significance in computed

results. The scaling algorithm used is one developed by E. E. Osborne

in 1960 and consists of a sequence of diagonal transformations to min-

imize the Euclidean norm of a irreducible matrix. Since the reduction

process was performed first, each diagonal block is irreducible and the

scaling algorithm applies. Details of the algorithm are explained in

Appendix A.

The second process in the computing of eigenvalues is to transform the

scaled diagonal blocks determined in the first step into upoer

Hessenburg form. This form, where all the elements below the first

sub-diagonal are zero, is most convenient and efficient for further cal-

culation. In Appedix A, two methods are discussed with the "direct

reduction with interchanges" being the method implemented.

The final step in the computation of eigenvalues is the actual determ-

ination of the eigenvalues for each diagonal block (now scaled and in

Hessenburg form). The algorithm used is the QR algorithm developed by

Francis in the early 1960's and described in Appendix A. The algorithm

uses a series of unitary transformations to drive elements of the

subdiagonal of the Hessenburg form to effective zero values. As the

subdiagonal elements approach zero, the diagonal elem nts approach the
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the desired eigenvalues. The algorithm is very efficient and quite

suitable for problems of moderate size (less than 100-200 order).

Appendix A, which is comprised of notes from a series of lectures,

presents the basic mathematics of each of the above processes along

with numerical examples to demonstrate the actual computing sequence.

4.4.4 Stability Margin Calculations

The method that is used to determine stability marginsis a frequency

domain technique of Bode. This technique has been found to be numeric-

ally superior to other approaches, such as the Routh array approach

and much faster than the direct approach of repeated eigenvalues

determination.

The parameter K for which the stability margin is to be calculated can

be though of as providing a single loop feeback around the system

model as shown in Figure 47.

The characteristic equation of the above system with nominal parameter
K a Kn, is:

N(s) - P(s) - Kn Z(s) 4.4-18

Note that the sign of the feeback is determined by the sign of K and is
not assumed to be negative as is often the case in text books. The

roots of N(s) are the eigenvalues of the nominal system, and the roots of

P(s) are the eigenvalues of the system with K = 0.

To concentrate the analysis on the stability boundary of the complex
plane, i.e. the imaginary axis, we may set s = jw in Equation 4.4-18.
The polynomials P (jw) become complex quantities for real values of W.

We are interested in determining those real values of K, Ko, which will

cause N (jw) = 0. Such values of K will result in roots of the
characteristic equation on the imaginary axis of the complex plane.
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Solving equation (4.4-18) for such values of K we obtain:

0 - P (jw) - KoZ (W) 4.4-19

Z a O) 4.4-20

Since we are interested in only real values of K that satisfy

4.4-19, we need consider only those values of w which cause the phase
of P (jw)/Z (jA) to equal 00 or 1800. Further, if the nominal

parameter K < 0, only values of 1800 need to be considered, and if the
n

nominal parameter Kn > 0, only the values of w that produces 0 phase
need be considered.

The approach that will be taken to determine Ko will be as follows. The
roots of N(s) and P(s) of 4.4-18 can be calculated as the eigenvalues of

the nominal system, and the eigenvalues with K 0 respectively, and

will be designated as:

N. i = 1,2....., n K K
1 n

Pi = 1,2, ..... , n K 0

Thus N(s) and P(s) can be stated in terms of their roots as:
n

P(s) = 7 (s - Pi)

i=1
4.4-22

N(s) = I (s - Ni)

i=1

Solving 4.4-18 for the open loop transfer function in terms of Kn, N(s)

and P(s) we obtain:

*
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P(s) Kn  P(s)

4.4-23

. R(s)

K n

Where:

R~s)N=s1
R(S) 1 - -T

If Kn > 0, the phase of Zfs) is the phase of R(s). If Kn < 0, the phase

of is the phase of R(s) minus 1800. Thus, the method simplifies to
a search for the frequencies that cause the phase of R(s) to be 00,

regardless of the sign of K .
nSubstituting s = iw into 4.4-22 and 4.4-22 into 4.4-23 we obtain

O) Kn li=1 (jw- Pi)  4.4-24

R (jw) 4.4-25

Kn

A range of 0< w < wmax will be searched to find those values of w at
which the phase of R(jw) is zero. At this freqOency, wo, the limiting
value of K, Ko, can be calculated by substituting 4.4-25 into 4.4-20:

Ko  Kn 4.4-26
SIR(jwo) I

Magnitudes of R(jw) >1. result in lower K limits. Magnitudes of R(jw)

< 1. determine upper K limits. The usual definition of stability
01
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margin is the ratio of maximum K, to nominal, K is obtained from 4.4-26n
to be:

Ko= 1 4.4-27
K R(jw)
n 0

Search for Zero Phase

A range of w from 0 to wmax must be searched for zero crossings of

R(jw). wmax is arbitrarily established as 2 times the magnitude of the

largest eigenvalue of the nominal system. Zero frequency is included

since a real divergence is indicated by a zero phase of R(O). After

w = 0 has been checked, the search begins at some low frequency wmin'

Since we are interested in phase angles near 0, small angle approxima-

tions may be used for the phase of R(jw). By this approach it will be

possible to avoid time consuming trigonometric calculations. Thus phase

angle of R(jw) will be approximated as:
Im RUj)
Re R(jw) 4.4-28

The search proceeds with geometric steps from wmin' When a zero crossing

occurs, the search switches to a dichotomous mode until the error is

reduced to some tolerance e., i.e.

~LJw o) I < e = .00001 radian 4.4-29

A further condition is included in this search strategy. That is that

the phase angles determined on two subsequent geometric search steps

should not differ by more than one quadrant. This condition is included

to prevent the search from not detecting a zero crossing in a region of

rapidly changing phase.

The mode of the search can be easily related to the standard quadrant

designations of the phase angles as described below.
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The absolute value of the difference of the quadrant numbers of the

current and previous phase angle is calculated. If this value is less

than two, the geometric search is continued. If this value is equal

to two, a small step backward is taken, since a change of two quadrants
has occured and a zero crossing may have been overlooked. If this value

is greater than two, the phase angle has passed from the first to
fourth (or visa-versa), quadrant and a dichotomous search is started toF
locate the value of frequency that produces zero phase.

When such a value of frequency is determined, the value, w 0 and the
1stability margin, R~w) , are stored in arrays, and the search

continues in the geometric fashion until wmax is reached.

At this point in the analysis, there are two arrays of k elements a(i)

and GM(i) that contain the frequencies w and the corresponding magni-

tudes 1 rsetvl.The lower stability limit is determined

by the maximum value of R(jw 0) which is less than 1.

The upper stability limit is determined by the minimum value of

1 -w0  which is greater than 1. The k elements of GM(i) are

searched to determine these values. Any remaining elements of GM(i)

and s(i) indicate parameter values and divergence frequencies which

exceed the critical stability limits, but at which another oscillation
would occur if the parameter were increased beyond the critical stabi-

lity bounds. If such values exist in the searched region, they will be
printed out by the program as noncritical stability limits.

4.4.5 Transfer Function Calculations

The method that is used to calculate transfer functions is very similar

to that used to calculate stability margins. In each case, the eigen-
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values of the nominal system, and the eigenvalues of a related system,

are calculated and used to obtain the desired results. Since the

eigenvalues of a linearized system can be calculated quite efficiently

and accurately, this approach provides an efficient and accurate method

of obtaining specified transfer functions.

The transfer function from any point R to any point C in the system

model can be represented as shown in Figure 48. The transfer function

between points R and C is composed of the ratio of rational polynomials

Z(s) and P(s).

Z4.4-30

where: R(s) - the specified input quantity.

C(s) - the specified output quantity.

Z(s) - transfer function numerator polynomial.

P(s) - transfer function denominator polynomial.

s - Laplace complex frequency variable.

The roots of the denominator, P(s) can be obtained by forming a linear

representation of the system and calculating the nominal system eigen-

values, as discussed in Section 4.4-3. If the equivalent transfer

function system of Figure 49 is modified by adding a feedback path

from the specified output quantity to the input quantity, we obtain new

dynamic system whose transfer function is:

CWZ(s)
4.4-31RU Z(s) + P(S) 443

Let the roots of P(s), the nominal system eigenvalues, be designated

as Pi. and the roots of Z(s) + P(s), the modified system eigenvalues,

be designated Ni, i - 1, 29 .... , n where n is the system order.
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R(S) Z(S) C (S)

P(S)

C (S) _Z(S)t

A(S P(S)

Figure 48. Equivalent Transfer Function

R S)( S) Z(S)

CIS) Z()PS)

Figure 49. Modified Equivalent Transfer Function System
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n
P(s) it (s-Pi) 4.4-32

J1

n
Z(s) + P(s) i t (s-N.) 4.4-33

1=1

The desired transfer function, ZS, can be obtained in terms of the two
sets of eigenvalues Pi and Ni by dividing equation 4.4-33 by 4.4-32.

n
s) (s-Ni)

-O i=i - 1 4.4-34
s n

Ir (s-P i )
1=1

Since we are interested in the steady state frequency response, we will

confine our attention to the imaginary axis of the S plane, by replacing
s with jw.

n
it (jw-N i )

=[Ia i=1 - 1 4.4-35
n
7r (iW-Pl)

Equation 4.4-35 gives the desired transfer function in terms of the

elgenvalues of the nominal system, and that system modified by a single

loop closure. Since N1 and P1 are, in general, complex quantities, and

the jw terms are pure Imaginary quantities, the transfer function will

be a complex function of ,.
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The numerical methods that are used to calculate the nominal system

stability matrix and eigenvalues are described in Section 4.4.3. The

modified system stability matrix is calculated as follows: First, the

nominal value of the specified output quantity, C , is determined. At

each step of the stability matrix calculation, after a jth state variable

has been perturbed, the difference between the resulting value of C,

C.and the nominal value C0is subtracted from the current value of the

input quantity, R J*

RI j R - (C .- C 4.4-36

where: R'j- input quantity modified by -1 loop closure from C.
Rj -input quantity without -1 loop closure from C.

C 0  - nominal value of output quantity.I
C1i - output quantity value resulting from perturbing jth

state variable.

The system model is then re-evaluated from the point in the model equa-

tions at which R appears. In this way the effect of a -2 loop closure

from output to input is simulated. Nate, that this technique fails if

the output quantity is a direct, algebraic function of the input

quantity. In such a case, the change in C would cause a change in R via

(4.4-36), which would cause a further change in C, etc. A test for such

"algebraic loops" is performed before the transfer function analysis is

allowed to proceed. This situation only occurs in those cases in which

the transfer function numerator polynomial and denominator polynomial

are of the same order. This situation is fortunately quite uncommon in

most physical dynamic systems.

4.4.6 Root Locus Calculation

A root locus analysis provides the locus of the system eigenvalues as a

function of some specified parameter. The EASY Analysis program allows

a root locus analysis to be performed as a function of any operating
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point value, as well as any system parameter.

The root loci are calculated by forming the stability matrix for the

system for each specified value of the root locus parameter. The

eigenvalues of each stability matrix are calculated to give the root

loci.

The methods described in Section 4.4.3 are used to calculate the system

stability matrices and eigenvalues. However, the calculation of the

linearity measure, RATIO, is omitted for two different* values of the

root locus parameter, a comparison of the elements of these stability

matrices is made to determine which elements are affected by changes

in parameter. Subsequent stability matrix calculations only re-evaluate

those elements which were modified by the first two values of the root

locus parameter. Due to storage limitations, a limit has been placed

on the number of elements that can be modified by the root locus para-

meter. This limit is 400 elements of the stability matrix. If more

than 400 elements of the stability matrix are modified by the root

locus parameter, the program reverts to the less efficient process of

evaluating all elements of the stability matrix for each value of the

root locus parameter.

4.4.7 Eigenvalue Sensitivity Calculations

An eigenvalue sensitivity analysis provides a measure of the sensitivity

of system eigenvalues to changes in a specified system parameter. The

eigenvalue sensitivity measure is the ratio of the percentage change in

the parameter for which the sensitivity is to be measured. This is stated

* The two different values are the nominal parameter value and the RL

START value. Therefore RL START should not equal the nominal parameter

value.
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mathematically as:

1- ai"
Sol OT 4.4-37

1 - wi'

T-1 -l '-  
4.4-38

Where: Sai = Sensitivity measure of real part of ith eigenvalue

to change in parameter P.

Swi =Sensitivity measure of imaginary part of i th eigen-

value to changes in parameter P.

a1 = Nominal value of real part of ith eigenvalue
ai = Nominal value of imaginary part of th eigenvalue

P = Nominal value of parameter for which sensitivity

measure is being calculated

= Prime indicates perturbed values of parameters and

eigenvalues

i - 1,2....., n n = model order

This sensitivity measure has the following properties:

a. It is dimensionless which allows the relative sensitivities of para-

meters with different units to be compared.

b. Sensitivity measure of one idicates equal percentage change in eigen-

value per unit change in the parameter.

c. Positive sensitivity indicate eigenvalue motion toward the right half

plane, i.e., destabilizing and lower frequencies.

d. Negative sensitivities indicate eigenvalue motion toward the left

half plane, i.e., stabilizing, and higher frequencies.

623



4.4.8 Function Scan Calculations

Function scan calculations begin by setting the system state variable to

the current operating point values, and all state variable derivatives

to zero.

The system model equations are then evaluated. The specified independent

variable, INDEPI, is then set to its initial value, STARTI, and the model

equations are re-evaluated. If the independent variable is a state vari-

able or parameter, the model equations are completely re-evaluated. How-

ever, if the independent variable is a variable or rate, which would nor-

mally be calculated by the model equations, the re-evaluation beings at

the statement immediately following the normal calculation of the variable

or rate. In this way, the effect of the variable or rate on the model is

determined for the specified, rather than the normal value calculated by

the model. This process of re-evaluation is repeated as the independent

variable is scanned from STARTI to STOPI. After each re-evaluation the

value of the specified dependent variable DEPEN is recorded.

If a second independent variable, INDEP2, is specified, this variable

is set to its specified value before each scan of INDEPI and the model

is re-evaluated. This places a constraint on the relationship of INDEP1

to INDEP2:

If INDEP2 is a variable or rate, INDEP1 must be a

variable or rate that is calculated below INDEP2 in

the model calculation sequence.

If this constraint is violated, INDEP2 will not scan its specified

values, but will merely take on its nominal model calculated values. Such

a conflict can always be resolved by interchanging INDEPI and INDEP2. If

this form of plots is not desired, the desired family of curves can be

obtained by repeated use of the SCANM option with INDEP2 varied using

the PARAMETER VALUES command.
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APPENDIX M

OPTIMAL CONTROLLER DESIGN WITH THE EASY PROGRAM

This appendix is a reproduction of Section 4.5 of reference 1. It

presents a description of the optimal controller designs performed by the

EASY Analysis Program.
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4.5 OPTIMAL CONTROLLER DESIGN

The optimal controller designs performed by the EASY Analysis program

are based on the linear optimal regulator theory and linear filter

theory of Kalman. By allowing the designer to specify the model order

and optimal controller order he wishes to use it is possible to apply the

theory to large system models and to obtain reasonable sized prictical

controller designs.

The design process is shown in Figure 50 where the dashed line ind-

icates engineering feedback needed until the design obtained is ac-

ceptable by some criterion. The basic flow indicates the linear-

ization about a desired operating point, the reduction of the linear

model, and then the calculation of the optimal gain and filter matrices

via linear optimal regulator theory. The initial reduction of order in

the linear description is permitted in order to reduce computational

and storage requirements in the subsequent controller calculations.

Likewise, before leaving the design process, the complexity of the cal-

culated controller can be reduced to any prescribed level to facilitate

practical realizations and analysis. The final tasks of preliminary linear

analysis (eigenvalues of resultant system with reduced controller) and

subsequent simulation of full nonlinear systems with reduced controller

are needed to assess the real performance of the design. Based on this,

the designing engineer can adjust design parameters to effect more
desireable behavior.

Section 4.5.1 considers the model linearization. The method for reduction
of the order of linear systems is delayed until Section 4.5.12. The

factors affecting the design parameters are considered in Section 4.5.2
where the basic problem definition is given. Section 4.5.3 treats model

considerations, including the calculation of default values for design

parameters. In Section 4.5.4 the theory for the optimal gain matrix

calculation is given. The detailed calculation process is given in
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CHOOSE OPERATING POINT

CHOOSE DESIGN PARAMETERS

I CALCULATE GAIN MATRIX

II

I
I II CALCULATE OPTIMAL FILTER
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i REDUCE AND ADJUST
I CONTROLLER

I

PRELIMINARY LINEAR ANALYSIS

I SIMULATION

TASKS PERFORMED BY
Figure 50. Central Design Process DESIGN O.C. COMMAND
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Section 4.5.5 while Section 4.5.6 indicates what analysis information

Is generated as a result of the calculation process. Section 4.5.7

parallels the development for the Kalman filter with Section 4.5.8

giving the detailed calculation process and Section 4.5.9 the analysis

information. Section 4.5.10 then covers the controller formation and

subsequent reduction and adjustment. Section 4.5.11 considers the

reduction theory with 4.5.12 giving the detailed calculation sequence.

Finally, Section 4.5.13 considers the use of the designed controller

in the nonlinear system simulation.

4.5.1 Linear Model Generation

The design process starts with the generation of a complete linear

model of the system at the specified operating point. This non-linear

system model can be expressed by Equations 4.5-1 through 5.4-3.

- f(x,u,t) 4.5-1

Ys = f (xt) 4.5-2

YC = fc(x'u 't)  4.5-3

where

= fx dimensional state vector

u = nu dimensional control vector

Ys= ns dimensional sensor vector

Yc= nc dimensional criteria vector

f = nX dimensional vector of nonlinear functions relating

state variable, inputs, and time to the state variable

derivatives.

fs= n s dimensional vector of nonlinear functions relating

state variables to sensed quantities.
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f c nc dimensional vector of nonlinear functions relating

state variables, inputs, and time to criteria quant-

ities.

A linear model of this system is obtained by numerically taking the
partial derivatives of f, fs ,and fc with respect to x and u as described
in Section 4.4.3. The equations thus obtained are:

Ax + Bu + I d" 4.5-4

Yc= HcX + Dcu 4.5-6

where:

A = nx by nx system stability matrix

B = nx by nu system input matrix

Hs= ns by nx system sensor matrix

Hc- nc by nx criteria matrix

Dc= nc by nu criteria input disturbance matrix

Ix= nx by nx identity matrix

is= ns by ns identity matrix

d = nx dimensional state disturbance vector

v = ns dimensional sensor disturbance vector

Note that it is assumed that the control vector, u, of actuator input
does not directly effect the sensed quantities, Ys. The control

quantities do effect the sensed quantities via their effect on the system

states.
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4.5.2 Design Formulation

The state vector x represents deviations from a desired set point and

the control vector u represents perturbations about the control level

at the set point. The vector d is a disturbance vector for the state

derivatives and for this problem is considered to be a zero mean white

noise process with a covariance matrix given by a diagonal matrix Cd.
Likewise v is a zero mean white noise process affecting the sensors and

has a diagonal covariance matrix C * With this description, it is to

be noted that all set point levels for the state, control, and noise v

vectors have been removed. Further, all noise correlation is assumed to

be included through additional states representing filtered white noise.

Details of this procedure are treated in a later section. The theory

presented does not require this limited disturbance description and the
design programs can easily be altered to include non-diagonal covariance

matrices and a more general multiplier (instead of the identity matrix).

The choice was made to facilitate understanding of the design prodedure
and to reduce both storage requirements and required input data. Further,

the chosen level of generality is sufficient for most all design problems

considered in the preliminary design and analyses stages.

The design criterion is given by a cost functional

j= 1 f(yc' Q + u' Ru) dt 4.5-7

where Q is a positive semi-definite weighting matrix relating the rel-

ative importance of the various criteria variables and is assumed

diagonal (any off diagonal weighting can be accounted for by a redefini-

tion of the varialbes in the vector yc). The control weighting matrix

R is a positive definite matrix and for tonvenience assumed diagonal

(little physical interpretation can be given to off diagonal terms).

The design problem of interest is to obtain a description of u as a
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function of the sensor outputs given by y s that causes the cost function-

al of Equation 4.5-7 to be minimized given any initial displacement.

4.5.3 Modeling Considerations

Model Assumptions

Several assumptions are made in the problem description just given for

the sake of ease of computing and storage. The zero-mean valueL
assumption for both the state and sensor equations is made knowing that

non-zero-mean quantities are included in the set point values.

Realizing that equations 4.5-5 through 4.5-6 are for deviations about

set point values, the disturbance descriptions are for deviations about

their mean values.

The assumption that each state derivative is affected by white noise
uncorrelated with that affecting other states seems more restrictive.

In practice, however, if one defines band limiting filter equations

and accounts for the correlation through the output of the filter
entering into the equations for the affected state derivatives, most

cases can be approximately treated. The theory that follows does not
require this limitation and the computer programs implementing the

the algorithms can be modified to include the more general form of the

disturbance function. With the limitation, however, the amount of

data input and internal storage is reduced.

Design Default Value

From the problem description, the design parameters are the Q and R
vectors for the gain calculation and the C d and 0 v vectors for the filter
calculation. The defining equations for the criteria variables are

also part of the design specification but are more likely to remain

fixed for any given problem whereas the Q and R vectors are varied to
effect different performing systems. The choice of the elements of Q
and R are relative to each other and not absolute (doubling all the
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elements of each does not change the problem). Since R must be positive
definite a logical default value for any element of R less than or equal
to zero is unity. Likewise for Q which must be positive semni-definite,

default values are unity for any element less than zero. The above two
sets of default values do not take into account any relative sizes ofL
criteria or control variables but only assure the sign definite require-

ments of the problem formulation.

Default values for the noise covariance matrices (assumed diagonal) used
in the calculation of the Kalman Filter require more computation in

that they are less likely to be input by design engineers due to less
familiarity-especially in the initial stages of the problem. To get some

physical interpretation, if one assumes that noise causes errors (both
in the state derivatives and in the measurements) that are normally
distributed about the correct value with 95% of the errors within a

2
bound + a, then the appropriate choice for the variance (a )is given by

3.84164.-

This equation is derived through the use of the erf function as

2 erf A- - 95 4.5-9.

or7 1.96 4.5-10

which is obtained from a table for the erf function. Equation 4.5-8

is then a direct result of Equation 4.5-10.

To get some bounds on the errors in the calculation of state derivatives
due to both external disturbances and model inaccuracy, a measure of the

relative size of each state is needed. In the EASY program, this is

provided by the ERROR vector. Thus to obtain uncertainty bounds for the
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state derivatives, the following equation is used for limit values L .

Li 10 Ia.ERROR (J)I 4.5-11
j-1

which indicates the sum of all th2 absolute state minimum perturbation
sizes weighted by the multiplier in the system matrix A. The 10 multi-

plier is artificial and used to account for model inaccuracy in general
and to force the resulting design to favor current measurements rather

than historical information (which will happen if the model is assumed
more accurate than the measurements) the actual covariance matrix elements

is then computed as

L?/3.8416 4.5-12

The noise covariance matrix for the measurements is computed in a

similar manner where the limits L are computed as

i nX

L = J 1(Hs) ij ERROR(j) 4.5-13
j-1

which weights the measurements relative to the minimum purturbations

in the states. This is not ideal but suffices in the absence of any

other data.

It is anticipated that these default values will help get a design started
but that as experience is gained with the model and with resulting

controllers better values can be input to more fully effect the "best"
design.
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4.5.4 Gain Matrix Calculation

The separation theorem of linear optimal control states that the optimal

controller is composed of a linear feedback gain matrix G operating on an

optimal estimate of the state obtained through the use of a Kalman filter.

The feedback matrix G is computed as if no noise disturbances were

present and as if all the states are available for feedback. The follow-

ing section outlines the procedure for calculating the optimal feeback

gain matrix G.

Substitution of the expression for yc in equation 4.5-6 into the cost

functional of equation 4.5-7 yields

J = (Hcx + Dcu)'Q(Hcx + Dcu) + u' Ru}dt

2 WH QHcx + u'Dc 'QHx + x'H cQDcu 4.5-14

+ u' (R+Dc 'QD )u}dt

Following a procedure using the Minimum Principal of Pontryagin (Ref.2)

one forms the Hamiltonian for this system as

Ha 1 Hx' 'QH cx + uDcQHrx + x'H'QD u + u'(R+D'QD )u}2 Hc  C c u ccXc c c

+ p'Ax + p' Bu 4.5-15

where p is now the costate vector. The differential equation for p is
given by

(Hc 'QHX + Hc 'QDcu + A'p} 4.5-16
-ax C c C c p
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A necessary condition for an optimal solution is given by

aH = 0 = Dc 'QHcx + (R+D 'QD )u + B'p 4.5-17
C"

which implies

u = - (R+D 'QDc)" (Dc'QHcx +B'p). 4.5-18

Therefore, substitutions of the expression for u into the differential

equations for x and p yields

x Ax - B (R+Dc'QDc)-'(Dc'QHcx + B'p) 4.5-19

= -A'p - Hc'QH x + Hc' QDc (R+D c'QDc)'(Dc 'QHcX + B'P)
4.5-20

or in matrix form
". QDc)-1 cQHc  , ,

A-B(R+D c  ) Q c-B(R+D c QDC)B x

i L-Hc'(QoQDc (ROc 'QO C)0 c'Q)Hc I-A'+H c'QO c(R+D c'Q)' p

4.5-21

- c '5Hc -63
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where:

A- A-B(R+O 'QO "0 cQHc 4.5-22
C C C

R (R+Dc'QOc) 4.5-23

Q Q-QD (R+Dc QDc) 'Q 4.5-24

Since R was assumed positive definite and Q positive semi-definite, it

can be shown that R is also positive definite and Q is positive semi-

definite.

A second condition termed the transversatility condition requires that

p(t) t = 0. 4.5-25

When the intial condition for x(t) is considered, it is seen that

equations 4.5-21 and 4.5-25 pose a two point boundary value problem.

In order to solve for p(t) and x(t) which are needed to determine

the control u(t), consider a change of variable

T'r - t 4.5-26

which when used in equations 4.5-21 and 4.5-25 results in

[-A BR 8' X(t)

KC) H 'QH A' [P(T)

p(r) ITuo-O 4.5-28

x(r) .- x. 4.5-29
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Now let $I be the fundamental* matrix for the system matrix in
equation 4.5-27. Partition n into quadrants corresponding to the
partition in equation 4.5-27 to obtain

11 2  4.5-30

L~ rQf21() 22(j Lpn -o

Now using the condition of Equation 4.5-28

x(r) - n 1 1 (T) [x(T)l _0] 4.5-31

p(r) = n21(Ir) [x(T). 0- ] 4.5-32

from which one obtains

p(T) - fl2 1 (Tr)Q 1 1 (T)X(T) 4.5-33

providing Q21 (T) is non singular. Since fl 1 (T) is equal to the
identify matrix at T equal to zero and is a fundamental matrix, it is

nonsingular for all t.

Drawing on some results by J. J. O'Donnell, (Ref. 3), it is known that
the system matrix of equation 4.5-27 has eigenvalues symmetric with
respect to both the real and imaginary axis of the complex plane. This

is shown by using a linear transformation0 -1
j "4.5-34

which when applied to the system matrix of equation 4.5-27 indicates it

is similar to a matrix whose eigenvalues are the negative of its own.

* Also referred to as the state transition matrix.
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The conditions of R and Q being positive definite and semidefinite

is sufficient to insure all eigenvalues with zero real parts are of

multiplicity 2. Using these facts, let W be a transformation such

that

W -A BR B' W -[A 01
~ - 4.5-35

cQHc AL

where all the eigenvalues of A have non-negative real parts and complex

eigenvalues occur in conjugate pairs. Thus

n~ W Fe Ar0 1W_
0 iA T 

4.5-36

Let

U -1 4.5-37

and partition U and W to obtain

niu(T) = W11 eATU11 + W12 ;A'ru 21 4.5-38

n 2 1 ( ) MrW 2 1 e T U 1 1  + 2 2 i T U 2 1  4 5 3 9

Then equation 4.5-33 reduces topir) ~ 1 Ar +w -A'rTA

p(T) [W21e u11 W22e u21]CW11eATuJJ +

W12e U2 1 1 x(T) 4.5-40
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Since we are interested in the control law in the time frame of t near

zero, we must look at p(T) as Tapproaches -. If A has all eignevalues

with positive real parts (not just non-negative) then as T becomes large

the terms with AT must become small with the result that for large T

p(T) = [W21 eAtUIIi] [W11 eT UlI] -1 x(T)

which assuming non singularity of W and U11 yields

W eAT  1( AT )1 - ()i

p (T) = W 1 U11 U11  (e 1Wi X(T)

= W21 W 1 x('r) 4.5-42

as t approaches -. Thus for t near zero, from equation 4.5-18 we

obtain
-1

u(t) = - R-1 (Dc 'QH + B' W1W1) x(t). 4.5-43
C c 21 11

The condition that causes the indicated inverses W11 and U11 not to

exist is the existence of a unstabilizable mode in the original system

equations. If the mode has eigenvalues with zero real parts, the

assumption that eA'T terms in equation 4.5-40 become small with respect

to e terms is incorrect. If the mode has eigenvalues with positive

real parts, then WIt will be singular. To see this consider a system

of equations

2•-0 A 
4.5-44

[jj 2 ] [j
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in which A1 has eigenvalues with positive real ports.

The resulting matrix for equation 4.5-27 is

() -A, 0 0 0 x 1

x2 (') 0 -A2 0 82RIB2  x2  4.5-45

p1 ('r) Q11 Q12 AI' 0 P1

P2 (.)  Q12 Q22 0 A2' P2 =0

Note now that as one computes the eigenvectors corresponding to

eigenvalues with positive real parts the only portion of the eigen-

vector that can be non-zero is that corresponding to the third

partition. Thus W11 would have columns of zeros corresponding to

each variable in x .

The conclusion of this section is that if one is able to partition

the eigenvalues as indicated in Equation 4.5-35, and if none of the

elgenvalues have zero real parts, and if the inverse of W exists,

then the solution given in 4.5-43 is the correct solution. In practice,

the program used to implement the procedure require that the matrix

in Equation 4.5-35 be diagonalizable so that if W11 is singular, it

might also be the result of this restriction not being satisfied.

4.5.5 Solution Process

The numerical process for computing the gain matrix is given by:

1. Form the matrix for the system and adjoint equations as in

Equation 4.5-27 with definitions 4.5-22, 4.5-23 and 4.5-24.

2. Compute the eigenvalues of the matrix formed. If any eigen-

value; have zero (with the precision of the computation) real

parts, this indicates that the system is unstabilizable and that

no solution exists. (See Appendix A).
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3. Partition the eigenvalues Into two groups with all elgenvalues with

positive real parts in the first group.

4. Compute eigenvectors for each eigenvalue with a positive real
part. (See Appendix A).

S. Partition the elgenvectors computed into matrices W1I and W2 1 .W2111- -I*
6. Solve for B' where WI1 exists. If Wll is singular

(within precision limitations) indicate that either the original

system had an unstabilizable (unstable and uncontrollable mode

or that the rare event of a non-diagonalizable system + adjoint

matrix occurred.

7. Compute the gain matrix

G = R ( c(QH c + B'W21W11  4.5-46

4.5.6 Closed Loop Elgenvalues

Computing the optimal feedback matrix in this manner yields information
on the resulting closed loop linear control system. From equation

4.5-35

-A W1 l + BR1 B'W21 - W 1 4.5-47

Where A contained the eigenvalues with positive real parts.

Postmultiplying by -W11 -1 cne obtains

A- "R1 8' w2  1= AW 4.5-48
1 1 1

A B-aW 21 W 11" a W 11 A 1 4.5-48

or when A and R are substituted as in Equation 4.5-22 and 4.5-23

A-B(R+D QDc '(D QHc+B'W2  1 = W11(-A)W11  4.5
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Recognizing the second term as B times the optimal gain matrix G

computed in Equation 4.5-46, one obtains

A + BG = W1 1 (-A) W1t 4.5-50

which indicates that the optimal closed loop system given by A+BG has

the eigenvalues of -A. For -A in a diagonal form W is the set of

eigenvectors. Note that as A was chosen as all the eigenvalues with

positive real parts, -A must have all eigenvalues with negative real

parts. Thus A+BG must be stable.

4.5.7 Kalman Filter Calculation

In this section the filter portion of the total controller is considered.

Using the notation of Section 4.5.1 and the results of Theorem 7.1 in

the book by Meditch, (Ref. 4), the optimal filtered estimate for the

system described in Equations 4.5.4 through 4.5.6 is given by

x (t)=Ax(t)+S(t) Y (t) H t) + B u(t) 4.5-51

where

X(o) = 0

and where

S(t) = P(t) H sC v"  4.5-53

and where P(t) satisfies the differential equation

p(t) = A P(t) + P(t) A' - P(t) H ' C v  Hs P(t) + Cd 4.5-54

with

P(O) a E [x(o) x'(0)] 4.5-55
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where the term on the right side of Equation 4.5-55 is the covariance

of the state at time zero. Although P(t) and thus S(t) are in general

time varying, it is undesireable from an implementation point of view

to design time variable controllers. More realistically if one assumes

that the covariance of the filtered estimate is at steady state which

is obtained as the limiting value of P(t) as t becomes large in
Equation 4.5-54, then S given in Equation 4.5-53 becomes a constant
matrix with the result that the filter equations are linear and time-

invariant.

In order to solve

A p + P A' - PHs' Cv-1 HsP + Cd =0 4.5-56

c'% can use the eigenvector approach reporzed by Potter (Reference 5)

arJ by O'Donnell (Reference 3) which states that

P 2 W W -1  4.5-57P = 1 11;

_A Hs 1Cv- H j Fw11 1rw1 11  A
Cd A I Lw21 IW21 4.5-58

and where A is the set of eigenvalues of the matrix on the left hand

side of equation 4.5-58 that have positive real parts. Then W11 and

W21 are partitions of the set of eigenvectors corresponding to

eigenvalues with positive real parts. The solution is analagous

to that computed for the gain matrix in the optimal regulator problem

and the conditions that all unobservable modes are stable along with

C v positive definite and Cd positive semi-definite insure the existence

of -1 and a solution.

a ing calculated W2 1 and Wll, the S matrix defined in Equation 4.5-53

can be evaluated from the expression
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S W21 W 1 1 Hs, Cv 1  4.5-59
Ws-~ -1

by first solving the linear system of equations for W H'C v  and then
premItiply1ng by W21. The dynamic equations for the Kalman filter can

now be written (from equation 4.5-51) noting that u(t) is to be given by

A

and

X (A+BG-SHs)x + S Ys 4.5-61

Equations 4.5-60 and 4.5-61 now form the description of the full

controller with x the input and u the output.s

4.5.8 Kalman Filter Solution Process
er

The numerical process for computing the filter matrix S is given by:

1. Form the 2n by 2n matrix of system and adjoined equations given

by the left hand side of Equation 4.5-58.

2. Compute the eigenvalues of the matrix formed. If any of the eigen-

values have zero real parts, this is an indication that the system

is unobservable and that no solution exists. (See Appendix A for

computational details).

3. Partition the eigenvalues into two groups with all the eigenvalues

with positive real parts in the first group.

4. Compute the eigenvectors (or real combinations of eigenvectors in

the case of complex conjugate eigenvalues) for each eigenvalue in

the first group. (See Appendix A for computational details).

5. Partition the matrix computed into W11 and W21 .

6. Solve for W11  Hs C v1 with a standard linear equation solver
routine. Should W be singular (or badly conditioned), this

lnd;cates that either the original system had an unstable un-
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observable mode or that the rare event that the matrix formed
in step 1 was undiagon3lizable occurred. With the calculation

process used, multiple eigenvalues with independent eigenvectors

will not cause the method to fail except in extremely rare cases.

7. Compute S as the product of W21 with the above solution.

4.5.9 System Eigenvalues Using Kalman Filter

As in the case of the gain matrix calculation where the eigenvalues

(obtained by partitioning) with negative real parts were the optimal

closed loop eigenvalues for the system using the computed feedback

matrix, the elgenvalues computed in the solution process for the

Kalman filter have significance.

Using Equations 4.5-60 and 4.5-61 as the description of the full

Kalman filter/controller and the original system equations given in

4.5-4 and 4.5-5, one obtains the equations for the total closed loop

system as

Consider now a transformation J where

j = 4.5-63

and where the I's are identity matrices of order nx.

Then
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S As A+BG - SH J

[A+BG A J.5-64

0 A - SHs ]

which indicates that the total closed loop system has eigenvalues

corresponding to (A+BG) which are the eigenvalues computed during

the calculation of the optimal gain matrix and corresponding to

(A-SHs). It will now be shown that these eigenvalues are the ones

computed during the calculation of the Kalman filter. From Equation

4.5-58

-' Wl + HI C Hs W W A 4.5-65

which postmultiplying by W1 1
" yields

A'- Hs  Cv I Hs W21 W11-I Wi I (-A) W1" 4.5-66

Since P from Equation 4.5-56 is symmetric and equal to W21 W1 1
I

the use of Equation 4.5-59 yields

A' -H s S' = Wi1 (-A) Wil 4.5-67

which indicates that the negative of the etgenvalues calculated in

the solution process for the S matrix are indeed the elgenvalues of
A-SHs since eigenvalues are Invariant under transformation. Thus

the 2nx elgenvalues of the total closed loop system are the eigenvalues
calculated as part of the gain matrix and optimal filter solution process.
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By more manipulation the elgenvectors for the system described in

Equation 4.5-62 can be described in terms of the W 1matrices (and

inverse) calculated for both the gain matrix and Kalman filter. No

attempt is made to exploit this information as the real subsequent

analysis hinges on a reduced controller operating with the non-

linear system.

4.5.10 Controller Formation, Adjustment, and Reduction

The formation of the controller is straightforward when no initial

system reduction took place. That is, from equations 4.5-60 and

4.5-61, the controller input is Y s, the output is the actuator signal

u, and the representative block diagram given in Figure 51.

Now the above controller is of the same order (n ) as the original .
system description. Since this controller is now just another linear

dynamic system, it is natural to ask if a lower order approximation can

be made. The input Y5 and output u would have to remain the same but
the dynamics describing x would be reduced. Section 4.5.11 gives the

theory and calculation necessary to reduce this system. For now it

suffices to state that a new reduced system of the form shown in Figure

52 results.

Note that in Figure 52 the input and output have not changed. The

matrices SK GK AK are now of reduced dimensions (z is not as large

as 'X") and a new block represented by FK is added. This is a controller

feedforward block and represents a direct gain from the measurements

(inputs to the controller) to the control signal (the output from the

controller). Intuitively this addition is needed in that when fat

dynamics are ignored, their effect is essentially an instantaneous

response to the input. Also, the classical methods in control design

allow a feedforward controller (i.e. a simple feedback gain) so that

this reduction process that results in the F K term seems most reason-

able.
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Fip" 51. Full Controller Block Diagram

*

+U

AK

Figure 52. Reduced Controller Block Diagram
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Controller formation and reduction for the case when initial system

reduction took place is more complicated. If one proceeds in a
logical manner for the reduction of order in the initial description,

a feedforward term in the expression for the sensor output Y s results,

that is

Y5 s=H S x + D u 4.5-68

In block diagram form, the initial system (reduced) appears in Figure
53.

This term due to D5 does not have any effect during the calculation of I
the optimal gain matrix and can be ignored during the calculation of
the optimal filter. That is, the optimal filter is predicted on anJ
input H x which is now really (Y -D su). Thus to form a controller with

s ss

correct input to the Kalman filter results. This is shown in Figure
54.

The total controller is now the dynamics between points PI and P2.
Several alternatives now exist for the reduction of this controller.
Since the feedback term involving 0 s has no dynamics associated, order
reduction can be accomplished either before or after simplification
by elimination of the feedback path. Elimination before results in
a system shown in Figure 55.

This system is now just like the one shown in Figure 51 except for
the extra term in the system matrix and can be similarily reduced.
Another approach would be to take the dynamic system between points P2
and P3 in Figure 54 which is now just that of Figure 51 and reduce
it to obtain the system shown in Figure 52. If this is done, and
the reduced system substituted between points P2 and P3 in Figure 56 ,
the following block diagram results.
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DSs

Fipiw 53. Reduced system Block Diagram

,F;O"r 54. Block Diagram of Contral.,f Whun Initizl System Hed Ftwdloiwwwd Term
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vs S s

Figure 55. Total Controller Incorporating Static Feedback

FKK

-, SF fG

AK

Figure 56. Reduced Controller Before Static Feedback Elimination
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In the block diagram of Figure 56 there is both algebraic feed-

forward and feedback that must be accounted for. Noting that for

the case shown in Figure 56.

u - FK (Y s - Ds u) + GKz 4.5-69

Then one can solve for u as

U a (I + FKDS)-1 (FKYS + GKZ) 4.5-70

providing the inverse exists (an assumption rarely violated).

From this one can define a modified FK and GK as

FK (I + FKDS)'F 4.5-71
K K K

- (I + FKDS)'IGK 4.5-72

with

u FK YS + K z. 4.5-73

The expression for the dynamic portion then becomes

z ,AK z + SR (YS - DsU) 4.5-74

which through the use of Equation 4.5-73 becomes

K R S R S K S RS K 4575

(AK - SRDSGK)z + (SR - SRDSFK) YS

which indicate the modified AK and SK required to eliminate the static

feedback. By using this second technique, the linear analysis of the

resulting system becomes simple as
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X]+ B FK HS BGK x 4.5-76

S K H S  A K  z

For this reason and because little advantage is seen for either

technique over the other, the second method is the one implemented.

4.5.11 Linear System Reduction Theory

The problem of interest is to approximate a high order linear dynamic

system by one of lower order in such a manner that the output

responses due to various inputs are "close". The value of a low

order approximation lies in the reduced computational and storage
requirements for analysis and design and in the reduced complexity

for implementation. Consider the linear description in the normal

form,

- Ax + Bu 4.5-77

y -Hx 4.5-78

Where X is a nx dimensional state vector, u is a nu dimensional

control vector and Y is a ns dimensional measurement vector.

The lower order approximation sought is of the form

= ARZ + BRU 4.5-79

y = HRz + DRu 4.5-80

where u and y are as defined above and z is a nR dimensional reduced

state vector with

nR < n 4.5-81

This description differs from many reported in the literature in that

the feedforward term accounted for in DR is permitted. In some cases

this may be a disadvantage but for most, especially for the simplifi-

cation of controllers, it leads to a natural and appealing reduction.
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The proposed approach is a classical one of retaining the lowest

frequency modes and neglecting the dynamics associated with the higher

stable modes.

Consider a transformation T where T is nonsingular and

x = T w 4.5-82

andL

4.5-83

AH

Where A is block diagonal with 1 by I blocks for real eigenvalues

and 2 by 2 blocks for complex conjugate pairs of eigenvalues. For

this discussion and for the implementation, it is assumed that A is

diagonalizable (any multiple eigenvalues have as many independent

eigenvectors). Further it is assumed that A is partitioned into

and AH where all unstable and the lowest magnitude stable eigenvalues

are in AL and the large magnitude stable eigenvalues and in AH. :

The resulting equations for a similarily partitioned w are

. ] = OA 0 - * - 1 F[ T 1  B ) L i
LWJ H AH wHJ L(T-1 B)H 4.5-84

y =. [(H T) L (H T) H] [-j4.-8
To neglect the dynamics associated with wH is to assume that wH

responds instantaneously to any input. Thus wH should be zero

resulting in
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H - AH wH + (T'1 B)HU = 0 4.5-86

WH -- A ' (T- 1 B)Hu 4.5-87

which is the algebraic relation desired. Equations 4.5-84 and 4.5-85

can then be written eliminating wH as

L Awt+ (T1 B)Lu 4.5-88

y s (H T)L wL - (H T)H AH' (T1 B)H u 4.5-89

with the terms identified as

AR " AL 4.5-90

BR = (T 1 B)L  4.5-91

HA R= (H Y) L 4.5-92

DR --(H TH (T 1 B)H 4.5-93

The needed assumption is that AH1 exists which will be the case when
Aid contains large stable elgenvalues. Note also that nR can be pre-

specified as long as nR is greater than the number of unstable eigen-

values. Further, it may be necessary to adjust nR one integer less

to insure that AL is partitioned such that both of complex conjugate

eigenvalues are included or excluded.

For this reduction technique, the reduced model is asymptotically

correct for any input level. As the elgenvalues in AH become

separated from those in AL, the approximation naturally becomes more

exact.

4.5.12 Reduction Calculation Sequence

The numerical process for computing the reduced linear system consists

of:
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1. Compute the eigenvalues of the full A matrix.

2. Sort the eigenvalues according to real parts with most positive

at the top. Count unstable eigenvalues to insure retention.

3. Compute eigenvectors for sorted list.

4. Compute T 1 B and H T and partition.

S. Set AR as block diagonal matrix mode from computed eigenvalues

at top of list.

6. Set 8R and HR as the top partitions in T B and H T respectively.

7. Compute DR as -(H T)H AH'I (T"1 B)H

4.5.13 Controller Use In Simulation

The controller designed is returned to the simulation program as a

linear system described by the four matrices FK, AK, GK, and SK' it

must be remembered, however, that all the design analysis was per-

formed about an operating point defined by u0 and y0 " For a total

controller, these quantities must be added back in. A total controller

block diagram is thus given in Figure 57.

If several controllers are designed around several operating points,

it may be necessary to "gain schedule" by changing controllers and set

points as a function of operating point measured or commanded. These

and other decisions on the value of the designed controller must now

be based on the results of the simulation.

4.6 WARNING MESSAGES

One or more of the following warning messages will occur if the program

encounters difficulty in interpreting analysis instructions or performing

an analysis. These messages will be preceded by: ***WARNING***.

The symbols xxx, zzz, or nnn are used to indicate phrases from the

analysis description that are included as part of the warning message.

The following messages are listed in alphabetical order:
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APPENDIX N

EASIEST EXAMPLE

This appendix presents a supplementary ejection seat analysis example. K
This example utilizes the following components which were not included ini

the ejection seat simulation example in Section VI.

o AE Airplane

o CS Airplane control surfaces

o DR Dart

o AP Aerodynamic plate

A simplified thrust vector control system is also included in this model. -.
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