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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 Control
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 EASYS 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 AFFDL 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).
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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, EASYS, 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 1 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 Il is Boeing proprietary and contains only the EASY5
saurce code.

xiv




- 7

SECTION I
INTROOUCTION

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 Vi
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
Timits.

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




Boeing-funded 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 EASYS 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 EASYS 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 [ is a complete "stand alone" user manual. Volume II is
Boeing proprietary and contains only the 1istings 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-
76-C-3165. EASYS 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 ejection seat system analysis.

The EASYS program is a user oriented computer program 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
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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:

Algebraic sensitivity

Eigenvalue and Eigenvalue sensitivity* determination
Frequency response (Bode, Nyquist, and Nichols plots)
Linear model generation

Nonlinear simulation (time histories)

Optimal control synthesis*

Root locus*

Stability margins*

Stability matrix calculation

0O O O O 0O 0O 0o 0O o 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

N
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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 1isting 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 kas 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 EASYS 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 I1
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.

A1l 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 diagram 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.

Xoase




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

A1l 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
model using ten of the same type may have these components designated as:

LAl, LA 2, LA 3, ...... LAlO

If matrix component notation is used, a single component may be defined as:
LA 1, N=10

This results in a single component LA 1 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

i
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INPUT/QUTPUT OR TABLE NAMES

PHYSICAL QUANTITY STANDARD SPECIFIC
OR TABLE NAME  COMP. NAME COMP. IDENTIFIER
P e NS SR e

% W/A%ﬂ%\\\\\* 7 CHARACTER NAME

(IF REQ'D)

7

Figure 1. Character Assignment in Input/Qutput 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).

A1l 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 guantities 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 gquantities 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.

A1l parameter, variable, and state quantities are set as real quantities
even if their name starts with the FORTRAN integer letters I, 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.
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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 guantities 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 command phrases following the program commands. The
phrases must be separated by any one of the delimiter symbols shown in
Table 2.

Comments can be inserted in the model description or analysis data by
placing a "*" in column 1. These data cards will be ignored by the Model
Generation or analysis programs.
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TABLE 2

EASYS Command Phrase Delimiters

= equal sign
, comma
( left parenthesis
) right parenthesis
three or more blanks

b. Command 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 command indicates the start of a new component in the
system model. This command 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 Tast 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
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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 1 N=3 INPUTS=, ...
LOCATION=524 3M 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 D 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:
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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 LGl 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 command 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 fiqure 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 TD in Figure 3 is an example of this. The input
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Figure 3. Typical Component Connections J

15




;

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 gquantities 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 Tocation 002 receives inputs from component MC 1:

16
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LOCATION=002 LG 1 N=3  INPUTS=MC 1

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 (S1, S2, S3, S4 etc.). The designation of
these port numbers are defined in the standard components input/output !

Amenkk .

lists. For multiple input ports, the port number must be specified as part
of the INPUTS statement as shown in the following example: ,

LOCATION=110 MC 1 INPUTS=IT 1(S=S,1), TF 1(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 1 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 ' i‘
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)
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LOCATION=032 IT 1 N=3 INPUTS=MC 1(S=S) i
LOCATION=072 IT 2 N=3  INPUTS=MC 1(S=S)

If the input ports are not specified, the program default option will make i
the port selection in the order that they appear in the standard components }
list description. Thus, the following coding example would have accom- r
plished the same objective. |

e e AT L Lt

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 1

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 ;f
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 1(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 EASYS Model Generation Program precompiler. An element j
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)




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 infaormation 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-
plement 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
EASYS 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:

o} 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 INPUTS 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.

0 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=S52 LA,ALPHA
ADD VARIABLES=BETA,GAMMA(3,3)

ADD PARAMETERS=COEFFS(3,2),GAIN

ADD TABLES=AEROTAB(250),3,AIRDATA(590),l
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 I1.3. 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 regquired 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 EASYS generated system model.

21
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Quantities that are not specified by one of these commands cannot be
accessed or manipulated by the EASYS5 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
commands, 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-
ships.

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 unigue. All parameter, and variable quanti
ties are typed as Real quantities even if their name starts with the
FORTRAN integer letters I, J, K, L, M, or 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 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 comporents

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.gq.,

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

Note: The ( and ) delimiters must be used to enclose dimension informa- I%
tion. Dimensions must be between 1 and 99. :

Matrix outputs are created by placing dimension information, enclosed in
parenthesis, after the quantity names, e.qg., o

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(120)2, TARGET(260)3, NOISE(500)1 j‘

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=1+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- 4
able table. (J=0 if there is only one independent vari-

able.)

K= the number of data points in the third independent variable
table (K=0 if there are only one or two independent vari-
ables.)




D= the number of data points in the dependent variable table.
D=1 if there is only one independent variable.

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

D=1*J* 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=LAl, 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.

0.C. INPUTS
0.C. OUTPUTS

The 0.C. INPUTS, 0.C. OUTPUTS, and other commands starting with the letters
"0.C." are used to include an optimal 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 0.C. INPUTS and 0.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 input quantities, either variables or
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parameters, to components that serve as the actuators to the system being
controlled.

0.C. 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 é‘
optimal controller. These quantities are specified in the same format as
0.C. INPUTS. If no 0.C. CRITERIA are specified, the 0.C. INPUTS are used
as the design criteria. A complete discussion of the use of 0.C. CRITERIA

[

4 is given in Appendix M.

0.C. ORDER

The 0.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 0.C. ORDER is limited to values ]
between zero and the system model order.

0.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.

m . 0.C. ANALYSIS

The 0.C. ANALYSIS command 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 0.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 Figufe 2, (2) print a list 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 j
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 L
number of independent variables and the default value for data storage is !
provided. This command is usually given as the first command of a model
description and will result in a 1ist of all standard component information
as the first output from the Model Generation Program.

PRINT STATEMENTS

The simulation operation of the EASYS 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 command. 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 command can appear only once in a model,
anywhere between the MODEL DESCRIPTION and END OF MODEL commands. An ,
example of the PRINT STATEMENT command is given below:

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

111 FORMAT (MISS DISTANCE = *, G12.5, * AT XX = *, G12.5, ‘
1 *AND Y = * Gl2.5, 3X, * TIME = *, G12.5) i

27




DEBUG

The DEBUG command 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 command. 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

0.C. ANALYSIS
0.C. CRITERIA
0.C. INPUTS

0.C. MODEL ORDER
0.C. ORDER

0.C. OUTPUTS

PRINT
PRINT STATEMENTS
TABLE DIMENSION

RN :
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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 is 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 EASYS 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 EASYS5 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 EASYS
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 guantity 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 EASYS 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.

0 Avoid placing components on adjacent location points.
Place diagonal components so that flow is clockwise.
0 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.

5. CAN'T IDENTIFY xxx AS A VALID GUTPUT FROM z2z

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 0.C. INPUT, xxx, WILL RENAME AS: zzz

Check spelling of name xxx or that the guantity xxx has been renamed as a
result of being driven by another component.

8. CAN'T LOCATE 0.C. OUTPUT, xxx

P S VU

T e e ——————

Y

Check spelling of name xxx.

9. COMPONENT xxx DEFINITION WASN'T COMPLETED BEFORE STARTING THE DEFINI- x
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 ;F
XXX, jf
10. COMPONENT xxx HAS ALREADY BEEN DEFINED r

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 L

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.




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
2zz 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 "0.C. INPUTS“ command was used to specify optimal inputs.

19. NO OPTIMAL CONTROL OUTPUTS WERE SPECIFIED

Check that "0.C. QUTPUTS" 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. 0.C. MODEL ORDER CANNOT BE SPECIFIED GREATER THAN MODEL ORDER

0.C. mode) order will be set to n.
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22. 0.C. ORDER CANNOT BE SPECIFIED GREATER THAN MODEL ORDER

0.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 Lhe 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, 22z, ....

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

1ag, LA.

29. THE NUMBER OF 0.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. E

;“

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
222

The phrase xxx cannot be located as one of the input guantities or input ‘j
ports of the component zzz. No connections will occur. Check the list of i
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-
NEQUS CONNECTIONS MAY OCCUR.

The phrase xxx cannot be located as a valid input port for the component
2zz. 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.




36. xxx IS NOT A VALID SUBSCRIPT FOR FORTRAN OUTPUT 2zzz

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 0.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 EASYS5 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. A1l 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 10.** 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 III.1 through III.16. An alphabetical Tisting 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 III.1, III.2, and II11.3 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=10.57,....

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 IIl1.4 to III.13 are issued. Tables may be modified between
analyses by loading new values. The tables required by an EASY5 generated
model are specified in the Model Generation Program Input Requirements
List. These tables may have either one, two, or three independent
variables. A1l 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 I
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 taple values
Line 5* D table values

e m—————

For this input, the following definitions apply:

Table Name - The seven character table name generated by the EASY P
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. 1
X table - Table of NX first indepenaent table values.
D table - Tables of dependent variable values.

i

*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 i
data, unless the OMIT TABLE PRINTQUT command has been given. The following
example shows the data for a one and a two independent variable table.

The printout of these tables would be:
T

1.000

11.00

10.30

1.000

Line
Line
Line
Line
Line
Line
Line
Line
Line
Line

TABLE, TAB-ONE, 10

1, 2, 3,4,5,6,7,8,9, 10
11, 12, 13, 14, 15, 16, 17, 18, 19, 110 A
TABLE, TAB-TWO, 5, 4
10.3, 20.4, 30.5, 40.6 P
1, 2, 3, 4, 5

11, 12, 13, 14, 15
21, 22, 23, 24, 25
31, 32, 33, 34, 35
41, 42, 43, 44, 45

iy . .
P T T

-
Y

] L

TABLE TAB-ONE

FIRST INDEPENDENT VARIABLE TABLE

2.000 3.000 4.000 5.000 6.000 7.000 8.000 9.000 10.00

DEPENDENT VARIABLE TABLE

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
20.40 30.50 40.60 L

FIRST INDEPENDENT VARIABLE TABLE
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 ===3=
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 !
!




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 command 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 tnis
command causes table printback to be restored. i

¢. 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:

0 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 1, 1

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

BDATA, 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 )

ZERD Array - then load by row
COEF, Z, R (2, 2) 1, 2, 3

!
Set array to infinite, "Infinite" = 1036 Eg
COEF, 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 CONDITION, ERROR, AND INTEGRATION CUNTROULS

INITIAL CONDITIONS
ERRUR CONTROLS

INT CONTROLS




These program commands 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 recommended 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 CUNTROLS = VELOCITY = .1, ANGLE = .01, U SD(3) = .C001
INT CONTROLS = VELOCITY = 0, ANGLE = 1, STROKE =1

ALL STATES
NO STATES

These program commands 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 command allows the initial value of time to be specified. The
default value of initial time is zero. The INITIAL TIME command is used
with mogels 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




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 XICl, XIC2, XIC3. The fol-
Towing shows how these commands would be used:

XIC1-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 O.
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4.  SIMULATION COMMANDS
SIMULATE

This program command initiates simulation operation. Before the simulate
comand 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

QUTRATE = 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=.0l, where n is an integer. The
EASYS Analysis Program will check TINC and adjust it if necessary to
satisfy this requirement. The output contro) QUTRATE 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
integraticn 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
j 3 Fixed Step Huen Method, 2nd Urder
4 Fixed Step Euler, lst 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 l.

The output rate parameter, QUTRATE, 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 plottea
output would be generated if it were not for this sampling feature provided
by the OUTRATE parameter. The default value of QUTRATE is 1. OUTRATE
should only be set to positive integer values.

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

TMAX .

No. of Plotted Samples = TTNCFOUTRATE

davare .

e ————— L




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 CONTRUL 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. Uption 5
provides tabular lists of up to 40 specifi=a 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 PRINT
CONTROL 1is 0.

TABLE 4
Print Contrcl Values

PRINT CONTROL Resultant Lineprinter Output
0 None
1 All states, rates, and time
2 A1l states, rates, variables, and time
3 A1l states, rates, variables, and parameters at
time = Q
4 All states, rates, variables, and parameters
5 Time and the quantities spoecifiea via PRINT VARI-
ABLES command
: 6 All states, rates, variables, and parameters at
; each STEADY STATE iteration
7 All states, rates, variables, parameters, and sys- 1
tem Jacobian matrix at each STEADY STATE iteration .
8 User furnished PRINT STATEMENTS (See Model Genera- '
tion Section I[.2.b) 1

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 fiva, 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:

i TMAX
No. of Plotted Samples = NCXOUTRATE® 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 .l seconds, (10*.01), and printed output would
occur every 1.0 seconds (10*10*.01).

Tinc2
QUTRATE?2
PRATE2
PRINT2

PRINT2 FROM, t,, TO, t,

19
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, PRATEZ2, PRINT2
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These values can be requested during a time interval via the commana:
PRINT2 FROM, t;, 10, ¢,

Here t1 is the time to start the secona output option and t2 is the time to
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
OUTRATE
PRINT2

4, TINC = .01, TMAX =10
10, PRATE = 10, OUTRATEZ =1,
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 1., (10*10*.01) second.
Between 8 ana 9 seconds, the plotted and printed output rates would be
increased to every .0l, (1*.01), and 0.1, (10*1*.0l;, 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 modei. This can be done by setting a print flag variable, PFLAG,
within the model EGQMU subroutine to a non-zero value. As long as PFLAw has
a non-zero value, the second output options will be in effect. Wwhen PFLAG
is set to zero, the original output options are restored. PFLAG can be set
by an IF test contained in a FORTRAN STATEMENT in the model. An example of
this type operation is:

FORTRAN STATEMENT
PFLAG = O
IF (RANGE .LT. 100.) PFLAG =1




In this example, if the variable range becomes less than 100, the secona
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 gquantities 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 i, 2, or 3. An
example of this use is:

PRINT VARIABLES = S1 DEl, S1 DE2, WI DE2, S2 LA(3)
5. PLOT DESIGNATION COMMANDS

DISPLAY1
DISPLAY2
DISPLAY3
DISPLAY4
DISPLAYS
DISPLAYE

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 1ndepen-
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 k
ANGLE, VS, TIME, YRANGE = -2,4 i

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

i P1 DE1l, VS, TIME, YRANGE = 0,60 i.

l

U}

DISPLAY2
P1, CE, VS, TIME, YRANGE = -20,20 ,i
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 s

S1 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 conmands 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 }i
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 r
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.
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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 1is 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
commands 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.

— [— [O
~ O |
— o
— 3
m

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 informatiocn on the plotted output.

The TITLE ccmmand 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- H
} ples of these commands are shown below: :

EX USER **M/S 70-16** 1
FLEX MODE CASE

PLOT ID
TITLE

6. STEADY STATE COMMANDS
STEADY STATE

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

1. SS PARAMETER = steady state parameter. t
2. SS START = initial value of steady state parameter. !j
3. SS STOP = final value of steady state parameter. ‘J
4, SS POINTS = number of values the steady state parameter i
takes going from SS START to SS STOP. 4
5. 5SS ITERATIONS = maximum number of iterations allowed per steady }j
state calculation. 1
6. PRINT CONTROL = print control variable. Q
SS PARAMETER specifies the parameter to scan from the value SS START to SS 3
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 i
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- L

cribed in Section III.4 for simulation operation plus two extra forms, 6
and 7, which may be used to track the steady state iteration process.

The following exampie 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.

RPM, SS START = 19000, SS STOP = 16000
5, STEADY STATE.

SS PARAMETER
SS POINTS

If plots of the steady state scan are desired, these plots should be
defined using the DISPLAY commands 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 line. 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 tnis 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 command:
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. The state operating point (INITIAL CONDITIONS)
The state perturbation size (ERROR CONTROL)
The integrator status (INT CONTROL)

The rates at the operating point

HwWw N -
e o e

For continuous systems:

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.




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 below:

SM PARAMETERS = GK1TC, GK2TC
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.
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9, FREQUENCY RESPONSE COMMANDS

TRANSFER FUNCTION
TF INPUT
TF QUTPUT

These program commands are used 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
TF QUTPUT

transfer function input variable
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 pefore 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
2. FREQ MAX

minimum frequency, r.p.s.

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 oounded 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 QUTPUT = 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.
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1. RL PARAMETER = root locus parameter name

2. RL START = jnitial 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 STUP 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 eithar 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 CONTRUL 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,
ROCT LOCUS

In this example, the root locus parameter Z0 TF is scanned from 0 to 5 in
six equally spaced steps.

RL MANUAL SCALES, REAL MAX=5, IMAG MAX=5, INT CONTROL, SPEED=0
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 performeu on the
SPEED operating point.

RL AUTO SCALES
RL MANUAL SCALES
REAL MIN

REAL 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.

1i. 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 EIGEN
PARAMETER.

In the following example, the sensitivity of system eigenvalues to the
parameter GPITF will be calculated.

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

These program commands 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 = lst independent variable
3. INDEP2 = 2nd independent variable
4. START1 = starting point of 1lst independent variable
5. STOP1 = stopping point of 1lst 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., SCANl, only items 1,2,4, and 5 need be
specified,

DEPEN = W2 TU, INUEP1 = EH SH, INDEP2 = S1 DE2, START1 = -30
STOP1 = 100, START2 = 10, DELTAZ = 20, CURVZSC = 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. OPTIMAL 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 I1I1.2.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.

0.C. DATA

The 0.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 agescription 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 - Qperating Point Specification
YOP - Optimal controller input operating point (set-point array. YOP

is an ng dimensional array, where ng 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.

Q

RU

cD

UOP is an Ny dimensional array, where n, is the number of
outputs from the optimal controller., Default values of zero
are provided for this array.

Optimal Controller Criteria Specification

- Optimal controller criteria weights array. Q is an n_ dimen-

o
sional array, where ne 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.

Optimal controller control weights array. RU is an Ny dimen-
sional array, where n, is the number of optimal controller
outputs. RU contains the diagonal elements* of the positive
definite matrix which gives the importance of the varijous 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.

System model disturbance covariance array. DC is an n, dimen-
sional array, where n, is the order of the system model. OC
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.
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CS - Optimal controller inputs disturbance covariance array. CS is
an ng dimensional array, where ng 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 i
confidence) in the sensed quantity accuracy. Default values [
based on the ERROR vector and the model sensor matrix are pro- ;j

vided for this array.

Optimal Controller Specification 1
1

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 0.C. command.

G - Optimal controller gain array. G is an n, by Nec dimensional
array, where n, is the number of outputs from the e is the !

order of the optimal controiler.

S - Optimal controller sensor array. S is an e by ng dimensional
array, where Nee is the order of the optimal controller and n,
is the number of inputs to the optimal controller.

AK - Optimal controller stability matrix array. AK is an Npec by L

dimensional array where Nec is the order of the optimal

controller.
FK - Optimal controller d.c. gain matrix array. FK is an U by n

dimensional array where n, is the number of outputs from and ng
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 in the subsequent row,
column, diagonal elements of the array. The letters, C, R, and D 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 command 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
controller arrays.

PROGRAM COMMANDS

0.C. DATA
YOP = C (1,1) 553.2, 546, -2.56, 7

RESULTS - Assuming YOP is a 4x1 array.

553.2
546.

T -2.56
7.00

YOP




DESIGN 0.C.

The DESIGN 0.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, CD, and
CS which you wish to differ from the default values.

The DESIGN 0.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 0.C. DATA
command.

SAVE 0.C.

The SAVE 0.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 0.{. DATA
command. This file may be saved as a permanent file or punched as data
cards by the appropriate control cards. By including these cards or
records in the input data for subsequent analysis runs, it is possible to
perform further analyses on a prsviously calculated optimal controller.
Such optimal controiler data could be used in conjunction with the 0.C.
ANALYSIS command to the Model Generation Program. As described in Section
[1.2.b, the 0.C. ANALYSIS command allows analyses to be performed on a
previously designed optimal controller with less computer central memory
than is required tc 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:

*%k 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 LOGP WITH GAIN OF nnn EXISTS BETWEEN INPUT AND QUTPUT THIS
TRANSFER FUNCTION CAN NGT 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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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

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 0.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 ALLCWABLE 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. 2zzz WILL NOT BE DEFINED

Index number nn must be between 1 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.

72

T RPN




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 criticai 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 1II1.1.b for
correct formats.

30. NON-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.

3

s o i

e e

?
|




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 II.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 0.C. ANALYSIS mode was indicated. In either case, only analyses and
not DESIGN 0.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. Tnis
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 1loss 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 UF 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. [t 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 pseudo 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, but 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 f

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 i
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 case 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.




44, ** ., (R 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 appliications, 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

zach 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 = S2 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 EASYS 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 = -1,0£28
2. Change the TF INPUT quantity from the original quantity to Sl
LATF

C. Submit job using new model description and analysis files.

D. The results of the TRANSFER FUNCTION analysis will provide:

28

1. The zeros and poles of the original system plus a pole at 10
radians per second. This extra pole should be ignored.

[




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 tke TF MANUAL SCALES option.




SECTION IV

STANDARD COMPONENTS AND EASIEST SUBROUTINES

!
This section describes the EASIEST standard components available for i'
system modeling that were designed from the SAFEST computer program. Other j:
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:

WP YT

NAME DESCRIPTION i

AB Attached body (survival kit) ]
AE Airplane ';
AG Atmospheric properties '
AM Aeromedical

AP Aerodynamic plate {
AS Seat aerodynamics

CE Crewperson

cS Airplane control surfaces

) Catapult

DR DART :
GP Simple parachute mortar and restraints

LI Parachute lines

MP Parachute mortar and restraints 1
PC parachute .
RL Rails *
RS Restraints

SE Seat equations of motion

SL Sled

SP STAPAC

SR Sustainer rocket

WB Weight and balance

80




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 1list 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
trimmed 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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r I ~
input data has been reorganized so they contain the coefficients in the
following order:
NR COEFFICIENT
LOCATION NAME DESCRIPTION !
1 cZ0 7 axis bias coefficient ;
2 CZAD Variation of CZ0 with alpha dot }
3 CzQ Variation of CZ0 with pitch rate {
4 CZDE Variation of CZ0 with elevator position '
, 5 CZDA Variation of CZ0 with aileron position
F 6 Cxo X axis bias coefficient
7 CXDA Variation of CX0 with aileron position
8 CMO Pitching moment bias coefficient
9 CMAD Variation of CMO with alpha dot
10 CzqQ Variation of CMO with pitch rate
11 CMDE Variation of CMO with elevator position
12 CMOA Variation of CMO with aileron position B
13 cyYs Variation of CY with beta o
14 cyp Variation of CY with roll rate o
i 15 CYR Variation of CY with yaw rate j
16 CYDR Variation of CY with rudder position i
17 CYDA Variation of CY with aileron position j
18 CL8 Variation of Cl with beta ]
19 CLP Variation of Cl1 with roll rate
20 CLR Variation of Cl with yaw rate
21 CLDR Variation of Cl with rudder position
22 CLDA Variation of Cl 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
f 27 CNDA variation of Cn with aileron position




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 II1.4 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. [t 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 (C1,
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 Tistings 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 crewmmember 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 D.

COMPONENT CT

Component CT determines the forces and moments 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 D, 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




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 requ’ 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 1ist 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 torgue 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 D. 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 crewmember to the seat. The input and output data is given in
Appendix D. 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 sums 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 cf 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 D. All
pyrotechnic devices, such as the catapult, should have their forces and
torques feed into SE via the ports labeled F1 and Tl. 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-
jzed to zero, as explained in Section IV.3. 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
gives 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 propeilant 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:

Weight
Center of gravity in the seat body axis system
Moments of inertia about the seat center of gravity

a o T o
e e e .

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 be used with the FORTRAN STATEMENTS
command. Additional subroutines, whose listings are available in Volume
[T, 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 properiy
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).

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

L b e A e

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

«_r.____An

‘
i 4
L

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 to
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:

R e o

(1) Freeze all of the states in component SE.

(2) Define SW AG to be equal to zero. (Not required if there are no i
objects attached to the seat.)

{3) Set TM SE equal to the desired earth frame linear trim velocity.

(4) 1Issue 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(1l),
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 simutation. 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 compiex 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




model and analysis input files during each design interation to accommo-
date the components being added. As an example, the user could construct a i
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 1
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.

A.in_-.

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 1
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)




(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."
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 purpcse of this section is to explain the EASYS installation procedure
on the ASD computer, and how to submit an EASIEST run.

1.  INSTALLING THE EASY5 PROGRAM

The source code for the EASYS computer program and the EASIEST
standard components was delivered to AFWAL/FIER on tape L@2377. This tape
contains 17 files in the following order (the volume and section where the
corresponding +ile 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 III.5)

3.  COMPASS - Assembly Language Utility Program (Volume 2,
Section II.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 1, Appendix 1)
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10.

11.

12.

13.

14.

15.

16.

17.

EASYS

EASYS

NONSIMS

NONSIMS

NSMPPTS

AEROMED

F4EMAN

MCORR

ACORR

MODAPP

ANALAPP

Source for the Model Generation program (Volume 2,
Section II1.1)

Relocatables for the Model Generation Program

Source for the Analysis Program (Volume 2,
Section 11.2)

Relocatables for the Analysis Program

Source for the Printer Plot Program (Volume 2,
Section 111.3)

Source for the EASIEST Aeromedical post processor
(Volume 1, Appendix E)

EASIEST F-4E aerodynamic maneuvering coefficients
(Volume 1, Appendix J)

Model description for the example in Volume 1,
Section VI

Analysis file for the example 1in Volume 1,
Section VI

Model description for the example in Volume 1,
Appendix N

Analysis file for the example in Volume 1,
Appendix N.

To execute the procedure to install the entire EASYS/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 LP2377:
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£Z5,T300,101000,CM100000,NT1.D790183,EASIEST TAPE RUN
REQUEST, TAPE NT,PE,VSN=L§2377.

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 1is 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=1,CORE=c,
COEF=j,NOLIST,AEROMED..

where:

a. "mfile” is the name of the permanent file containing your
mode) description (this entry is required),
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“afname" is the name of the permanent file containing your
analysis data (this entry is required),

"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),

"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
allocaticn to differ from the default of i=100),

"¢" 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),

"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.

If entered, "NOLIST" deletes the FTN 1listing from the
SUBRUN procedure. Do not include this entry if you wish the
FTN Tisting to be written to output.

If specified, "AEROMED" executes the aeromedical post-
processor. To suppress execution, do not include this

entry.




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 commands that dictate how the model is to be analyzed. An explanation
of the commands used by this file is presented in Section I1II. 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,
Tinear 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.

tEach 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. 1If QZ was an EASIEST i_
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 EZSTDBF, 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 £ZSTFTN 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,n,CODE=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.1 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 terminral 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 the

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 number of quantities has been
given. Each of the entries has the following format:

Character Contents

1-3 the guantity name (inputs, outputs, or tables)

5-6 the guantity row dimension, if any (inputs,outputs)
7-8 the quantity column dimension if any (inputs,outputs)
9 the gquantity port number if any (inputs,outputs)

10 =S if a state (outputs only)

1=? total storage allocation (tables only)

7.7 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. [f 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 1is 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 accaunt (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, EZSTDOBF 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 EZSTDBF.
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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.1. 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 Tisting" 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




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 :f
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 ‘ i
The terminal will type (among other things): e
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.




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 EASYS 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 EASYS
error controls,

The resulting set of improved integrators are accessed by the EASYS 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.

DIFSUB: The original version of Gear's method.
. NRKVS: The improved Runge-Kutta variable step integrator.

¢. 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 requirements, 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 summary 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.

e

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 ho is within the stability
region (Figure 11) for the methods. Y

d. If the system has frequent derivative discontinuities (shocks, phase
changes, hard step-like forces, etc) Method 2: NRKVS is recommended.
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).

€. 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) Xl = "Xl
for time 0Ctgb
-1000X

X2 2
This isanuncoupledsystem(andmight seemartificial), butcoupledsystemsoften
display the behavior of rapidly damping components such as X2. If one was
integrating (1) as asystem and the important variablewas X1 andbwas 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 (whererelative accuracy is important), then anefficient
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 (QDE)

(2) X(t) - £(t,X(t)) with a< t<b

with the initial condition X(a) = Xo 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 t = a and tj - tj-l + 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 ¢r 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 EASYS 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 EASYS 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 H0 = ,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 LTE(1

(I)[RR ¥ JX(T)[ * ERROR ]

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 =
1 (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

() Q=1 = LTE(1)
ERROR(I) + \'x‘(x)| * ERROR(1)
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Thus by rewriting (4) we have that

LTE(I) = ERROR(I) + X{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, b
X(I)*ERROR( 1) will dominate; and thus relative error is controlled. As a j
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).

ikicheadea, o2,

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.,

2

9 (e g
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I=1

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 & .0l. If ERROR(I) ¢ 1.E-12 for all I, then
EPS is set to 1.E-4. The initialization of XMAX(!) is given by X

XMAX(I) = ERROR(I) /EPS
IF (XMAX(I).EQ.0) 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
i 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 1
| equal to X whenever X exceeds it. If the solution grows to a maximum 1
value, and then decays, the error control will be relative to that
max imum.

The user must remember that EPS is set by the smailest 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:

(o o

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. A1l the EASY5 integrators are at least "condi-
tionally stable". That is, there exists a threshold size, ho, such that
for steps ofh(ho the integration procedure will produce damping approxi- L
mations to damping components. To be precise, consider the equation

(5) X(t) = AX
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where A is any complex number. If A 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 A, 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 EASYS. For A = -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) = -1000X 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

X = -1000 X
Xp = =Xy
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The user often demands greater accuracy in X2 than in Xl. Assume for the
moment these equations are coupled. Then X1 drives the step size used for
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 1l are then stability regions that
apply to the Runge-Kutta method NRKVS. The underlying method is 4th order
in NRKVS; 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
resuiting 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 Adams-Bashforth predict with the Adams-Moulton corrector of the
same order (one correction); and the dashed lines are order k predict/order
k+l1 correct. The dotted lines represent the actual implementation in
EASYS.

Thus far, the stability regions discussed have all been finite (bounded)
regions of the plane. Consequently, to remain in 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. This is shown
graphically in Figures 14 and 15. For orders K=1,2, these methods are A-
stable which means that for any A with neqative real part Ah 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 12. Stabillty Regions For Adsms-Moulton Formulas
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Figure 14, Stability Regions for STIFF GEAR Formulas of Orders 1-3
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Figure 15, 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 + 10001, but for A = -1000 the sixth order formula
is stable for all values of h > 0. In the EASYS 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 1. The
EASY analyses utilize the single and multirate sampling capabilities of b
the original analysis. Other capabilities such as the analysis of nonsyn- :
chronous, noninstantaneous, multiple order, and random sampling are not i
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 t
model described in terms of standard modeling components. ﬂ

Only the linear analyses of the EASY program utilize the techniques of L
Kalman and Bertram. Since only the eigenvalues of the system are used in |
these analyses, the system equations will be simplified in the following ia
derivations by treating the system as autonomous. }

2. SYSTEM EQUATIONS

A discrete system may be described by the following three types of
states: ‘i

a. Continuous States
b. Delay States
c. Sample and Hold States i

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.

F-——

166 [




[z.0.H]

N

CONTINUQUS STATE

DELAY STATE

SAMPLE STATE

Figure 16. Example of Continuous, Delay, and Sample States
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Let the continuous delay and sample state be grouped together as three
state vectors:

Xc Y VECTOR OF CONTINUOUS STATES
X4 & VECTOR OF DELAY STATES
Xg o VECTOR OF SAMPLE STATES

The total system state vector of dimension Y +§ +0 1is formed into the
single partitioned vector:

- (1)

a. Continuous System Stability Matrix

Between sample instants, the autonomous system behavior is
described by:

L (2)

The system stability matrix A between sampling instants may be expressed as
the partitioned matrix:

13>
(2]
n
([=]
>
o
“w

(k4

L ]
o |
o o
o o
©

The form of the system stabjlity matrix demnstrates that only the contin-
uous states have non-zero rates, i.e., can change between sampling

168

[P R W

s

e~ -
IR O N

LA

ERTP WP R, L 91

i
;
g_
1
!



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:

X(t+) = BX(t-) (4)

For a single rate sampling system, the discrete transition matrix B will be
of the form:

1,00
B = |Bgc,Byy! 0
- e ae-p -
Esc'gsdcg (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-
jor, 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):

(6)

Take Laplace transform

SXC(S) - Z.C(o) - _A.cg:xc(s) + _A.cs)_(.s(s)
sX4(s) - Xg(0) = 0 i
sXs(s) - xg(0) = @ )

P

Rearrange terms to solve for X.(s), Xd(s), and X (s):

-1
- s]-A
Xc(s) = [sl - Ace) llc(o) + L’"é_ss—]' Acs X5(0)
X4(s) = =5— f %

X(0) ;
X (s) = =5— |

Take inverse Laplace transform:

X (r) = eBeetx (0) + A M [edee” - 1] Acq X5(0)

X4(r) = x4(0) (9)




Equation (9) is in the form of a transition equation from an initial time
to a final time T . It is also of the same form as equation (4) and may be

written as:

X(7) = ®(7) X(0) (10)
Where:
edeem 0 1A ! [eécc’ 1]Acs
ccscsedeselacnccanenrensccee e
or)=| 0 11} 0 (11)
0 10 1

When written in this form, we see that the transition matrix of the system
between sampling instants is composed of the exponential decay term efcc”
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 Acc has Y independent eigenvec-

tors, the exponential function e’-\ccf may be expressed as:

eAce” = welTy! (12)

where: W modal matrix of A.. eigenvectors

A diagonal matrix of A.. eigenvalues

The second term in the ¢ (7 ) matrix may be expressed as:

- - A -
Ace 1[eﬁcc' 'l] Acg = WA l[e'f - L]! 1-.‘:cs

(13)
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This spectural factorization approach is used by the EASY program to cal-
culate the transition matrix ¥ .

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 eﬁcc' . 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:

Acc7-[_1 12, 2 3]"? T
¢ L= 7 8c* 16 Acc - 135 Acc [L*fécc*roécc 120 &

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
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 ¢
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
(15)

o




DISCRETE SYSTEM CONTINUOUS SYSTEM

B e ——————
|
|
|
X3)

\_ i;;
I
Figure 17. Single Sampling Rate Example
g
ONE COMPLETE CYCLE }V".
e y(.01+) —_.-l e
l l | |
®(.01) ®(.01) ®(.01) —|
B B 8 8
0 01 .02 .03 '
TIME L

Figure 18. Pictorial Representation of Single Sampling Rate Transition Matrices
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The discrete system transition matrix would be:

1.0 0 0
B = |-.009901 .9900 o
(16)
-.004975 1.0 ¢
The continuous system transition matrix for this system is:
.904837 0 .0951625
oc.01) =2 2] g 1 0
o o 1 (17)

A complete cycle of this system occurs after one sample period as shown in
Figure 18. The system transition is given by:

X(.01+) = &(.01) BX(0) = ¥(.01+)x(0)

(18)
The total system transition matrix:
.90436 ,09516 O “
¥(.01+) = -.009901 .9900 0O 3
-.004975 1. 0_ (19)
.90436 .09516 i
?(oOl*) - i
- -.009901 .9901 ]
(20) \




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 column 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 T, = .04, Our objective
is to build the total system transition matrix, W (.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:

4
W (.044) = [‘2(.01) 5.01] B 5 (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:

I o o
B =1 B4y Byg 8
gSC Esd Ess (23)

The rows of B , corresponding to discrete states which do not change at
period 7 are equal to the corresponding row from an identity matrix. The
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rows of B ., corresponding to sampler states of the period 7 have zero
elements in B_.. Thus the only difference between B , and the B matrix
shown in (5) is the possible addition of ones on the diagonal of

those sample states corresponding to periods other than 7 .

gss for

This may be seen by examining the matrices for the example system of
Figure 19,

Continuous system stability matrix:

[0 1 0 0 0 0
00 00 02
A_oooooo
= 000000 (24)
0000GOGCO
Loooooqj
Discrete transition matrix for sample period .01:
i o 0 000
0 1 0 00O
0 -2.994 .B176 0 0 O
Bor" o o 0 100 (25)
0 1842 1 000
[ 0 0 6 0 0 L
Discrete transition matrix for sample period .04:
[ 1 0 0 0 0 0]
0 1 0 6 00
B . 0 0 1 0 00 (26)
=.04 |2.560 47.15 2.560 .6629 0 O
0 0 0 6 10
-8.595 -158.3 -8.595 1 0 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 xS to pass information from continuous state X2 and
delay state X3 on to discrete states X, and X.. Thus, the §.04 matrix has
the correct no-zero elements (4,2), (4,3), (6,2), and (6,3) that would
occur if the sample state x5 had 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:
Ny = T2/7)
N3 = 73/72

* (27)

Np = Tn/Th-1
then the total system transition matrix is

Y= ; s .. [(‘2571)"2572]"33 . e e anB (28)

"73 - fn

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+) = 92(.01) B o, ®(.01)B o3 ®(.01B ., 8%.01) B 1, B o5 20)
. . : . %

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, T 1 =.02. The total system period, .06, is also greater
than the largest given sampling period, T, =.03.

In general, the continuous system transition matrix is required for a
period, To which is the greatestcommon divisor of the sample periods:

- e ————— e =

To " 9Cede (T, 70, 000y 7) (30)

i i

The total system period, Tmax’ will be the least common multiple of the
sample periods.

(31)

In order to form the total system transition matrix, the quantities L and ! {
Tmax are calculated. The total period Tmax is then scanned in increments .
of To and the appropriate power of ¢ ( ro), and B , matrices are multi- .
plied together to form the total system transition matrix. This capability

%

s
Toax = 1-com. (11 Tos o v ) ’
is not currently available in the EASY program.
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APPENDIX A

EASY5 - MODEL GENERATION - COMMANDS

Format Description

ADD TABLES = tl’"l’n’tZ’"Z’"’ Add tables to model

|
!
|
|
|
ADD PARAMETERS = ql'qz("l’"z) Add parameters to model (also dimensions) g
v
|
ADD VARIABLES = ql,qz(nl,nz) Add variables to model (also dimensions)

*Comment # Add comment to model description %i
DEBUG Add debug print statements to model I
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 FORTRAN statements
Ly
‘2
INPUTS = Cl(qout = qin)’ Specify source of inputs to components
FORT(qout = qin)
LIST STANDARD COMPONENTS Request listing of standard components
LOCATION = ny N, Ny Specify component location on schematic
Matrix arithmetic # Compact Matrix Algebra
MODEL DESCRIPTION = test Specify start of model description
0.C. ANALYSIS Specify only analyses-no 0.C. DESIGN
0.C. CRITERIA = CRLPYRR Specify 0.C. criteria variables
0.C. INPUTS = q;-9, Specify 0.C. input variables
0.C. MODEL ORDER = n Specify model order to be used for 0.C.
DESIGN
0.C. ORDER = n Specify optimal controller order
0.C. OUTPUTS = 9129250+ Specify 0.C. output variables
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Format

PRINT
Standard Components #
C,N = nys M= nj
TABLE DIMENSION = t1=n
t2=n2,...
/*EOR #

1’

#Not a command

Modifier Notations
C1 - Standard component name

L - Line of FORTRAN source code

ny - Integer number

qq - Input or output quantity
name

t. - Table name

Description

Request printed model output
Standard Components----see list
Dimension Standard Component
Specify table standard component
Table dimensions
End of record for mini-time-share file

Phrase Delimiters

equal sign
, comma
left parenthesis

—

~—

right parenthesis
three or more blanks




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 = Py=Ppse -

DEFINE RATES = SRLPTIES
DEFINE STATES = $1=Sps- -
DEFINE VARIABLES = v
DESIGN 0.C.

DISPLAYi i =1,2,3,4,5,6

ql,vs,TIME
Max

G2-V5,43

EIGEN SENSITIVITY

EIGEN PARAMETER = P;
ERROR CONTROL = S17M s

INITIAL CONDITIONS = $1Mpseee

INITIAL TIME = n
INT CONTROL = T RUTREE
LINEAR ANALYSIS

Matrix Parameters*

MTS PLOTS Requests plots on MTS plotter B
NO STATES Freeze all model states ,'
0.C. DATA Input optimal controller data ]
YOP;UOP;Q;RU;CD;
CS;G;S;A5FK

1720 -

Define parameter names

Define rate names

Define state names

Define variable names

Initiate optimal controller design
Specify quantities to be plotted

(5 plots/display 6 displays = max 30 plots
3000 points/display set)

Initiate
calculation

eigenvalue sensitivity

Specify integrator error controls
Specirty initial conditions/operating
point

Specify initial value of time
Activate or freeze model states
Initiate linear analysis

Input matrix parameter values
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OMIT PLOT POINTS
OMIT TABLE PRINTOUT

PARAMETER VALUES = py=n,,...

PLOT ALL TABLES
PLOT ID = text
PLOT OFF

PLOT ON

PLOT TABLES = tl’t2""

PRINT
PRINT2
PRINT VARIABLES

n

PRINTER PLOTS
ROOT LOCUS

RL PARAMETER
RL START =n
RL STOP = n
RL POINTS = n
RL MANUAL SCALES

REAL MIN = n
REAL MAX
IMAG MIN
IMAG MAX = n
RL AUTO SCALES

i
©

"

n
n

i

"

SAVE 0.C.

SCAN1
DEPEN = q
STARTZ = n
DELTA2 = n
CURVES2 = n

(Also requires DEPEN, INDEP1,

START1, STOP1)

Qpseee

Omit boxes around plot points
Omit print back of table inputs
Input parameter values ]
Request plots of all tables

Specify plot identification

Deactivate plotting (DEFAULT)

Activate plotting

Requests plots of specified tables
Initiate single pring pass through model
Specify second print option ¥

- e e -

Specify columnar option print variables

(PRINT CONTROL=5) |
Requests plots on line printer
Initiate root locus analysis

Specify root locus parameter
Specify initial value of RL PARAMETER
Specify final value of RL PARAMETER
Specify number of root locus points
Request manual root locus plot scales
Real axis minimum scale value
Real axis maximum scale value
Imaginary axis min. scale value
Imaginary axis max. scale value
Request auto plot scales (DEFAULT)

Write optimal controller arrays to TAPE3

Initiate one dimensional function scan
Specify 2nd dependent variable
Specify initial value of INDEP2 i
Specify increment size for INDEP2 .
Specify number of values for INDEP2
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SI MANUAL SCALES
SI AUTO SCALES

'lpll-l-ln-kwr " : b ™
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

OQUTRATE = n Request plot points every n*TINC

OUTRATEZ = n

INT MODE = n Specify integration method

TINC = n Specify integrator report interval

TINC2 = n

TMAX = n Specify time history duration

Request manual simulation plot scales
Request auto plot scales (DEFAULT)

STABILITY MARGINS
SM PARAMETERS = P1s+-+P1o

Initiate stability margin calculation
Specify stability margin parameters

STEADY STATE
SS PARAMETER = p

Initiate steady state calculation #
Specify SS parameter (optional)

SS START = n Specify initial value of SS PARAMETER a
SS STOP = n Specify final value of SS PARAMETER
SS POINTS = n Specify number of SS calculations 1

SS ITERATIONS = n
SS MANUAL SCALES
SS AUTO SCALES

Specify number if iterations to be used
Request manual plot scales
Request auto plot scales (DEFAULT)

TABLE =t ,n ,n ,n
(table data)

Input tabular data

TITLE = text Specify plot title




TRANSFER FUNCTION
TF INPUT = q

TF QUTPUT = q

BODE

NICHOLS

NYQUIST

TF MANUAL SCALES
FREQ MIN = n
FREQ MAX = n

TF AUTO SCALES

XIC-X

XIC,-XIC i=1,2,3
XIC-XIC, i=1,2,3

/*EQF

#Not a Conmand

Modifier Notations

n; - numeric value
Pi parameter name

Initiate transfer function calculation
Specify  transfer  function input
quantity
Specify transfer function output
quantity
Request Bode format for plots
Request Nichols format for plots
Request Nyquist format for plots
Request manual plot scales

Specify minimum frequency r.p.s.
Specify maximum frequency r.p.s.
Request auto plot scales (DEFAULT)

Transfer state to initial condition
vector

Transfer XIC to one of 3 storage vectors
Retrieve XIC from one of 3 storage

vectors
End of file for mini-time-share file

Phrase Delimiters

= equal sign
, comma

g; = parameter, variable, state, or rate name ( left parenthesis

ry - rate name
S5 state name
t; - table name
v, - variable name

( right parenthesis

three or more blanks




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

e T

and complete the analysis specification. The following pages provide
check 1ists of program commands that should be considered before request-

ey

ing each analysis. The analyses are listed in alphabetical order.

LINEAR ANALYSIS 1

Model Data
TITLE
PARAMETER VALUES ‘
TABLES 1
INITIAL CONDITIONS :

Integrator Configuration i
INT CONTROL
ERROR CONTROL

0.C. DESIGN
Model Data *
TITLE
PARAMETER VALUES
TABLES 4
INITIAL CONDITIONS
0.C. DATA: YOP,UOP,Q,RU,CD,CS '

Integrator Configuration
ALL STATES
ERROR CONTROL
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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

Qutput Controls

RL MANUAL SCALES
RL AUTO SCALES
REAL MIN

REAL MAX

IMAG MIN

IMAG MAX

Model Data
PARAMETER VALUES

TITLE

PARAMETER VALUES
TABLES

INITIAL CONDITIONS

ROOT LOCUS

SCAN1, SCAN2
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Scan Specifications
DEPEN
INDEP1
INDEP2
START1 .

¢ STOP1 ;
© START2 f

DELTA2 “

CURVES2 .

SIMULATE i‘

Integration Control ri
TINC TINC2
TMAX
INT MODE
ERROR CONTROL ;%
INT CONTROL . S

Output Controls
OUTRATE OUTRATEZ
PRATE PRATE2
PRINT CONTROL PRINT?
DISPLAYL, 2, 3, 4, 5 ‘
1 PLOT ON
PLOT TITLE
PLOT ID
SI MANUAL SCALES
SI AUTO SCALES |
PRINTER PLOTS i |
PRINT2 FROM, _, TO,

R
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STABILITY MARGINS

Model Data
TITLE
PARAMETER VALUES
TABLES
INITIAL CONDITIONS

Integration Configuration
INT CONTROL

ERROR CONTROL f

|

v e —————

Stability Margin Specification
SM PARAMETERS

STEADY STATE

Model Data
TITLE 5
PARAMETER VALUES .
TABLES '
INITIAL CONDITIONS

Integration Configuration
INT CONTROL
ERROR CONTROL
Note: Steady state cannot be found for system with eigenvalue at origin.

Qutput Controls
PRINT CONTROL
DISPLAY1, 2, 3, 4, 5, 6 -
PLOT ON t
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

%




APPENDIX D

EASIEST INPUT/QUTPUT LISTS AND ASSOCIATED FIGURES L

This appendix contains input and output tables for all the EASIEST standard
components. Descriptive figures are also presented for the more complex
components.

-

194




PORT
NAME NO.

WT

BMI(3)

BPI(3)

FAB(3)*

TAB(3)*

FAU(3)*

TAU(3)*

TRM(3)*

*Default value = 0

NORMALLY
DRIVEN
BY

DESCRIPTION

RS

RS

RS

WEIGHT OF THE
ATTACHED BODY

ATTACHED BODY
MOMENTS OF INERTIA
(1XX,1YY,12Z)

ATTACHED BODY
PRODUCTS OF INERTIA
(IXY,IXZ,1YZ)

X,Y,Z BODY AXIS
FORCE COMPONENTS

X,Y,Z BODY AXIS
TORQUE COMPONENTS

AUXILIARY X,Y,Z
BODY AXIS FORCE
COMPONENTS

AUXILIARY X,Y,Z
BODY AXIS TORQUE
COMPONENTS

X,Y,Z PARENT BODY

EARTH VELOCITY COM-
PONENTS FOR CALCULATING
THE LINEAR POSITION
RATES DURING TRIM

AB

UNITS
LB

SLUG-FT2

SLUG-FTZ

LB
FT-LB

LB

FT-L8

FT/SEC

NP TOP P

e et et aceaides




- - N

AB |

PORT
NAME NO. DESCRIPTION UNITS

UAB(3)* X,Y,Z BODY AXIS FT/SEC
LINEAR VELOCITY
VECTOR OF THE
ATTACHED BODY

g ————— e

XAB(3)* X,Y,Z EARTH LINEAR FT
POSITION VECTOR OF
THE ATTACHED BODY

Rk e - -

WAB(3)* X,Y,Z BODY AXIS DEG/SEC
ANGULAR VELOCITY
VECTOR OF THE i
ATTACHED BODY ;

EAB(3)* EARTH TO ATTACHED DEG
BODY EULER ANGLES
(YAW, PITCH, ROLL)

*These output quantities are states 3




PORT
NAME NO.

AW

XCP
AMI(3)
API(3)
THR*
AIL*
ELE*
RUD*
XEN(3)

END(3)

TAL

TVE

*Default value =0

NORMALLY
DRIVEN
BY

DESCRIPTION

AIRPLANE WEIGHT
WINGSPAN OF AIRPLANE
MEAN AERNDYNAMIC CHORD
REFERENCE AREA

AIRPLANE X-AXIS POSITION
OF THE CENTER OF PRESSURE

MOMENT OF INERTIA VECTOR
ABOUT THE AIRPLANE C.G.
(IXX,IYY,12Z)

PRODUCT OF INERTIA VECTOR
ABOUT THE AIRPLANE C.G.
(IXY,IXZ,IYZ)

EXTERNAL THRUST SETTING
EXTERNAL AILERON SETTING
EXTERNAL ELEVATOR SETTING
EXTERNAL RUDDER SETTING
X,Y,Z AIRPLANE BODY AXIS
POSITION VECTOR OF THE
ENGINE

AIRPLANE BODY AXIS
DIRECTION COSINES OF THE
ENGINE THRUST VECTOR

DESIRED TRIM AIRPLANE
ALTITUDE

DESIRED TRIM AIRPLANE
VELOCITY

UNITS
LB
FT
FT

FT2

FT

SLUG-FTZ

SLUG-FTZ

LB

DEG
DEG
DEG

FT

FT

FT/SEC




PORT
NAME NO.
FRA(3)* 1
TRA(3)* 1
FCA(3)* 1
TCA(3)* 1
FDA(3)* 1
TDA(3)* 1
FRA(3)* 2
TRA(3)* 2
FCA(3)* 2

*Default value = 0.

NORMALLY
DRIVEN
BY

DESCRIPTION

RL

RL

cT

cT

DR

DR

RL

RL

cT

X,Y,Z AIRPLANE BODY
AXIS FORCE COMPONENTS
ACTING ON THE AIRPLANE
FROM THE RAILS

X,Y,Z AIRPLANE BODY AXIS
TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
RAILS

X,Y,Z AIRPLANE BODY AXIS
FORCE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
CATAPULT

X,Y,Z AIRPLANE BODY AXIS
TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
CATAPULT

X,Y,Z AIRPLANE BODY AXIS
FORCE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
DART

X,Y,Z AIRPLANE BODY AXIS
TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
DART

X,Y,Z AIRPLANE BODY AXIS
FORCE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
RAILS

X,Y,Z AIRPLANE BODY AXIS
TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
RAILS

X,Y,Z AIRPLANE BODY AXIS
FORCE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
CATAPULT

AE

UNITS
L8

FT-LB

LB

FT-LB

LB

FT-LB

LB

FT-LB

LB

Loscme wn oo s

A i s AMIC A




PORT
NAME NO.
TCA(3)* 2
FDA(3)* 2
TDA(3)* 2

CPF

*Default value = 0

NORMALLY
DRIVEN
BY

cT

DR

DR

DESCRIPTION

X,Y,Z AIRPLANE BODY AXIS
TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
CATAPULT

X,Y,Z AIRPLANE BODY AXIS
FORCE COMPONENTS ACTING

ON THE AIRPLANE FROM THE
DART

X,Y,Z AIRPLANE BODY AXIS
TORQUE COMPONENTS ACTING
ON THE AIRPLANE FROM THE
DART

PRINT FLAG FOR THE AERO-
DYNAMIC COEFFICIENTS
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UNITS

FT-LB

LB

FT-LB

PROTTRr Wy




AE
PORT
NAME NO. DESCRIPTION UNITS
= - - E—— )
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 5
WAP(3)* X,Y,Z AIRPLANE BODY AXIS DEG/SEC
ANGULAR VELOCITY VECTOR '
OF THE AIRPLANE L
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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NORMALLY
PORT DRIVEN
NAME NO. BY DESCRIPTION
H REFERENCE ALTITUDE WITH
RESPECT TO SEA LEVEL
WIN(3) X,Y,Z INERTIAL SYSTEM
WIND COMPONENTS
BP* BAROMETRIC PRESSURE AT
REFERENCE ALTUTIDE
TE TEMPERATURE AT REFERENCE
ALTITUDE
SWt* GRAVITY SWITCH FOR
UNSUPPORTED SEAT
0 = GRAVITY OFF
1 = GRAVITY ON
PORT
NAME NO. DESCRIPTION
Vs VELOCITY OF SOUND
RHO AIR DENSITY
*Default value = 0
**Nefaylt 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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AG

UNITS
FT

FT/SEC
IN HG

DEG F

UNITS
FT/SEC
SLUG/FT3

RV

Al T e ik




AM

NORMALLY
PORT DRIVEN
NAME NO. BY DESCRIPTION UNITS

FL FLAG TO INITIATE - i
AEROMED CALCULATIONS
(1 = START)

S e v

PRT FLAG SENT TO PROGRAM -
AEROMED TO PRINT THE
AEROMEDICAL VARIABLES
(1 = PRINT)
**DEFAULT = O**

¥
.
|

f 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**

i
i GZIL THE LIMIT VALUE FOR THE G's
Z-AXIS NEGATIVE AEROMED
LOAD FACTOR
**OEFAULT = 12**

DRP LIMIT VALUE OF THE -
| DYNAMIC RESPONSE WHEN
f THE ACCELERATION VECTOP
| IS FORWARD OF THE PLANE
OF THE SEAT BACK
**DEFAULT = 18%*+

DRN 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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PORT

ROL

DR
GX
GY
GZ

NAME NO.

NORMALLY
DRIVEN

BY

SE or CE
SE or CE
SE or CE
SE or CE

DESCRIPTION

ACCELERATION RADICAL
LIMIT

DYNAMIC RESPONSE

X-AXIS LOAD FACTOR
Y-AXIS LOAD FACTOR
Z-AXIS LOAD FACTOR
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UNITS

G's
G's
G's

|
!
f
i
!




PORT
NAME NO.
DRE
RAD
PTS
PT1

DESCRIPTION

DYNAMIC RESPONSE
ACCELERATION RADICAL

CURRENT NUMBER OF DATA
SETS WRITTEN TO TAPE 7

VALUE OF TIME WHEN THE
LAST DATA SET WAS
WRITTEN TO TAPE 7

204

SEC

A el ol

ki

o




PORT
NAME NO.

TCX

TCZ

UPx

XPC(3)

PA

EPL(3)

ZEM*

SRP(3)

usT(3)

*Default value = 0.
**Default value = 1.

NORMALLY
DRIVEN
BY

DESCRIPTION

SE

SE

PLATE SYSTEM X-AXIS FORCE
COEFFICIENT TABLE:
PLATE ANGLE OF ATTACK
(INDEPENDENT)
PLATE X-AXIS COEFFICIENT
(DEPENDENT)

PLATE SYSTEM Z-AXIS FORCE
COEFFICIENT TABLE:
PLATE ANGLE OF ATTACK
( INDENPENDENT)
PLATE Z-AXIS COEFFICIENT
(DEPENDENT)

EJECTION DIRECTION FLAG
WITH RESPECT TO THE
ATRPLANE
1 = UPWARD
-1 = DOWNWARD

X,Y,Z SEAT BODY AXIS
POSITION VECTOR OF THE
PLATE CENTROID

REFERENCE AREA OF THE
ATTACHED PLATE

SEAT TO PLATE EULER
ANGLES

AIRPLANE BODY Z-AXIS POSI-
TION OF THE PLATE CENTROID
WHEN IT ENTERS THE
WINDSTREAM

X,Y,Z EARTH SYSTEM LINEAR
POSITION VECTOR OF THE SEAT
REFERENCE POINT

X,Y,Z SEAT BODY AXIS LINEAR
VELOCITY VECTOR OF THE SEAT
REFERENCE POINT
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UNITS

DEG

DEG

FT i

DEG

FT

FT

FT/SEC




PORT
NAME NO.
EST(3)
WST(3)
XAP(3)*
EAP(3)*

*Default value

0

EARTH TO SEAT EULER ANGLES

X,Y,Z SEAT BODY AXIS
ANGULAR VELOCITY VECTOR

POSITION VECTOR OF THE

NORMALLY

DRIVEN

BY DESCRIPTION

SE
(YAW, PITCH, ROLL)

SE
OF THE SEAT

AE or SL X,Y,Z EARTH SYSTEM
AIRPLANE CENTER OF
GRAVITY

AE or SL

EARTH TO AIRPLANE
EULER ANGLES
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DEG/SEC

FT

DEG
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PORT
NAME NO.
F2(3) 1
T2(3) 1

SW

ALP
CX
cz

DESCRIPTION

X,Y,Z SEAT BODY AXIS
FORCE COMPONENTS OF
THE ATTACHED PLATE

X,Y,Z SEAT BODY AXIS
TORQUE COMPONENTS OF

THE ATTACHED PLATE

FLAG SET WHEN THE PLATE
CENTROID PENETRATES THE
WINDSTREAM

(1 = PENETRATION)

PLATE ANGLE OF ATTACK
X-AX1S FORCE COEFFICIENT

Z-AXIS FORCE COEFFICIENT
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FT-LB
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PORT
NAME NO.

TAE
OFF**

UPp+

ZWS*

XEM(3)*

Cox*

ECX**
ECY**
ECZ**

cLp*
CcMQ*
CNR*
s

#*Default value =
**Default value =

0
1

AS
[
NORMALLY 3
DRIVEN |
BY DESCRIPTION UNITS

EXPOSED AREA TABLE: ;
EXPOSED LENGTH (INDEPENDENT) FT, !

EXPOSED AREA (DEPENDENT) FT

RL FLAG/TO INDICATE SEAT/RAIL -
SEPARATION (1 = SEPARATION) ¢

EJECTION DIRECTION FLAG - '
WITH RESPECT TO THE AIRPLANE p

+1 = UPWARD !
-1 = DOWNWARD

AIRPLANE BODY Z-AXIS FT i
POSITION OF THE WINDSTREAM ‘1
4

BOUNDARY LAYER AT THE POINT
OF SEAT PENETRATION

X,Y,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE 4
POINT ON THE SEAT o
TO INITIALLY PENETRATE )
THE WINDSTREAM g

APPROXIMATE SEAT BODY X-AXIS FT i
POSITION OF THE CENTER OF
PRESSURE DURING EMERGENCE

SEAT BODY X-AYIS EMERGENCE -
COEFFICIENT

SEAT Y-AXIS EMERGENCE -
COEFFICIENT

SEAT Z-AXIS EMERGENCE - ’
COEFFICIENT 1

ROLL DAMPING DERIVATIVE 1/DEG
PITCH DAMPING DERIVATIVE 1/DEG ]
YAW DAMPING DERIVATIVE 1/DEG

-

SEAT REFERENCE AREA FT2




PORT

NAME NO.

SRP(3)

UST(3)

EST(3)

WST(3)

DSA(3,3)*

SRA(3)*

RON*

*Default = 0

NORMALLY
DRIVEN

BY

SE

SE

SE

SE

RL

RL

SR

DESCRIPTION

X,Y,Z EARTH LINEAR
POSITION VECTOR OF THE
SEAT REFERENCE POINT

X,Y,Z SEAT BODY AXIS
LINEAR VELOCITY VECTOR
OF THE SEAT REFERENCE POINT

EARTH TO SEAT EULER ANGLES
(YAW, PITCH, ROLL)

X,Y,Z SEAT BODY AXIS
ANGULAR VELOCITY VECTOR
OF THE SEAT

SEAT TO AIRPLANE
DIRECTION COSINE MATRIX

X,Y,Z AIRPLANE BODY
AXIS LINEAR POSITION
VECTOR OF THE SEAT
REFERENCE POINT

SUSTAINER ROCKET
FLAG (1=ON 0=0FF)

AS

UNITS
FT

FT/SEC

DEG

DEG/SEC

FT




{' AS
1 PORT 3
NAME NO. DESCRIPTION UNITS '
F2(3) 1 X,Y,Z SEAT BODY AXIS LB .
AERODYNAMIC FORCE B
COMPONENTS |
T2(3) 1 X,Y,Z SEAT BODY AXIS FT-L8 f *;
AERODYNAMIC TORQUE :
COMPONENTS '
ALP SEAT ANGLE OF ATTACK DEG
BET SEAT SIDESLIP ANGLE DEG
M 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
M SEAT BODY AXIS PITCHING -
MOMENT COEFFICIENT
CN SEAT BODY AXIS YAWING -
MOMENT COEFFICIENT
EXL SEAT EXPOSED LENGTH FT
DURING EMERGENCE
EXA SEAT EXPOSED AREA F12
DURING EMERGENCE
1
CEN(3) X,Y,Z SEAT BODY AXIS FT
POSITION VECTOR OF THE
EMERGED AREA CENTROID
TC2(20) SEAT Z-AXIS EXPOSED AREA FT
CENTROID LOCATION ARRAY
HD HYDRAULIC DIAMETER FT
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FLAG FOR SEAT/CREWPERSON

SEPARATION (1 = SEPARATION)

CREWPERSON PERCENTILE

WEIGHT OF THE CREWPERSON
CLOTHING AND EQUIPMENT

CREWPERSON MOMENT OF
INERTIA VECTOR ABOUT HIS

CREWPERSON PRODUCT OF
INERTIA VECTOR ABOUT
HIS C.G. (IXY,IXZ,IYZ)

DAMPING COEFFICIENT
DAMPING COEFFICIENT
DAMPING COEFFICIENT
X,Y,Z CREWPERSON SYSTEM

POSITION VECTOR OF THE

X,Y,Z BODY AXIS FORCE

NORMALLY
PORT DRIVEN
NAME NO. BY DESCRIPTION
SW*
PC
CEW
CMI(3)
C.G. (IXX,1YY,IZ7)
CPI(3)
CcLpP AERODYNAMIC ROLL
tMQ AERODYNAMIC PITCH
CNR AERODYNAMIC YAW
XSP(3)*
BASE OF THE SPINE
FAB(3)* RS
COMPONENTS
TAB(3)* RS X,Y,Z BODY AXIS
TORQUE COMPONENTS
FDO(3)* LI X,Y,Z BODY AXIS
FORCE COMPONENTS
T00(3)* LI X,Y,Z BODY AXIS
TORQUE COMPONENTS
*Default = 0
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Ce

UNITS

LB

SLUG-FTZ

SLUG-FT2

1/DEG
1/DEG
1/DEG

FT

LB

FT-LB

LB

FT-LB

0
i
P
'
i
¢
]

-

| 8
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NORMALLY
PORT DRIVEN
NAME NO. BY
FAU(3)*
TAU(3)*
TRM(3)*
*Default = 0

DESCRIPTION

X,Y,Z BODY AXIS FORCE
COMPONENTS (AUXILIARY
INPUT)

X,Y,Z BODY AXIS TORQUE
COMPONENT (AUXILIARY
INPUT)

X,Y,Z PARENT BODY INERTIAL
VELOCITY COMPONENTS TO
DETERMINE POSITION RATES
DURING TRIM

CE

FT-LB

FT/SEC

e e




NAME
UCP(3)*

XCP(3)*

WCP(3)*

ECP(3)*
SCO*

SC*
GX

GY
GZ
DR
FAD(3)

TAD(3)

WT

*These output quantities are states.

PORT

NO.

DESCRIPTION

X,Y,Z CREWPERSON BODY
AXIS LINEAR VELOCITY
VECTOR

X,Y,Z EARTH SYSTEM
POSITION VECTOR OF THE
CREWPERSON C.G.

X,Y,Z CREWPERSON BODY
AXIS ANGULAR VELOCITY
VECTOR

EARTH TO CREWPERSON EULER
ANGLES (YAW,PITCH,ROLL)

SPINAL COMPRESSION
VELOCITY

SPINAL COMPRESSION

CREWPERSON X-AXIS LOAD
FACTOR

CREWPERSON Y-AXIS LOAD
FACTOR

CREWPERSON Z-AXIS LOAD
FACTOR

DYNAMIC RESPONSE

X,Y,Z CREWPERSON BODY
AXIS AERODYNAMIC FORCE
COMPONENTS

X,Y,Z CREWPERSON BODY
AXIS AERODYNAMIC TORQUE
COMPONENTS

WEIGHT OF THE CREWPERSON

PLUS CLOTHING AND
EQUIPMENT
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CE

UNITS
FT/SEC

FT

DEG/SEC

DEG
FT/SEC

FT
G's

LB

FT-LB

LB

|
|

i
]




PORT

CIN(4)

CX

Cy

cz

CL

™

CN

ALP
BET
WM

ALT
FL

DESCRIPTION

AERODYNAMIC REFERENCE AREA

AERODYNAMIC LATERAL
REFERENCE LENGTH

AERODYNAMIC LONGITUDINAL
REFERENCE LENGTH

CREWPERSON INERTIA PROPER-
TIES AFTER SEAT CREWPERSON
SEPARATION (IXX,IYY,122,IXZ)

X-AX1S AERODYNAMIC FORCE
COEFFICIENT

Y-AXIS AERODYNAMIC FORCE
COEFFICIENT

Z-AX1S AERODYNAMIC FORCE
COEFFICIENT

AERODYNAMIC ROLLING MOMENT
COEFFICIENT

AERODYNAMIC PITCHING MOMENT
COEFFICIENT

AERODYNAMIC YAWING MOMENT
COEFFICIFNT

CREWPERSON ANGLE OF ATTACK
CREWPERSON SIDESLIP ANGLE
CREWPERSON MACH NUMBER
DYNAMIC PRESSURE
CREWPERSON ALTITUDE
SEAT/CREWPERSON

SEPARATION FLAG FOR

OUTPUT
(1 = SEPARATION)
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CE

UNITS
F12

FT

FT

SLUG-FTZ

DEG
DEG

L8/FT2
T

R .

i i




’---v—w — - m—————j

cS
NORMALLY
PORT ORI VEN
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

i *Default values = 0
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PORT
NAME NO.
AIL*
ELE*
RUD*

*These output quantities are states

DESCRIPTION

AILERON DEFLECTION FROM
ITS TRIM POSITION

ELEVATOR DEFLECTION FROM
ITS TRIM POSITION

RUDDER DEFLECTION FROM
ITS TRIM POSITION
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)

UNITS
DEG

DEG

DEG

A.__,r._.,__.v
1 .

Caniakisth ol St

i




PORT
NAME NO.

TCP

SW

up*

SAP(3)

AAP(3)

ucL
CSK
VI
PA
PT
CBP
c
c1
PMW
SK

*Default value = 1.

NORMALLY
DRIVEN

BY

DESCRIPTION

CATAPULT PROPELLANT

CONSUMPTION TABLE:
PROPELLANT WEB CONSUMED
(INDEPENDENT)
PROPELLANT CONSUMED
(DEPENDENT)

FLAG FOR CATAPULT IGNITION
(1 = CATAPULT ON)

EJECTION DIRECTION FLAG
WITH RESPECT TO THE

AIRPLANE
+1 = UPWARD
-1 = DOWNWARD

X,Y,Z SEAT BODY AXIS LINEAR
POSITION VECTOR OF THE
CATAPULT ATTACHMENT POINT
ON THE SEAT

X,Y,7 AIRPLANE BOOY AXIS
LINEAR POSITION VECTOR OF
THE CATAPULT ATTACHMENT
POINT ON THE AIRPLANE
UNLOADED CATAPULT LENGTH
CATAPULT STROKE

INITIAL FREE VOLUME

PISTON AREA

TANG RELEASE PRESSURE
CATAPULT BURST PRESSURE
MASS OF TOTAL PROPELLANT
IGNITER PROPELLANT MASS
PROPELLANT MOLECULAR WEIGHT

CATAPULT SPRING CONSTANT
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cT

UNITS

IN
SLUGS

FT

FT

FT
FT
IN3
n?
LBS/INZ
LBS/IN?
SLUGS
SLUGS
LB/LB-MOLE

LB/FT

P

rheat 2




PORT
NAME NO.

CK
CAM
TF

Cl

c2

NORMALLY
DRIVEN

BY

DESCRIPTION

CATAPULT DAMPING CONSTANT
RATIO OF SPECIFIC HEATS

CONSTANT VOLUME FLAME
TEMPERATURE

FRICTION PROPORTIONALITY
CONSTANT

HEAT LOSS CONSTANT

cT

UNITS
LB/FT/SEC

DEG K

LB/LB/ IN?

R S PN




PORT
NAME NO.

BXpP
TI

TOE*
SRP(3)

UST(3)

EST(3)
WST(3)

XAP(3)

UAP(3)

EAP(3)

WAP(3)

*Default value =

BURN RATE PROPORTIONALITY

CATAPULT TEMPERATURE

CATAPULT FORCE DECAY TIME

X,Y,Z EARTH SYSTEM LINEAR
POSITION VECTOR OF THE
SEAT REFERENCE POINT

X,Y,Z SEAT BODY AXIS LINEAR
VELOCITY VECTOR OF THE
SEAT REFERENCE POINT

EARTH TO SEAT EULER ANGLES
X,Y,Z SEAT BODY AXIS ANGULAR
VELOCITY VECTOR OF THE SEAT
X,Y,Z EARTH SYSTEM LINEAR
POSITION VECTOR OF THE

X,Y,Z AIRPLANE BODY AXIS
LINEAR VELOCITY VECTOR OF
THE AIRPLANE CENTER OF

EARTH TO AIRPLANE EULER
ANGLES (YAW,PITCH,ROLL)

NORMALLY
DRIVEN
BY DESCRIPTION
CONSTANT
BURN RATE EXPONENT
PRIOR TO IGNITION
SE
SE
SE
(YAW,PITCH,ROLL)
SE
AE or SL
AIRPLANE
AE or SL
GRAVITY
AE or SL
AE or SL

0

X,Y,Z AIRPLANE BODY AXIS
ANGULAR VELOCITY VECTOR
OF THE AIRPLANE
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cT

UNITS
IN/SEC/ (LB/ IN?)

DEG K

SEC
FT

FT/SEC

DEG
DEG/SEC

FT

FT/SEC

DEG

DEG/SEC




NAME
EF*
EL*
WK*
WB*
FL

FON

FCA(3)

TCA(3)

F1(3)

T1(3)

CF
CEX

cyv
TP

PC

*These output quantities are states.

PORT

DESCRIPTION

INTERNAL FRICTION ENERGY
HEAT LOSS

CATAPULT WORK

PROPELLANT WEB CONSUMED
CATAPULT MODE FLAG

0 = PRIOR TO IGNITION
1 = CATAPULT IGNITION
2 = CATAPULT STRIPOFF
3 = CATAPULT OFF

STRIPOFF FLAG FOR SUSTAINER

ROCKET COMPONENT

X,Y,Z AIRPLANE BODY AXIS
FORCE COMPONENTS OF THE
CATAPULT ON THE AIRPLANE

X,Y,Z AIRPLANE BODY AXIS
TORQUE COMPONENTS OF THE
CATAPULT ON THE AIRPLANE

X,Y,Z SEAT BODY AXIS FORCE
COMPONENTS OF THE CATAPULT

ON THE SEAT

X,Y,Z SEAT BODY AXIS TORQUE
COMPONENTS OF THE CATAPULT

ON THE SEAT
CATAPULT FORCE MAGNITUDE
CATAPULT EXTENSION

CATAPULT EXTENSION VELOCITY

INITIAL LENGTH OF THE

CATAPULT PRESSURE CHAMBER

CIRCUMFERENCE OF THE

CATAPULT PRESSURE CHAMBER
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cT

UNITS
FT-1B
FT-L8
FT-L8
IN

LB

FT-LB

LB

FT-L8

LB

FT
FT/SEC

IN r

IN




PORT
NAME NO.
R
CVH
TSO
FsSo

DESCRIPTION

GAS CONSTANT
CONSTANT VOLUME
SPECIFIC HEAT

CATAPULT STRIPOFF
TIME

CATAPULT FORCE AT
STRIPOFF
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CT

UNITS

FT-LBF/SLUG-K

FT-LBF/SLUG-K

SEC

LB

e

-
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OR
NORMALLY
PORT DRIVEN
NAME NO. BY DESCRIPTION UNITS
| TBF DART BRAKING FORCE TABLE:
| LINE LENGTH (INDEPENDENT)  FT
; BRAKING FORCE (DEPENDENT) LB
DAP(3) X,Y,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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PORT
NAME NO.
F2(3) 1
T2(3) 1
FDA(3) 1
TDA(3) 1

DLL

DBF
W

DESCRIPTION

X,Y,Z SEAT BODY AXIS
FORCE COMPONENTS OF THE
DART ON THE SEAT

X,Y,Z SEAT BODY AXIS
TORQUE COMPONENTS OF THE
DART ON THE SEAT

X,Y,Z AIRPLANE BODY AXIS
FORCE COMPONENTS OF THE
DART ON THE AIRPLANE

X,Y,Z AIRPLANE BODY AXIS
TORQUE COMPONENTS OF THE
DART ON THE AIRPLANE

DISTANCE BETWEEN THE
BRIDLE APEX AND THE

AIRPLANE ATTACHMENT
POINT

DART BRAKING FORCE

DART MODE FLAG

Q0 = PRIOR TO DART
1 = DART ON
2 = DARY OFF

DR

UNITS
LB

FT-LB

LB

FT-L8

FT

LB
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GP

NORMALLY
PORT DRIVEN
NAME NO. BY DESCRIPTION UNITS

T™F PARACHUTE MORTAR FORCE TABLE:
TIME (INDEPENDENT VARIABLE)  SEC
MORTAR FORCE (DEPENDENT
VARIABLE) L8

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 3
POSITION VECTOR OF THE ;
PARACHUTE PACK ATTACHMENT N
POINT ]

EA(3) SEAT TO PARACHUTE PACK DEG
ATTACHMENT ATTITUDE EULER
ANGLES (YAW, PITCH, ROLL)

XR PARACHUTE SHELF LINEAR LB/FT
SPRING CONSTANT

ek 2l

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 'x

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.




NAME

UST(3)

EST(3)

WST(3)

XPP(3)

UPP(3)

EPP(3)

WPP(3)

PORT
NG.

NORMALLY
DRIVEN

BY

SE

St

SE

PC

PC

PC

PC

DESCRIPTION

X,Y,Z SEAT BODY AXIS LINEAR
VELOCITY VECTOR OF THE
SEAT REFERENCE PQINT

EARTH TO SEAT EULER
ANGLES (YAW,PITCH,ROLL)

X,Y,Z SEAT BOOY AXIS
ANGULAR VELOCITY VECTOR
OF THE SEAT

X,Y,Z EARTH SYSTEM LINEAR
POSITION VECTOR OF THE
PARACHUTE PACK

X,Y,Z PARACHUTE PACK BODY
AXIS LINEAR VELCZITY VECTOR
OF THE PARACHUTE PACK

EARTH TO PARACHUTE PACK
EULER ANGLES (YAW,PITCH,
ROLL)

X,Y,Z PARACHUTE PACK BODY
AXIS ANGULAR VELOCITY VECTOR
OF THE PARACHUTE PACK

GP

UNITS
FT/SEC

DEG

DEG/SEC

FY

FT/SEC

DEG

DEG/SEC

B s e DS

michisssambttio sine

e ik P,

koo caca

e




NAME
Ft

FMT
F1
T

FPP(3)

TPP(3)

TIN

FS0(3)

TS0(3)

FPO(3)

TPO(3)

TRM(3)

PORT

DESCRIPTION

PARACHUTE MODE FLAG:
0 = PRIOR TO INITIATION

1 = PARACHUTE INITIATION
UP TO LAUNCH

2 = PARACHUTE LAUNCH

3 = FORCES AND TORQUES OFF

PARACHUTE MORTAR FORCE
MAGNITUDE

X,Y,Z SEAT BODY AXIS FORCE
VECTOR ACTING ON THE SEAT

X,Y,Z SEAT BODY AXIS TORQUE
VECTOR ACTING ON THE SEAT

X,Y,Z EARTH SYSTEM FORCE
VECTOR ACTING ON THE
PARACHUTE PACK

X,Y,Z PARACHUTE PACK BODY
AXIS TORQUE VECTOR ACTING
ON THE PARACHUTE PACK

PARACHUTE MORTAR INITIATION
TIME ’

X,Y,Z SEAT BODY AXIS FORCE
COMPONENTS EXERTED ON THE
SEAT AT STRIPOFF

X,Y,Z SEAT BODY AXIS TORQUE
COMPONENTS EXERTED ON THE
SEAT AT STRIPOFF

X,Y,Z EARTH SYSTEM FORCE
COMPONENTS EXERTED ON THE
SEAT AT STRIPOFF (LB)

X,Y,Z PARACHUTE PACK BODY
AXIS TORQUE COMPONENTS
EXERTED ON THE SEAT AT
STRIPOFF

X,Y,Z SEAT INERTIAL VELOCITY
COMPONENTS TO PASS TO THE
PARACHUTE COMPONENT

DURING TRIM
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GP

LB

LB

LB

LB

FT-LB

SEC

LB

FT-LB

LB

FT-LB

FT/SEC




PORT
NAME NO.

TCW

OFF*

BLI
APX(3)*

AP1(3)

AP2(3)*

AP3(3)*

AP4(3)*

FTR

FSO
uLL

ULS

*Default value =

0

NORMALLY
DRIVEN
By

DESCRIPTION

STRETCHED CANOPY
WEIGHT TABLE:
STRETCHED LENGTH
( INDEPENDENT)
STRETCHED WEIGHT
(DEPENDENT)

FLAG TO SEVER LINES
0 = LINES ATTACHED
1 = LINES SEVERED

o

NUMBER OF BRIDLE LINES

X,Y,Z DECELERATED OBJECT
BODY AXIS POSITION VECTOR
OF THE BRIDLE APEX

X,Y,Z DECELERATED OBJECT
BODY AXIS POSITION VECTOR
OF THE FIRST BRIDLE LINE
ATTACHMENT POINT

X,Y,Z DECELERATED OBJECT
BODY AXIS POSITION VECTOR
OF THE SECOND BRIDLE LINE
ATTACHMENT POINT

X,Y,Z DECELERATED OBJECT
BODY AXIS POSITION VECTOR
OF THE THIRD BRIDLE LINE
ATTACHMENT POINT

X,Y,Z DECELERATED OBJECT
BODY AXIS POSITION VECTOR
OF THE FOURTH BRIDLE LINE
ATTACHMENT POINT

PARACHUTE LINE MULTIPLI-
CATION FACTOR

CANOPY STRIPOUT FORCE

PARACHUTE SUSPENSION LINE
ULTIMATE LOAD

PARACHUTE SUSPENSION LINE
ULTIMATE STRAIN
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UNITS

FT
LB

FT

FT

FT

FT

FT

LB
IN/IN

IN/IN

_.-T_._‘..f-«v‘ ‘




NORMALLY
PORT DRIVEN
NAME NGO. BY DESCRIPTION UNITS

GOR NUMBER OF PARACHUTE GORES -

B N P

TYP TYPE OF PARACHUTE -
(1 = DRAG 2 = RECOVERY)

;
¥

FL MP or GP MORTAR MODE FLAG -~ : w
‘ 0 = PRIOR TO INITIATION

1 = INITIATION |

2 = LAUNCH ‘

n o u

‘ 3
XDO(3) SE or CE X,Y,Z EARTH SYSTEM LINEAR FT Ai
POSITION VECTOR OF THE
DECELERATED 08BJECT

ubo(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 (YAW, Iﬁ
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




PORT
NAME NO.
EC*
TR+

FLA

SWl

FDO(3)
TDO( 3)

FLP(3)

FAP(3)

VAP(3)

FLL
ELM

*These output quantities are states.

DESCRIPTION

CREEP STRAIN IN
PARACHUTE LINES

TIME DURATION OF A NON-
ZERO LOAD ON THE LINES

PARACHUTE PHASE

0 = PRIOR TO INITIATION
1 = INITIATION

2 = LAUNCH

3 = LINESTRETCH

4 = LINES SEVERED

FLAG SET WHEN PARACHUTE
IS BEHIND THE BRIDLE APEX
(1 = BEHIND)

X,Y,Z DECELERATED OBJECT
BODY AXIS FORCE COMPONENTS

X,Y,Z DECELERATED OBJECT
BODY AXIS TORQUE COMPONENTS

X,Y,Z EARTH SYSTEM FORCE
COMPONENTS ACTING ON THE
PARACHUTE CANOPY

X,Y,Z DECELERATED OBJECT
BODY AXIS LINEAR PQOSITION
VECTOR OF THE FORCE
APPLICATION POINT

X,Y,Z EARTH SYSTEM
VELOCITY COMPONENTS OF THE
FORCE APPLICATION POINT
LINE LOAD

MAXIMUM STRAIN EXPERIENCED

BY THE PARACHUTE LINE
DURING ITS LOADING HISTORY
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LI

WNITS
IN/IN

SEC

FT-LB

LB

FT

FT/SEC

LB
IN/IN




PORT
NAME NO

ELC

DEM

RMN

DIS

CON(4)

TCG(20)

uvL(3)
RL
RLO

VL
vca

PCG

CwWT

DESCRIPTION

MAXIMUM STRAIN EXPERIENCED
BY THE PARACHUTE LINE DURING
THE CURRENT LCADING CYCLE
ONLY

MAXIMUM NEGATIVE STRAIN RATE
EXPERIENCED BY THE PARACHUTE
LINE DURING ITS LOADING
HISTORY

MAXIMUM NEGATIVE STRAIN RATE
EXPERIENCED BY THE PARACHUTE
LINE DURING THE CURRENT UN-
LOADING CYCLE ONLY

THE DISTANCE FROM THE ORIGIN
OF THE DECELERATED OBJECT
TO THE BRIDLE APEX

COEFFICIENTS IN THE EQUATION
FOR THE PLANE FORMED BY THE
BRIDLE ATTACHMENT POINTS

STRETCHED CANOPY CENTER OF
GRAVITY LOCATION ARRAY

PARACHUTE LINE UNIT VECTOR
PARACHUTE LINE LENGTH

UNLOADED PARACHUTE LINE
LENGTH

RATE OF CHANGE OF LINE LENGTH

VELOCITY OF THE STRETCHED
CANOPY CENTER OF GRAVITY
ALONG THE LINES

STRETCHED CANOPY CENTER OF
GRAVITY MEASURED ALONG THE
PARACHUTE LINE FROM THE
PARACHUTE PACK

WEIGHT OF THE CANOPY PULLED
FROM THE PARACHUTE PACK

LI

UNITS ;
IN/IN ‘

1/SEC

1/SEC

FT

FT a

FT
FT

FT/SEC
FT/SEC

FT

LE




3

PORT
NAME NO.
TPE
PVL
TLS
VLS

DESCRIPTION

TYPE OF PARACHUTE

(1 = DRAG 2 = RECOVERY)
PREVIOUS TIMESTEP LINE
VELOCITY

TIME AT LINESTRETCH

RATE OF CHANGE OF LINE
LENGTH AT LINESTRETCH
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LI

UNITS

—

FT/SEC

SEC
FT/SEC

-~




PORT

Cl

€2

BXP
TI

TDE*
SRP(3)

usT(3)

EST(3)
WST(3)

XPP(3)

upPP(3)

EPP(3)

WPP(3)

*Default value =

NAME NO.

0

NORMALLY
DRIVEN

BY

SE

SE

SE
SE

PC

PC

DESCRIPTION

FRICTION PROPORTIONALITY
CONSTANT

HEAT LOSS CONSTANT

BURN RATE PROPORTIONALITY
CONSTANT

BURN RATE EXPONENT

MORTAR TEMPERATURE PRIOR
TO IGNITION

MORTAR FORCE DECAY TIME

X,Y,Z EARTH SYSTEM LINEAR
POSITION VECTOR OF THE
SEAT REFERENCE POINT

X,Y,Z SEAT BODY AXIS LINEAR
VELOCITY VECTOR OF THE SEAT
REFERENCE POINT

EARTH TO SEAT EULER ANGLES

X,Y,Z SEAT BONY AXIS ANGULAR
VELOCITY VECTOR OF THE SEAT

X,Y,Z EARTH SYSTEM LINEAR
POSITION VECTOR OF THE
PARACHUTE PACK

X,Y,Z EARTH SYSTEM LINEAR
VELOCITY VECTOR OF THE
PARACHUTE PACK

EARTH TO PARACHUTE
PACK EULER ANGLES

X,Y,Z PARACHUTE PACK BODY
AXIS ANGULAR VELOCITY
VECTOR OF THE PARACHUTE
PACK
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Mp

UNITS

LB/LB/IM

IN/SECé
(LB/INT)

DEG K

SEC
FT

FT/SEC

DEG
DEG/SEC

FT
FT/SEC

DEG

DEG/SEC
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NAME
SW

XYZ2(3)

EA(3)
XR
XD

ER(3)

ED(3)

uv(3)

CSK
VI
PA
PT
csp

CI
PMW
GAM
TF

PORT

NORMALLY
DRIVEN
BY

DESCRIPTION

FLAG TO INITIATE THE
MORTAR (1 = ON)

X,Y,Z SEAT BODY AXIS LINEAR
POSITION VECTOR OF THE PARA-
CHUTE PACK ATTACHMENT POINT
ON THE SEAT

SEAT TQ PARACHUTE PACK
ATTACHMENT EULER ANGLES

PARACHUTE SHELF LINEAR
SPRING CONSTANT

PARACHUTE SHELF LINEAR
CAMPING CONSTANT

X,Y,Z PARACHUTE SHELF
ANGULAR SPRING CONSTANT

X,Y,Z PARACHUTE SHELF
ANGULAR DAMPING CONSTANT

X,Y,Z SEAT BODY AXIS
MORTAR FORCE UNIT VECTOR

MORTAR STROKE

INITIAL FREE VOLUME

PISTON AREA

TANG RELEASE PRESSURE
MORTAR BURST PRESSURE

MASS OF TOTAL PROPELLANT
IGNITER PROPELLANT MASS
PROPELLANT MOLECULAR WEIGHT
RATIO OF SPECIFIC HEATS

CONSTANT VOLUME FLAME
TEMPERATURE

Mp

DEG

LB/FT

LB/FT/SEC

FT-LB/DEG

FT-LB/DEG/

SEC

FT
3

2

IN
IN
L8/ IN?

L8/ IN?
SLUGS
SLUGS
LB/LB-MOLE

DEG K




PORT
NAME NO.

EF*
EL*
WK *
WB*
FL

F1(3) 1

TI(3) 1

FPP(3)

TPP(3)

FM
EXM

TSO

FSO
TRM(3)

*These output quantities are states

DESCRIPTION

INTERNAL FRICTION ENERGY
HEAT LOSS ENERGY

MORTAR WORK

PROPELLANT WEB BURNED
MORTAR MODE FLAG

0 = PRIOR TO INITIATION
1 = INITIATION

2 = LAUNCH

3 = MORTAR OFF

X,Y,Z SEAT BODY AXIS FORCE
COMPONENTS OF THE MORTAR
AND RESTRAINTS ON THE SEAT

X,Y,Z SEAT BODY AXIS TORQUE
COMPONENTS OF THE MORTAR
AND RESTRAINTS ON THE SEAT

X,Y,Z EARTH SYSTEM FORCE
COMPONENTS OF THE MORTAR
AND RESTRAINTS ON THE
PARACHUTE PACK

X,Y,Z PARACHUTE PACK BODY
AXIS TORQUE COMPONENTS OF
THE MORTAR AND RESTRAINTS
ON THE PARACHUTE PACK
MORTAR FORCE MAGNITUDE
MORTAR EXTENSION

MORTAR EXTENSION VELOCITY
MORTAR STRIPOFF TIME
FORCE AT MORTAR STRIPOFF
X,Y,Z SEAT EARTH SYSTEM
VELOCITY COMPONENTS TO

PASS TO THE PARACHUTE
COMPONENT DURING TRIM
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Mp

UNITS
FT-LB
FT-LB
FT-LB
IN

FT-LB

FT-LB

LB

FT
FT/SEC
SEC

LB
FT/SEC

m-"_ o la




PORT
NAME NO

STI
RCS

RFM

RFD
RFS

CI

CT(3)

CN(3)

CM(2)

FD
PWT

PMI(3)

NORMALLY
DRIVEN
BY

DESCRIPTION

INFLATED PARACHUTE DRAG AREA
CIRCUMFERENCE OF THE FILLED
CANOPY PLUS ONE QUARTER OF
THAT DISTANCE

REEF MODE FLAG

0 = CHUTE NOT REEFED

1 = TIME OF DISREEF SET AT
PARACHUTE INITIATION

2 = TIME OF DISREEF SET AT

LINESTRETCH
REEF DELAY TIME

PRODUCT OF REFERENCE AREA
AND TANGENT FORCE COEFFI-
CIENT WHEN REEFED

CONSTANT USED IN THE EQUA-
TION THAT CALCULATES SCD
OF THE REEFED PARACHUTE

CONSTANT USED IN THE ECUA-
TION TO COMPUTE THE CANOPY
INFLATION ‘TIME

CONSTANTS USED IN THE EQUA-
TION THAT CALCULATES THE
TANGENTIAL DRAG AREA

CONSTANTS USED IN THE EQUA-
TION THAT CALCULATES THE
NORMAL DRAG AREA

CONSTANTS USED IN THE MACH
EFFECTS EQUATION

WAKE TO FREE STREAM RATIO

TOTAL WEIGHT OF THE PARA-
CHUTE PACK

PARACHUTE PACK MOMENTS OF
INERTIA (IXX,1YY,I1ZZ)

PC

SEC .g
FT :

LB

SLUG-FTE




PORT

NAME NO.

PPI(3)

TEM*

CSPa

CDP***

FLA

FLP(3)

FPP(3)

TPP(3)

VAP

uvL(3)

*Default value = 0
**Default value = 2000.
***Default value = 14.

NORMALLY
DRIVEN
8Y

DESCRIPTION

LI

LI

GP or MP

GP or MP

LI

LI

PARACHUTE PACK PRODUCTS OF
INERTIA (IXY,IXZ,1YZ)

TIME DURATION FOR
PARACHUTE EMERGENCE

PARACHUTE CANOPY
SPRING CONSTANT

PARACHUTE CANOPY
DAMPING CONSTANT

PARACHUTE MODE FLAG

PRIOR TO INITIATION
INITIATION

LAUNCH

LINESTRETCH

LINES SEVERED

HPWNHO=O
w . nn

X,Y,Z EARTH SYSTEM FORCE
COMPONENTS ACTING ON

THE PARACHUTE FROM THE
LINES

X,Y,Z EARTH SYSTEM FORCE
COMPONENTS ACTING ON THE
PACK FROM THE RESTRAINTS
AND MORTAR

X,Y,Z PARACHUTE PACK BODY
AXTS TORQUE COMPONENTS
ACTING ON THE PACK FROM
THE RESTRAINTS

X,Y,Z EARTH SYSTEM
VELOCITY COMPONENTS OF
THE FORCE APPLICATION
POINT

EARTH SYSTEM PARACHUTE
LINE UNIT VECTOR
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PC

UNITS
SLUG-FT2

SEC

LB/FT

LB/FT/SEC

LB

LB

FT-LB

FT/SEC "

-




NAME

RL

VCG(3)

PCG

CWT

TPE

TRM(3)

PORT
NO.

PARACHUTE LINE LENGTH

VELOCITY OF THE CANOPY
CENTER OF GRAVITY ALONG
THE PARACHUTE LINES

STRETCHED CANOPY CENTER

OF GRAVITY MEASURED ALONG
THE PARACHUTE LINE FROM

WEIGHT OF THE CANOPY DRAWN

NORMALLY
DRIVEN
BY DESCRIPTION
LI
LI
LI
THE PARACHUTE PACK
LI
FROM THE PACK
LI TYPE OF PARACHUTE
1 = DRAG
2 = RECOVERY
GP or MP

X,Y,Z PARENT BODY EARTH
SYSTEM VELOCITY COMPONENTS
TO DETERMINE THE POSITION
RATES DURING TRIM

PC

FT

FT/SEC




PORT

NAME NO.

UPP(3)*

XPP(3)*

WPP(3)*

EPP(3)*

UPC(3)*

XPC(3)*

PHA

*These output quantities are states

DESCRIPTION

X,Y,Z EARTH SYSTEM
LINEAR VELOCITY VECTOR
OF THE PARACHUTE PACK
CENTER OF GRAVITY

X,Y,Z EARTH SYSTEM LINEAR
POSITION VECTOR OF THE
PARACHUTE PACK CENTER OF
GRAVITY

X,Y,Z PARACHUTE PACK BODY
AXIS ANGULAR VELOCITY
VECTOR

EARTH TO PARACHUTE PACK
EULER ANGLES (YAW, PITCH,
ROLL)

X,Y,Z EARTH SYSTEM LINEAR
VELOCITY VECTOR OF THE
PARACHUTE CANOPY

X,Y,Z EARTH SYSTEM LINEAR
POSITION VECTOR OF THE
PARACHUTE CANOPY

PARACHUTE PHASE

1 = PRIOR TO PARACHUTE
LAUNCH

2 = FROM LAUNCH UP TO LINE-
STRETCH

3 = AFTER LINESTRETCH

PC

UNITS
FT/SEC

FT

DEG/SEC

DEG

FT/SEC

FT

3 s o




PORT
NAME NO

Sw

FLI(3)*

FOR(3)*

FMA(3)

RM

VoL
TLA

TLS
TDS

DESCRIPTION

FLAG TO INDICATE PARACHUTE
AERODYNAMIC CALCULATION
MODE :
0
1

PRIOR TO LAUNCH

FROM PARACHUTE LAUNCH
TO LINESTRETCH

DURING INFLATION
DURING REEFING

AFTER REEFING
PARACHUTE INFLATED

B Hwhh
LU I ]

X,Y,Z EARTH SYSTEM
AERODYNAMIC LIFT
COMPONENTS

X,Y,Z EARTH SYSTEM
AERODYNAMIC DRAG
COMPONENTS

X,Y,Z EARTH SYSTEM
FORCE COMPONENTS ACTING
ON THE CANOPY DUE TO
AIR MASS ACQUISITION
FORCE

RADIUS OF THE SPHERE
REPRESENTING THE INFLATED
CANOPY

VOLUME OF THE FILLED
CANOPY

PARACHUTE LAUNCH TIME OR
LINE SEVERING TIME

LINESTRETCH TIME

TIME AT WHICH DISREEF
OCCURS

*Acting on the pack before linestretch
Acting on the canopy after linestretch

PC

UNITS

LB '

LB

LB

FT

FT
SEC
SEC

SEC '

e e




PORT
NAME NO.
OT!
TOU
TRF

DESCRIPTION

PARACHUTE CANOPY INFLA-
TION TIME

TIME DURATION OF REEFED
PARACHUTE

TIME AT WHICH THE CHUTE
IS REEFED

UNITS
SEC

SEC

SEC
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NAME
BL1(3)

BL2(3)

BL3(3)

BL4(3)

BLS5(3)

BL6(3)

up

RLR

XRR(3)

RLL

PORT
NO.

NORMALLY
DRIVEN

BY

DESCRIPTION

X,Y,Z SEAT AXIS POSITION
VECTOR OF THE RIGHT LOWER
BLOCK

X,Y,Z SEAT AXIS POSITION
VECTOR OF THE RIGHT MIDDLE
BLOCK

X,Y,Z SEAT AXIS POSITION
VECTOR OF THE RIGHT UPPER
BLOCK

X,Y,Z SEAT AXIS POSITION
VECTOR OF THE LEFT LOWER
BLOCK

X,Y,Z SEAT AXIS POSITION
VECTOR OF THE LEFT MIDDLE
BLOCK

X,Y,Z SEAT AXIS POSITION
VECTOR OF THE LEFT UPPER
BLOCK

EJECTION DIRECTION FLAG
+1 = UPWARD WRT THE
AIRPLANE
-1 = DOWNWARD WRT THE

AIRPLANE

RIGHT RAIL Z COORDINATE
OF THE END OF THE RIGHT
RAIL

X,Y,Z AIRPLANE POSITION
VECTOR OF THE ORIGIN OF
THE RIGHT RAIL COORDINATE
SYSTEM

LEFT RAIL Z COORDINATE OF
THE END OF THE LEFT RAIL
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RL

UNITS
FT

FT

FT

FT

FT

FT

FT

FT




RL

NORMALLY
PORT DRIVEN
NAME NO. BY DESCRIPTION UNITS

XRL(3) X,Y,Z AIRPLANE POSITION FT
VECTOR OF THE ORIGIN OF b
THE LEFT RAIL COORDINATE
SYSTEM

ERL(3) AIRPLANE TO RAILS EULER DEG i
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

. .
e B A lakkbeia e me o e s

JARN 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

2,

e e i
o o P B L esmemrn

e el et el as e AT T | e D Pad ittt ATl

EST(3) SE EARTH TO SEAT EULER ANGLES DEG ~i
(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 j
POSITION VECTOR OF THE '
AIRPLANE
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PORT
NAME NO.
UAP(3)
EAP(3)
WAP(3)

NORMALLY
DRIVEN
8Y

DESCRIPTION

AE or SL

AE or SL

AE or SL

X,Y,Z AIRPLANE BODY AXIS
LINEAR VELOCITY VECTOR OF
THE AIRPLANE

EARTH TO AIRPLANE EULER
ANGLES (YAW, PITCH, ROLL)

XsY,Z AIRPLANE BODY AXIS
ANGULAR VELOCITY VECTOR
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RL

UNITS
FT/SEC

DEG

DEG/SEC

——————
ek rban e

wlF




RL

NAME NO. DESCRIPTION UNITS

F2(3) 1 X,Y,Z SEAT BODY AXIS FORCE LB
COMPONENTS ON THE SEAT r
FROM THE RAILS

T2(3) 1 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 - o
0 = GUIDED 5
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

™(3) X,Y,Z EARTH VELOCITY COMPONENTS FT/SEC
OF THE VEHICLE TO PASS TO THE
SEAT DURING TRIM
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NAME
FL

XYZ(3)

EA(3)

XPB(3)

UPB(3)

EPB(3)

WPB(3)

XAB(3)

UAB(3)

EAB(3)

WAB(3)

PORT
NO.

NORMALLY
DRIVEN

BY

DESCRIPTION

FLAG TO RELEASE ATTACHED
BODY (1 = RELEASE)

X,Y,Z PARENT BODY AXIS
LINEAR POSITION VECTOR
OF THE ATTACHMENT POINT

PARENT BODY TO ATTACHED
BODY ATTACHMENT POSITION
EULER ANGLES (YAW,PITCH,
ROLL)

X,Y,Z EARTH SYSTEM LINEAR
POSITION VECTOR OF THE
PARENT BODY

X,Y,Z PARENT BODY AXIS
LINEAR VELOCITY VECTOR OF
THE PARENT BODY

EARTH TO PARENT BODY
EULER ANGLES (YAW,PITCH,
ROLL)

X,Y,Z BODY AXIS ANGULAR
VELOCITY VECTOR OF THE
PARENT BODY

X,Y,Z EARTH SYSTEM LINEAR
POSITION VECTOR OF THE
ATTACHED BODY

X,Y,Z ATTACHED BODY AXIS
LINEAR VELOCITY VECTOR OF
THE ATTACHED BODY

EARTH TO ATTACHED BODY EULER
ANGLES (YAW,PITCH,ROLL)

X,Y,Z ATTACHED BODY AXIS
ANGULAR VELOCITY VECTOR
OF THE ATTACHED BODY
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RS

UNITS

FT

DEG

FT

FT/SEC

DEG

DEG/SEC

FT

FT/SEC

DEG

DEG/SEC




NAME
XR
XD
ER(3)
ED(3)

PORT
NO.

NORMALLY
DRIVEN

BY

DESCRIPTION

LINEAR SPRING CONSTANT
LINEAR DAMPING CONSTANT
X,Y,Z ANGULAR SPRING CONSTANT
X,Y,Z ANGULAR DAMPING CONSTANT

RS

UNITS
LB/FT
LB/FT/SEC
FT-LB/DEG
FT-LB/DEG/SEC

;
i
%
&
4




NAME
FPB(3)

TPB(3)
FAB(3)
TAB(3)

TRM(3)

PORT
NO.

DESCRIPTION

X,Y,Z PARENT BODY AXIS
FORCE VECTOR

X,Y,Z PARENT BODY AXIS
TORQUE VECTOR

X,Y,Z ATTACHED BODY AXIS
FORCE VECTOR

X,Y,Z ATTACHED BODY AXIS
TORQUE VECTOR

X,Y,Z PARENT BODY EARTH
SYSTEM VELOCITY COMPONENTS
TO PASS TO THE ATTACHED BODY
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RS

UNITS
LB

FT-LB
LB’
FT-LB

FT/SEC

.




NAME
F1(3)*

T1(3)*

F2(3)*

T2(3)*

CW

cca(3)

CMI(3)

CPI(3)

™(3)

PORT
NO.

1109

1709

1709

1709

* PDefault = 0.

X,Y,Z SEAT BODY AXIS FORCE
COMPONENTS GENERATED BY
A PYROTECHNIC DEVICE

X,Y,Z SEAT BODY AXIS TORQUE
COMPONENTS ABOUT THE SRP
GENERATED BY A PYROTECHNIC

X,Y,Z SEAT BODY AXIS FORCE
COMPONENTS GENERATED BY
A NON-PYROTECHNIC DEVICE

X,Y,Z SEAT BODY AXIS TORQUE
COMPONENTS ABOUT THE SRP
GENERATED BY A NON-

COMPOSITE WEIGHT OF THE SEAT

X,Y,Z SEAT AXIS SYSTEM
COMPOSITE CENTER OF GRAVITY

VECTOR ABOUT THE SEAT
REFERENCE POINT FOR THE
COMPOSITE SEAT (IXY,IYY,122)

VECTOR ABOUT THE SEAT
REFERENCE POINT FOR THE
COMPOSITE SEAT (IXY,IXZ,IYZ)

NORMALLY
DRIVEN
BY DESCRIPTION

DEVICE

PYROTECHNIC DEVICE
WB
W8
WB MOMENT OF INERTIA
W8 PRODUCT OF INERTIA
RL

X,Y,Z VEHICLE EARTH
VELOCITY COMPONENTS TO
DETERMINE THE POSITION
RATE DURING TRIM

SE

UNITS
LBS

FT-LBS

LBS

FT-LBS

LBS

FT

SLUG-FT2

SLUG-FT2

FT/SEC




SE
PORT
NAME NO. DESCRIPTION UNITS
UST(3)* X,Y,Z SEAT BODY AXIS FT/SEC
| LINEAR VELOCITY VECTOR
| OF THE SEAT REFERENCE POINT
b
| 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) 4
ALT SEAT ALTITUDE FT

* These output quantities are states.




9
SL ﬁ
]
NORMALLY
PORT DRIVEN
NAME NO. BY DESCRIPTION UNITS
UD(3)* X,Y,Z SLED SYSTEM LINEAR FT/SEC/SEC i
VELOCITY RATE VECTOR ]
WD(3)* X,Y,Z SLED SYSTEM ANGULAR DEG/SEC/SEC s
VELOCITY RATE VECTOR
*Default value = 0.
b
|
f PORT 3
| NAME NO. DESCRIPTION UNITS 4
| b
| UAP(3)* X,Y,Z SLED BODY AXIS FT/SEC |
| LINEAR VELOCITY COMPONENTS
i XAP(3)* X,Y,Z EARTH SYSTEM LINEAR FT
% POSITION VECTOR OF THE
; SLED k
| WAP(3)* X,Y,Z SLED BODY AXIS DEG/SEC ]
ANGULAR VELOCITY 1
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 4
MECHANICAL ADVANTAGE :
(DEPENDENT) - :
TST SPRING MOMENT TABLE: :
GIMBAL ANGLE (INDEPENDENT)  DEG i
SPRING TORQUE (DEPENDENT) FT-LBS .
FL STAPAC IGNITION FLAG B
(1 = STAPAC ON)
YPR STAPAC APPLICATION FLAG y
= YAW STAPAC 5
2 = PITCH STAPAC %
3 = ROLL STAPAC ,j
]
AVW ANGULAR VELOCITY OF DEG/SEC
GYROSCOPE WHEEL
WMI MOMENT OF INERTIA OF THE SLUG-FT2 ,
WHEEL ABOUT ITS SPIN AXIS i
SMI MOMENT OF INERTIA OF THE SLUG-FT2 :
SYSTEM LESS THE ROCKET .
ABOUT THE GIMBAL AXIS 4
RII MOMENT OF INERTIA OF THE SLUG-FTZ
ROCKET PRIOR TO IGNITION
RIF MOMENT OF INERTIA OF THE SLUG-FTZ §
ROCKET AFTER BURNOUT N
%
XR(3) X,Y,Z SEAT BODY AXIS FT "

POSITION VECTOR OF THE
ROCKET NOZZLE
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NORMALLY
PORT DRIVEN
NAME NO. BY

UV(3)**

GSA

GSF

SPR
DPG
FMT
TMX
TNF
TOS
TSU*

GMA*

WST(3) SE
*Defaults = 0.
*#*Defaults: UV(1) = 0.

uv(2) = 0.
uv(3) = -1.

DESCRIPTION

X,Y,Z ROCKET FORCE UNIT
VECTOR IN THE ROCKET
COQRDINATE SYSTEM

GIMBAL MOTION STOP IN THE
NEGATIVE ROLL DIRECTION
(MEASURED FROM THE CAGED
POSITION)

GIMBAL MOTION STOP IN THE
POSITIVE ROLL DIRECTION
(MEASURED FROM THE CAGED
POSITION)

GIMBAL STOP ANGULAR RIGIDITY
GIMBAL STOP ANGULAR DAMPING
LOAD AT MAXIMUM FRICTION
MAXIMUM FRICTION

FRICTION AT NO THRUST
THRUSTLINE OFFSET

GYROSCOPE WHEEL SPINUP
TIME (SEC)

GIMBAL ANGULAR VELOCITY
AT MAXIMUM FRICTION

X,Y,Z SEAT BODY AXIS
ANGULAR VELOCITY VECTOR
OF THE SEAT
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SP

UNITS

DEG

DEG

FT-LB/DEG
FT-LB/DEG/SEC
LBS

FT-LB

FT-LB

FT

SEC

DEG/SEC

DEG/SEC

- e —ee o
o~ R

"




PORT

NAME NO.

WG*

ESG(3)*

ESR(3)*

PHA

F1(3) 1

T1(3) 1

TIN
ECA

*These output quantities are states.

DESCRIPTION

GIMBAL SYSTEM X-AXIS
ANGULAR VELOCITY

SEAT TO GIMBAL EULER
ANGLES (YAW,PITCH,ROLL)

SEAT TO ROCKET EULER
ANGLES (YAW,PITCH,ROLL)

STAPAC OPERATIONAL PHASE

0 = BEFORE IGNITION
1 = STAPAC IGNITION
2 = STAPAC BURNOUT

X,Y,Z SEAT BODY AXIS
FORCE COMPONENTS OF
STAPAC ON THE SEAT

X,Y,Z SEAT BODY AXIS TORQUE
COMPONENTS OF STAPAC ON THE
SEAT

TIME AT STAPAC INITIATION

SEAT TO GIMBAL ROLL EULER
ANGLE AT THE CAGED POSITION

sp

UNITS
DEG/SEC

DEG

DEG

LB

FT-LB

SEC

DEG

e

oy

i it e i
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NAME
TRF

FON

PCG(3)

EA(3)

XRN(3)

YAW

PIT

PL

POD

PID

PORT

NO.

TIME (INDEPENDENT
FORCE (DEPENDENT)

NORMALLY

DRIVEN

BY DESCRIPTION
ROCKET TABLE:

CcT

SUSTAINER IGNITION FLAG
(1 = ROCKET ON)

X,Y,Z SEAT BODY AXIS
POSITION VECTOR OF THE
PROPELLANT CENTER OF
GRAVITY

SEAT TO ROCKET PROPELLANT
EULER ANGLES (YAW,PITCH,
ROLL)

X,Y,Z PROPELLANT SYSTEM
POSITION VECTOR OF THE
ROCKET NOZZLE

YAW EULER ANGLE OF THE
THRUST VECTOR IN THE
PROPELLANT COORDINATE
SYSTEM

PITCH EULER ANGLE OF THE
THRUST VECTOR IN THE
PROPELLANT COORDINATE
SYSTEM

PROPELLANT GRAIN LENGTH

PROPELLANT GRAIN QUTSIDE
DIAMETER

PROPELLANT GRAIN INSIDE
DIAMETER
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DEG

FT

DEG

DEG

FT

FT

FT

‘:;.
3




PORT
NAME NO.
W* 1
PHA
RON
F1(3) 1
T1(3) 1
X(3) 1
BM(3) 1
BP(3) 1
FR
PWI
SP1I
RHO
VW1
T™MI(3)

TIG

*This output quantity is a state.

DESCRIPTION

WEIGHT OF UNBURNED
PROPELLANT

ROCKET PHASE

0 = BEFORE IGNITION
1 = ROCKET BURN
2 = ROCKET OFF

ROCKET ON FLAG
(1 =0N O = OFF)

X,Y,Z SEAT BODY AXIS
FORCE COMPONENTS

X,Y,Z SEAT BODY AXIS
TORQUE COMPONENTS

X,Y,Z SEAT BODY AXIS
POSITION VECTOR OF THE
PROPELLANT CENTER OF
GRAVITY

X,Y,Z UNBURNED ROCKET
PROPELLANT MOMENTS OF
INERTIA (IXX,1YY,127)
UNBURNED ROCKET PROPELLANT
PRODUCTS OF INERTIA (IXY,
IXZ,1Y2)

SUSTAINER ROCKET FORCE
MAGNITUDE

INITIAL WEIGHT OF THE
PROPELLANT

ROCKET PROPELLANT SPECIFIC
IMPULSE

ROCKET PROPELLANT DENSITY
INITIAL VIRTUAL WEIGHT

PROPELLANT MOMENTS OF INERTIA
AS IF 1T WERE A SOLID GRAIN

ROCKET IGNITION TIME

SR

UNITS
LB

LB
FT-LB

FT

SLUG-FTZ

SLUG-FT2

LB
LB
LB-SEC/LB

LB/FT3
LB
SLUG-FT2

SEC




SR

Py L

MIIABAQ IndinQ/indul ,, HS,, Jusuodwo) piepuels ‘o ainbi4

HOLI3A

INVH4 JONIYISIY HIbv) X 5:5:,

W3LSAS ILVYNIGHOOD LV3S 40

NIOIHO — LNIOd 3ON3HI43Y LV3IS |/ /
{

d

W31SAS
JLVYNIGHOO0D INVIT3d0Hd
3JHL 40 NIDIHO — (3WVHd
JON3HI43H LV3S) ALIAVYD
30 HIIN3ID INVIT340Hd

{IONVIVE GNV LHOIFM)
«BM., ANINOdWOI QHVYANVLS OL
034 UV S311YIdOHd TVILHINI g3lvadn @

13XO0Y H3NIVLSNS IHL WOYHY LVv3S JHL
NO LOV 1VH1 SINDHOL ANV S30HO4 JHL
S3LVINITVI ..US., ANINOIWOD QHVANVLS @

WIALSAS
ALVYNIQHO0D I1ZZON

3HL 40 NIDIHO — (INWVHS
JONIYIA3Y INVITIH0Hd)
NOILVYI0T 3TZZON 13INI0H

*WBISAS 21BLIPIOOD 3§ZZOU BY) O}
190dsas ylim uondaip 7 aAnebau
Y1 Ul 5100 JOD9A 18N BY L

*Wd)sAs 21euIp1o0d Juejjadosd oyl 03

196d$0J YIIM 8J% 8j2Z0U 10X201 8Y)
30 sojBue Joghe yoid pue meA 3yl JLON
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W8

NORMALLY
PORT DRIVEN
NAME NO. BY DESCRIPTION UNITS

AB NUMBER OF ATTACHED BODIES -
SW BASIC SEAT WEIGHT L8

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 3
ABOUT THE C.G. FOR THE 1
BASIC SEAT (IXX,IYY,IZZ)

SP(3) PRODUCT OF INERTIA VECTOR SLUG-FT2

ABOUT THE C.G. FOR THE BASIC
SEAT (IXY,IXZ,1YZ)

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 1
FOR BODY ONE TRANSFORMED
INTO THE SEAT SYSTEM
(IXX, 1YY, 122)

BP(3)* 1 SR PRODUCT OF INERTIA VECTOR SLUG-FT2 ;
FOR BODY ONE TRANSFORMED ‘
INTO THE SEAT SYSTEM 1
(IXY,IXzZ,1YZ)

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-FT2
FOR BODY TWO TRANSFORMED \
INTO THE SEAT SYSTEM
(1XX, 1YY, 122) j

*Default value = 0. f
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DESCRIPTION

NORMALLY
PORT DRIVEN
NAME NO. BY
BP(3)* 2
W* 3
X(3)* 3
BMI(3)* 3
BP(3)* 3

*Default Value = 0.

PRODUCT OF INERTIA VECTOR
FOR BODY TWO TRANSFORMED
INTO THE SEAT SYSTEM
(IXY,IXz,1vZ)

WEIGHT OF BODY THREE

X,Y,Z SEAT BODY AXIS
POSITION VECTOR OF THE
CENTER OF GRAVITY FOR
BODY THREE

MOMENT OF INERTIA VECTOR
FOR BODY THREE TRANSFORMED
INTO THE SEAT SYSTEM

(IXX, 1YY, 122)

PRODUCT OF INERTIA VECTOR
FOR BODY THREE TRANSFORMED
INTO THE SEAT SYSTEM
(1xy,IXxz,1Y2)

WB

L8
FT

SLUG-FT2

SLUG-FT?

Note - A1l moments and products of inertial must be rotated into the seat

coordinate system.

§ it

&
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NAME
Cw
CCG(3)

CMI(3)

CPI(3)

PORT

NO.

DESCRIPTION
COMPOSITE WEIGHT OF THE SEAT

X,Y,Z SEAT BODY AXIS
COMPOSITE CENTER OF
GRAVITY

MOMENT OF INERTIA VECTOR
ABOUT THE C.G. FOR THE
COMPOSITE SEAT (IXX,IYY,IZZ)

PRODUCT OF INERTIA VECTOR
ABOUT THE C.G. FOR THE
COMPOSITE SEAT (IXY,IXZ,IYZ)

WB

UNITS
L8
FT

SLUG-FT2

SLUG-FT?




APPENDIX E

PROGRAM AEROMED

This appendix contains program AEROMED, the aeromedical post processor.




PROGRAM AEROMED (OUTPUT,TAPET s TAPE6=0UTPUT!} ‘

(o]

DIMENSION TIME(400G) 46X(4000) ,6Y(4G00)+GZ(4000),DR(4000),
- RAD(4000) sRADXY (4000)yRADZ{4000)

NOTICEeacccoccoee

A PORTION OF THIS PROGRAM EVALUATES ACCELERATION DATA
ESSENTLIALLY IN ACCORDANCE WITH ACCEPTED AEROMEDICAL
PROCEDURES. THESE KINDS OF RESULTS ARE THEN NORMALLY USED
TOGETHER WITH OTHER FACTORS TO DETERMINE ACCEPTABILITY OF
ACCELERATION LUADS APPLICD TU THt EJECTEE.

THE EVALUATION METHOODO HAS BEEN ADOPTED HERE TO SERVE AS A -
FOUNOATLUN FOR CREAT1INuL FIGURES OF MERIT RELATED TO THE
PERFURMANCE OF A PARTICULAR ESCAPE SYSTEM CONFIGURATION.
THERE 1S THEN AN OPPORTUNLTY TO COMPARE, BY STANDARD MEANS, !
THE PERFORMANCE OF ONE CONFIGURATION WITH THAT OF OTHERS
AND COMPARED IN TERMS OF THE MOST FUNDAMENTAL AND CRITICAL
PARAMETEKS OF PERFURMANCE OF ANY ESCAPE SYSTEM, NAMELY,
ACCEL SRATIUON LOADS uN THE HUMAN EJECTEE.

THIS PRUGRAM THEREFGRE SERVES AS AN ENGINEERING TOOL ONLY i ]
AND SHOULD NOT B8k CONSIDERED AN ACCEPTABLE AEROMEDICAL :
EVALUATION TOOL TO MEASURE ACCEPTABILITY OF AN ESCAPE SYSTEM 3
FOR SAFE UPERATIUNAL USE. 7

sesxekxxks INITIALIZATION *xsxxssskx

(aNal ol ol ool N o R ol o R ol o RN ol o NaN ol o N o Nl o NaN o p N o}

GXMAX = GYMAX = GZMAX = DRMAX = RUMAX = -10.
GXMIN = GYMIN = GZMIN = DORMIN = RDMIN = 1G.
TINJURY = EXPERNC = O
¢
C *zs%% REAU THE AEROMED PARAMETERS FROM TAPE7 *#%%ax
9
REWIND 7
ReAL(7910) PRTIEXP yGAPyGXNyGYL GZL s URPyDRN,ROL
10 FORMAT(9Flz.4)
C
C =xsxs READ THE AEROMED VARIABLES FROM TAPLT **¥%x*
c

NPTS = 4000
I =0
<0 1 =1+1
IFII.6T.«000) GO TU 35
READ (7,1C) TiMc(1)sDR(1)»GX{L)sGY(1),GZ(1)

¢
IF(EOF(T)) 30,25
L
25  GX(I) = =GX{I)
GY(I) = =GY(I)
G0 VO 20
4
5 30 NPTS =1 -1
; c
C sssss  (ALCULATE RAUXY AND RADZ #ssss
c

a5 DU 40 I=1,NPTS
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GXL = GXP
IF(6XU1).LT0.0) GXL =
DRL = DRP

IF(GX(1)LT.0.0) DRL = DRN
RADXY (1) = (GXU1)/GXL)*%2 + (GY(I)}/GYL)**2
40 RADZ(I) = (DR(I)/DRL)*%2

j

L)

GXN !i
4

1

{

1

]

q

|
|
|
[ |
€ =xxs¥x CALCULATE THE Z2-AX1IS TOLERANCE RATIO FOR EACH WINDOW **%xx (
C
N =0 ‘
50 N=N+1
I1 =0 ri
RADGZMAX = O b
60 J =N+l |
(o !
IF(TIME(J) GCTTIME(N)+0.063) GO TO 70
IF(G21J)e5EaUe) RADZMAX = AMAXL(RADZ(J] yRADZMAX)
IF(GZ1J) oL To0.) RADIMAX = AMAXLU(GZ(J)I/GLL)*®2,RADZIMAX)
LF(JEQ.NPTS) GU TO 90 i
I1=1+1
60 TO 60
c
C DETERMINE THE ACCELERATION RADICAL esccscee
c j
70  RAD(N) = SQRT (RADZMAX + RADXY(N})
C
C UPDATE THE UNSAFE LOAD EXPERIENCE FACTOR coceee !
c =
IF(RUL.LE-RAD(N)) 6O TG 80 2
TINJURY = TINJURY + (RADIN)}=RDL)I*SEXP % (TIME(N+1)~TIME(N)) }ﬂ
[ P
C UPDATE THE TOTAL LOAD tXPERLENCE FACTOR eeecese
L
8G  EXPERNL = EXPERNC + RADIN)®*EXP #* (TIME(N+L)-TIME(N))
C

G0 TO 50
9% N=N=1
TMAX = TIME(N)

c
C ®#wes  CALCULATE THe SAFE LUAD EXPERIENCE FACTOR #%xxx
C
TINJURY = TINJURY/TIME (N}
EAPERNC = EXPERNC/TIME(N)
THREAT = EXPERNC — TINJURY
c
C #sss*  (ALCULATE The MAXIMUM AND MINUMUM AEROMEDICAL VARIABLES *%%x# ;
c 1
DU 100 I=1,N L
<

GXMAX = AMAXL{GXMAXyGX(1))

LF(GAMAX .EQ.GA(L) ) GXMAXT = TIMce(l)
GYMAX = AMAXL(GYMAXybY(1))
IFIGYMAX.EQ.GY (1)) GYMAXT = TIMe(1l)
GZMAX = AMAXLIGZMAXGZ(1))

IF(GZIMAX EQ.GZII)) GIMAXT = TIME(I) |
DRMAX = AMAX1(ORMAXWDRLL)) P
IF (DRMAX.EQ.DR{I)) LRMAXT = TiMELI)
ROMAX = AMAX1(RUMAXyKkaD(1))




IF(KDMAX.EQ.RAD(1)) ROMAXT = TIME(I)

GXMIN = AMINLUIGXMINSGXLI))
IF(GXMIN.EQ.GX(I)) GXMINT = TIME(I)
GYMIN = AMINL(GYMIN,GY(I))
IF(GYMIN.EQ.GY{I)) GYMINT = TIME(I) ;
GZMIN = AMINL(GZMIN,GZ(1)) i
100 1F(GZMIN.EQ.GZ(I)) GZMINT = TIME(I) i
(‘_ !
L sssas WRITE TO THE OUTPUT FILE s*%x*% i
c [
WR1TE (6,110} TMAX !
110 FORMAT (lHl, *HUMAN TOLERANCE ANALY>1S THROUGH *,F10.3, r'
* SECONDS OF THE SIMULATION®*///, |
. * AEROMEDICAL SIGN CONVENTION ceceeo®//, =
. * GX = +ACCELy GY = +ACCELy GZ = =ACCEL ceaees®///) e
c |
IF(PRT.EQ.1.) WRITE(69220) '
420 FORMAT (//4Xy$TLIME® 39X p¥GX% L 0Xy¥GY %, 10Xy #¥GL% 9 10X 9 *DR1%9 83Xy *RAD*// 4 f

. IXsF7a394FL2.25F11.2) 4
C
IF(PRTEQele) WRITE(63130) (TIMELI)sGX(I}sGY(1)oGZ(I)sUR(I),
- RAD(IL)} I=1,4N)
430 FURMAT(1X9FTe394F12.29F11.2)
C
WITcl69140) GXMAX sGXMAXT 3 GYMAX9GYMAXT 3 GZMAX y GZMAXT :
GXMIN g GAMINT yGYMINsGYMINT,GZMIN, GZMINT,
- DRMAX y DRMAXT 3ROMAX s RDMAXT ;
140 FORMAT (2(1HO/) % GAMAX = #3F14.29% TIME = %,Fl4e39//
. * GYMAX = X¥3F l4e29% TIME = ®,F1l4.34//, ‘
- *® GIMAX = $3F14.,2+% TIME = %,F14.3+0//» r
- ® GAMIN = ByF14.29% TIME = *,Fl4.34/7/7y ’
- * GYMIN = 3,Fl4.29% TIME = *,F1434/7/7,
. % GIMIN = *,Fl4.2,% TIME = %,Fl4ad9//
- * DRIMAX = %,Fl3,24% TIME = %,F19.34//»
- ¥ RALMAX = %,F13.2.% TIME = %,F14.3)
o
WRITE (64315C) EXPLRNC yTHREAT; TINJURY
150 FUR"AI ‘2‘1"0/),‘ FIGURES DF MERIT-......oo.ooo.oo.*’//,/y
. * tXPERIENCE FACTOR = TOTAL LOAD = =,
.Fl"o3’l/'
. x tXPERIENCE FACTOR - SAFE LUAD = =»,
.Fl"o&.//'
. * EXPERIENCE FACTOR —~ UNSAFE LOAD = =,
oFlées)
C
END

2N




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, 198¢
*

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
*

*EOR
.PROC, SUBRUN,MODFILE , ANLFILE , TIME=1¢%, INOUT=109,
CORE=1150¢Q, IDENT=EZ5,COEF=Q',NOLIST=0UTPUT/Q ,AEROMED=0 /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=21,ST=CSA)

RETURN ,MODFILE , ANLFILE, JOB, JOBFILE.

.DATA, JOBFILE

IDENT,T TIME,I0 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(EASYS ,MR=1)

ATTACH(TAPE78=EZSTDBF ,MR=1)

MAP (OFF)

LDSET (PRESET=ZERO)

EASYS5(MODEL )

RETURN(MODEL ,EASYS,EASY, TAPE78, TAPE7, TAPES, TAPE10, TAPE 11, TAPE12)
REWIND(TAPE9)

RFL,CORE.

FTN(I=TAPE9,B=EZFORT,R=2,EL=F,L=NOLIST ,ROUND)

COPYCF, INPUT, ANFIL.

REWIND, ANFIL.

RETURN( TAPE3)

IFE, .NOT.NUM({ COEF ), NOAIRP.

ATTACH( TAPE 3=COEF ,MR=1)

ENDIF ,NOAIRP.

REWIND(EZFORT)

ATTACH(NONSIM5 MR=1)

COPYLM(NONSIMS,EZFORT ,NONSIMT)
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REWINU{NONSIMT)

RETURN(EZFORT ,NONSIMS5 ,MAPF I LE )

LDSET(PRESET=ZERQ,MAP=SB/MAPFILE)

NONSIMT (ANFIL)

SKIP,NOMAP,

EXIT,U.

REWIND,MAPFILE.

COPYCF ,MAPFILE,OUTPUT.

EXIT.

ENDIF,NOMAP. 5
IFE, .NOT.NUM(AEROMED) ,NOAERO i
REWIND, TAPE7. .
ATTACH(AROMEDB,MR=1) !
LDSET(PRESET=ZERO)

AROMEDB.

RETURN, AROMEDB.

ENDIF,NOAERO.

EXIT,U.

REWIND(TAPE30)

RETURN(TAPE25,INIT, INTERP,NONSIM, SIBTCH, TFBTCH,RLBTCH)

RETURN(SMBTCH, ANFIL ,NONSIMT) ;
ATTACH{NSMPPT JMR=1)

LDSET(PRESET=ZERO) |
NSMPPT(PL=99999)

EXIT. :
*EOR C
KR A A E KA KT A AR ALK AR AT KA A AR A A AT AR AR AT AR AR A AR AR ARk Ak Ak Ak kkkkhkhkhkhkhkkhkhkkhkhkhhkkh 0
*EOR L
.PROC, DBFMOD, INFILE ,DBFILE=EZSTDBF,LSTFILE. o
RETURN, TAPE3, TAPE78,COMPLIB, FILOADS. P
RETURN,LSTFILE, INFILE,PF,DBFILE,EZSTDBF. J
ATTACH, TAPE 3=INFILE. 4
EXIT,U.

ATTACH, TAPE78=DBFILE.
EXIT,U. J
SET,R1=0. :
IFE,FILE(TAPE78,AS),PURGE.
SET,R1=1.

ENDIF,PURGE.

REQUEST, TAPE79,*PF. g
ATTACH,F1LOADS.
ATTACH,COMPLIB.
LIBRARY,COMPLIB.
MAP,OFF.
LDSET,PRESET=ZEROQ.
FILOADS. o
LIBRARY. '
CATALOG, TAPE79,DBF ILE ,RP=999.
IFE,R1=1,NOPURGE.

PURGE, TAPE78.

ENDIF ,NOPURGE.

RETURN,DBFILE.
CONNECT,0UTPUT.
COPYCR,MESFILE,OUTPUT.




RETURN, TAPE 78, TAPE79, F1LOADS5 , COMPLIB, TAPE 3, MESFILE.

IFE,FILE (TAPE9,AS) ,NOLIST.

REWIND, TAPE.

COPYCF ,TAPEQ,LSTFILE.

RETURN, TAPES.

COPYCR,MESFILE,OUTPUT.

ENDIF,NOLIST.

REVERT.

EXIT.

LIBRARY .

CONNECT,OUTPUT.

SKIPF,MESFILE,2.

COPYCR,MESFILE,QUTPUT.

RETURN, TAPE78, TAPE79, FILOADS, COMPLIB, TAPE3,MESFILE .

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.

*EQOR
*Eg*******‘k********************************************************************
*EOR

.PROC, COMPILE ,N,CODE=(/.

RETURN, PF,EZSTFTN, ONEREL ,ONEF TN, FTNLIST,LIBLIST.

REQUEST,FTNLIST,*Q.
ATTACH,EZSTFTN.
SKIPF,EZSTFTN,N.
BKSP,EZSTFTN.
COPYCR,EZSTFTN,ONEFTN.
REWIND,ONEFTN.
RETURN,EZSTFTN.

FTN, 1=ONEFTN, B=ONEREL ,R
ROUTE,FTNLIST,DC=PR,TID
SKIP,AL.

EXIT,S.
REWIND,MESFILE.
CONNECT,OUTPUT.
COPYBR,MESFILE ,OUTPUT.
RETURN,ONEF TN, ONEREL ,MESFILE.
REVERT, ABORT.

ENDIF,AL.

RETURN,EZSTLIB.
ATTACH,EZSTLIB.
EGITLIB,1=DIRECT,L=LIBLIST.
EXTEND,EZSTLIB.
REWIND,MESFILE.

,L=FTNLIST.
1,5T=CSA,FID=F N CODE.

=2
=




SKIPF,MESFILE.
CONNECT, OUTPUT.
COPYBR, ME SFILE ,OUTPUT. 3
RETURN, ONEF TN, EZSTLIB,ONEREL L IBLIST,DIRECT ,MESFILE. :
REVERT. ;
EXIT,S. |
REWIND,MESFILE. |
SKIPF ,MESFILE. i
CONNECT , OUTPUT. !
COPYBR,MESFILE ,OUTPUT. f
RETURN. DIRECT, ONEREL ,MESFILE. :
REVERT , ABORT. .
.DATA, DIRECT. _
LIBRARY(EZSTLIB,0LD)
REWIND( ONEREL )
REPLACE (*, ONEREL )
FINISH. ;
ENDRUN. |
_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

JEOF

*EOR

AR A AT A AR AR AR AR AR R A A AR A A AR AR AA AR AR AR T AA TR AR A A A Ak h R hk
*EOR

.PROC, COMPALL , SOURCE, LIBRARY ,NOLIST.

RETURN, SOURCE , RELOC, PACK , L IBRARY.

ATTACH. SOURCE

COMBINE , SOURCE , PACK ,999.

RETURN, SOURCE .

REWIND. PACK. !
FTN, 1=PACK,L=L1ST,B=RELOC,R=2,0PT=2,ROUND. |
REQUEST, L IBARY , *PF |
EDITLIB, I=DIRECT,L=(.

CATALOG. L IBARY , RP=999,

EXIT, U.

RETURN,RELOC, PACK, L IBARY .

REVERT.

.DATA, DIRECT. \
LIBRARY (L IBARY ,NEW)

REWIND{RELOC)

ADD(*,RELOC)

FINISH.

ENDRUN.

.EOF

*EOR

KAAAREAR KRR AEKA KRR AAKT AR RA R AR AR AAR AR AR AL AR ARA A AR AT AR AR h kR ARk dkd ks kk ok ko

s Ll A
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*

PROCEDURE EZSTGEN
*

THIS PROCEDURE WILL GENERATE THE EASIEST PROGRAM FROM THE :
EASIEST DELIVERY TAPE !
*

INSTRUCTIONS
*

1

!

TO EXECUTE THIS PROCEDURE SUBMIT THE FOLOWING DECK TO l
THE ASD COMPUTER INPUT QUEUE -AFTER INSTRUCTING THE TAPE :
LIBRARY TO MOUNT TAPE NUMBER L02377: !ﬂ

*
|
i

EZ5,T300, 101000, CM100000,NT1. D79018383,EASIEST TAPE RUN
REQUEST, TAPE ,NT, PE, VSN=L02377. g
COPYBF , TAPE, TEMP. ;
BEGIN, EZSTGEN, TEMP, TPW=
*

SUBMITTING THE ABOVE DECK WILL BOOTSTRAP LOAD AND EXECUTE THE
FOLLOWING PROCEDURE .
*

: *EOR

| .PROC,EZSTGEN, TPW.
% REWIND, TAPE.

i COPYTF ,EZSTPRC, 2

i COPYTF,BACOMPS, 1
COPYTF,COMPASS, 1.
REQUEST, TSOUR,*PF .
COPYBR,BACOMPS, TSOUR, 999. ,
COPYBR,COMPASS , TSOUR,999. &
CATALOG, TSOUR. |
RETURN, TSOUR. '
RETURN,BACOMPS, COMPASS,

BEGIN,COMPALL,TEMP,TSOUR,COMPLIB,LIST=0.

ATTACH, TSOUR.

PURGE, TSOUR.

RETURN, TSOUR.

COPYTF,EZSTFTN,1.

BEGIN,COMPALL, TEMP,EZSTFTN,EZSTLIB,LIST=Q.

COPYTF,FILOADS,1. j
COMPL,FILOADS,FILOADS,(.

COPYTF,FILDAT,1.

BEGIN,DBFMOD, TEMP,FILDAT.

COPYTF,EASYS, (.

COPYTF ,EASYS, 1

COMPL, EASYS,EASY5,1.

COPYTF ,NONSIMS, (. ,
COPYTF,NONSIMS,1. :
COMPL ,NONSIMS NONSIM5 1,

COPYTF ,NSMPPTS, 1.

COMPL ,NSMPPTS NSMPPT (.

COPYTF,AEROMED, 1.

COMPL ,AEROMED ,AROMEDB, 0.

COPYTF,FAEMAN,2.

COPYTF ,MCORR, 2.

COPYTF,ACORR,2.




COPYTF ,MODAPP, 2.
COPYTF ,ANALAPP 2.

BEGIN, SUBRUN, TEMP, MCORR, ACORR, TIME =1500, INOUT=1500, CORE =230000, AEROMED .
.DATA,COPYTF,

.PROC, COPYTF ,FILE , CODE.
SET,R1=CODE.

RETURN, FILE.
REQUEST,FILE, *PF.,
COPYBF, TAPE ,FILE.
REWIND,FILE.
IFE,R1.NE.2,NOPASS.
IFE,R1.NE.1,NOPASS.
CATALOG,FILE ,RP=999, TK=TPW.
REVERT.

ENDIF,NOPASS.
CATALOG,FILE,RP=999.
REWIND,FILE.
IFE,R1.NE.1,NODROP.

RETURN, FILE.

ENDIF,NODROP.

REVERT.

.EOF

.DATA, COMPL.

.PROC, COMPL , SOURCE , FILE , CODE .
SET,R1=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=0',ROUND,0PT=2,B=RELOC.
COPYLM,FILE,RELOC, PF.
RETURN,RELOC, FILE.
ELSE,NOCOPY.

FTN, I=PACK,L=0',0PT=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. ,

i
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APPENDIX G
EASIEST STANDARD COMPONENTS

This appendix contains listings of the LASIEST standard components

which include the following: | !

NAME DESCRIPTION 1
AB Attached body (Survival Kit) E i
AE Airplane
AG Atmospheric properties
AM Aeromedical
AP Aerodynamic plate
AS Seat aerodynamics
CE Crewperson
E CS Airplane control surfaces 5
| cT Catapult |
| DR DART
GP Simple parachute mortar and restraints
LI Parachute lines |
MP Parachute mortar i
pC Parachute
RL Rails
RS Restraints .
j SE Ejection seat '
3 SL Sled
SP STAPAC
SR Sustainer rocket ,‘
WB Weight and balance i’
|
279 |
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coC OOt ORNECCt

SUBROUTINE AB (UABJUABDyIUAD» XABs XABD s IXAByWABWABU» INAB,
EABsEABDyIEADL
AT sUMLyBPI sF AL, TABsFAUTAU TRM)

cASIEST ATTACHED bJUY CUMPUONENT
DESIGNED BY Cole WEST
LAST MUDIFLes - DOtCtEMBER oy 1980

srungnsasxsansk  Ap OUTPUTS SkEsxskskxkksis
LINEAR VELJUCITIES = BUODY AXIS

UAB({3) =~ XyY¥sZ LINEAR VELOCITY VECTOR OF THE ATTACHED
sOUY (FT/5EC)

UAbbL(3) = X,Yy2Z LINEAR VELOCITY RATE VECTOR OF THE ATTACHED
BODY (FT/SEC/5eC)

Iuab(3) - INTeGERATICON CONTROL

LINcAR PGSITIONS — EAKTH SYSTtM
XAB(3) = Xy3YgZ LINEAR POSITIUN VECTOR OF THE ATTACHED 800Y (FT)
AABUL3) — X,Y9Z LINcAR POSITION RATE VECTOR OF THE ATTACHED

8uvyY (FT/SEC)

IXap(5) = INTEGRATION CONTRIL

ANGULAR VELOCITILES ~ bJbyY AXIS
WABL3) = XeYyZ ANGULAR VELOCITY COMPONENTS -~ P,QsR (DEG/SEC)
WABDL5) = X,YslZ ANGULAR VELJULITY RATE COMPONENTS (DEG/SEC/SEC)
lwad (>} = INTEGRATIUN CONTROL

EULER ANGLLES == EARTH TO ATTACHED B0ODY = VYARPITCH.RULL
cAB(3) -~ BEARTH TO ATTACHED BODY cULER ANGLES (DEG)
cAobL(3) - cULER ANGLE RATES (DEG/SEC)
ItAp(3) — INTEGRATION CONTOKL

S+ IR SBEXEREF  Ab INPUTS xxkxkgpukgxxkgx

Wl
sMIt>)

WeIGHT OF THE ATTACHED 300Y (L8)

ATTACHEU BUDY MOMENTS OF INERTIA = IXXs1YY,12Z

(SLUG=FT*%/)

3P1(3) - ATTACHED BUDY PRODUCTS OrF INERTIA - IXY,IXZ,1YL
(SLUL-FT*%x2)

FAB(3) = X,Yy2 o00Y AXIS FORCE COMPONENTS FROM THE RESTRAINTS (LB)

Tap{3) = X,¥,2 BIDY AXI> TORQUE COMPUNENTS FRUOM THE RESTRAINTS (L&)}

Fauls) — AUXILIARY X,Y,Z 800Y AXIS FORCE COMPONENTS (L8)

TAUL3) = AUXILLIARY X,YyZ oUDY AXIS TORQUE COMPONENTS (FT-LB)

TRM(5) — XeY¥yZ PARENT BODY cARTH VELOCTLY COMPUNENTS FOR

CALCULATING THc LINEAR POSITIUN RATES DURING TRIM (FT/SEC)

DIMENSIUNS OF CALLING ARGUMENTS cecese

LAMENSLUN UABI3),LABD (3}, luAB(3)9XAB(3)sXABO(3)sIXAB(3]),
. WAB(3 )y WADU{3) ) INAD(3)yEAB(3)9EABO(3)s1EABI3),
- BMI{3)y3PL(5)sFABI3) s TAB(3) 9FAU(3) »TAU(3),»TRM(3)
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ANTERNAL OUIMENSIONS ceccese

[N ale

UIMENSIUN TINER(353),TEMPLL L) »TEMP2U3),TEMP3(3) ¢WABIR(3),
. EABIR(3)3s0tA(393)43DAEI3,3)4FL13),T(3)

COMMUN /CICCAL/ 1CCAL

CUMMON 7COVRLY/Z INST

COUMMUN /UDSFLG/ S§FLL

CUMMUN 7 C10 /7 IREAUYIWNRITENIVIAG
UATA RPULDPR / 01745329y 57.29578 /
DATA GRAV /52.1747/

EESEEFEEEREEERERFREEEEEX R BB S

*x¥x¥ INITIALIZATION *%*xxx
XS ERRI BB EREE BB SRR F B EREES KK

IFC(ICLAL.NESL)Y 6O TO ¢V

(o s R ol s ol ¢

VDU L0 1=1,5

LF(FABL]) .EQ. 0.9Y99%) FAB(L)

IFtFAULL) EBue 0L.99999) FAUL]L)

IF(TAB(L) otle Ue99999) TAB(I1)
10 IF(TAULL) ocGe CGe99999) TAU(l)

TRM(1) = TRM(,) = TRM(3) = U

LU T

ocCcoo

[ o8
C RS L N L o NS o oS L CL SN LTI oS AT R TR SsEEZTSZDZzsI==ZZTReasz===s
i
C Stl uP Tht ATTACHEL BUUY INERTIA TENSOR eeesae
(' 1)
PRV TINeR(Ly1l) = 8MI(1l)
TINERELg2) = -BPill)
TINerR{193) = =oPl(2)
TiNerR(241) = =5P1 (L)
TINEREZy2) = BMl(2)
TINER(2y3) = ~pPl{i3)
TINER({3,1) = =-6P1(c)
TINeR(3,42) = =8Pl (L)
TANER(D,3) = ©BMLI(3)
L
C CHANuwt FROM DcGREES TU RAODLANS ceacee
i

v 3C I=l,5
WaADIR(I) = WwAB(I}) * RPw
39 cAplrR({i) = eAc(l) = K¢¥D

e e

[0

CALu VUIRCUS (LceAsEADIR)
CALL JRANS (DAcy)DEAP393)

CALCULAT: THE TOTAL FGRCE AND TORJQUE Dutb TO THE EXTERNAL
FORCES ANU GRAVIIY ceeanse

et o

wu »0 1=1,3
FCL) = Fanll) + Faull) + WT * UeAlI43) *® SSFLG
«0 TE1) = faptl) + Tautl
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C SXEXFIFXREIFXRERTXAREXRSEIRKEER R EE B SEERE KKK
C =3sxx ANGuLAKR VELUCLITY EQUATLIUNS =xxxxx
- BHBDEIER BRFBERRELBEX RSP SR EEER S E B X KRB KX
C
[ CALLULATE TINER #* WAOLIR csccee
(S

CALu MATMPY (TEMPLlysTuNERyANABLIRy393,41)
C
[ CALCuLATce wWABlIR X (TINER * NA&[R) ssomsce
L

CALL CRSPRD (TeMPcoWABIR,TEMPL)
C
L SuM TERMS TO OBTAIN TJOTAL TURQUE esscee
C

Ly 50 I=1,3

S5V TeMP3(I) = T(1) - TeMP2z(l)

C
(" CALCULATE WABDIR cecececee
C

CAL. tUcQS (TINERyTeMPLlyTEMP3 ,TEMP2,33+153,3,3,y1.E-14,1ERROR)
IF(IERRURNE.L) GO Tu 70
WK1TE(69060)
oV FORMAT (/% INERTIA MATRIA UF THc ATTACHED B800Y IS SINGULAR ...%y
- *RUN STCPPLEU%/)
SToP
C
19 U0 a0 I=1,3
80 IFCIwWAB(1)NELO) WABD(IL) = TeEMPL(I) * LPR

ERPBREEEXR RS REFEEERREE RS EREXEXR SR KK *

=xx¥¥ BULER ANGLE EQUATIONS *xxwx
EXEIBRE XL G AR AR IR EEEE R LRSS KR KRR

(ol aR a NN ol

CALL EARATE (TEMPl,WABIRycABIR)
Du 906 1=1,3
Y0 IF(1EAB(]1) .NE.O) EASD(1) = TeMPL(L) * DPR

& E

(W SEEEXFERTH TR X PR X X R X T TR E A X KRR K ﬁ

o« *®x3x% | INcAR VELOCLTY EQUATIONS %%

- P RIBSREEEERRRER SRR R EERBEREEEE L LR R R R K ;

(W

|9 CALCULATE WABIK X UAD ecceae

C 1
CALL CRSPRU (TEMPL,WADiR,UAB) |

<

[ CALCULATE /M ssecee

AoMASY = WT/GRAV
vu 100 1=1,3
20U (eMPc(l) = F(L)/Z7ABMASS
C
“ CALLULA]t UABLY ececese }
C

UL L10 [=1,3
110 IF(Iuaotl) .Ne.U) UApD(I) = TcMPZ(I) - TEMPLII)
(%
[ REEREKEEREEEERXEEEEEEEEREEREEEEE LS EELSXR R
C s**3%  _iNEAR POSITION EJUATIUNS sxxsx
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C
C

ren

BXEEFEEE S BES S SLE RS RE XL IEEDE RS LB XERE R

120

CALL MATMPY (TeMPLsDAE,UADBy343,1)

OU 120 1=1.3
IFtIXAptI)aNEeu) XAsL(L)

SUBTRACT TRIM VELOCITY FROM

130

140

IFUINST.NEL31) GO TU 140G
JQ 1306 I=1,3
1FUIXAb{I)WaNELO) XADDIL)

Rt TURN
END

POSITIUN RATES OURING TRIM

TEMPLLT)

XABDt1)

= TruMtl)
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SUbKRUUTINE AE (UAP'UAPU' IUAP, XAP 3y XAP Uy IXAP WAP yWAPD 9 IWAPy
EAP st APUYyIcAPy TRMy TRMU 3 ITKMyALPHA BETAVMACH,,ALT,
ANyb gL s SeXLP sZCPyAML4AP],
ATHK gXALLy XELE o XRUD g XEN»eND TALT, TVEL,
FRALy TRALyFCAL,TCAL,FDAL,TUAL,
FRACsTRAyFCAC s TCAZ yFDAZHTOAZ,CPF)

sx3% THt cASIEST ALKPLANE COMPONCNT #%x%x
THI> KUUTINE > A SIX LEGREE UF rREEUOM MUDEL OF AN ALRPLANE
Tt AERGUYNAMIC COEFFICEINTS ARE RrAD FROM TaAPE3

THE ALRPLANE TRIM 15 PROVIUED INTERNALLY USING eASY STEAUY STATE
ANALYSIS

CUNTROL SURFACE ANu THRUST CUMMANDOS INPUT 3Y THE USEx AFTER
TRIM WlLe bk INTeRPRETED AS BEING AN ADDITION TO THt SeETTINOLS
REQUIREU FOR TRIM

DESIGNEY BY B. UMMEL ANU Co.lL. WEST
LAST MULLIFIED = DeCeMBER o 1930

ERERFEXXFXEEXER AL QUIPUTY FEXEERXRKEREREN

LINEAR VELOCITIES =~ BOULY AXIS

UAP(3) = XyY¥sZ LINtAR VELOCITY VECTUR OF THE AIRPLANE CENTER
UF GRAVITY (FT/SEC)

UAPL(3) = XeYeld LINEAK VELOLITY RATE VECTOR OF THe AIRPLANE
CeNTER OF owRAVITY (FTI/5eC/SEC)

LIuAP(3) = INTEGRATION CONTRUL

LidEAR POSITIONS ~ cARTH SYSTEM

XAP(3) = Xi»YyZ LINEAR POSITION VECTOR QF THE AIRPLANE CENTER
OF GRAVITY (FT)

XKAPD(5) — ReVel LINEAR POSITLIUN RATE VeCTOR OF THE AIRPLANE
CENTER OF GRAVITY (FT/5EC)

IAAP(5) - INTEULRATLIUN CONTRUL

ANGULAR VeblOCITLIES = QDY AXIS
HAPL3) = XYyl ANGULAK VELJICITY COMPONENTS = PyweR (DEG/S5EC)
WAPUILSD) — XyYyl ANGULAR VoLIOCITY RATE CIOMPONENTS (OEG/ScC/SkC)
lwaP (3) = INTcOGKATION CONTRuL

tULEK ANGLES —~= LEARTH TO BuuY AXIS ==  YAW,PITCHyRJILL
cAPtls) - EARTH TO AIKPLANE EULcR ANGLES (DEG)
cAPDO(3) = eULER ANGLE RaTES (DeG/SceC)
LeAP(5) = INTEGRATLUN CUNTRUL

ThiM CUNTKOUL STATES =~ TkM{4)s TRMD(4)1TRM(4)

TRIM THUFTLe SeETTING
JRIM AILERUN SETTING

TRM(l)
TRM(2)

hon
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C
.
C
C
¢
C
C
.
C
C
C
C
(9
C
.
<
.
¢
L
<
C
¢
<
C
C
C
[
C
L
L
C
C
L =
C
C
C
L
L
C
C
¢
C
C
<
C
L
C
-
L
[
C
.
C
C
C
v
L
C

TRM(3)
TKM(4)

TR1
Tk

ALPHA = ANGL

M
M

3

ELEVATOR SETTING
Rubver SETTING

OF ATTALK (DEG)

ocTA — SI1UESLLIP ANGLE (DEw)
VMalH — MACH NUMBER
ALT - ALTITuDE AbUVE SeA Levetl (FT)

ERSEE S EEFEEEFTEER
AW
B
C
S
ALP
Cp
AML(3)
API(3)
X1nR
XAlL
AtLE
XKUD
AzN(3)
eENL(3)
TALT
TVEL
FRALL3)
TRAL(3)
rFCAl(3)
Teal(s)
FUAL(3)
TGAL(3)
trRAac(3)
TRAZ(3)
FCA2(3)
TCAel3)
FOAZ(3)
TLac(3)

CPF

AL INPUTYS #%3#30:3% 356 XKX

AIRPLANE WEIGHT (LB)

WINGSPAN (Fcel)

MEAN AERUUYNAMLIC CHORD (FEET)

REFERENCE AREA (FT*=%2)

AIRPLANE BOOY X-aXIS POSITIN OF THE CENTER
OF PRcS>M>URE (FT)

AIRPLANE BUDY Z-AXIS POSITION OF THE CENTER
OF PRESSURE (FT)

MOMENTS OF INERTIA == IXX,1YY,122Z
(SLUL-FT*%2)
PRUVUCTS OF INERTLA == IXY,IXZ,1YZ

(SLUL-F1#%%2)

EXTERMAL THRUST SETTING (LB)

ceXTekidat ALLERON SETTLING (DEG)

EXTenNAL eLEVATOR SETTING {DEG)

EXTERNAL RUUDER SETTING (DEG)

KoYl AIRPLANE dUDY AXIS POSITION veCTOR

OF THE ENGiINE (FT)

ALRKPLANE BUOY AXIS DIRECTION COSINES

OF THt eNGINE THRUST veCT3aR

DESLKED TRIM AIRPLANE ALTITUDE (FT)

DESIRED TRIM AIRPLANE SPEED (FT/SEC)

PURT ONc X9YyZ AIRPLANE b30Y AXIS FORCe COMPONENTS
ACTING ION THE AIRPLANE FROM THE RAILS (LB)

PORT ONE XyY¥yZ AIRPLANE BODY AXIS TORQUE COMPJINENTS
ACTING ON THE AIRPLANE FRUM THE RAILS (FT-LB)

PORT ONE Xy¥el AIRPLANE BODY AXLS FURCE COMPONENTS
ACTING ON THE ALRPLANc FRUM THE CATAPULT (LB)

POKT ONt KXKyYse AIRPLANE BODOY AXIS TORQUE COMPINENTS
ACTING ON THE AIRPLANE FROM THE CATAPULT LFT=-LB)
PURT UNE X,YeZ AIKPLANE oODY AX1S FORCE CIMPONENTS
ACTING ON THe ALRPLANE FROM THE GART (Lo)

PUKT UNE XyYysZ AIRKPLANE o0JdDY AXIS TORQUe CJIMPUONENTS
ACTING ON THe AIRPLANE FROM THE DART (FT-LB)

PURT TWO Xsrel AIRPLANE vO0Y AXIS FORCE CIUMPONENTS
ACTING UM THE AIKPLANE FROM THE KAILS (tLo)

PORT TWO AKeYel AIRPLANE BUDY AXLS TUORQUE CIMPUNENTS
ACTING ON THE AIRPLANE FROM THE RAILS (FT-~LD)

PUOKT TWO A9YeZ AIRPLAN: BODY AXIS FUKRCE COMPONENTS
ACTING ON THE AIRPLANE FROM The CLATAPULT (La)

PURT TWU XoeYsl AHIKPLANE BJIDY AXI1IS TORGUE CUMPINENTS
ACTiNe UN THAE AIRPLANE FRUOM THE CATAPULT (FT=wo)
PURT TAU XeYese ALRPLANE BOOY AX1S FORCE CUMPONENTS
ACTING UN THE AIRPLANE FRUM THE uART (Ls)

PUORIE TWO KeYyld ALIRPLANE 8OULY AXIS TORQUE COMPONENTS
ACTING UN THE ALIRPLANE FRUM THE OART (FT-LB)

PRINT FLAG rOR AEXULYNAMIC COEFFICIENTS




32 x2 32333358553 UATA DeCLARATIONS 23xssisskiekik

LALL‘N\) bEHUENCE DlntN)lCNb T E IR

Q VDIMENSIUN XAP(3) ,XAPUL3),LXAP(3),UAP(3)UAPD(3),IUAP(3]),

[ WAP(3)yWAPL(3), LWAP(2),EAP(3) yEAPDI(3),IEAP(3),

TRML %) ,TRHU“')'ITKM(“Q)'

AMI(3) yAPI(3) s XENL3)LENDLS),

FRAL{3)y TRAL(3)yFCAL(3),TCAL(3),FDAL(3),TDAL(3 ]}, :
FRAZ({3) 9 TRAZ(3) yFLAC(3),TCA2(3),FDAL(3),TDAZ2(3) !

INTEKNAL DIMENSIONS ceeees

X al s

DIMENSION UW(5) yUUI3) UNB L3 )90cAl393)9DAE(393)3TINER(393),

. TEMPIN(593) 9F(3) 3 FGRAV(3),FENG(3),FCOR(3),FRCOL3),

. FAERG(3) 5T (3) s TENG(3), TRCO(3) yTAERO(5) yWAPIRS(3),

. TEMPL(3) o TEMPZ(3)+TEMP3(3),EAPIR(3 ) +WAPLIR(3 ), !
. R(2000) y ITPLOT(6U) s FORMAT(8) 3 TITLE O]

CUMMON/REGIUONS/NR (6UL)
CUMMUN/CLCCALZLICLCAL
COMMON/CUVRLY/Z INST

COMMUN/CLO/Z LREAU, IWRLITE, IDIAG
ODATA GRAV /3c¢.li4/

JATA RPD+OPRIFLAG / .0ULlT745329, 57.29578y O /

EXEXEXERFIEEL R RS K EXRE S EEF

*32xx INITIALIZATIUN w»¥xs%
XXX BEBEEREB A RS EE R R R R EEREXES

roore o

4 IF(ICCAL oNte 1)} GO T0 140
XAP(3) = -TALT

LAP(l) = TvelL

IFIXCP +EQ. 0.99999) XCP
IFLZCP EQ. 0V.9999Y%) 2LP
1+iXTHR .EQ. 0.99999) ATHR
LF(XAIL EBye 0.99999) XalL
LFUXELE «EQe 0.99999) xcltE
[ AFIARUD osEWde (299999) AKUD
IFCLPF +EQe 0.99999) CPF =

it

Cunneo
CoOoCOo

v 5 1I=1,3

IFIFRALII) .e@e G.99999) FRALLI)
IF(TRALIL) obWe 0e99999) TRAL(L}
IF{FCALIY) .t@e UeY9999) FCAL(I)
IFITCALIEL) .€Qa 0a99999) TCALLL)
iFtFruAll]l) «EWQe 0Ge99999) FDAL(1)
IF(TUALCL) .cQe 0.99999) TLALIL)
IrtrcAct]lh otwe 0299999) FRAZ2(I)
IriTRAZIL) oEWe 0Ue99999Y) IRALZ(])
IFIFCAL(L) acwe Ue99999) FCAZL(IL)
IrtTCAL(L) oEQe Ve9999%) TCAZ(IL)
IF(FUACLT) EWe 0e99999) FDAZ(I)
IFLTLAZ(L) o2Qe De99999) TDAZ(I)

S CONT INUE

L T N LT T (N O C N {20 B 1 1|

(e R ol ol ol o N all ol « N ol LI <3N o
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¢
C =————— Sl UP AIRPLANt INEKTIA TeNSOR ————
L
TINERGLo1) = AMIC1)
* TINcR(1ls2) = ~API(1)
TiNtR(1s3) = —APL(Z)
TINER(Z9L) = ~aPI(4)
TINcR(Z2y¢) = AMI(2)
TINERE2,3) - -APL(3) B
TINER(3,1) = -API (<) B
TINER(392) = =API(3) .
TINEK(3,3) = AMLI(3) L
C b
¢ =—--=—- REAU ALRODYNAMIC TABLES FROM TAPE3 —————o P
'S +
IF(1FLAG.EQ.1) GO TQ llu P4
IFLAG=1 ‘
RewING 3
C

IF(CPFoEQe1e0)WRITE (0410) -
10 FURMAT(Z5X 9 #AERUDYNAMIC COEFFICIENTS FOR THe AIRPLANE®) ]
READ (3920) NTEMP ]
20 FORMAT(18[4)
READ(3920) (LTPLOTU(1),1=1,NTEMP)
NTEPMI=NTEMP-1
NK(1)=5 ]
U 3G I=1,NTEPML
20 NR(1+1)=NR(I)+1TPLOT(I)+1
IF(CPFobQeloO)WRITE O y«0) (LyNR(I)y1=1,NTEMP)
40  FURMAT{9(13,15))
1F (CPF oEQe L0 )WRITE(6,450)
56  FURMAT (1HO)

e

6L READ(5970) (1TPLOT(1)31I=lyado (TITLELL)yI=146)
10 rURMAT(41446A10)
NTeMP=1TPLOT(1)
IF(NTEMP.LEL.O) GO Tu 110
NTEMP=NK(INTEMP )+ LTPLOT(2)
NTeMPl=1TPLOT(3)
NIcMPLI=NRI(NTEMPL) +1TPLOT(«)
REAL(3,80) FORMAT
tu rURMAT(bA10)
READ(39FORMAT) (K(1)s1=NTEMP,NTEMP])
IF(LPFaetUWel e DIWRITE(OF0I(ITPLOTIL )9 I=194) (TITLE(I)sI=1y06)
vG FURMAT (@l 69bAl0L)
LF{CPFatweleO)WRITE(O)I00)(LsR(L)y INTEMP ,NTEMPL )
1u0 FURMAT(4(169Fi4e0))
Gu TO 60

SO

-

L1071 777827777777 F772227770087777877772777F7027077777/777777777

——— CUNVERT ANGULAR RATES AND EULER ANGLES TG RADIANS ==—--

cCce 0

110 LU 120 1=1,3 3
EAPIR({]1) = EAP(1)*KPU
1<0 WAPIR(1) = WAP(IL)*RPU

L

C

———== CUMPUTE cARTH Tu ALRPLANE AND AIRPLANE TO EARTH ===
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LDIKECTION COSINE MATRICES

e r

CAaLL DIRCOS (utAycAPIR)
CALL TRANS (VAc,UEA$3,43) *

—~——— (UNTKOL SUKFALEt SETTINGS ———-

aks

VA=z ¥ (TRM(c)+XAIL)
AUA = ApS(DA)
Oe=(TRM{53)} +XELE)
OR=(TRM(4) +XRUD)

e Tm—— -

———=—= upnTAIN SPEtD OF SOUND, AIR DENSITY, AND WINO VELOCITY ==——--

(aN al e

ALT = —-XAP(3)
CALL ATMOS (AZyRHUOSALT yuW 0,5090)

————= PUT WINO INTO BODOY CUORDINATES -====- ?‘
CALL MATMPY (UWByUEA UW33,3,1)

——=== ADLDO WIND VelLOCITY TU AIRPLANE VELOCITY —==--

(sl el o o ¥ alN ol

UO(1)=UAP(1)-UwWb (1)
ul(zl=uar({2)-unWs(2) E
UO(3)=UAP(3 ) —uws (3)

L m————— AERO VARIABLES ————-—

IF(UQLL) eEQaTeUeANULUI(2) .EQ.C.0}u0(1)=,01L
ALPHA = ARTAN2(UG(3)4,UG(L1))*0DPR

CuSA = CUusS{ALPHAXKFPD)

SINA = SIN(ALPHA®RPUL)

CALL UGIPRD {(VbARZ2yUO,ULs3)

VoAR= SQRT(VBARZ)

btTa= ASIN(UC(2)/VDAR)*UPR

vMAaLh = VbAR/ZAL

QAS = S5FEKHUO*VHBARZ*S

———= CUMPUTE STABILTY AXI> ANGULAR RATES —=——-—-

C e

WAPLARS(1)
wAPIKS(2)
HAPLKS(3)

WaPIR(L)IZLOSA + WAPIR(3)*SINA
WAPIK(Z)
~wAPIR{1)*SINA + WAPIR(3)*CUSA

£FSTXREXIIERREEXEREE R ESE ZEES I EXKRXEBAX XX IR RKE XX EEXERR KA ERX KRR KBE X

syxzxx383%%  (CALLULATE THe AEKUOYNAMIC CUEFFICIENTS Fxxkrixepxgrrxdk
PFORERR R P ZSX R RIS BRESEIV XTI REBBERE R R R R R G SRR R R KRR P RE R R R KR

-

TRANSFER AcRU vARIASLes TO THE R ARRAY -

[N ol Al i 4N o

Kil)
X{c)
ReE3)

VMACH
ALPHA
beTA

LU L

¢
L ——=— ¢ AMNS FCRCe CUEFFICLENTS
C
-

BIAS CUGEFFICIENT FUR TRIM ceecee

288 b




coco0 O

trOocO A

o

(o

cooc [

(ol

C

CALL LOOK
VARLIATIUN OF
CALL LOOK
VARIATiUN OF
CatL LOUK
VARIATLON OF
CALL LOLK
VARIATION UF
CALL LOOK

X-AX1S

(NR{1)yReC20)}
(NR(2)sKoLZAL)

CZ0 WiTH PITCH RATE eescee

(NR13)eReilW)

CZ0 WITH ELEVATUR POSITION ceeess

(NRL4)sRyCZOE)
CZ0 WITH AILERON POSITION seesee
{NR(S)sRsLIUA)

FORCE CUOEFFICIENTS

BLAS COEFFICIENT FOR TRIM ceccee

R(4}=C20

CALL LOOUK
VARLATICON GF

CALL LOGK

(NMR{6)9RyCXO)
CXO WITh ALLERON PUSITIUN ceceee
{NR(7) 4RoCXUA)

PITCHING MUMENT COUEFFICIENTS

BIAS COcFFICIENT FOR TRIM ceceee

CALL LOOK
VARIATION OF
CALL LOOK
VARIATION OF
CALL LJOOK
VARIATION OF
CALL LOOK
VAR LIATLION OF
CAaliL LCOK

(NRLG) sRyCMO)
(NR{9) Kk CMAD)
CMO WITH PITCH RATE eesecee
(NR(10) yRyCMQ)

CMO WITH ELEVATOR POSITION ceocee

(NRC11)4R,yCMOE)
CMO WITH ALLERUN POSITION ceceee
{NRU12) 2ReCMLA)

----- SIbkt FORCE COEFFICIENTS

VARIATION OF
CALL L3OUK
VAR 1ATION QF
CALL LOOK
VAR IATIUN UF
CALL LCOK
VARIATIUON OF
CALL LGOK
VARIATLON OF
CALL LOOK

(NR(1>)yRelYo)

(NRE14) sReCYP)

LY WiTH YAW RATE eceeecee
(NR{15) 3R sLYR)

LY WITH RUDDER PUSITION ecececes
(NR{15) ¢RsCYDR)}

CY WiTH AILERON UEFLECTION ceceee
{NRE17)sRsCYDA)

~=—=— RULLING MOMcNT CUEFFICIENTS

VARLATION UF
CaLL LGOK
VAK1ATiUN OF
CaLL LOOK
VARIATION OF
CALL LOOK
VAKIATLUN UF
CALL LOUK
VARIATIUN OF
CALL LOOK

—~——== YAWINUL

CL WiTH DETA ceceece
(NR(18)9R9CLE)

CL WITH RULL RATE cececee

(NR(19) yRyCLP)

CL WITH YAW RATE ceeecee

{INR{20) pRyCLR)

CL Wl rRULUER wEFLECTIUN secer s
(NR{21i) yRyCLLK)

CL W1TH ALLERON DEFLECTIUN ceccae
(NR(<2)yRyCLDA)

MOMENT COcFFICLIENTS




C VAKIATION UF CN WITH BETA eceecoee
Catl LUK (NRI1Z3)4KkelNo)

L& VARIATION UGF CN WITH ROLL RATE eeweee
CALL LIOOK (NRL{c4) oR3CNP)

L VAKIATION OF CN WITH YAW RATE ceceee
CALL LUUK (NK(c<5) yRaUNK)
C VARIATION UF CN WITH RUDUER DEFLECTION eeeeee
CAaLL LOUK {(NR{20)ysksCNOR)
C VARIATION OF UN WITH ALLERON OEFLECTION ceccee
CALL LOUK (NKR(cT)sReCNOLA)
C
C PRINT AcKO COtFr1CLeNTS OURING PRINT TASK ONLY
Cc

IFUINSTAEGeO0)IWRITE(OY LS5 )IVMACH)ALPHABETA2C20,CZAD,
o L2GsLLLEYCZUALCXUyCXUACMUCMADICMQAICMDE yCMOA,CYB,LLCYP,
e LYRSLYDRCYDA,CLE9CLPyCLRyCLUR,CLUA 9CNByCNP,CNR,CNDRyCNDA
125 FURMAT(/* AIRPLANE AERD CUEFFICIENTS FOR MACH=%,G12.5,

* o 0 0 0 0 o
LK B B BN K B Y ]

CNOA=¥,G12.5)
BB LS BESBIIRXEXREIZAIEBELLSFLSSERJEEEBNREER

*323% LINEAR VELOCLITY EWUATIONS =*%xx3»
RBEREEABFF AU KRS AL T ERE LRSS S E R FE XS ERZERE X

~—=—=  (JMPUTL: THt FIORCE Wt TJ GRAVITY —=—==-

croec e

AMASS = AW/GRAV

FGRAVIL) = AW * DEAlly3)
FGRAV(2) A * DEALLYD)
FuRAV(3) AW * DEA(343)

[l

———- LALLULATE THe FURCE wUt TO THE CORIOLIS ACCELERATION

CALL CRSPRD (FCUR,WAP IR UAP)
D0 130 I=1,3
100 FCOR(1) = =FCORL1) = AMASS
Cc
¢ =~=—===  (ALLULATe THt ENGINc FURCES ~====-
C
cTHRUST = TRM(1)+XTHR
DJ 140 1=1,3
140 FieN6{L) = ETHRUST #* &NDI(I)

————  CUMPUTE THt FURCES FRUM THE =~==-=-
RalLSy CATAPULT>, ANU THE DAKTS

croe

DU Llb5u 1=1ly5
150 FRCOULL) = FRALLL) + FrRAZ(L) + FCALUIL) + FCA2(1) +
. FUAL(I) + FOAZ(L)

C
& —=————e  CALCULATc THE B00Y AXIS AERQUYNAMIC FORCES ——===-

ALPHA=%,01ce5¢s% o TA=%,G12.5/% C20 =%,G12.59* CZAD=%,512.5,
CLu =%9612.59% CZUL=¥y0LlLaS59* CLUASH,,G1lLa59% CXO =%,(12.
CXOA=%,G1lceD9%® (MU =%,061ceD9* CMAD=%,612.5¢% CMQ =%,G12.
CMDE=%,30512.59% LMUASH3GL245/% (Y8 =%3,G12.59% CYP =%,G1245,
CYR =%,0G1l2.59% CYDR=%,G1lce59* CYDA=%,G12.59% CLB =%,G1l2.5/
CLP =%,0602.59% LALK =%354Ze59% CLOR=%,012.59*% CLDA=%,G12.5,
CND =%,05L2.59% CNP =%,Gl2.5/7% CNR =%9G512.59% CNOR=%,(G12.

57
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C (eXCEPT THOSE USING ALPHA 00T)
¢

BUO<cVv = B/ (VBAR+VODAR)

CO2V = C/{(VBAR+VBAR) |
C

FX = WAS®((CX0O+CXDA*ADA)
: FY=UAYR({CYB*BETA+(CYP®WAPIRS (1) +CYR®WAPLIRS(5) )»502V+CYDR*DR
| e +CYDA®UA)
: FZ = JAS*{C20+CZDE*DE+CZDA*ADA+CO2V*CIQ*WAPIRS(Z))

i

C w
C CHANGE FRIM STASILITY AXIS TOU 300Y AXIS eeeecee :
¢ .

FALRO(1) = FZ * SINA = FX & COSa .

FAEROLZ2) = FY o

FAeRU(3) = —-FZ * (U>A -~ FX * 5INA
C HE
C —— TuUuTaL FORCES ACTING ON AIRPLANE EXCEPT FOR ALPHA DOT EFFECTS .”
C

U0 160 13143
160 F(I) = FORAV(I) + FCOR(I) + FENG(1) + FRCD(I) + FAERO(I)

-

C === S0OLVE FOR LINEAR ACLELERATIONS USING FORCES INCLUUING ALPHA DOT EFFECT
[
VAK = (CO2Vv * CZAD * GU4AS ) /7 (UAP(1)*%2 + UAP(3)%*32)
DEN = AMASS = VAR * (UAP(1)*C0OSA — UAP(3)*S1NA) '
C Z
TeMPl()) = (FULL)=LF(L)*COSA + F(3)%SINA)*VAR*UAP(1)/AMASS)/DEN K
TcMPLic) = FL2) /7 AMAYSS t
TEMPL(5) = (FU3)=(F(1)%COSA + F(3)*SINA)*VAR*UAP(3)/AMASS]}/DEN L
L

J0 170 L=1,3 E
170 IF(LUAP(I).NEJO) UAPDII) = TEMPL(I) -

S3EXREXEB S IBARASFES R R ERREFBIEB R LS R B RS R LR

=238 LINEAR POSITION £EwUATIONS »%xsx
RES RSB ESEFERERXFPEEEE L E XSS EEXESFEREEREEEESR

creen

CALL MATMPY (TEMPLlyeUAEsUAP39341)
00 180 [=1,3
180 IF(LIXAP(i)«NEUG) XAPU(L) = TEMPLLI)

[ ™

C AFEFERE LSS ES S EEESEE B S XS XSS RSB RSB S S % F

L =xEZs  ANGULAR VELUCLITY EQUATIUNS s»ss»

C REBEEEEEIBERR EEXEEEEE ERE X KEEPEERERRRE RE R K

C

& ==————=  CALCULATE THE cNUINE TORYUE ====—-

C 1
CALL CRSPRO (TENGyXENsFENG) '

-

C -—-- CALCULATE THe TuRQue uwut TQ THE ——=——

L RAILSy CATAPULTSy AND UVARTS

VU 190 I=1,3
490 TRCDt4) = TRALLI) + TRALLL) + TCAL(I) + TCA2(I) +
- T0AL(1) + TOA2(1)

==—=—=CALCULATE THE AERCUYNAMIC TURQUE ~—====
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ALDUT = (UAPLL)®UAPDI3)~UAP(3)2UAPDI(L})/(VAP(3)%32+UAP(]1) %)

TX=QASS0*(CLOSBETA+(CLP®WAPIRS( L) #CLRE=NAPIRS(3) 1 %302V+CLOR*UR

. +CLDA®UA)

TY=QASTL 2L CMOU+COLVH(CMAUSALODOT +LMUQ*WAPIRS (2} ) +CMDE*DE+CMDASADA)
TL=QA>*¥B3*(CNu*#pETA+ (CNP*WAPLIRS{L)+CNRE=WAPIRS(5) ) *p02V+CNDR#*DR

- + CNDA®DA)

CHANGE FRUM STABILITY aX1S TO sGOUOY AXIS ceecee

(ol AN e

IX = COSA ~ T2 % SINA - ICP * FAERO(Z)
1Y — XCP * FAERG(3) + (P ¥ FAEROL(1)
Ta * SINA + TZ * CO>SA + XCP s FAERUJ(Z)

TAERO(1)
TAERO(L)
TAERT( )

LEANE T 1]

———=—= LALCULATE: THr TOTAL TUKRQUE ACTINL UN THE AIRPLANE =—~——=—-

[ N o

DU <00 £=1,3
200 T(4) = TENG(L) + TRCU{IL) + TAcRO(1}

~=== PRINT AIRPLANE FURCES ANU TURQUES DURING PRINT TASK UONLY

e

IFCINSTcQatU)IWRITE(022L0(FGRAVII) 31=293)s(FCIR(I)»1=1,3),
- ‘F&Nb‘l)'l=1'b)r‘IENb‘l)’1=1’3),(fRCD(I),131733’(TRCD‘I)’I=l,3)’
- (FAERO(I ) 912093 )9 {TAERIULV9I=093)9FXgFYyFlyTXeTYTZyALDOAT
¢ilv FORMAT(* ALIRPLANE FORCES AND TORQUES*/* FRC.LRAV, =%,30512.5
e ¥ rRLC.CUREULIOS=®#,35G12e5/% FRCLENGINE =%,3Glced9¥% TRQ.ENGINE =%
o 93Glees/* FRCCJSEAT =%43012e59% TRGLEJISEAT =%,3Gl2.5/
e * FRULAERD =S¥ ,30lce50% TRu.AERU =% 43Glza.5/
L3 = FAERQ.)T.AX.=*13612.5" TA&RU.SI.AX.='.3G12-5/
e * ALRPLANE ALPHA O0T=%4,Glco5/7)

t CaLLULATE TINER * WAPIK ceacee

- CALL MATMPY (TEMPLIINER)WAPLIR,343,51)
t CALCULATE waPIR X (TINER * WAPIR)

- CALL CRSPRL (TEMPZ24wWwAPIR,TEMPL)

E SuM TerMs 10 UBTAIN TUTAL TORQUE eessee
-

Du ¢cU L=lys
el TeMP3{l) = T(1) -~ TeMP2(])

[ ™
C SET UP TeMPORARY INERTLIA TENOSIR coecewe
-
0J (JC I=L'J
U 230 J=1yd
¢30 TEMPIN(s1,4G) = TLINERLI,U)

C

- CALLULATE HAPL seceee

[
Call wUcwS (IEHV[N'IEHPL.r&ﬂp3|‘EMP(,B,l,},J'J'l.E-IQ,IERROR)
IFUIERRURONELL) LU TU 5L
WKlTElOsZwC)

colU  FUKMATE2 INCRITIA MATKRIX UF AIRPLANE 1S SINGULAR...RUN STUPPED®)

STOP

by LJN] INUE
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{
Cc
QU c6U 1=143
200 IFCIWAPLI).NE.O) WAPLIL) = TEMPL(I1)*DPR
L
C SEXESRESXRREREERS B AR SR RS REXEFFHD FXE
C #*3%%3  EULER ANGLE EQUATIONS sxx%x%x
C SERRREGISRRRE S AR SR B RBR LR EERRERE
C
CALL EARATE (TEMPLIWAPIR,EAPIR) f
DO 270 1=1,3 i
210 IF(LEAPLI).NE.O) EAPDLL) = TEMPL{I)*0PK ;
-
[T T T T T VPR PR T P PP TR T T 2 r
C »s333385x% TRIM LOLIC *%xx3383%%x%
C SEEEEABERESEENERE TR RERXRERF KX XX F¥ .
C -
TRMLL)=TRMO(2)=TRMDL3)=TRMD(4)=0 -
IFCINST.NEW3L) GO TQ 280 L
IFCITRMUL) «NE.O) TRMO(1) = TVEL - VBAR |
IFCLTRM(2) JNELO) TRMD(2) = + Ol*WAPIR(L1)+ EAPIR{3) {4
IF(ITRMU3) oNE.O) TRMD(3) = +.CL*WAPIR(2)=-,001%*XAPD(3) 3
- -« 0001 % (TALT+XAP(3)) -
IFLITRMI4) oNELO) TRMD(4) = +.,01*%#WAPLIR(3) .
C .
<230 RETURN
cehbD
g
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SUBKOUTINE AG (VS sRMHO,

- HyWINySPsTesdW)
JIMENSLUN wiN(3)swiNO(3)

COMMON /CICCAL/ QiCCAL

COMMUN /CSSFLGZ SSFLOL

COMMUN /COVRLY/Z INST

CUMMUN /C10/ IRcADInRITe oILIAL
DATA FLL,FLZ /0,0L/

LESIGNEL bY Cate WEDT
LAST MUOLIFLlED = ULECEMBER 60y 1960

THE STANvARD COMPONENT whlCH UeTeRMINES THe AIR UENSITY, SPEED OF

SJUND,y AND THE WIND VeELOCITY AT A PRESCRIBED ALTITUDE IN A STANUARD

UR NUN—STANDARD AIMOSPHERE. IN ADUITIONy 1T SETS A FLAG wWHICH FIRCES
THe ACCeLtRATIUN OF GRAVITY TU Bt ZERQ FOR THt STEADY STAT:t CALCULATION
UF AN UNSUPPUORTED StEAT. THIS FLAG CAN ALSC BE USED TO ASMIST THE STeEADY
STATEt SULVER wWiTH A SUPPURTLEUL StEAT, AS EXPLAINED IN Tt OUGCUMENT.

THIS LOMPUNENT MUST bE INCLuucO IN THE MODEL GeNcRATION PRIGRAM INPUT
rILE FUR ALL EASIEST MuUDELS.

SR XX ERIEEIREEER AD CUTPUTS =X XXEXXLXEXEES

VS =~ velOCLlTY GF SUUND (FlI/s5EC)H
KHU = ALR DENSITY (SLUL/FT%%x3)

BEASFANSIREEBAE AU INPUTS S%5Z2500535%%E%

H -~ HEAGHT ABUVE SEA LEVEL
niN ~ XpY¥yl EARTH SYSTEM WINU COMPUNENTS (FT/5eC)
o¥ — pAROMcTRIC PRe>SURE AT THt REFERENCE ALTITUDE (INe HG)
(AN UNINITLALIZ:ED JR NON-POSITINVE VALUE OF B8P
CAUSES A STANDARD ATMOSPHERE TO BE USEDI)
Te — TcMPERATURE AT THe REFERENCz ALYITUDE (D&F F)
S~ GKAVLITY SWiTLH FOR UNSUPPORTED SEAT STEALY STAT: CALCULATION
U = GRAVITY OFF {UNSUPPORTED SEAT)
1 = GrAVITY UN

L1177 0071877770070 077 07877077/ 007772772777777777077/777/7777777

ksl akakal i Al sl el i A i sk AR sk al ak ul i sl ol all BN ol a ¥ A o

DO 5 L1=1,3
5 WIND(L) = WINC(]D)
<
SSFLo = 1.
LAFtSWNELU) FLL = 5w
Ir(fLlebtws0 AND. INST.EQ.31) LSFLG = O
C

L =*x%x (ChHe(K TO Sce kP THE CALC X1IC CUMMAND HA> BEEN GIVEN  »xixxx
-
l"'FLZ-tQ-l.) Gu 10 70
IF(ICCALLEQLL) WU TL O
WrlTelbei0)
il FURMAT( /770Xy *WARNING - THc CALC XIC COMMAND HAS NOT oEBENs,
. * LIVEN cencee LX‘LU].LJN TEKHlNAIED- ‘,/l,
SsTop
L
[ BB EBIPSBEERELEFSEE XN EXRESS
L *sxx% INLTEALLIZATAIUN »2*33s
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C  FEEXEEBXESXERKERRRETE LR RRHH
"
29 VS = KHD = 0
IFISW.Ewe0.99999) SN = 1.0
FLL = SW
FLz = 1.

IF(bP oLE. 0.0 JURe BP oEQ. .99999) BP=0,0

Pt = &P

IF(BPE o2Q. 0.U) H = TE = 0.0
lF(bPt .EQ. 0.0) GO TO 70

AdP = (BP * j44,)/¢.0306

ATE = Tc + 400.

TG = ATt + 0.003566 % H

TRAT IO = ATE/TC

PO = AoP * (TRATIO)*%5.256
vu 10 70

ENTRY ATMOS

Du 30 I=1,3
>0 WINCL) = WIND(])

C
Ir(3Pe .NE. 0.0) GO TUO 60
C
{ ®sx2x STANDARD ATMOSPHERE sxsxx%
C
C
C ALTITUOE bELOW THE TROPOPAUSE ecevsa
'e
TRATIO = 1.0 = 0.0600006709 * H
PRATLIO = TRATIO*%*5,256
VS = 11lo.75 = SQRT(TKATIOQ)
L TO 50
C
[ ALTITuue ABOVE ThHt IROPOPAUSE sessese
C

«9 PRATIU = LU.*%((4705.~H)/456211.)
VS = 970.9579

t
50 RHO = 2962.%PRATIU/(VSe82)
GO 10 70
C
L *xx%3x  NON-STANDARU ATMUSPHERE $#ss%
C
60 T = 10 - G.003566 %
P = PO > (T/TU)®%5, (56
VY = (4%9.02) * SQRI(T])
RHO = P/{1715.%*T)
C
0 Rt TUKN

eND
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aN el ol Nl ol ol ol SN ol oW N o N ol ol oW oW ol S oW W AN o R ¥ oW o N ol AN ol ol ol S ¥ ol ol XX o¥ ol L o)

[N aRal ull o)

SUBRQY

TH1> ROUT
10 8B UStE
WKITTEN A

ueSIGN oY
LAXT MOUL

sssxs  OU

DRt
RAD
PIS
PT1

ss38® N

FL —
PRT -

Exp -
AP -

OAN -

GyL -
GLL -

OkpP -

URN -

oL —
DR
LA
GY
LL

CUMMON
CCMMUN
CUMMUN
CJMMUN
LUMMCON

EE 22X R R LS
ssesx N
EPEEESITH

IF(1CC
LF(PRT
lrtexy
IF tuaP
IFlGAN
IF(GYL

TINE AM (UREZRAD,PTS,PT1,
FL'PKI'EXP'GXP’G‘N'GYL.GZL.DRP,DRN'RDL’
DRebbXy0uY0LL)

INE WRITES UNTO TAPE7 AERUMEDICAL PARAMETERS AND VARIABLES

D 3Y PRUGRAM AtRUMED. NO MORE THAN 4000 VARIABLe SETS ARE
T A TIME INTexVAL OF NO LESS THAN 0.001 SECONDS.

Cele HWEST

FleD = UECEMBER 65 1960

TPUTS »%3ss

DYNAMIC Re>PUNSE

ACCELERATION xADICAL

CURKENT NUMbtK OF DATA SETS WRITTEN TO TAPE3
VALUE OF TIME wWwHEN THc LAST DATA SET WAS WRITTEN
ONTO faPc>

PuT> S ERE

FLAG TO INITIATE AEROMeD CALCULATION (1 = START)

PKUGRAM AcRUMcU FLAG TU PRINT THE LOAD FACTORS, DYNAMIC
ReSPONSEy ANL TrHe ACCELeRATION RADICAL (1 = PRINT)
McDICAL INJURY EXPUNENT

¥HE LIMLIT valLuk FUR THE X—-AXIS POSITIVE AEROMED

LOAD FACTUR (06)

THE LIMIT VALUE FUR ThE X—AX1S NEGATIVE AEROMED

LOAD FACTOK (G)

THE LIMIT vALut FUR THe Y-AXIS AEROMED LOAD FACTOR (G)
THE LIMIT VALUE FOR THE [-AX1IS NEGATIVE AERQOMED LOAD
FACTOR (G)

LIMIT VALUE UF THE OYNAMIC RESPUONSE WHEN THE ACCELERATION
VeCLTUR IS FURWARD OF THE PLANE JOF THE SEAT BACK

LIMIT vALUE GOF THe OYNAMICL RESPONSE WHEN THE ACCeLtERATION
VeCTOR IS AFT JUF THt PLANt uf THE SeAT BACK

ALCELERATION RALLICAL LiIiMIY

UYNAMIC ReSPUNSE

X AXIS LUAD FACTOR (G)

Y AX1S LOAD FACTUR (L)

Z AXIS LOAD FACLTOR (06)

/CLCCALYZ ICCAL

/7LOVRLYZ INST

/CTIME/ TIME

/CPFLAG/Z DULM,LITINC

/CI13/7 1RcADIWRITE,IUIAG

BBIEREIRLISBEBB RN

ITIALIZATIUN *xx%x
FEXEEBER X ER KK EE RN

eEGe0699999) PRI = 0.
etNeDey9999) EXP = 2,
.EQ-O-"gggg, AP = 55,
eEWe0e99999) LAN = 30
.td.0.99999) LYL = 15

R

o




IF(GZL.EQe0.99999) GIL = 12.
IF{URP.EQeQ.¥9999) LRP = 13.
1F (DRNLEQe0.99999) DORN = lé6.
IFIRUL.EQ.0499999) ROL = 1.0
PTIS = 0
P11 = 0O
C
C WRiTc AEROMEDICAL PARAMETERS ONTO TAPE7? cecoes
C

WRITE(T510) PRT4EXPIGAPIGXNWGYLyGZL s DRPyDRNyROL
10 FORMAT(9F12.4)

- [N

C
C 1777778787777 207772780780077008727077777/70777/777077777
C :
20 ORE = DR _1
C L
C CALCULATt THE ACC:LtRATlUN RADICAL seeves
(_ '
GXL = GXP f'
IF(—6GX «LT. 0) GXL = GXN
DRL = DRP
IFt-6A «LT. O) DRL = DRN
IFleZ .GE«. 0) RADZ = (DR/URL)*®¢
IF(GZ «LTe G) RADZ = (GL/GIL)*%2
RAD = SQRT((GX/GXL)I**2 + (GY/GYL)**2 + RADZ)
&
C WRITt AcROMEDICAL VARIABLES ONTU TAPE7 eesces
IF{FL.NE. 1.} GO TO 50
IF(PTS.GE.4000.) GO TO 30
LF(TIME.LTPTI+.001) GO TO 30 ;
IFCITINC.NE.1) GO TO 30
C
IF(INSTeEQe26) WRITE (2410) TIME,DR,GX6Y,62
PT1 = TIME
PEI> = PI5 + 1.
c

30 Re TURN
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SUBKOUTINE AP (TCXeT10C L2,
- FoTosSWeALPHAZLXoCZy
- UP s APC sPA»cP Ly LEMy SRPJUST STy HSTy XAP,EAP ) 4

*32xs FUKCES AND MUMENTS ON A SEAT FROM AN ATTACHED PLATE s»x»xsx

DES1oNEU BY CoL. WEST |
LAST MGDLFIED - OECEMBER o6y 1980

FEEF SV XSRS R ER AP TADLES *353%3%5b%hkehen
TCX — PLATE SYSTEM x-AXlS FORCE COEFFICIENT TASLE L

THE INDEPENDENT VAKIAbLE 1S THE PLATE ANGLE OF ATTACK (DEG).
THE DEPENULNT VARIABLE IS THE PLATE X-aXIS FORCe COEFFICIENT,. i

TCZ - PLATE SYSTEM 2-AX1S FORCE COEFFICIENT TABLE

THE INDEPENUENT VARIABLE IS THE PLATE ANGLE OF ATTACK (DEG).
THE DtPcNDENT VARIABLc I> THE PLATE Z-AXIS FORCE COEFFICIENT.,

saskswersankkrs AP QUTPUTS E2E X2 TR LT IR E L 2

F(3) — RyYyZ SEAT bUOLY AX1IS FORCE COMPONENTS (LB)

T(3) = XyYel SEAT BUDY AX1S TORQUE COMPONENTS (FT-LB)

SW =~ FLAG StT WHEN THE PLATc CENTROID PENETRATES THE
WINDSTREAM (1 = PENcTRATION)

ALPHA - PLATE ANGLE OF ATTALK (DEG)

(69 1 = X AXI> FORCE CUOEFFICLENT

C1 = 2 AXLS FORCt COEFFICLENT

i T ot i

SBIEBABXBRXEREE AP INPUTS SRERERAXREERERS

? up - EJECTION OIRECTION FLAG WRT THE AIRPLANE ]
? (L = UPWARD -1 = DOWNWARD)
| APCL 3) - XeYsl SEAT BODOY AX1l> POSITION VECTOR OF THE
g PLATE CENTROLID (FT)
; PA - REFERENCE AREA OF THE ATTACHED PLATE (FT#%2)
i EPLL3) - SEAT TO PLATE EULER ANGLES (DEG) ;
kM - AIRPLANE b0OOY Z-AXIS POSITION UF THE PLATE CENTRGID ,
WHEN IT ENTERS THE WINDSTREAM (FT)
— SET 71O ZERU WHEN INITIALLY IN WINDSTREAM —
SRPE3) - XyYyZ EARTH S5YSTtm POSITION VECTOR OF THt SEAT
REFERENCE POINT (FT)
usT(3) — RsYsl SEAT BUDY AXIS SYSTEM VELOCITY COMPONENTS
OF THE SEAT (FT/SEC)
ESTI3) - EARTH 10 SEAT EULER ANGLES #DEG)
WsTt3) - X3Y¥32Z ScAT BGUY AXIS SYSTEM ANGULAR VELOCITY ,
COMPONENTS OF THt SEAT (DEG/SEC) ~
XAP(3) - RyY¥yZ EARTH SYSTEM PCSITION VECTOR OF THE
AIRPLANE CENTER UF GRAVITY (FT)
EAP(3) ~ EARTH TO AIRPLANE EULER ANGLES (DEG)

L1117 77777477707787877777770778777877777777772777277077777777227727272777777

CALLING SEQUENCE UIMENSIUNS ceceee

CcCCocOOOMCOCtOCCHCOOCDOOOOOCCOOOOOONCCEAOCOCCOCOCOCOROOCC

OIMENSLION TCXI5) s TCLUS)oF (39 T(3 )9 XPC(3)4EPL(3),
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. SRPU3)sUST(5)9ESTII)sWST(3) 4 XAP(3)yAP(3)

INTERNAL OLMENSIONS cceeses

(ol aN g

DIMENSION EPLIR(3)yEAPLIRID) HESTIR(3)4WSTIR(3)4DES(3,3),
. DEST(393),DEA(3,3)9XPLA(3),XPCE(3),UPLE(3),

. DSP(393)40EP(393)yUPL(3),UW(3),U0(3),

- OPS(343),FP(3)

COMMUN /7CTiMEs TimMt

CuMMON /7CICCAL/ 1CCAL

COMMON /7COVRLY/ INST

COMMON /C1G/ 1READ »IWKITEs1UlAL

ceeg e

VDATA FP(2) / 0. /
DATA RPD,DPR / 0174532%, 57.29578 /

REERFXRE XS IS XX EXEREKEE KSR K EEE ?

23x%x%  INITIALIZATION #*xx»x
BABAFIS I EFRERFIE SR REERESIEREEE

[aN ol ol i ol

IFU(ICCALNEGL) 60 TO <0

LF(UP.EQ.C.99999) uP = 1.

IF(ZEM.EQ.0.99999) LEM = O

SW = 0

IF(ZEM.EQ.D) SW = 1.

00 1u 1=1,3

IF(XAP(1) .EQ. 0.99999) XAP(1)

LFIEAP(1) tQ. 0.99999) EAP(])

Ftl) =0
10 T(I1) =0

"ow
©

f L1117 1707770777177777772777770777777207270777777777277772777/7777

é oYPADS ROUTINE IF DUKING STEADY STATE WHEN THE PLATE 1S NOT INITIALLY
C IN THE WINUSTREAM ccccee

LZO IFUINST.EQ.3]1 oAND. SWetwe0) GO TO 70

E CUNVERT FRCM DEGREES Tu RADIANS seeees

00 30 1=143
34 ESTIR(1) = £3TL1) * RPD

f CALCULATE THE DIRECTION COSINE MATRICIES seeeee
- CALL DIRCOS (DES,ESTIR)
CALL TRANS (DEST,LESy3,3) ‘
t CONTROL FLAGS ceeeee
N IF(SWatGelo0) GO TO 50
t CALCULATc THE CENTROID POSITION IN THE AIRPLANE SYSTEM ..eeee
C

CJU 40 I=1y>
4«0 EAPIRUII) = tAP(1l) * RPD
Call GIRCOS (DEALEAPIR)
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CALL VECXYZ (XPCtsXPCySRPDEST,2)
CALL VECXYZ (XPCA»APCESXAP,0tA,l)

RETURN IF THE PLATE HAS NUT PeNETRATED THE WINDSTREAM ceceee
LF(ZeMBUP LT XPCAL3)®UP) LJ TI T0

WRITE EMERGENCE MESSAGE ceececes
IFCINSTtQe26 «ANDe SWeEQ.C) WRITE(6345) TIME
FORMATL/5X s SAcRODYNAMIC PLATE PENETRATION AT TIME = %,
. Fl0.49% SECH/)
IF(lCCAL-NEol, SN = 4Le

*xxx%¥ PLATE PENcTRATION $*%xxx

CUNVERT FROM DEGREES TU RAUIAND cecesee
00 55 1=1,3

EPLLIKLL)
WSTIR(1)

eEPLLL) * RPU
WST(L) * RPO

CALCULATe THt DIRECTIUN CUOSINE MATRICIES ecaaces
CALL DIRCOS (DSPyEPLIR)
CALL TRANS (DPSyDSPe3,43)
CALL MATMPY (DOEP,D5P,0ES9343,3)

LETERMINE THE VELOCITY OF THE PLATE CENTROIU IN THE EARTH
SYSTEM  ceacee

CALL VELXYZ (UPLE USTXPCyWSTIR,DEST)
ObTALN THE AIR DENSITY AND WIND VELOCITY ceaces
CALL ATMOS (VSyRHUy=SRP(3)yUW»Us0,»0)
SUBTRALT THE WIND VELOUITY FROM THE PLATE VELOCLITY seewae

DO o0 1=1,3
UG(L1) = UPLE(L) = UnN(I)

TRANSFORM THE £ARTH VilOC1TY INTQ THE PLATE SYSTEM ceeees
CALL MATMPY (UPL,DEPyUGy34391)

CALCLLATE THe AIRSPEED OF THE PLATE ececese
CALL DOTPRD (VoARZ2sUPLUPL+3)

OeTeERMINe THE PLATE ANGLE OF ATTACK caceee
ALPHA = ARTANZ2(UPLL3),UPL(1)) * DPR

PERFORM THE TAoLE SEARCH FUR CX ANuU CALCLATE ITS FORCE cesees

NTCA = TCX(zl)
Cx = TBLUL (ALPHATCAXL4), TCXINTCX#+4) ¢l e~NTCX)
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[aN al o]

10

FP(1) = CX * .5 % RHO * VBARZ2 * PA

PERFURM THE TABLE SEARCH FOR CZ AND CALCULATE 1TS FORCE
NTCZ = TCZ(2)
Cs = TBLUL (ALPHA»TCZ(4)yTCZI(NTCZ+44)41,-NTC2)}
FP(3) = CZ * .5 » KHD * VBARZ * PA

TRANSFORM THt FORCES TO THE SEAT SYSTEM ececee

CALL TRANS (OPS;05P43,3)
CALL MATMPY (F,DPS,FP43,3,1)

CALCULATE THE MOMENTS ON THE SEAT FROM THE PLATE eeecee
CALL CRSPRD (T9XPCyF)

RETURN
eNG
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SUBROUTINE AS (Tac,
FeToALPHABETA s VMACH ;QsCXyCYsCZyCLoCMyCINyeXL 9yEXA,
CeNT 1101,!’10'
CFFoUP s ZWS s XEM yCOX y ECX9ECY 4 ECZ,CLP sCMQoCNR S 9 SRP
USTseSTowSTs05AySRAZROUN)

iS55 3823 38F%  AS TABLES SEXERRREREXEERR
TAt - £XPOSED AREA TABLE

THE INDEPENUENT VARIABLE IS THE EXPOSED LENGTH (FT).
THE UEPENDENT VARIABLE IS ThHE EXPOSED AREA (FT**2)

BEIRBREFEREZEXRE A QGUTIPUTS SEIXXZEIBRERERS

Fl3) — XyYyZ ScAl 300Y AXi> AEKOOYNAMIC FORCE COMPGNENTS (LB)
TL3) XyYyl SEAT BODY AX1S AERQDYNAMIC TORQUE COMPONENTS (FT-LB)

ALPHA = StAT ANGLE OF ATTACK (DEG)

BeTA — SEAT SIOESLIP ANGLE (DEG)

VMACH ~ SEAT MACKH NUMBER

Q - DYNAMIC PReSSURE (Lo/FT*3»2)

Cx — SEAT BODY X—-AXLS FORCE COEFFICIENT

Cy = SEAT BUDY Y-AX1IS FORCt COEFFICIENT

Cz - SEAT BODY A-AXIS FORCE COEFFICIENT

CL - SEAT BOuY AXIS KOLLING MOMENT COEFFICIENT

M — SEAT 3uuY AXIS PITCHING MOMENT COBFFICIENT

CN — ScEAT B0OuY AXLS YAWING MOMENT COEFFICIENT

ExL — SEAT/CREnWP EXPOSED LENGTH DURING EMERGENCE (FT)
EXA - SEAT/CREwP tXPOStD AREA DURING EMEBRGENCE (FT*%2)
CENT(3) — X,Y9Z SeAT 80DY AXIS POSITON VECTUR OF THE

CeNTROID OF THE E&MERGED AREA (FT)
TCZlcu) = SEAT CENTROLD LOCATION ARRAY (FT)
Hu — HYDRAULLLIC DIAMETER (FT)

SESTEEEXREBEXEE AS INPUTS *FEEEuakkRkrfeis

OFF
ue

FLAG TO INDICATE SEAT/RAIL SEPARATION (1 = SEPARATION)

EJECTION DIRECTION FLAG WRT THE AIRPLANE

(+1 = UPWARD <1 = DOWNNWARD)

ZnS — AIRPLANE BODY Z<AxXlS POS1ITION OF THE WINDSTREAM
BOUNDORY LAYER AT THe POINT OF SEAT PENETRATION (FT)

XEM = XoY¥yZ SEAT BODY AX1S PUSITION VECTOR OF THE INITIAL
POINT TO PENETRAT: THt WINDSTREAM (FT)

COXx — SEAT BOOY X-AXIS POS1TON OF THE CENTER GF PRESSURE
LURING SEAT tMERGENCE (#T)

eECX — SEAT BOOY X-AXIS EMcRGENCE COLFFICIENT

eLY — SEAT B800DY Y~AXI5 EMERGENCE COtFFICIENT

ELZ ~ SEAT BODY Z-AXIS tMERGENCE CCEFFICIENT

CLP - RGLL DAMPINL UERLIVATIVE (DEL-1)

CMG — PLITCH DAMPING OERIVATIVE (DEG-1)

CNR — YAW ODAMPING OERIVATIVE (DtG-1)

S - SEAT REFEKeNCE AREA (FTexg)

SRP(5>) = XyYel cARTH POSITUON VECTOR OF THE SEAT ReFERENCE POINT (FT)
USTU3) = XoYoel SEAT BODY AXIS SYSTEM VELOCITY COMPONENTS
OF THE SEAT (rT/5el)
EST(3) ~ EARTH TO SEAT LULER ANGLLES (DEG)
WSTL3) = Xe¥9Z SEAT bODY AXIS SYSTEM ANGULAR VELOCITIES

(ol AN aN ol ol CR AN o Sl o R SN ol N o Nl al JN ol o N ol ol o NN ol N ol ol ol s N 2N o N ul ol ol oW ol o N uN ol ol ol o Nl o N ol ol AN o N o N ol ol SN o

OF THt SEAT (ukG/SEC) |
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C OSA(3,3) = SEAT TO AIRPLAN: ODIRECTIUN COSINES
Cc SRa - Xe¥9l AIRPLANE BODY AXIS POSITION VECTOR OF THE
C SEAT REFERENCE POINT (FT)
(% RON = SUSTAINER ROCKET FLAG (1=0ON,0=0FF)
C ‘
C SESESEL FES R EEEXB R RS E B XX IS ES RSB BB REES R XX X XSS S SR EEEEREE S S XS i
L i
DIMENSION TAE(S5)sF(3) oTU3)sXEM{3) »SRP(3)4UST(3), i
. EST(3),wST(3),D0SA(3,93),3RA(3) {
OIMENSION ALF(72)+BET(6)9AMACHI%),
. COEF(6) CENTI3) ¢DESI393)4UW{3)oUNBI3),U0(3), i
- XI(3)3CONSL4)0C(3),XEMA(3)ESTIRI(3),TCZ(20) L
& !
COMMON /C1CCAL/ ICCAL !
COMMON /COVRLY/ INST
COMMON /CI10/ IRcADyIWRITE,ID1AG ;
C f
CUMMUON /RKTON/ |
- ICXON(185694) s
- 1CYON(1l8y094) !
. ICZON(189094)
° ICLON(18,694)
- ICMON(18s094) 9
. ICNON(1dy694)
C
COMMON /RKTOFF/
- ICRUFF (165094 )y
- ICYOFF(18:694)
- ICLOFF(18,46+4)
™ ICLOFF(l8s044), '
. ICMOFF(ldy094)
. ICNOFF(iB896+4)
c
DATA RPDyDPR /7 01745329, 57.29578 /
DATA ALF /
e 0.0 ] 5.0 2 1000 ) 15.0 20.0 2 25-0 ]
- 30.0 ] 35.0 L ] ‘00.0 ) ‘05.0 : 50.0 L 55.0 ]
- 60.0 » 65.0 ’ 706.0 75.0 ’ 80.0 ’ 5.0 ’
- 90.0 95.0 100.u 105.0 110.0 115,0
- 120.0 125.0 130.0 135.0 140.0 145.0 ,
- 150.0 1 195.0 ] 160.0 * 165.0 ) 110.0 [ ] 17500 1
L] 180.0 185.0 L ] 1.9000 ] 19500 k 20000 205.0 L
. 210.0 1 4 215.0 1 &Zo’o * 22500 [ ] 230.0 L] 235.0 ]
. <40.0 o 245.0 250.0 , 255.,0 260.0 265.0
. cl6.0 275.0 280.0 , 285.0 290.0 295.,0
. 300.0 ’ 305.0 ’ 310.0 ’ 315.0 ’ 320.0 ’ 325.0 ?
- 330.0 335.0 340.0 345.,0 350.0 355.,0 7/ )
C L
DATA 8tT /
L] 0.0 ] 5.0 [ 10.0 ] 15.0 30.0 1 J 45.0 /
C
&« NOTc - BY CLLASSIC OEFINITION OF TERMS, BETA HERE 1S ACTUALLY PSI,
C wHlCrH 1S ALSO (-BtTA).
C
< THIS PECULLIARILTY wWwAS ADOPTED TO ACCOMMODATE CONVENTIONAL TAbLE
Cc LOUK UP ROUTINES WHICH UEMAND THAT THE INDEPENDENT VARIABLE BE
C LISTEDC IN ASCENULING OROER.
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X ol al ekl al S akakalakalalakal s kol a¥akak sl aXakakakaRak ol s

D e
P2 S S FIFUI3 2T - 2 P S 4+ Rt 2+ 2 R 2 - 2 2 R P R 2 T S 0 ¢ 2

Trc ALKUUYNAMIC DATA HERe ARE PACKED IN OCTAL INTEGER FORM AT THE
RATE OF FOUR LUEFFICIENTS PcR CUMPUTER WORD ACCORDING TO FOLLOWING
RATIUNALE AND PRUOCEDURE.

le — ALL COEFFICLIENTS Lle WITHIN THE RANGE OF -1.5 TO 1.5.

Ze — THE MAXIMUM PUSITIVe UOCTAL INTEGER AVAILABLE IN 1/4 OF A
LOMPUTER WORD 1S 37777. (10383 UECIMAL)

3. — AN INTEGER VEKSION OF EACH COEFFICIENT 1S CALCULATED AS FULLOWSO

Ae LET THE COEFFICIENT TOTAL RANGE OF 3.0 CORRESPUND TO THE
AVALILABLE INTEweR RANGE OF 16383,

Be THEN THE INTEeGER REPRESENTATION IS OBTAINEDO
ICx = ((CX = (=L.5))/3.0)%16383,

THE RESULTING INTEGER IS AUTOMATICALLY STUORED AS AN OCTAL
NuMbeR AND IS AN ACCURATE REPRcSENTATIUN OF THe COEfFFICIENT
10 APPRUXIMATELY FUOUR DeCIMAL PLACES.

C. THE VvALUES OF ICML,ICMN ANO ICY HAVE BEEN >ETV £QuAL TO ZERO
WHERE bETA 15 £QUAL TO ZERU.

DATA (((ICXON (LIsueK)ai=19s108)9Jd=1lyl)sK=lel) /
«06120065040670207c5c8+1002210545111511156¢B,121461306613540137328,
«l4120i43401505116363B,202342104321000203238,2030062055621127216368
023430241 732464425001B92473324545251272637589272262T73402T72212673178,
02041 32576325551250578¢25626257662567625546B,253122476T724343235308,
0234652271222172¢134cb3<03501731415724150058+1416013455127C6121378,
«112101025307551070038,06304057550560405551084055570572500042063148
o/

DATA (((ICXON (I1yJeK)I=1918)4J=s292)9K=1y1) /
«00070UL303005030UT25584077031054311110311700B+1245612T77613526142478,
e 1450414670152031T120UB,cU245207332076520655B84+207152101321224217368,
0235112420224613251168925241451412534426561B:,273772741227312270608,
e 20645020601625652260T68ycb1T7426¢3562614226007892550525133244067236128,
0235712:7172¢2142136409204¢0172621605114725B,140611324412567117378,
«1106610c11075410067c38,06221057400561305456B,055610561006224005718
o/

DATA (((ICAON (LyJoeK)gl=lylb)yJd=393)4K=1,s1) /
«0601306357070630756506510ub0310375107770163764124741316313534142128,
ela771155471663c17613B8,2036020L6T221005210268,21120211742175122¢538,
e234502414326471225312B425714201562577027525843000027742275122172358,
e20T0T72623426302.651489c66652715527040264048,257552532224073240708,
e237252313522234212156,420051170441600714T7768,140441327£12450110258,
el1G71CL0130074050UT 10408900431 0606105601035537B8,055310562606157063308
o/

DATA ((U(IUCXON (LydeR)yl=lyle) gd=bel) gK=lyl) /
«061120L0340066200T3418y0706451040111112442078,41454513244137C4i44143,
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g «152131601417066200418,205072114221320215078,216122164222 147223426,

‘ . 235012425625024256758 4 263572717627607201728,302053010127615273728, i
W271362661726666270128,2734427655275632706784+26433¢5655251 77243428 s
+2431323662224332117289200321662215655147258,140441315112326115768

< 107241030707T75073148 »000770624005675055328,055130563 1060720622 38

o/

DATA (((ICXON (LsusK)sI=12168)9d=5,5),K=1,1) /
c07025073500T614101606+105621116111656124468,131471372216624154418
c1621516750<UL052111689215342213322454225728,230322304223432241108, |
©2332726170247202543485262372665027152273228,275232153227535275128, |
e273512734127546300528 302 1030360305703044 18+3017527400263 70254348 » ;
©252042433323504225428,210711750216163147718,141321340712664122408, ,
2120571142411062102606,076170733007043067418,066410670607057072418 *
o/

DATA (((ACXON (LyJaK)sl=lsl3)sd=6,60sK=1,1) /
©112044144014770123208,123131273413567141108,146501541710022170738,
< 170251763520456212450+210742232622720233458,237002412324342247308,
2232072347024120245648 5 250662532625634260060 9262642645126676267573 B
c270672721327260274168 927454275242 1761300738 ,2761627300266762576 28
2262512516524064226118,214152033217451165758, 166751553515243 144378,
.137151313612470120155,113731110210736106358,110511101611156112318
o/

DATA (((ICXON €loJdsk)sI=lel6)sd=lyl) yK=2,2) / ﬂ
<042370466005303060730,066210746510253110148,117321276314067147056,
2154771567716510177138,210132113721077210078,211112124121430217078,
1231562366724441225218,24721236322464425575B+262362635126260213748+ #

«27031205502043126617b927421¢733027211271618,265732574725311243258,
225040240702313222004B:,207601075461600614627B9134021256311677107323,
«1004307204063060U5544B,050310440304355044248,044570455505122053308 -
o/ '

DATA (((ICXUN (1'J|K)|I=1’18)1J=2|2)'K:Z’Z) / !
«042300460005170057738,066430752710231107558,115661272713757147158, {
e1553316204171312017684207362104421012211268+42125721446c1565221268,
0233532404424549442200309231302421225054257138,263402643227670275558,
«2T71162074326641271510+274752735T72725327205B8,20654325757252T77242578,
«250752406723207221078,210221733115674144438,133461234511550107208,
«0TTT102202062460565068904T7230447504244042758,042530443005014052158
o/

DATA (({ICXON (l,JdeK)yI=1yla)9d=333)4K=2,2) / 1
20421104624052440002009006725074371022710745B,115641253513467145468,
«15601165671756220330B8,207542071220772211538,213542176722267226218,
02364324410624T462274UB2235722497772506T72053T78+2T15T7T2703454271301008,
027572271 122T710427451b927606275512T74562730783,266442614325364245458,
225232241172233042201668,5¢053617¢441601414604B8,134231240111450105458,
2 0767607105063360565489051560443404337042728,043110455505013051638
o/

VATA (((ICXON (L1yJdeK)eIl=lylbled=dea) oK=¢92) /
«0433304677053010575189065400734510104110378,116731256013472145268, ;_
el55c41657517475c03458921021c115¢2101721436B,217412225722554230673, )
e237544405225407235341892c43262550026553273268,276562761530550304068,
e300 4a27570276023002T8 9277243000027 747275468,5271152642025654247558,
02551224515234132215589204571715716047147018,1354012523112403105158,
«0T6430727006476U0U0USB 053004 T7250441204431B,0451004651305051052558
o/

DATA (LUICAON (14J9eR)s151918)4d=595)9K=2,42) /
«05301U560L500244005418 9072350777110 73211574b64145161324714217150678,
e 15T741674717525£04101b9212062173022316227058,227132304523045244453,
023530245422544526371b927077274503005330270893047630547304060303738,

U
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e30¢613023630245302183,30205301753010730017B,277342737726702256618,
0261065250072306522¢534B,921¢53017516161C7167218,137171312112345114373,
«11030104571602507¢5483,0000U5002010577005066B89056000566000003061728
o/

DATA ((LICXON (19JeK)9l=l9slB)9J=636)K=2,2) /
«UT531076121012410273,10570112261176512466B,13261142021475015442b,
e16252171152007620734B9¢135421664222312262489233432400424425251548B,
e23700¢4313c4676¢534384255562614526463266T1B,272452740627570277778,
02717242760027654270058 2153527532213 74271478,267722651025765451018,
ec02472522024033226110+9204762025417231163558,156021463014154136135,
e 1510012363117041211408,106451035310117100258,100421006410023100358
o/

DATA (((ICXON (I,JsK)si=1918)9sd=1ly1),K=3,3) /
«025430300603421041c78,05075060020700G21006684111211203713016140228,
e140751£33110002170478,205262115021573221408+210502173622055224358,
e 2@TT1225473262072000Tb926316cT727030264310108,312223102431266312178,
«3102730635306573u51183035330275301372703169271452636725403244600,
0252412420023230622122B+210241756716404151128,130111237411075077738,
«06T75061150£325045668,034130502003066034158,4035050402104442050338
o/

DATA (((ICXON (lyJen) 1=1418),d=2,52)4K=3,3) /
«025450314503474042450,050700002006TT410CT70Bs110071176402725137118,
«l4521152741620117¢740:20306212652163122103B8+222622221222451230518,
«25050256542063352570718,26422274T723047531216B,314263107031555314128,
e512563074430524504050930312502073006527526B452706026361254067245218,
02521 124250232532414084210041756216236145648,132451206711000077058,
«067260572305044044118,05555032050307503154B+0341004010604444050568
o/

LVATA (((ICXON (1yJsK)1=1418)9J=343)eK=3,3) /
«027340332103670043c1b,052220611307021100076,5,110101202412714136508,
e 1454 215363165001 75158920336<15135217062207089221142226322604232548,
«251612014220677525606489201373003030745315328,317063146132303320448,
«314653115030703305348,3U43430265301242754084271162635225544246208,
0253272431725241722150b920741174461611014556B,132051206610657076708,
«06TU0LSTTIUS513704338,03T7320343503300033158,035530414404444050758
o/

DATA (((ICXON (IngK)'I=lplb)|J=4'4))K=3'3) /
«031020540104012044518,0524600174070751015318,110561200012674136368,
e 1l45T7015517165221755789405252117121722221518,224402275723322230038,
02525426365273702641389273053035431267317738,321303205532405320428,
e315453134231070300258930504303673006¢275218+271112643625657251058,
0254652442323262221633,2071317307160211451284+133131214610735070368,
«0603706000053340406158,04156036350034710545066+037160427604614051718
o/

VATA (((ICXON (1,y0eK)s1=1310)9J=5,5),K=3,3) /
«044200452204772053750900102067140770310066B8,1160212500134401432728,
«15100161021712540122B8,5207U521464222212.7628+2322423312237622452060
025225¢611727133277c589305353121631611317648,31723317323177131664B,
e316743133031127307008,53040730.50501072T76608,2T427270314653c1255018,
«260222406172340022217092074217302160011446684,153721233711336104763,
e OTT710072250061006173840572505457052560550c8+0536605+3205015060748
o/

DATA ((C(ICXON (LoyJeK)eI=1,y18)9Jd=640)9K=3,3) /
«00614067650735307361by077721055111230117330841c6541352014250151328,
e157311661417476204138,21063214632:04022462B8+231672364724324250558,
«2437525143256672640189270402742127652301108,302253035430446305128,
e3052c3046630315301158,27660273732713626755892644720606225403245523,
e2555424502¢3327¢2146b9¢10271776116T4615775B,150631425413525130328,
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el2¢62110331116c105548410¢¢507775C7646075473,075120755407703077578
o/

OATA ((UICXGON (leJdeK) 9l=1elblyJ=1lyl)K=4y4) /
«02231024720305705371¢b»0473106051071351020789113201223213156140358,
«146551540710611016773b8,201632120322007224206,227172315423633237038,
e253134611026520¢6T743B9114527715306303135068,316643174331613322548,
0322453c074316213130684310123063730334277448,272752645725541246138,
e290512377122762217228920U71007607165371541584142601277711563102748,
«0703600013051U404202B+032500£53002313023518,02466030760U346604i128
Y4

DATA (((ICXON (I,03K)s1=1310)9d=242)4K=444) /
e0225202¢51305146337078:0501L70607707041102308,111631215415121137438,
«1461515424162261722254,202162116222026224668,227272326124022242228,
e253622613426623260008,272163010730700315178+317563175731634323208,
e322453207131533312148+307653052430252276748:27251264275554247118,
«2505724033230U2T21175289,20065217614164601517484137541255611377101028,
«00T570602205133U423182032740260302406024226,025500311703506040538
o/

UATA (((ICXON (leJdeA)s1=1918)9J=3,33),K=4,4) /
e024430273003344040468,0507606072071214101008,111121207013001130608,
e 1l45701550716451174708,203702115522117225048,230752356124073244318,
«25402203522711426404B8,273563026T311343201189322033222332547324618,
e323413206731537312668931070306513034427764084273122652125671250138,
e2¢51732641212303T7217568,2062T1746516314151078,157331250611176100308,
«067400600505142042150,034110275502641020438,027330320203562042368
./

DATA (LCICXON (1yJdeK)pl=lelblsd=ae4a)K=494) /
«0261203045034210410708,05033060240707410121B,111001176412710135608,
el96063157271653017526b,20505214752214122655849233462375424333245T748
e25522¢65422T4572T142B842761630554314603214089524423240532652325248,
e32403521715316605140009312173104630401300048,273562662426076252348,
e253032416T723042217648:2061c1740516156150278,137021250211274100608,
«07022061020525504305b030350322503133031018+03137033630377204370B
4

UATA ((UICXON (143K} 9I=1,518)4J5595) 4K=0s%) /

e U43770460105173057040,0647007410103551135658,123401321514113147108,
ediD6031656717555204738+21331221302204023520B,5236252404424232244128B,
e23234c346623T7022444009£520405734264042T0148B,2720527T72250222305438,
e3173731540313153114108,31057305773046630205B8:3021027530267712061448,
e 206562553124455233300,9220202057417215156145,144261322212205111758,
1041 2024550660L000518,05243050710467T704521b+044150447504652051038
o/

DATA (CCICXON (Lyued) 91l=1lylo)yJ=690) 9k=0e4) /
«005-7066520T707507421Bs 10100106671 1466122TTBy13152140U1314705156058,
e L6371172762006520062189214377220722254023135892343223607624165244548,
0 242542470625227¢5003b,202072702727457301106,302463077031115310378,
e30T7553065430534503750950uT743004627674273708+271222660126151253566,
«2001325145¢425323153092c11¢21053517732166508,157151470414012133008,
ehc440llol51110110355607704U731007150070418,070030703207203074008
o/

DATA (((ICYON (L1oJeK)gl=1y18)9Jd=lei)eK=1lel) /
LTITTTLRTTTLTR0TLTT7TT0 2222722777100 702277T784127721777712777072 70D
CLTTR7L7TTL202LT0228BL2TTTLI77LTITTLI7T78B, 1277777717771 7718,
LIT2TRANTTLRVTL4 7440 XTTTLTIRANZTTRLTTT7BHLTTI0TLT722LTI70717T278,
LI T2 740717772020 97B, AT 77T TLTT77L707TBH102TRALT00TL2TILT0 T8,
L2121 TTLRTTTL2 7T T A 0T7LT2ALTTTRLTTTTBLLPITTLTTTTLTTITTLT2TUB,
L77TLT27LI27A2TI0, LTI TL2TTITLTILT 2T I8 2272L7220LT970L77708
o/
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DATA ((UICYON (lyJeK)e1=1,18),J=22,2)9K=1,1) /

«2115320525¢0061 ccl7408,207562400721512221708,223232175322205222078,
e2210121650215712104¢b920147174421654615T744B41020016555170301T72448,
«1702017402177352043609211432133721224212548,211552100320760207748,
0213.2205662030620424B,204742055621152215438,216342161221406213278,
e216372143021¢£23¢126TBy21473154721262207608,204722047120205200668,
«175001744520003202¢10,20105202502030320025B84177531727217664204028
o/

DATA (((ICYON (I140sK)a1=1918)9d=3433),4,K=1,1) 7/
«e2149321747220402231U0922470227312325323562b9241422404624347243610p
02437023701 22T740217678,21046200621727416652B,167101744017100173148,
«17731203162102021572894¢24612307723161226708,224022207421672215238,
«2i2432104420747211518,21221214342213323224B9254222353323144227068
e23032226702311123¢2008923334232332271322000B,214312121421024206238,
«2036220353205522107189211322116021044207438,206522067521052211128
o/

DATA (CUICYON (1,09K)3I=1318)90=434)yK=1yl) /

022 T432314623424c3724589441322431024476250218,255462570126017.57528,
e2553725124444102525001922422212462027T176738,176562005040142202528,
021047215662230623113B4230172425024501240018,4234562317322627223448,
e22061216532137521612b92200522350230357240168B52436724365242362407138,
e l4004c4136246122472170,240712454010235512303659225422225722066220108,
«21607215352160652203582175622054221122207584221332212222223223438
o/

DATA (((ICYON (LsJeK)el=1,18),J=5,5)9K=1yl) /
e2T7230272562T7414300TTB 3306033077431 2413152689316253171131770315538,
«311533042127733270U43b42605325251246122445009243762434124325242168,
e2503UCH0T35236253556925510¢562525510254636,254052520525142251148,
e 24T552454]) 244462441089 24540250672554025T7428+266032743530312306308,
e314503132531271304T60:275552764127407271138B,267202663626575265508,
«2064046704L672220601852003426577265452054189264072051220660270128
o/

DATA (((ICYON (I9JeK)I=1418)4d=646)9K=1y1) 7/
e34CH0342343447434435893431334153341453345206:3353533755337523360Q18,
©334305330035070525¢4B 2522103157531 27731153B,310163064430437302275,
«300c495050630G7003006256,304753021630151301458,50143300007764300128,
«2TT1342173127653276448,277403015030522311238,5315543217232015327448,
23360135537333103340209334013324133070350456+330413310333250333308,
e3339633313333273325U09333063340233423335038+33643337113371233735b
o/

DATA ((CICYON (Ls09K)3l=1y1B)oad=lyel)eK=242) 7/

« 77771771 TTTILTTIIBLLTTITLIRVTILTVA7LTTTIBLLTT27LTTT7LT777L0TT7B,
CLITTATITITLITTITL I NI LA TTTLAN22LI2X2L T B, 177177071 702771207278,
CAIITTVTTTTLTITTLTTN TG LTTTTLRTITTILT?TTLTIIT 7B 777212272127 77177778,
L?TTTLIITTLYITILTITVIDZLIT7ILT0TILT0RTLD7TIBLLTT72LT77T0LT0T71T77778,
LTIV TIRTR TN LT T 107N TR7LTI22 L2778, LT27TLTIITILTITTTLT 776,
APTITLITITITLTVTTLRTTTRL LTI TLTTRTLTTTIBLLT0T7L727202777177778
o/

DATA (((ICYON (LyueK) 9il=1918)9d=292)9K=2,2) /
«20650200656207052103089212132135521457217208,220302176021623¢13538,
eal326£1342207154035008417413i67370653u165518,167731711017156174058,
e122571263620255c0374b9204452037420500207056,200312075621203210308,
e2052220451204212045TB,20616<0720211252115384213153213142120121347b,
e21634215042140121440092137221264320714205378,203612030620374201278,
eal1T4520L121752500458,2026420327202112012484177111777420157202125
o/

DATA ((LICYUN (1leJdeR)I=1ypl8),u=393)9K=242) /
0220302442¢2245%¢24T£B9226562305023220233418,2353562350323250230768,

308
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0230672c44121547207508,<03371751217256170728,173561715317133173768,
«203472015621526216408,21631220002227222601Tb,224632257722521221068,
e21650213352117021447b921500621756222112244454224622244622511226448,
e233554551123177250458,2300023752170121463B,212172100120657204528B,
e20335205002075421073B9,211442121721126207568,207742110321247213658
o/

DATA ((LLCYON (LloJoeK)sl=1lylo) ed=444)4K=2,2) 7/
«23506236432407024350D 9244062443224516247308924TT52472224006244658,
0243342374623126221408,21402205442006011770T8,201232024020273204510,
e2170522341c27522544008423560237722434524773B,247472442523651233678,
e2301522464221¢6223458,225032276223311235078,236352365723614240368,
0250172501 72465324312842407023519234562310009225232216521743216018,
«215042150122020221738+22cT742¢3122226322255B9223572243022557227138
./

DATA (((ICYON (I,ueK)sI=1,510)9d=595)9K=2,2) /
«302415032730301303478,310575115031017313618,314013136531234307108,
e30345217562T074¢0340B,25524£2510424671245518,247272511325304254008,
el023726512207154271118,2720527300272642732589272272710126636263318,
«200532551525461255228+25713200272630526527B9267012676027362303428,
e31721317263112030370823034630341300042746589273132723427111271228,
e2711127115327203271208,27106270712702320737542600662675327230274208
o/

DATA ((UICYON (I1yJeK1lal=1y18),3d=0,y6),K=242) /
e34727134712534634345055934623344927344133414589342343437634427342608,
©340233355633237327106D9324603210031741317138+3156331476313523125178,
e3102031637316543165Ub316032310616315213152665317333163531402314108,
e31300314343150131554B84315¢1310333167731655B84320263234432T716332068,
«343c6345233450634454B8+53442134101353713556378:336413370633714341178,
e342113424134302345321D0:34222342413416634027B,4340463376234063341478
o/

UATA ((ULICYON (LyueK)sd=lelbleJd=1l91)sK=3,3) /
CYITTTVTTITILIRRTL 2T T0 X070 LTPTINTTRTLTTT TB9172021207772202270127778,
AT 70 TITILTITTTL T X TTTILTTTTILTIILTTV I, L2772 7777127770277 778,
12T TLNTITTNIITTL T T L TT27LTTILATRTLTIATTIBLLATIIL2727LT 777227228,
A eTITNNITLIIT7L T QLTI TTLTT22L 222 7LTTY 7, L 2C¢T2LATOTLTIOTTLIT22,
L7T7URTITILTTTTLT T 4D LTI TLTATILT2RTLGTT I8, 227210077270077022778B,
ATTTITLTIT LT AT LT T AT TTLT I TIATLT AT\ 7777172007071 07228
o/

DATA ((LICYON ‘IQJ'K)11=1|16)’J=272)’K=313) /
e2134121430214652147718:2154721613216132170284217612174522003220708,
e22V672061721572214568,213342072620377203418,202721755717355174558,
e211372124621505214228,2126421307215722173384217072200321557215218,
0215522120121 14221126B+211332123721346212778:212772126621241212148,
«2130221154211542112789211472120021174211536,210402066320713206638,
a20537202522017420502B89¢05342050062045620356849202252025220337203218
o/

ODATA ((LICYON (leJeK)gl=lyloded=393)4K=3,3) /

02464602 T75L0230502310689232722544723424233208,234522327023274233258,
022333123260230502206136+c2342215T72105020672B+20T73420361201172G0618,
02¢2542£555230562316409232352352124124243408,24340241032345023120b8,
el 665225712226522360092244142263122T713227208922T7412264022474223048,
0e231022302322701226038B92£6c06¢226352271322601684223432211621741216548,
e215%80£1440214612157128+2103021643216102154489214122142621461214408
o/

DATA (((ICYON (L13JeK)s1=1ls1l0) sd=4494)eK=3,3) /

22440524501 240642470009250692911025165252108,252352512424756247718,
0247524723244 702401 70 02340622245T722074214428921346211522114621313056,
02351 62405626500253408,2540025T70326203263638,26352260122516T246218,

309




0 lhi4 1242602373423 T7000¢40c024206249213441628924913623730623646234658,
024T740424670245322435UD92435024331241422410T3169237622350023323232228
e2316423237231412304<b923500T7230302306T2275509227112265122670227328
o/

DATA LUUICYON (14J09K)91=1,18)43J=595)9K=3,3) /
e31200312243120135314050932050317163150431426b9314363140431277310718,
e 306425032427 T042T72450926564c6¢342002025632B,2547525465¢5446255538,
«2T456277053005130161093052431036311033116609307653070730276301228,
021570213532 7314cT130B92677727001271752720468,272232714644272753004068,
e3L42631453513405063U093100030705306563051769304213050030604306208,
«3U560304573034230135584277542766027473272468,271632712427141272638
o/

DATA (((ICYON (LeJoeK)ol=1916)3J=6,6),4K=3,3) /
«35511395¢543514434721b934T0754621345143447404344163432134404341068,
«330c333353330203240646322T7T73177331417531327069312003122131103311758,
©331233307435073350338922774532702525603266689326303252732421323128,
e322133216432156321578,321625206032101320718,320163212332513327258,
e340763420234173340371893302033604336063535758+336203366134021341703,
«34303343033417034103B9337433302233462332578,331463316633157332168
o/

DATA (((ICYON (1lsJsK)9I=1,18)sd=1y1l)yK=494) /
AITTNATTITITYINTILTINTBHSLTTIT2 LTI XTI TLTVTIBL L7720 2770127271077 778,
LIV ONVRTTTILTTNITLTTTIBHATTITILRTTITILITITLTII T 70 LITITLT2T7LITI7177T778B,
edTTTTLTITTLTITIRLTNNIBLAITTTLATTTILRTTITL2TTTBLX 7792207221012 770711778,
SATTITIXATIINTTITLTITTB S LTTTTRIITTLTTTILTITTIBL L2771 077717772 L77718,
SLTTTTLTTTTLAT27270T 700 L7700 AT0LTRT9BL7TITLTITT7ILT77177T77B,
ATITILTTNTLT7TTL2T7IB, 12072020702 2X7702 777D L2772 L27T2L22T7L77 218
o/

OATA ((LICYON (1sueK)eI=1518)9u=2,2)9K=4,4) /
e214072150321447210511892150421425321474214T30b5214752155021643216350,
e215302145721465213258+21202207752057520455B,2060620537220540405018,
e213102145021564¢15275:1215122155021662217466,5,217512201421773216268,
«21577215712153521520092151521465215032153056,215552147721350212578,
0212512116021126210558421003211172125021236842125421270212177211736,
e207144¢077221043210475+210212104421036210435,210572104320655206708
o/

DATA (((ICYON (LedeR)sl=191l8)sd=343)eK=4s4) /
e23175231662322123247689233422533623233233008,5233732336023306233240,
e23170231152305122700oby2251722315217442157668+217262166221520211758,
024530¢2T7312320423.038,4232064£330225465236T08925704c364623505232328,
e25130¢311423040230458,235043230762310623065892305723012226552243518,
02¢T76012c66L2c5¢62240482247122571022721230010892300422676522605224743,
024.304222502230022400B92240592242422373223448+2¢3212227622232221658
o/

VDATA ((CICYON (1yJeK) 9I=1418)s0=444) yK=as4) /

0 24644247252417T7250130+2415372505532507525046484250462502024713246406
02448800401 5244TT24.0480924900223470230642272408,230572304422610223208,
«240052423124504250558 251 7102523325410255568+2567325532252202501 70,
e24T1122406T12465524T705892501024747246242452TB9244472436224247240638,
e245U3244002420724033092406624200242442422606924232242712415523734b
02361523572236422371T10923T9423717237062362089235722356123501234146
o/

DATA ((UICYON (I140eK)pl=131a)9J=5,5)yK=0,4) /
©344073150063157031740093201231724931611315648,3166031663315716314748,
e313443107130521301c4b9c?500271522074626526B,20.202577025747260378,
e 2T51 12751375507 T7578,3012630215302553030289303723044130446304506,
030356300332 7465274178+274935¢751127703302308,304723063030710306438,
e320525170231426314440931324312143112551063b:310435120531142313678,
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e313653142631444314508¢31345310703075330075b43306473050530423304058
o/

OATA (((ICYON (I9JeK)sl=1918):J26,30) 4yK=4y4) /
«356443561335527553778,353723530435223353408,353133517235053347518,
«345403427634025330078+332453324132361320729,315733132551204311748,
e3&T173.50243314733240Ub93337¢3351133566336618B,337143365733451332168,
«3307132731326413¢620093c6153270433034330728,331513325733417335778,
«35006023512335202352176,351133507135040350078,350323503335165352438,
e3544135562355TT7355548935520354673534135.138,350573471034723345568
./

DATA ((C(ICZON (LyuseK)p1l=1918),3=191)9eK=1y1) /
e233762244521603207560,177421064215026147348,141511342012722122578,
elzLzallT73114231125008,107124103011150211704b,117321177411776120436,
e11303213701127011446b69122301300615034155426,161161645516761174108,
e 1773020237200441T764709176011763420233206118,213533722335232562411728B,
e2271523371234022302T5923100242062447724702B,2500726467324624250378,
eiH161c51672525024T508 9<c45402454624465242228,240012353623264227368
o/

DATA ((UICZ20ON (19JsK)gI=1918)4J=252)9K=141) /
«<d3406224622172321041B4177341663315715147148,137501330412513121708,
«11667110431155210643B+107531115411241114018,115441163011662116628,
«11141112251132061141cb9120371322414645154138,157451636516746173668
«2004720372200311744T7b9174161761720112206778,214422234223234241338,
02650625421 2356023703b9240202421224351250318,251512513025016251248,
025107 22525325212251138425G4024656245072426684240032357623270227468
o/

DATA ({C(ICZUN (I9JeK)9I=1918)9d=393)yK=1y1) /
e233272254121674207170841772215657515663146218,136561312312432120138,
«11673116441100510414B8,105601076311141111628,112571146611411113523,
e111201120611260113538,117171203413672146240,154521617716704173508,
el7T723201301730621 76Ty MT2371723417703207218,2150522331231542374186
0221342332323 73324.550924414243042404T7012510184253642533325324253165,
e25423£535025¢3125067B,250202473524602243038,2404223606234032530148
o/

DATA (((ICZON (loJdsK)gl=191lb)yd=ay4)yK=1lyl) /

023344267521 766<016Tbs1lT767T16T6115750150376,137531321712370120508,
e11625115421003010311b5102161057110607106678,5,110551130011305114448,
«ll05511117112071013573+1102542277103273143046,152501613410726173430,
e 176702012317460173608,17240173171773120606B9213052207022766236548,
«22140e336023701242508 92440612464425056253358,254512551325563255308,

«25520254572536225171B42¢503024T7132461T7244168,241672374123500230638
o/

DATA ((LICZON (19JsK)yI=1418)39J=545),4K=1,1) /

0233502245921 7242106085201501713016124151778,14356136601500112354b
«110751157510725105136,10553105201072011106B8,1123611252112502117638,
el l@e4)l1563117701c24a06412557132731405714756891571416066417512201438,
02041 420400203522013109200231776217755202408,205552123522011225618,
e2c12T¢25T02324423T050,2460T7251712544125642B4256512561425574255440,
02541 12540705336453156,52523325111247442444308,242102375423474230438
o/

VATA (LUICZON (19JeK)el=19108)9Jd36,6),K=1,1) /
e2cT20cc5632c153.13038,4056617702:07001000289153141466714251134608,
e13300127001c65012400091c22712:0212247122528412256123421244112542B
el26864130411330613542b,91415214T7101544116051b9164321705717462177730,
e203L52051520512c05438 9c06372064320216200778,202722060021172216648,
e20234.2100226134£3250B192504624125241662431189444242453124545245348,
0 26547245252442124551092431062417124000236008,231142275522546223658
o/
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DATA ((CICZON (19J9K)gl=lylu)yd=1,y1)4K=2,2) /

e 2401125556224 T5215258:¢0645T1726510113150058,13774120341106021113268,
«1102510605105051013068,102211057311015111538,112511130111337114056,
el042410G443103664113089122041434716327172418,175702015020522203348,
e20554.00342074T20515091737317067620252206618921350221302c566233648,
e230312355523T7612355009¢3T740242632477725347B925573255432556725617168,
e2011020244926424c0355B3¢6041c56252534125006B,244402412223534232268
o/

DATA (((ICZON (1o JeK)sl=1918)9J=2+2)4K=242) /

024053230450 4352150489<U35T1122116101147766,9136761265711701112548,
«1l0754106451025507715064510100105441072511025B,111641113111157112708,
e lU34010402104701115609123221421616226171278,174642004117617201376,
e2U353¢0462205522002789v1741417745203312071459213772213722663233306,
e2302323525240065240568924237244522515525604B892575225T7642570325T438,
«20017201122034626250089200072554625345250418,245662423525616232728
./

DATA (((ICZON (I19JsK)9I=1318)90=343)9K=242) /

0314623226223 TUZ214508920323171771600314631B91:55221256411711112636,
«107001357010216077763,1003410533105001055784107231072510762110G308
«10307103361045211c448,12443140001557516522B41T71671765317377177748,
«2C330203762034017014p9175111776720321200518,212732176722562233268,
e2271512343724065244068929634c50522531625574B+260562610226130261458,
2262022626126261262006092606125733¢542125126B842401124277230462324TH
o/

DATA ((CICZON (lyeJdeK)el=1318)9d=4,4) 1K=2,2) /

0237103135223 1221426B9¢02441706515746147708,136431270211747112658,
e11117406241015010007b6+077771000010301103740,5105761066010736110448,
«lU317104111050414ic608912203136171512615754B8,165731740417156176063,
«201442020517455173650691763220015202502065089213522204022532232548
022741233462401024573692515725422255702573384260612624026327262668,
026325c6327202T7c61033926017c563025456251408,2461424266236732321066
o/

DATA (((ICZON (1yJeK)yI=1418)4J=545)4K=2,2) /
e23537220132204121434D892¢055417602104021542589144011344212625121458,
e1140511057106161043518,1U365105U51047710660b,110711111711215113718,
«110421116711371116316,12203127001345014272B8,152121607517043170148,
«20354203452014720.6589<05752045120576207458,4210772141022003225648,
0223002503623 7312440589¢5062254572573426132B8,2617326231¢6211262768,
e262364617326150257548:25530253142500524T701892449552412425510230428
o/

UATA (((ICZON (l1sJdeKlg1=1l,y18)9J=646)9K=2,42) /
e233462271122311c16776+21006202041740110451b,91506551501214217135338,
¢131071£552123051211089120211210112124120458,120011200512153123268,
«11604120261232212606189133151375314421151208,156261632616654172648,
«1773020316206562101¢8,21107421303215072162659214142136121705225078,
02100022313230072345T8:c400224470246372500689251152531325315252638,
e2952152514625052247550192452424320240722367689234042321622755224118
o/

DATA (((1CZON ‘l,dgl‘) 2 I=1518) 3d=191)9K=3,3) /
e24l0225315224222143109202121702415646144716,134101252411327105658,
«103411012207632074540+073000755.07610077468,103301046610040110408,
«076760760307635100036+10602122531411115224b,160141645217073174578,
e1772120032177533174440,170632021320557211708B,216272223122562231028,
023335237202404TcaU01T39241622646724525325123842632620657T726T743.T1738,
e2T72512730047347272538+2710126641262062550609251402443725766233238
o/

DATA (((ICZON (1eJsK)sl=1lel8)ed=292)9K=3,3) /
e2400425254424U521921By2030T1T11315036145245+134031235211410106778,
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«103061023710003074548,07¢4307340076401006618,102031047110537106568,
«070250750707634100178,100341226213704150658,1506651643610077173058,
' el76.42005T1 1570175718, 1775220245205702116768,2152322074¢2504227618,
{ e232552306524072.4156842440622501625531263228,266702701527101272248,
0273303273472 136621223B,¢6766264362614445007B,2525024546240472335068
o/

DATA (((1CZON (leJe)sl=1918)9J=3,3)+K=3,3) /
«240552324722314213350,2024317115156074145138,134001232711417107568,
«10534104071017307424b,07270070770740110064B,103071045610542106358,
«075570755G076131U074B,10U654120601336614427B,155131624716231171128,
«175306.0575176261T77458,200432032520616211568,214512200122347226648,
«2315352357524135244656,2500602544026057264228,2674627125272452172558,
e22200GL02742172617212340+26142264502010325553B,252052453724022233048
./

DATA (((ICLON (1yJeK)sI=lalb)yd=4y4),K=3,3) /
«23T711251302.¢1521243B8,201021700015575146058,135231244211635111648, i
«1072010656010146075418,072930742307623100038,1020110303104461003186,
«07565076140776310202B8,1070112172212701137228,150511563615726166368,
«l7412200362004020113b920300204732077021223B9214452171622243226368, |
«c3055234742424424762b9c54512605426366266118,267432710027274273558,
«2T140327324270662T712489¢6710264052610525570092515124450257602320178

V4

DATA (((ICZON (I1sJeK)2I=1918)9d=595)+K=3,3) /
«2344222640622002212108,203431743016550153036,142551535612531120378, ]
«1143311012104511010728,101521013710246103456,105331066611012111528,
«16243103341U516110478,11232612173412347131708,142041510115767165648, }
«1734620000203732U6558,2105621221213262140489215422167222103224618, i

el 2213233262421324050092532125707262562606600B,267202704T727162272318,
«2T142.701126570c63158926003456322534725045B,245052414023504230068
o/

DATA ((SICZ0ON (I19JeK),I=1,18)9J=090)4K=3,3) /
0231642254222204214048920751201031732416477B5150411501614164135158,
«13151125611231012U4784117271107061172011712b,1160641173012045122528,
el1341114751164612141B,1240661305513543141716,150041550316174166468,
el72141772520353207308+211712142321600217028,217762210522502225748»
e2210422057235334523 7660924355246 702510625336B42553425654256662562178,
e255042544025333251338 32466944434292242401089235722324022743224018
o/

DATA (((ICZON (19JeK)9l=1,18)yd=191)yK=444) /
e23b6715c315222271212008,200631666015020145728,134741251411751115048,
«11161105671005407655840753550752007507073028+,074650755207646102028,
«0140407146107503100368,3107071204313414144418,152261572216424170228,
e 17252175301 77632042489205732060621144215018,221252200623062232428
el340523001257552400350424170245472511125502B+260103265432T074272568,
e 2T4402T5T6ZT53T72T45T84273362T031264462603119254312500024235235348
4

DATA (((ICZON (I43JeK)yI=1e18)49J32+2)yK=44y4) /

02312323101 22240213178420101107611502714530B,134701253512021115558,
ellc601076510374077760,0742507£7207262072263,073640746107601100618,
2 UT4210745407470100648510727120441330314321by1517115726163531660608,
«1720017521200332016608+2042120062421152214748,220752237322616230438,
E e2321c256002402624151B89244U724731253622612784265702707727304274756,
«e275012703427603275c5B9273912677726434260468,2546324T774.4311236108
f - /

DATA ((ULLUCLON (LleJeK)elh=1l9lad)yd=3493)9K=4,4) /
ee3T412506022156¢1c16t420100167751562314512b+135051251012U51110504,
ell15c11121210673101458,07434071630T071071408,072710740007652101228,

! e0744207460075531010589100011166415027137618,1475015522160711647408,

313




elT7125475502014102030789205102077321257215208,217562220522534227368,
e231412353124051243508924734253532575226333B,266652720527436275018,
e 2T5742702327601274130:27202267512635426002692543725003242012350628
o/

DATA (CVMIUCZON (I19JeK)pl=lelb)eJ=494) 9sK=4494) /

e 23670c303422112210708,177051666615664146378,136171270412225120G68,
eda7711136310712102218,075200721007120072056,072660743007631101478,
«015070754707616101106910650116171246413332B,143361525515621163418,
«170471754220233205668,207362112221331215518,217452227222665.30278,
0305523465241 172457584252122556026242265T708,270752731727460275508,
e27613527635275522T42T8:27177266472630425734B,253712472324164235408
o/

OATA (((ICZON (1,JeK)yI=1l310)03J=535)9K=434) /
e2302622206221441205458+170051662115616145228,135271266212020113318,
«1L5T5100620756T07366B,U0727407311073570746268,076351000210100102318,
«10513113231203412563089134041420714767155325+1630316677173671706608,
« LTTT5205412063721056892144321473216772215689222552257123037233258,
«221402336724036245106089251604567726337267408,271712733427374274378,
02732027 7427146266T08:2645226054255342521585297212435423732232508
o/

DATA (((ICZON (19JeK)gl=1lyli) ¢J=646)9K=434) /
«22531c206121356206058,20030172431640L415510B8,146041376013176125148,
e12056115121123410770B4106601062510644107043,110451124211410115328,
«e1a07711407117521¢53783913021135101+406614465B,151761554216243167478,
0 174512007120504210308,213632155322067222458,224252253722017230218,
0223752303423375231520924335247122523625475B9256572602326064260278,
e 200052574125601254T18,25255247752454T724254B,237312336322765223538
o/

DATA (((ICLDN(I,J,K)|I=lplbl'J=1’l)'K=191) /

1270720772129 721 00770, 1327722271 TTRILTATIBL,LTITL7702LT777177778B,

SATTRIATTTIILTVTTL T TIBLLTITATTILTVVTIXTITUIBLL27T7X77T207777172 718
Sl T7TTTXR27TAT7TX 1T 20 LT ATATTTILTTIIILTTTTBLLTTITLTTTI7LTTT717771B,
lTTTTLRTITLTTTILTTINIB LT TLTIITLTTITLTIT A6, 1272021727722 22177278
CLTTTTLDITTLTLT LT T T T LT 77197 TTL 7777277610772 TTT7L2T7T771 77778,
cLTTRLTTTILTI?TILTITAIBLYTTTILTTTILITITLTTTIBLLT2T7L22T217277L27277B
«/

DATA (((ICLON(L193sK)yI=1918)9Jd=252)K=1y1) /
e200421775017750177500,177752002220142201656,201742012420157201268
e2U156201522035120L5520452020T720217202006201533,200412003520067201166,
«202502020220157c01¢lps2c00060¢00442G020177458+4176601762017620176408,
«elT770317601176531757684,1763517734202162044284205742054423473205228,
«2U52620307200602G06589203202037420304203148,205032032620263201628,
e20102£00342002420062B92012520175201036200138,177331761317055177010
o/

CATA (((ICLON(LyJsK)eI=1ly18)9J=34923)9K=1,1) /
el774420603320040200468,200732013220212202068,202242023720342204508,
«2042020501207402072483420542204032031520252B9202232017220204202008,
«20392203372031620270089202122016020042177148B9175771751617502174718,
el74541747717064177578,200672025520543211078,212032124221210211778,
e21U232055120464204540920501205702062520606b+206072060220537204728,
«2034320226201512030056420517203402024620204B8,201212002017756177318
o/

DATA (((CICLIN(LyJdogK)2I=19181)49d=494)¢K=1yl1l) /
02007620613520152201708520100201312006120067689202272037420467205328,
«20604c0705210402075589206102040120323202438,202252022120205201408,
e2C307c04442044520350094027120234200711763009175341752217445174518,
e l7451175421775720140b+203472057520777214176,214772150321455213618,
e21150410562107121074042141264113721110210658,21111210072100321C178,

314




e2007520523204452043209203772042220415203508,203212024620153201028
o/

DATA (((ICLON(L2J9K)31=1,18)9J=5,5),K=141) /

e 203T5205332C5662041084+c0451¢0043203606204438,204172052023610210048,
«21061210402111521073B8,20706c05222034320232B,202062024020200201158,
e20337203:5203222021734202032022020162201018,201032007720137201748,
«201752035720421c05T72B:,207602122221505216458,9221472240422553225618,
ek eV 4czb4T22604224350922173222144222122235B,222372222724176221478,
02000 2033217722163.89215012137121257211436,210332071420634205718
o/

DATA ((CICLONCL 9oy K)pl=_318)93=696)4K=1,y1) /
e21566£144T7¢1421214638,¢12212106720701207338,206732070520763210408,
0211432110021 12221067852101020705200022052368,204072031720252201676,
«2042420510205432053769205002U44620445205030,205232054220600206578,
«207162104521221213558,421521217012212422423B89226232301723224232748,
0236523573234 710234944489255332325325252232128,231672317023161232168,
e2310023104230432271550922637¢254022445223200,221552211122015217568
./

DATA (((ICLONCIyJoK)pI=1918)9d=d9l)eK=24,2) /
CLTTITLITTTILINTTITLT TS LITTTLTITTTLITTITLTIVTIBLL 202717277127 771077778,
CLTITTNRTTIL7TTLTTTU ST TILTTTTLTTRTILTT778 127271077713 777127778
SATTTTNTVTTLITIALT AT AT TRLTTTALITA7LITTIB5 1277710727177 TTL77 7718,
ATV TIRTLTG T 2020207272221 0077100T B, 1222702727077 2712771718,
SATTIT1IT7TNTTTIL?7DNB o LIT T LTTTULITTILTIITIB L7227 T277LTI0T7007T778,
ATITTLINTIRVTTTLIT 0L 02 270712777, 072771277 717217177 718
o/

DATA (((ICLUN(I 1JeK)91=1918)33=2492)K=292) 7/
«200041775320000177668y200042007620147201558,201462010520172201078,
e201T7201012025040253892017120011177341774058,177532000320025200538,
«202032021520174177518,20007200102002520033B,1773717743147621176108,
e17525117161517624176558,2000720072202222046785206012060720546205538,
«c04132056020160201058,20102201042016320222b6,202342026320263201548,
«2006T7200552005020074B82201112010120055200058,177261773417725177368
o/

DATA ((CICLON(I sJeK)el=1918)9Jd=393)sK=2,2) /
«200312006220131201038+200532013620115201278,201452021220323204348B,
«2051420461204102027158,201672005320004200218+200252005320077200668,
e203462040220434201108,202202020020156201248,200201776417511174478,
«175551772220035¢20166842033423642206502113385212302120621157212108,
«211322071620466203358,203252034520431205048,205252050620450203558
e2026Tcu242200i7620¢158,202352022220165201258,201152006020042200418
o/

DATA (((ICLON(IJsK)g1I=1s18)9J=094)sK=24+2) /
020214202222004T7203078,20256202002021620164B92010662031320453205518,
e206132060420514c050789202222011220032200318,200672012420132201008,
e 203742045620503203668+205162044520375202578,2011620020176421756¢8,
«177002005120315204648,205752100021222213578,214732151121453214168,
«2153521276421071207338920605c067420754207638,210012077220713206638,
«20567¢045420300203338,203522035620336203318,2032642027420247202448
o/

DATA (((ICLON(IL JsR)3I=1,y18)4d=595)eK=292) /
«207232007020032200000+205012055220544205308,205362067720704207458,
«21036210623210002065UB,4205072030120150200738,2012620207202132021068,
020444205402057120551b920535205202045620446b92043720446204061204558,
«204522054T721013211138,5212672145521040220008,221212217122321224308,
e2305422T730224102¢220081922c1422237222426222248922241222302.,156221108,
0220252177021 712215778,215152142521320211668,210512100621045210458
o/
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DATA ((UICLONCI sJaR)p1=0918)436196)3K=292) /7
02202021733216512150089215072144721335213106,212432122621242213258,
e213562134321525212028+210752075420664206338,206002054420510204408,
02071 7¢1024210512105084210312104121051211008,2112521170¢1231212738,
edh3062244T021062121762042207622227223542244489225242270523053231468,
0235402354423501234438,52355523203231602321162232272320623174231728,
e2315T72¢3135230T4230c4092274122675225552241652222632216422147221428
o/

DATA C(UCLCLON(L2JdsK)y1=1318)9Jd=191)9K=3,3) /

LTIV ITTTATTITILTITBSLTTTILTITTLOTTILTITIBL722ALTI79LTIT2TLIT T
SLTITTTLITTTLITTILTNATD ATV TLTITRILIT T L2721 22TTLTTTTL9T778,
SLTITRNLTTTTLVRTTLT T I TP TTLTTTRLTITUTLTITTGLL 2771722777710 718,
cLTTITLTITTTLIITTL T T T LTTTTLIIPTLITTAILTIIDIBSLTTI7LT2TTLTT2TATITT7TB,
SLTTTILTINTLITITLITITTELATTITLITTALOTRTLTTTIBLLTT77122 7712777177778,
CLITTTLARTTTLTTTITL TN IO M ITTTLTITILTITILTTTTIBLLTI27L 7772102777277 778
o/

DATA (((ICLON(LyJeK)sI=1,18)9J=292)eK=3,43) /
«20036200222003220045B+20065201272015320176B,201772024220264202708,
«202602020220171202018,+20130200672007020063B+9200572006120073201116,
«2024720312202752012685201462013320127200718,200202002417720177518,
«177511776220137202148,202742035120471206008,206052056720516204518,
«205612021520122200018,200022001220u7520170B,202222021126201201638,
«201442010720030400548,200202002320031200208,177461776317752177618
o/

DATA ((UICLONEIJsK)el=1y16)9J=343)9K=3,4,3) /
«201422017220175201456,202252030120303202748,203252036420413204278,
«20437203612032T7¢050U1892020020G17520074200718,201152012020112201208,
e204522053120555203 6489 204202044320373202758,201712010717742177458,
«20027.0G1350356205048,20634¢074421110212138,212732126021155210178,
«20761205302054720244b92021020¢432033520424B,204742050220462204608,
«2042520336420241202116,201552015620127201138,200622006120071200628
o/

DATA (((ICLON(IsJ9R)s1=1918)9J=ayst) yK=3,3) /
02032220335203642055489203742041520414203523,204212047520536205648,
e205T742054520555c0425B,20333020720120200548,200702010720123201738,
«205462061520637207038,206012006720552204518,203332025220137201008,
020261203652053T72075284+211352134021461215438,216112154121454213508,
e21313c110120712205758,2055520575206452072084207672101220773207418,
0206722001320462203668920337203122G27620255B,202442023520240202358
o/

DATA ((UACLON(l9u9eK)eI=1918)9J=545)yK=3,3) 7/
02115321134211502110085¢11542111621043207766,210022106021051210458,
«210472101520732200278,204402031720231201448,201122014020163202268,
«200622207132071620704069207452077020742207128,207052071220660207228B,
e2l015211272124521345B,21470216412201622117B,221552223222274223678,
02290 12245722422221503,221542217122215222378,222362223322200221538,
0221212203721 743216358,21521214112132021213B,211312110621075211078
o/

DATA (((ICLON(IyJsK)pI=1plb)eJd=096)3K=3,3) /
022:54421122204T7220¢00,5216732161721550214468,214122140021451214378,
e214106213422126321172B,410552071220623205776,205642055220543205348,
02i20121024121245212400,2024024025321254213028,213302135021413215038,
e2150121044217512200480222072230622420225348,225672260722723227608,
«233052330723¢562320U2B192312223126231572316684231622313223114231158,
0230704304522 75522T058 9220542257522455223268,222322213422061220428
o/

OATA (((ICLON(IyJeK)el=1418)9Jd=lpl)eK=4,44) /

S ATTTIRTTIINTTITIL I M0 LTI AN TTLTTITLTITTOLATITTLTOTTLTIRTITLTT 7T,
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SATTTTLTTINRTTIRTLTITTI8 XTI T RN AXTTTTLTTT06LTTTTL2TTTLT0TLTT T8
LTI ILITTTLTTTRLTTTUR oL INITLTTTTLITTITLTITABLAITITLTI?TI7LTTVTLTITO,
« V722072770020 11TT0 1014072200 2LTTRTLTITI TG L7720 72T2LTTITLTTTT8,
SLTTFLTTRTLTTILTT0IB ATV TRILTTTTLTTTTLITTTBLLITTTLTIRILTTTTLTT2,
LTTTILTTT7LTT0TL T 4TOLITT2L22L 2722027770 2277712707227 7207277B
«/

DATA (HCICLON(IsJoeK)3I=1y18)43J=292)2K=434) /
«2007620L742007320071B9201172015120145201678,4201572021020215201728,
«2012120102201334017¢6:20121200402001017755B,200272004720055201028,
«20220202642026520132B8,20176201T77201762016689201552014720130201078,
«201372017220241203 04520332203772044020502B+205172051720450204028,
«2G2732020320107200538,200102002520052201128,201412013720156202118,
«2020620170201322011155200542004420036200518,200602006020022200258
o/

OATA (((ICLUNCILsJdeK)yl=1l918)9eJ=3493)9K=4,44) /
e202.620216c0607202148920£722031220312203040,5203412041620421203528,
0202742023420233¢027289202202015020063200538,201012010320127201438,
«2036720643220457203258920373203542034720336B8,203152027620204202138,
0202072055120437205378,¢06372071520777210608,211302114021065207478,
e20626c04672036120304B8420233202352027520537B,204152046020514205328,
«204752042520336203058,9202512023520215202178,202072017320155201508
o/

DATA ((ULICLONLI,J9K)»1=1318)9d=a94)sK=4494) / .
«20373203722030620372b,204002045020442204228,205052056020551205008,
e204072044020462203738,203062023520146201368,5,201512015320153201748B,
e20510205312055420553B,205662055420540205148,205042045020356204168,
e 204742056520664207118,211312127121355214448,215122150521427213038,
e21157210212066720004b,205412055420600206208,206552074121013210268,
«20761206432056520523842046220426204052036389203472033420323203118
o/

DATA ((C(ICLONUI2JoeK)sl=lylB)9d=595)9K=4y4) /
021231212512125421¢1T8,213172134141247212448,212652127221275212638,
e240237211462102520707b6+2000420467204202033508,202722025620264202578,
e2067220T74721025210T748+211242113721126211418,211662117621233212628,
e21214212472133621453b92157521726221072232689224452250322475224117B,
e2245222326221662213009220752205722044220748,221042214122145221778,
022204221542213022061B8,2170721660215332145489213722132121264212518
o/

DATA ((CICLON(L yJ oK) pIl=lyi8)J=0,6)9K=494) /
e222063224322223221061022115220342170621754B9217572174421725216658,
e21576214T421404212658,9211452123220740206371+205402047420454204658,
021152.1146222072124509213242140021444215140+215512160721633216538,
021 T54220042206T72215689222TT224432260022676B+227722305223126231438,
02330 725267232462323¢0923211233423260232618,232672326423256232508,
0232642323323211234318,23053230172274222642392254122451223002231178
o/

DATA (((ICMON(IyJsK)yI=1l9lB)ed=1lallsK=1lel) /
«205232061320660207148207402077521034210778,212072123021326215768,
0015912222300 423518,4,222062200421724216138,216352160621516213408,
«20716205772047220401B8,203321771116775160308,155131535715205152264,
e1515115054146Tc14513891440214946614213141758,1422414245143651456448,
e15465160201640110721bs171751753320156205508+2106321371216312160638,
02175024054221112223189222232210621743216048,214072120621040206558
o/

CATA ((LICMON(I,09R)9I=1p18)9J=cs2)9K=1yl) /
«205102000520640207030,207522075421000210648,4211702134521437215368,
el L T14522121222104223564¢21U322020217322165289216302157321416213178,
«2U763206162045160330802021061767707003160455,155431537415304152218,
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«15157150531462T7T1440481430414164141301405369141011416414343146318,
el1547416003163171060684172351756220165204728,210112132221552216708,
020 1542202522116221656922132220422172721570B8,213752122420765206143
o/

DATA (((ICMON(IsJ9K)el=1916)9d=343)9K=1yl1) /
e200621c05612060520043b,207302101121122211778,212432136021577220028,
«22015c1764220162177308,217172064221647210622b9216232155221435213218,
«2Q0707205662037220201B4y1773017423106064161668,156651546215332152268,
e191401501014520143218,14204140201374413733B,140261417214411147648,
e1545315750161241644T5+17040175132016020433B,207072114421372215348,
«2h065322006221332205009220352175421665215518,2142T72127521042207668
o/

DATA (LOICMONLIJsK)yI=1s18)9d=494)9K=1y1) 7/
«206034U53520565L06448,207642105521137211248492125121537421644220348,
«221032177122041220158+2175121021216032162259210062147321414212758,
«206412040320240177308,1747417147106612162358,157701557315425153023,
ed515115G021445214274591407513714136411307289137721421014444150418,
«15406155521004516432b217040174452003220341B8,206152105421233213508,
«2152721644¢1T70421751B,21706216642162221514B9214172126021063210358
o/

DATA (((ICMON(L9JsK)31I=1918)9J=515)3K=141) 7/
e2047720516205452056TB,20631210032110021241B,214432154221660417478,
022062221302177121651B84,2165021606214262135569212742116321027206328,
«200643203612010517615b4,17270170511663316422B8,162021602515620154368,
el152.61473T1434414c44045142151415115T76313701B9137251411514416146658,
«1523315565106136104c5041665110721517577201328,203542053520667207628,
ellll1cdl20721211213158,¢134521323213121212228,9211342107020760207508
«/

DATA (((ICMON(I3JyK)eI=1y18)sJd=636)eK=1el) /
«c030020156¢0114201656 3204462060320740210728,211512122721366212628,
e2163121672216362101089215342143521362212748521177210T7620723205348,
« 2047420231 T14T7174750,1T262170751065716432B,161711576715543153638,
«15171104755146031451uUBy14467144561443T7144578,145601466015010152418,
el1544115703162151660009471011734617535177558,201542024220265204078,
«205172061220650207126,207222073020742207258,206402061120566205368
o/

DATA ((CICMON(I,uyK)eI=ls16)sJd=Lel)eK=292) /
«207002062020701210270,21132212072130721413045214502146221451215048,
«215042157621601216048,215362154721533215618+2160721035216432157158,
e212762112421004213428920732200461674616006B,4153051406414434145368,
el4516164425143441423564141751411514066140018,141201435614422147348,
el15£52156011621210704891721317463200512040368,210522144321773222038,
022222c2217222122¢¢T1689¢2271222012204221667B+215372140221214210458
o/

DATA ({(LICMON(LoJsK)el=lylB)yJd=2,2)eK=2,2) 7/
e2UT25067420755c1034b,211142110521263214548+215772155321601216058,
0215652151221501215258+2152621530215342150418:,216142163221612214768,
021c602106220760212778,20641177021671610075B8+153311467514723146318,
e145561441514277141408,141151405414012137758,141221433414460147408,
el9c161562116162466078,171121745020014203658,207772143021753221428,
022213222302226122:.4589222742217522075217158,21544213722121621061783
o/

OATA (((ICMON(TI339K)9e1=1518)9J=3,43)9K=2,42) /
el0P70c0713207642105184211352122521352215178,216452170722045220338,
02l Tc1clb61laT6¢143)0,214T72215T42cl614216518,2165321617¢1525214168,
0211120724¢05572117008,203271074201664216153B,154141502715067147726,
e 1465224452142 T72141208444041137T741375013767B+141231430614520147508,
e15167150111614216372By16653172751T77442034409207332134421056220178,
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e220522212422256222318+221602213022027217006+215402135521247211738
o/

DATA (((ICMON(IyusK)s1=1918)9Jd=494)9K=242) /
«2100320757¢UT77021051B892121321526214412152564216172173622070221456,
022¢0302162421557214556+214242152521627:.16308,216152154122442213048,
e207772050720232207558,200311730616606161608,155161516015230150718,
21472014463141701404554140101373113740137568+140661423414471151128,
e15164156061604316216B165321712317546202178,205752106121426216278,
e21744217342215122200b9221302205421773216408,215032134421263212178
o/

UDATA C((C(ICMON(LI3J9K) s I=1918)09J=595),K=242) /
e2101721036421074210718,21102211442120621403B,215562176222033220628,
e2¢01L72173721672215608,21512214002137121334B,212612115421051206768,
«20T720203T742011217566D917¢541T70200652716276B4160211560515431152568B,
«150511455414314142156:141651421514221142206491423714347145321477178,
«1515515517160021624509165021706417433177208,202172037520546207738,
e2l1l36¢lz6241324214358421477215032142421304B5212522124321241212578
o/

DATA ((C(ICMON(I9JosK)9I=1918)3J0=696)9K=242) /
«204732054520541206050492070720771210452120484213172143521571216538,
«217052164321553214766:21443213612127421206892105620726205602035606
«20533202642004417603845173171704716617163618,161261565515420152138,
e150751474714624145410914512144TT145271462384150101515315272154668,
«155061575316227165228,167041722217446176248,1772720147203035203708,
«20512c0604206472072508,2074420761210612210238,210162101121021210478
o/

DATA (((ICMON(19sJeK)eI=1918)sJ=1lyl)eK=3,3) /
e2127321033121452215708,21T7T01217622177321770B,217632201422033217678,
e217262172021717216758+216462164521610215648,215742163721633215348,
e21136£06772047320206B9175361711016373156478,152561500114552144368,
el43401414113725137448,137421370513717157736:+141351437414701152208,
e 1540315734106276107338,17227174511773720265B,20633212212i621220308,
«221552222322173222370922255%2217622076217218+215762145721333212008
o/

DATA (U(ICMON(I9JsK)si=1918)9J=2¢2)¢K=3,:3) /
e213042133421441215518+216532171521755220068,220612206522116221178B,
02c075217542105721657182166421050216012154789215352161721577214618,
«2106012056120374202268+17404170211631515652B,152361500214627145368,
«14400142331400713766b91375713741137541402785141631436214661152158,
«15401157241630416675b3171071736517657201746,206052124421616220238,
022131222542226022265842231622263221322176585215522141521300211668
o/

DATA (((ICMON(LyJsK)el=1y18)sJ=393)4K=3,3) /
«213052132021430215478,216422171222001220508,220632211222200222018B,
022107217612162121641B+21642215322162321564B,215762162121547214128,
«206742036020104203130917325166761627515657B,152441501514730146078,
«145001432214013£57258913701136751373714061B,141701441414702152278,
«153461513416240164740916657171551752720126B8,204522106221464217408,
022124422522232722301B9222722216%522071217278+215532141321340212458
o/

DATA (((ICMON(I9JsK)eI=lyl8)yJU=494) K=3,3) /
ed12TT¢135521427415366,21674¢177322041220078,220272211722204222358,
e221352176¢£165321625385216052156121543215268,215332153421441212558,
e20531c0157176172003104171711656016431157248,153651513315073147468,
ele546143401404613724259136301363313730140718,142421447114713151748,
«153771571316126010274b9105031703617410200208,204232074721323216208,
e220302¢245223002224389221052212122003217028,215632144121342213108
o/
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DATA (((ICMON(IL,JsKIe1=1y18)9J=595)eK=3,3) /

e2102234132021450214438 9¢145024501215422163454217642204622076220528,
0220142174621654216006b92147621421213255:124484212302116721046207028,
«203332C01017475171750916652163551600615T704B4,155471535415127147428,
e l45%461456714213141126+141221414014213143078,143671453314751151546,
«193231563116004162578,165211LT70301732217636B8,201472042220757211718,
0214152157621 70421741B,2165121531721477213658,215132132421330213378
o/
DATA ((‘ICHUN(I'J.K)91=1'1&)'J=616)0K=3'3) /
2 206342072620727211115,214612117321252213558,21412214762157021601b,
e21621215452147721411B¢213502130321224211238:210112065420476202718,
020265200031 753517<74B9270371660216374161628,157501555415355151478,
elaT12149633145551459156,145201453514017147058,150451523515405156118,
«156431007116335165756+9170161721417413175748,177432010220254204268,
e 206062070020 7412100062103221050210522106185210742107221100211168
4

DATA (CQICMON{I,J9K)yI=1918)9Jd=1l3l)sK=4,4) /

0215112160521 727220168922056220342175721T07B,2164521624216052155158,
«2256121010216512106105,210422163421601215538,2152721531c1457¢14178,
e2101120506720450200258917474170341631115550B4152001463714450142778,
e142201411613742136200+135721361113713140218B,14176144341474215300608,
e155621611416444170226,17245174611766020077b,203212061021100214158,
e2124322100222562.344892237422342¢250522161892202421612210467213218
./

DATA ((C(ICMON(L1y3JsK)sI=1e1i8)ed=2+2)eK=444) /
e2151221601217242201409,220122201222003216568921720216732167121643B,
e21620215T742155121556b921612216502162121575B8+215602154221430213548,
«20727¢051220365200718+17422107711632215570B,152011465314456143768,
el4510141411377715642b3136171365513735140446,142111446014773153018,
e1555416062164261673409171c4173331755117751B,202462056221055214048,
0280702205742 2222232¢08922345225362224T7221168B,217742162021435213318
o/

CATA (LCICMONCL2J9K) 3 I=1y18)9J=343)9K=494) /
«215132156621666<£17750,21T702177622016220156,21T442173721762217258,
e2163321606215162152089215762164221607215708,2153721451213702123178,
«206102053020125202530+1737116747163171562085152271473514557144738,
e 434714213140624570489135771300213707140358,1492131445214741152708,
e155451605310347106070+167351714117420177235,201672046221014213578,
«210650220532220022cT7289223152220622216422043D09217342157221456213228
o/

DATA ((ULICMON(I3J9K)2I=1y18)30=494) yK=4y4) /
«214152150421605220140,22125221212205722007B,217512200121777217558,
ecl614cl53341525¢1506D9c15222160121570215108,213722134021240211478,
ecUB04culal 1762517650810 727716065716273157058,1530015005146T74145448,
el®3701422214056413T72UB9126071357115703140358,142251444614T01152318,
el555710050162701043¢041601517C4417313176218,401252040720714212558,
el 15092010221 4322483¢89222522222222107220100,217012156521440213408
o/

DATA (((ICMONCLyJoK)pi=loylB)pJ=995) oK=4ya) /7
e2L40121535215610216040+9¢162621043216522172509217622201322002217608,
0cgU0321TT0217332106384c1575215242144521370B9213132126721227211648,
e212112077420507401340517510170741650016125B4155241515314567143356,
«140731404313750136718,13054157321374314073B,140601425614476150018,
e1520015576160L06101725¢104071050717025173158,175562007420353206428,
021041a13022146441000892106T7.1060312154321545B8,215272151521512215218
o/

OATA (((ICMON(LoJeK)yl=ly1B)dm0e96)sK=4,4) /
e21 100 ¢2165212672135309213760¢137321413214628,2151221527215322155068,
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e21574215522153321513892143321546212602117268+211152102220724206328,
«20534203272011017656B849173451674T1645116146B,16U041542315207150338,
el6666145461444414375b914423143721442314514B8,146101476615164154148,
e155661602316205164436,1606371702717221174108,175601725420125202578,
«2042120561206632070008:210622116021202212248,2127721322213262136158
o/

DATA (((ICNON(IsJ9aK)»1I=1p18)9Jd=1,y1)eK=1,y1) /
CATTTRLTTTILIRTITATTITIBHATTTTLTITI7ILRTIVTLTTITTE,LTTTTLTITTTLTITTILT7T7B
CATTITATITITLITRTTILTTTIIB LTI TLTTTI NI TTITLTT2TBSLITTITLTTITTLTTTIT1T77778,
S TTPILTTTTRATTTLITTIB WL TTTILTTITLITT LTI 7B 2777177022172 071272778,
ATTTTRTII7L0077L 070009207721 07022 70772777891 22701777722T7771077778
S lT7TRTLTIIIINTTTTLTT 270172721 TTTTL 2D TXTTT 70,1771 T727LT7270T72778,
S 7727222770 T7771T 00T L7 TLTTT2LTRTLTTTTBH12TT L2707 270T77 78
4

DATA (CCICNON(IyJsK)sI=1918)9Jd=292)3K=1y1) /
e20215¢C1742017120222B920214201672021720265B9203072024620313203328,
«203072025720176200508 17774177221 760601750265175361760417637177068,
« 17030177101 772617762B9200152004620065200748,201152012420131201268,
«201072005720036201518,201272011320135201348+,200622005420047177668,
«177232000220023200506,200512010720074200138,177451774217677177118,
«17660176711776020057892005320051200632003785200361777720061201438
o/

DATA (L(ICNON(LyJeK)91=1913)3Jd=393)9K=1yl) 7/
«2040620415204052043089204322045020470205208,205542053420565205678,
«206052067320301202048,201201777517707176338,5176331772417673177048,
«177021772317740177708,20054201412022320245B8,202552026020255202428,
e2020320154¢0140201518,201132007720124201568,201432010620066177728,
«177372007420200202218+20243¢c023420170200528,177771774217707176678,
«l76731773120030200478,201052012320155201608,201532017220271203458
o/

DATA (({ICNONC(13JdeK)pI=lyl8)yJd=bs4)sK=l,el) 7/
«20611206032060320634H,2064720667207102075085,220032075321004210068,
ecUT022056T720461203534B,202742013720036200078,177762000120000200078,
«17765200022001620055B849201462024120336204008,204142041020401203428,
020275202242020720167B,201342013520167201608,202022017520132200738,
«20105202502033120334D9203532034420173201048,200522004220014177748,
«1770020037201132016169202202025120270203108,203332035020432205368
o/ ’

OATA ((({ICNUN(I U 9K} 9I=1,18)5d=935)9K=1yl) /
0214202145121450¢15018+214742147121443214418,214602147621507214178,
e2130121175210722074713,406522063720611205718,205452047120471204028,
e20U41120405204132041409204312047320504205008,+204652045220460204708,
«2050120414205532032184¢030420270202512026184203072034420452205408,
«20411c046120542205258920464204742045420445B,20443204645320456004558,
«20530205672001220650b,207302100321057211238,211322117621511213778
o/

DATA (((LICNON(IsJeK)el=1lyLlu)doJ=0696)yK=1yl) /
«2207122155222052210608,22062220002200321667T5,217032173121732216578,
«215112147221432213750+213422130421261212628,212672127121245212238,
e 2072540754 20767<¢015089c073320T0520665206248,205762054420510204648,
e 20407204222041420415842041520426204644204348,2045020501205532061138,
2c05402055320567206358,207202073420751207708,210242110121207212368,
021257212 732132621351b+204122145621520216028,217162175522007220428
o/

VATA ((CLICNON(I3JoK)sI=1y28)eu=1y1)4K=2,2) 7/
AVTTTLIITITLTAVITLTIT IO LTTITLTTTRL2VTTLATV7BL, L2722 072727777127078,
LT RTTLIIINTITIBGAT777LTT7T21277T1TIT7 T8, 1727717777027 77277278,
«l7727077774077 71477700, L2177 TTTITLRTT I8 12TV I0TTLTTTT1221B,
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SALTITTRTTVITLATT LTI 70 L0790 LT 27X ATTTLT4TIT B 0270207777077 771072778,

LT RIITLIIIILTUUUB A TTITTLTTNILTTTTLTIT 2,0 T227)202202277077778, :
SLTTTNTTINLTTITITL VT UL TLATITLTTTITLTIT TG, L2277 2772027071 20778

o/

DATA ((UICNON(I,J9K)9pl=lyld)eJd=252)9K=242) /
02021020214202052021B8920236202102017520205B,202212025620223202328,
«20207202052013120106564177671077071766117637b,1766317702177131775186,

e 176771077461 77762CG036b$201022012420116201158,201042006720207201758,
«2015320104201012011389200522006720070200138,200142002220016177528,
«197512000720062200758,201002006120017177638,17740177301L7727177238, '
«lTTL5077461773126G0238,20060201002007120070842005520060120076201208 i
o/ -

DATA (((ICNON(I1sJsK)y1=1318)9J=393)eK=2492) /
«20400204934204452044T8920461204372046020435b5,204552042020427203768, i
«2U3632032620232201668+2012520031177641773008,1775517722177061T77638, c
«177652000720045¢0116B92010420242202752030784202472020620417203648, !
020c742014720063201378,200732010320067200338,200122001720016177558,
«1777102010520234202358,9202212012520025200018,177531774117715176758,

e« 17T061775120056204238,2015220203202152021585202162023220256203213

o/

DATA ((CICNON(IsJueK)gI=lyl8)gdsera)sK=g,2) /
«206142064520054206758,20664206632063120646B,206762065520634206138,
«205312045520412203178,2022520161200702004689200452004320037200718, 4
«2013420G13320136202006,2026020350204152045364204412041220547205048,
«203552023020131201258,20130201212011120103B,200652005320061200758,
«2004520266205642054739202T7620173201462011465,200632003220011177678, ;
«17775200362015420265B,203032033620367203758,204052042620450205118 ‘]
o/

DATA (((ICNON(IyJeK)el=191819J=595)9K=2,2) 7/ .
«214272144321450214418:215152150021413214438,214272137621375213338,
e21230211772110421011b,207272¢070020656206428+206462063720642206458, b
«20557205432054520565B920570¢062120055206508,206372063320615205708, J
ecU52620464203622C3408,2032T7¢047320256202518,202522025420323204618,
«205062055420561205%433:205572055520541205408,205412053620527205418,
«205602062020663207LTB,20770210412107T7211378+2112662122721301213528
o/

DATA ((LICNON(I3JsK)I=1s18)9J=096)sK=2,2) /
«2205324065220662203489220572203322003217168,217102172521740216668,
0216212154421473214508,42145521407213762137784213712136021531213158,
220434200612105621031489210452102420776207538,207572071320027206138,
«2057020570205512052068920516205152047120455B89205132054120560206128,

e 2065520UT72420T65210)0165c10522106421067211008921127211642122121311b,
«2135421376214232145081221403215072154121566B,216652171321754217658
o/

DATA ((CICNON(LsJoR)pi=1918)9Jd=Lsl)yK=3,3) /

CLTTP LTV TTLTTTILVTRUIBLPTTILITVTLTTUTATITIB L TCTTLTTTITLTT77227776,
dTITIATVTTLITTITLTTVTO LT ITTAT T AL TTATLATTT T2 7279717777197,
SATTTITLTTTITLTTTTLTTTUBLLITITLTTTALITRTILTIIT I LTT2TLTTI2LTT 7707778 ;
X772 202722777L 7027777127701 0277120770, 1 727712277177 77177728B, ’
LTI RTILNTTTTLTTNIB L LTTTTLTITVTLITATILTTTIBLO?77LITTILT277270278,
1T NI T 2P0 L TTTTLTTTTILITITLITTIBLL 727717727172 2727777728
o/

UATA ((CICNON(IsJeK)sl=1y18190=242)9K=3,3) /
2202412023520£3520230B8:2023220212016420157B920102020120200202343,
e20247202522044020225B4202252013120077200558,200401775117720177358,
e20034c002520092200748,2U110201442010T720£2689202352016320236202258,
«2017320156201042005109200232001620007177728B,177621776417770177738,
e1775420032200060201046420121201332013520075B8,200302001420024200276

322 '




«200222001220042201316,201322012120127<01218,201152010420113201 268
o/

DATA ((LICNON(LyJsK)yI=1y18)9J=393),K=3,3) /
22U4370044420443204248,204142040120367203538,204022035520366203658,
«204002041420364203065b09203542045120154201118,201242005320015200148,
«2000272010320123201468,20230203222037220450B4204742043220472204168,
«2053502027220144201158,¢006220061200322000584177701777220014200278,
«200002016720¢30202568,202772026320251202038,2012320101¢0067200548,
«20071201032016520242b,203022030220305203068,203012030020504203178
o/

DATA (C(CICNUON(L2JsK) o I=lolE)ed=a94)9K=3,3) /

e 2067 32060720672200018,206402061420567206058,206052060520576205758,
«205652055420526205000,204532034220271202158,201762014320133201518,
0e2021720221202512027184203672045120527205708,206422066020630205578,
e 209¢5205377202652017089201462012120075200528,200452005420113201028,

«201042031720415204248920440204102032120306B85,20c412020220171201748,
«2021220253203252037081,204242045420475205008,204732047220474204768
o/

DATA (((ICNON(ILsJeK) s I=1318)9Jd=5,5)9K=3,3) 7/
0214502145721433214478,21902214172136421347B,213552131621303212628,
«21232212052115121101704+21044210142077320754B8,207342072320710207008,
0 206042064220L0532066009c07222075420755.07708,207722077520771207438,
«20b653.056720521204448,204072036420341203158,203112025720306204078,
e20577206342065420643By206462064220634206338,2006452006520714207408,
«e20755.077621020210558211032113721161211738,212102121521234212608
o/

DATA ((CLCNUN(L JoR)s[=1918)9J=696)3K=3,3) /
«220612205422032217540892c0022201021T76121744B,217212166621660215658,
e215562150721452214058,214232141021355213378,213262131721277212648,
e212402117221144211200,211162107521060210468,210202100520764207428,
e2072120702206552006208920566205202051020465B,204562051420556206178,
«2073420U7652100521G1584210402104121061210768,2113G2116021233212778,
e2134062137421410214258,214202143021453214738,215072157321613216258
o/

DATA (((ICNON(I3JeK)sI=1918)9J=lyl)eK=4y4) /
SLTTTINYITRTLANTTTLAT NI T LTTTTLTTRTLTTTLTUT 76, LT2TTLT72TL2T 07177718,
SATMTNNVTTLTTITLTIRIBLAVTTTLT7T7XRP 271777 IBLT2T7XTTIILTITITLTTT7B,
SATTTITLATTITINTTVITLT TR TR LTTTTLTTTILTTT7TLI0TIBLYT2T7LTITT7L2TITLT 7B,
CATTIIANITILITIL T T TID,\ LTTPTL2T2X TR TTT I8 2277222717007 77278,
ATTTNNTTIIRTITTIATITAB LA T? I P TRTL T VT TATITIBL L7777 7717777027778,
CATTTNLTTITLTTITLTT NS LT IRLTTTILTITTTLTITTIGLLTRTTLT42TTL? 20727
o/

DATA (CCICNONCL+J9K)2I=19018)3J=292)sK=4y4) 7/
«202352023320232202318,202002016620173201608,201662016320203202238,
«204372025320244201748920177201462011020070B,200542003620053200348,
«200502006320100201208,201462017420214202318,202162020220146202048,
«2U17120143201212010605201032005320041200256,200242001220007200226,
«2U0342L04520075201128,20116201272014120125B8,201132010020002200628,
«200662G10120135201518,5201572016T720175201718,201672016120151201648
4

VATA (LCICNON(LyJoK)pl=lelB)eu=343) 9K=494) /
«2040720406204512042389204012036220344203558,2036720361.0370204138,
«2042520423204002030489203742035120266202108,202122020120147201028,
«dU1452010220207202256,4¢03012035020411204468,204402041220405203078,
0203¢6£0¢6620224c01718,201552012420107200648,20046200362003320C0378,
«2UL1720175c0¢1720242092027220£752027620265B,202402017720151201408,
«l0L51alc07¢026620345B,¢03472037020374203738,203742036720365203708
o/
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DATA ((LULICNON(1,J9eR)y1=1913)9J=9y4)K=4,4) /
«20T7¢2207122066420640B+920011c060120566205548,205452055120551205018,
«205452051120535205168,205412050620411203348,203472034320300202438,
0025720 74203152036484204552053220567206218,206242001720537205028,
e20445:041620354203226920271202232016320127B8,201122011220124201438,
«20227203012036120367TB+204052041320413203738,203442031420264202376,
«20¢5520333206122040633,45c0520205452056520564B8,2056420571205622056068
/

DATA (((ICNON(LeJdoK)yi=1918)9J=595)4K=444) /
ecle5521451214352)14225213752105412131321305B,2126620231242412121068,
e2122521206211642115008+211122107521050210308,207712072220702207048,
02006532006662071020747H,210102103221031210368,2103321004207332067066,
«2060420601620555205008+404542043020415204078,204062042220443204760
e 2065520703207320724B ,20746207462075220767B,207762100321001210358,
«e21G44211002112321154089212232124621310213318,213532135521365213668
o/

DATA ((CICNON(IsJoeK)eI=1910)9Jd=046)K=4,44) /
0e221032.0742203Tc2010089220332202021T767217566,217162165721630216350,
e215762155521525215240,215U3214522144021422B8,213752133421310212748,
0e212c7212352123621240845¢1232212302121621203B8,212002117221144211058,
e21047210072075220122B8,2066520041206242006058,2057720612200650206528,
e210302106321121211408+21144c11552116721210B8,212412127521346214148,
e2140321536215063¢1613b921635210651216602107156,217062171721772217578
o/

VATA (LUICXOFF (LeJdsK)el=1,418)9u=1l,1),K=1,1) /

«000J6064010711 707777610551 11473124421342T8,140621473715621162378,
«165331674317224200148:211002157521620215458,222212267723342241768,
e25501200622632527065B452755530224504423057456,305063036330356301448,
e2T45126T72026221c60310925660¢571225510251438,245272442423756231768,
022522230632224421540892030016740100271515184142001321712441117738,
«1127010626103431L00358,0743607104006730066568,00622067T1656665067038
o/

DATA ((UICXOFF (I3JeK)sI=1,518)3Jd=292)9K=1y1) /
«06062C0636007045075538,10547112571215312646B,155111410515004156148,
«16013016373167411726004175022003120123204328,204752130122327231078,
< 51002562226360270548:9275663003330211303308,304413033630171277338,
e2T1232¢6504261T7125750B92505T7¢560425441251478,245712440123737231578,
023664225342:10421172B8,5,200271652315424144448,135641301014267115748,
«107601027510126075758,071350671306642063678,003T760630500403064758
o/

UATA ((LLICAROFF (leJdoeKlel=1l9l8)9Jd=343),K=1,1) /

e 04706u5277U566106355b,073071023011155117778,126271313313070143618,
e152111551616335107348,17331175T717773203010,210142170322723232648,
0l526326056265T712Tc¢4084+275503016650275304078,305013045230265277728,
e26020c67T732655126337B4y2b61552631526020254268,250162445524013232318,
e2341722056220002077.B910760421656115401145248,155601272112130114228,
elUo3T100330T7653075118,071730064006406063018,063230605506167063458
o/

DATA ((UICXOFF (I1,49K)sl=1,18)3Jd=4,4),K=1,1) /
e045.40476605434055278,065640714707474105648,1101511502122411311308,
el3725143621550016¢1089166761741717325174618,210202136222057226758,
e22141260402059332724309270433015230314504478,305123041330201270268,
e2144527240271142663609204052627426357.60718,253102450524240234353,
02340422TT221T715c062309175161646515511144658,135441262411743112415,
o l05T76103170775107512B,075200710206246064128,0607006U1106215064755
o/
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DATA ((LICXOFF (I9JeK)sl=191b)9J=595)eK=1,1) /

e V45760477>05c40056U3B,063700704107603101076,104611113712050127658,
e133011440715322163346,17054174722030521265B+214062125122416232258,
e2535026301266412T23189275225002030231303778,305033035030276301358,
«3014130152301373010306,35001230052¢7607275078,271672632125500247058,
el4T70523661226052143584201611704315612150018,141331337512651123268,
ell65011517111451040640910110077104075470T76376,075250751007573077408
o/

DATA (((ICXOFF (I4JeK)sI=1418)3u=696)4K=1,41) /

0740 70T143207653100058,105631030011051115018,116551245313350133778,
«144531515516175167758,172622012320517211718,21633222272¢522230168,
0242452435124 773254178,2604226434260372704584+272242730127424273308,
e21326c133727313274008,273352733427234270578,264662570225152245378,
e23TT32311522256214520592076520120173011655506,160611546015275146208,
«190231340012733124.785120421155211415113268645111151136011547115728
o/

DATA (((1CXOFF (leJdsK)el=1lyldd)sd=1y1)4K=2,2) /
«037750433705065057708,0651407353103251135489120641137601474415654B,
«l027116663171T731T7672892044220733207622110489215422223123063241368,
e259515203662T71222T76¢8,30503312103140531551B+31622315763146331246b,
e304242162226776266058,26600265232633126122B,255362477424351234228,
e d0l04r3214223342143284203571702515565144638,4134221242311640107538,
el02400102707100060673b40012705541053150522084050140525705252055648
o/

DATA ((CLICXOFF (IyJdeK)el=1418)sd=242)eK=242) /
«03506010417604625053578,06320071750774611062B8,11755131171406515065B,
«1551616050106522171668,17044¢02302037720561B9211312143222656235518,
e2562126502273433C2358,30700312463153631735B,320163175031613312238,
«30530277072727727137b+271022060026506261450,254262473124261234638,
e l425023231224142136785204451670015221141158,4130341224711435111158,
«1lU31007652072330673002061670554005321050538,051110510305322054128
o/

DATA ((LICXOFF (I4J9K)el=1918)9J=343)4K=2,2) 7/
0041710437605131056148,064050742010214110358,12034127661361214614B,
e15502163561660441744239,201022042120060121050B4214632254423413242618,
«260352660T727516303028,307713132331512315476,321063201031543311645,
e3U60T730223276132735459272672703526525264T76B925633250752433623613b
e243560234cT24252137¢b9200251074315522143658,133451240511463110038,
e LUULOLLTS3L10TUTTUTO05484+062160577605465052338,053010525705366054128
o/

DATA ((LICXUFF (I'JQK,|I=1118’|J=‘0"0,'K=2'2, /
e037070422204534052320,004240T2011020411162B,117411265413654145008,
«153401602216611173418,200212034520655211618,217222263323554241558,
«25705266622747130205849310313136231565320018,317573164431727510658,
e 3US5T4204T7630135.T765009273152724126T77526525B9261402535324643241128,
0 24425235142¢5122152109177641663715573145458,135401243311407105208,
«077710740607303067678,0063240606305533053348,0525705237065321054758
o/

DATA (((ICXOFF (leJdsK)sl=1lylo)ed=595)eK=292) 7/
«0443305071054450600106+06733CT7425102521105389117011250013422140608,
e l46441560516600174443,202112101521663227118,230712353024332250118,
ec9535264112173173007065305443105431232314168,31504314645631251310178,
e3067130704306163025054+301312777527560272548,271002656425724250075
0240042405622672c15550,2030651T70521560601406246,137231315212302114248,
«1111310732103560765503,072010670006547002438,060620606506267066548
o/

OATA ((LICXOFF (1 3JeK)el=1918)49Jd=646)9K=24e2) /
«070550716107320071028,510127104761120012017891222751341414260147778,
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«155401635717230204530920442207352150521771b,227342351124305247568,
e242364415625364261150,26035¢TL61L2T316275028,276443002630071501558,
e2TT3427606275252T7440609274061c7237270u326442B,260712546324766242638,
«24557¢35064224061214568,205251766517076163708,155371465114507137038,
«l334712711121022115258,+11102100431041610353526,103751013010470106148
o/
DATA ({(LICXOFF (13J9K)slI=leib)ed=1s1)9K=3,3) /
«0202c70254303145035478,04740C564506T744181268,112121205313100141536,
«151141564216161170018,1752720520212130216748,221332263623643243478,
‘ «26510275503051231456B,320533503233314335138,335603346353357325518,
; «322253160251230305728.30230300442700627202B8,265162570525000240658, '
«243T70235422552215378,2047T1723516076146128,134171222211063077648, ;
«071Lu70632305676U531565046410456104114040218,040170423504501050408 .
o/

OATA (((LICXOFF (I9J3K)sl=1918)9d=242),,K=3,3) /
e02¢2320265T03117037648,05026057250700L4100518,111031203512750136768,
«l40621551016275171058,17711020506221321217058922504230352374624441B,
0662527600304 77314730932.57330523341733563B,335503322233307326668,
e32271314063125130500893UL5127711274342706789263462557124747240168, i
e24404234722254521536B9204301T721515734143708,130671200710757100578,
«0T71250632305064053068+040550427704153040228,040110425104526050058
o/

DATA ({(ICXCFF (I,JpK’«'l:l'lB,'J:B'B),K=3p3) /
«033200300104131U45448,054070644407363104208,112231213213073137538,
«1l466T715472166541766618920372210212154122215B,225502346624276251238,
026593276613032531510U693¢326327743327733530B,335523353333334330228,
e324155202731330307468:305402T176275322T71068926377256552473724u45B,
«24637£370322447215048,203051705215651143768,131771202010740100138,
e070360631505666053508,647310441404226042040,042130441704650051538
o/

DATA (({ICXOFF (I3JdsK)sI=1y18t9eJdz4e4)4K=3,3) /
«035450401404356050L27B,05%05400663307470105138,115201227113244141408,
015035160051 7044177166,2060T721315221722262589234122430225076255118,
» 20416276713045531360D:32.343263633264335228,335643352752277330638,
' e325203212331547341550306543022547672272238,264642566725111243768,
? e24TT62374122004215418+202141701715562144328,132741212310767077518,

e 0721 4Ub6533060233054518,050730427304361042318,043140447605036053218
o/

DATA (((ICXUOFF (I43J49K)e1=1918)9J=595)9K=3,3) /
«0417300513305374060758,066210735210341112556,121071275413640144658, i
«e154451634517336¢03208¢24132217542270723556892433024625254362600648,
«26420272413015530754b931537321052324043262759330213272432574323448,
«3203531663315403102218,306432T7612T73T0271348,265242561224747253448,
w2415522745305142162a8,204451714015704145068,+134011242311554110028,
«1026407626072600661738,064030621006036G54568,y054720556206111063468
4

DATA ((IICXOFF (LyJdoK)el=lyld)sd=656)3K=3,3) /
«072210732407543U77428+1040211074115621225569131041375714543153458,
«1l6154170131765120600064521315217662243023105B9236712445225246260248, ;
0 24644254642623126T724B+2T4172T740502413043284+305413062330715307038, ’
e306864305133025330005892751627247267502642389260L352541024732241468,
«2510123714225742153408,2057417736170141613164152121442113757132418,
el20231220111556111758+1004410355101060T66T78,0T5T007T5110143102458
o/

OATA ({LICXUFF (1,3J9K)el=lyloded=1lel)K=a,y4)} /
00254202T2503213G4056890521210635007354610426B9114421236113273141618,
«1502515617106260170248,201422123522112227548,236072423125324260218,
«206522764530615331500093249453521733575340168+341153411234004335348,
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e332243273632403320058,313023065030301c761684271322623025304243338
e 240L1c3562225542)1511892053617402106253151668,1400212566113531006589
«0670705734052150457185041550351003201030558,030620316503436037368
o/

DATA ((LICXOFF (L1eJsK)sl=lyibd)yJ=292)9K=444) /

«02547027120330104213069U54500653407540104138,114411242113227143658,
e laT7501554516306173010:20166212022211722754842352224344251732600%56
0 266722761330645315064B8,3242033¢1155627340346,341313406733545335118,
e3321013271315237451 T 1409312 1630006530307276378,271172622325356244155,
e2406142357322672215460+204621741c16234150268,135311243611075077578,
«067440001005251045348,0422403015032610313168,0305703124033770370638
o/
DATA ((UICKGFF (19JsK)9I=1918)9u=3193)4K=444) 7/
e 027370516603531043¢cB9055030043407416104168,114131230113154140278,
el4720150311045517560B8920425212522226023113642366024516253352603068,
«267122T73530707316308932412331163351734024B,340643376035611335018,
e3332432753323403175U08931403310543041427065389270622022125377245358
«241532307422555215218:204121725316123147658,9135431233111026077328,
«067210601605226045c58,0411503563035371032228,031270325603503041546
o/

DATA (((ICXOFF (I3JsK)sl=1918)ed=bya) 9K=444) /
«03036033210362104357B+0533006332074511046565113631223113072137138,
«14T7151600316605175310:20524214322231432324508+240572502225406262438
026665276423065631464093227733021333453306558,337273373733662335118,
©332525304532446320.2B893146231205303557277568,271702641025630247618,
el5062¢374222651215530,204141724616012147413,155121242411052100218,
«0T1eT70607705424045728 9y04441035740345203264B82,03277034450373404325686
o/

DATA ((CICXOFF (14JdeK)el=1¢18)9J=595)sK=444) /
«040270423004575052638,406046067T407510104328,112741215513050137278,
e14726157141670017675B9c06702163522526235278:24345250132544126234B,
«0426£T11T6302343072689316115225432574330378,331253315035156330478
«32657324613220731755B951465311003043330050b89274212665025745250258,
e25207241202307121774B8-,205701744516231150248,136721274011625110458,
»10132074270664506 1458 20554U0052400510604710B+0471304763051220540068
o/

DATA (((ICXOFF (19J9K)3I=1918)9J=696) 9K=444) /
«06411064160654607L17B9074561021510754115078B491227G13135137741463208,
el546716256171672004702004521461223102310484235342422024074253648B
+2500425626264212707409275623015130533310128:311573125631343313238,
«31¢3631071307263054589302652767527350267378+2627425563247772404508,
024603¢35162260521642b+<¢07261776517024161118,152611434013573130378,
eli2641144511024104405,101350700107321071728,071310713107301074738
o/

DATA (((ICYOFF (199K )el=i9dB8)eu=141)4K=1,1) /
SLTTVTLTTITLRTTTLTTTTD LTT7TXTVITALTTTTLATTIBSLITILT277L2T070T7778,
CLlTITTTLAITVLTITTITLCTNNB S LTTTILT727L7727LT 72T LT T7LTT22LTITT7177T78,
SATTTNLTITITLTITIY TR TG LTI TTRLITTTLTTT B LTTOTLTTTTLTVIITLTT T,
LA ILITTTLINTTLTTTTB AT TR TLTITILTVTTLITTIB LTI ILTTITTLITT7LTT 765
AITITINITTNLTNILPTTIBSLTT?TLRTIIILIT7L20T78B, 1277717777127 77L77778,
A TTTIAITTILTTTIATTTIBLAITTTILITITLTIITLITTTDLL277LT777L22T71T7728
o/

DATA (((ICYOFF (leJdeK)el=1918)94=242)9K=lyl) /
220T4320601204124003:b92065220631¢1011210168,205652030020104177660,
e1756517544175751T21484,171151672716544160758,203012017716552161108,
«176012010417605175248,17006175541754017550B,1762c61761017663175438,
«l7T51176441764T710T74218,173541751020117203433,117612061720502205053,
e2163121223210542101cB9210272110720725204648B49c03162016120006202338,
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020226170221 76117200078yc0153c0¢67223364177476,20157T1760217723200578
o/

DATA (((ICYOFF (L13JdsK)e!=191b8)9J=3,3),K=1,41) /
021107c14342160021176009¢c1«1222002226172212368,214052130221202206618,
«2063520234177251740cp907305172111672516513B,171511664216571166134,
e2006532134021115205778B49¢002420T472117621162B,212122110220631204438,
«2064420555206312055108,200332103121153221558,222152222522175222318,
022676223502 223522316B9223462205521614213528,212632110420650205258,
«2030220202203002056735205¢42073220632206008,2070420204205752071686
o/

DATA ((CICYOFF (I1sJsK)el=lslodad=4494)4K=1y1) /
e223212250723040232400¢232142315423100231158,224172222622047215338,
021215.114520744205108,20164201251750217232845175061T703117564175178,
e21506c157621505921215B8+2116621146216222170583,216432154121500220718,
e2400521545212035212600921306216742205122445B423203233452311023042B,
«23432233752334723310689231552310223016225608,223272217221671215208,
e2136321251212072124185c1249321546215712152684+2155121405216322203138
o/

DATA (QCICYOFF (LyJdsK)9l=1918)9J=3545),K=1,41) 7/
«e25704c601526334264618,2654026601265242637405264602657626417260578,
02543724 45324432241 12b923007234222343223633B8+235002346423575240478,
02506025054 24T74524T725B¢250002512425306254378,254632540625231252238,
e251112501424766246630247062505025171253308,255502503320115263138,
0262302643 426102261176+261T732605726011256678,25564256Q0425610256158,
e EO2TIHTL2256TT25554B 954 4425312253406255228+253162534025353254448
o/

DATA ((CICYOFF (I3JsK)3l=1918)yJ=646)9K=1,y1) /
e31611320773217232007b+31047315173152631422B5,313053132431411311578,
e3071530547303453013589270402736427201273058,271322710126677267168,
e3004135015230170302150430L152TT7T702T70UTC76T758+276232T75152746727640Q8,
02 7252774230026301168+501613033030432306348,310043053030647311218,
e30247310253045031014893100743107731026307438,311103514603171432C648,
«e320053c120320433107¢B93167431012314743151305,313143134731577315568
o/

DATA ((UICYOFF (IusK)eI=1918):d=1s1)¢K=2,2) /

SLlITTIATTTTINT TR T VO I TTLTTRILTTTTLTIT T, L7 7270 770702777107 7218,
L7771 TTLITITLTTTIBSLTRTITLIIVILITTILT7T 7012770777727 7T7L77778,
el 277727777127 72L0020B 7772777712771 T7277841777710277T70077712777B,
ca PTEIRTITTITATTIIILIVVIG 4T TLRTTILT27TLAIT OB, 0222277177227,
CLTMITATITTL TN AT 7T ILT TV AR TTITILTITTIBXITTTLITIILTITT77 L7778,
e 2777120723777 TL 07090 LT2TTLTIITILTITILNTTIBSXTTI72LT0TTLTI27LT2T0B
o/

DATA (CUICYUFF (LsdsK)eI=1918)yd=29219K=2,2) /
e2102420703207702076289210522112021021210138,2077020430620241¢01158,
el 7760177321 7543174300917003170621670016642B,171142051716646170710,
e20z26020312203742045489c04752055020453205558,206132045020G2642010613,
«2U107¢ULT52C06720002b317741201225203422050589206242067420565205678,
e21426207132053620564B9204032043620211200708,200261775620161203168,
e2005612500175c2177608,200232010220100175518,176651775523115200038
o/

OATA (UUICVYUOFF (199K )el=lys8)9d=35393)9K=2,2) /

0221412225223 710223008 922524225312253622335B92.0052145521326207738,
0205652036120046175548 917420173351 7463173350651 753317425175111765406,
e2117222105221652210618,2101521702217552166306,215612142121174210628,
02h1622113020760207548,20740¢110721312221038,2171521607214002165386,
02240522233¢211042U2589216732147721237210438,207402062420511203638,
02044120043203152054089207042077320704206553,2060642076721G2521C718
o/




DATA (LLICYOFF (19J9K)e1=191B)yJd=as4)4K=2,42) /
e233152352223770440708 9¢515224045£3005235T089230662263522451220608,
e216102141721230207340205222053720257202148,2027320614207462103178,
e2c60622757230232301464+230532320123270232116,230522254722721223708,
02¢3442230122172217578,2201122165224472260115:225642263122526226668
e24040723737236142332205+227032270322653224218,222562207021550213078,
«212322105141251215238,2164422010220522211685221702216222271223138
o/

DATA (LLICYOFF (I.J.K).I=L.18).J=5.5),K=2.2) /
e27500306313067030T7138,27T7T03300032T67T72T7506B+274212733327164270248,
02641326071256442531309247202443225530256156+261122617626340254350
e27132271262713227144B+273542752127600275108,273662T73522717226723B,
e264532612325TT225T7758,26016261262627326365B,263662646726273267058,
«2720530277271232723308+274732751627120266318,266322655626557266148,
«203b426372c642026305B8,261732616526117260008,260262620126423263618
o/

DATA (((ICYOFF (1yJdeK2el=1y18)4J=646)9K=242) /
«3350T33473335023335384+334543331733213332218+330343310233164326228,
e32435322273204231626B9314563143031302311218,310263106331060310608,
e32422325373255032401B322123201331671316018,314503147231432315508,
e314223136631326313778:34575316443165431661843165T73170032052323568,
0322323236732452324628932433323523240032402B+¢324413250732534327468,
«33130330133307433107689330533275532616325348,325013254332710325018B
o/

DATA (LULICYUFF (13JdsR)el=1p1b)eJ=lyl)eK=3,3) /
CLITITLITITTTILITTRL IV I0 L0072 00L 2T TTNTBHLA27T2LTIR70TTTTLT727,
SLATTTTLTT TN VT TUILTTTUB L LITTITLTOTLIVITTILIT7A0B,L,1L 727227277077 77077778,
L7777 TTIRTTITLTNLBLTTT7TLTITTLTTTTLTTNTBLLTTTRLT722LT27TL2 720
CLTTTTLTNTTLTTTTLATT NI LATTITLTTTILATTTILTITN OB, ATTVTLTITLTTT7LTTTT8,
S lTTRTLTRRTLIVTILNTT7IBATT7T7LTTTTLIT77LT279BLTTTTLTTRTLI27TLTTT7B,
clTTRTLTTTTLAITTITLTTC28 2272277221277 LT727B4,1 272720727127 77177718
4

DATA (((ICYOFF (loJsK)sl=1913)9J=242)49K=3,3) 7/
0212172132621332212715921337213206213372136669213602127421267212758,
«210552074620643205528920652204072023620362B,20273202562040417666B,
e20T0221075211562124c89202462130721315211708,212122123321023210438,
«2101521006221033207475+207142073521014211738,211372102420631204508,
021364212142115221154B,211652125121303212536+4210212003520556205248,
ec04752032220252203430920444204652043220366189203352041720445204158
o/

OATA (((ICYOFF (1439K)eI=1918)44=3:33),4K=3,3) /
023400227722505123115892323525263232572305108+230352262322453223668,
0263062224121 T136¢15210:021434¢110020473206028,2112652117321054206158,
0221004226622632227728492274023034231462311489230562276422534224008,
02c¢c 1250122321222 T309222502223722340224013,224312225121651213748,
el V1602624224 T022%)1¢H y2244T22546220512253368,223362205621642216008,
02l4272126421206215028,2141321475214072145189214032137321440214648
o/

DATA (((ICYOFF (LydeK)el=1918)9d=4434)4K=3,3) /
«25062252052456724670B924T70326TT7024T735245728+244162425124010237228,
elo64123511233252301cb922534221652172521533892171521606221644217278,
e23463c36142412024501092451324014925002247568,247072455324272241408,
0241.52415023T0c2360U5892363523766241152404689236212327622756224T768,
024951 0c43561242262414T709£4167¢426724116240048,423747235632£3320231778,
e23114230322275222534B9220032257522614226018,2260122517222706227478
o/

UATA (((ICYOFF (19JdeK)yl=1,18)9J2595)4K=3,3) /
e310163103131037431227B9314723136631147307708,306273064430401301168,
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«227042252427250267058,263702615726123260646,260162570625655260218,
«30060 130L00330157303160,307003101231123312043,311403077230521303448,
03012327154276702T4548¢273102T1712716327T1648,270512640127006310748,
«310523041327¢50303338,306153065630433303318,303043031030325303178,
e302213016030042276040,274532733127220267718,2671326705266702672618
o/

DATA (((ICYOFF (LeJdoaK)sl=1y18)9J=6,46)yK=3,3) /
034725345373442534253093492633423334161341118,3366233531323516333428,
e33144327253241332051b,316213145031267311050,310603112431206312118,
e333423331333247332748,33235331473310633052B43304232770327117326248,
«326003£54332430322060,320013167231741317415,316403162731757322456,
e337063555033473355058433430333753334633370B4334213345533576337538,
«3411233176356413350289334673333435222330628,326433275032630326278
4

DATA ({UICYCOFF (14J9K)9I=1918)3d214s1)4K=444) /
ATTINNITTTIITITTITLTTTIBLATIRTLITTTLTTII?LYTIT I, 1720212777027 T77LT7T778
LTI LTRTTL2TTILTT707B,127270 2777027271277 10 Y TTTIRTTTILTTTILTT 776,
SLTTTTLTVTTIAITIRTLVTTABW LIV T2LTFTTLITITLITTIT 7,1 27777 TTILTT7TTLTITT7B,
CLITTIIVTIITINTTTIL TG0 LT AITLXTETILTTTIBL1T727707777177770777178B,
SATTIIVTIIIILT VTNV TTIBLLTTTRLTRT7LT779LT2278B,L77221L77720727T477778,
L7717 N 04 TLTTIT I LT TLTTTILTTTTLIITIC L 2777777127 72272 778
o/

DATA CUUICYOFF (13J9K)91=1318)9dx2452)3K=444) /
02idl2l441214142) 4048 ¢2153654132421366214050,214152145721514214728,
0213442126421255211300+210062100720034205458,207032072520703206468,
«2106521177212542133684214102144321430213728,214222140521337213158,
«213332147321561216000,215T702152321555215138,214652127121116210008,
0213202122211 772112068,2105321215213222132368,213202130121254211138,
«210162074520771210058,20712120731c0760210448,21072210042071620721b
o/

CATA (LUICYOFF (I14JsK)9l=1418)393=53,43)K=4,4) /
e23426¢342523460234758,23136230452302325050B89251042311423122230338,
«22607230302241442222309224043220002165221560842161462161021512212108,
022352¢257423010231510923151232352325123246845231762311123001230158,
e23u55231262327T12333108923263232202325223106218+4230142261122435222138,
022 T94227272255525058 9224732261722 7302300189230242272022571224248,
«2¢504222047222502217505221302211222134222148,2223322226222152211758
o/

DATA ((C(ICYOFF (I5JsK)eI=1lel8)sd=4+4)9K=4,4) /
«251014515425207252VU18+240012462124630245318,245112445524417243408,
0241402570223 75423560092340423c72.3040226408,922760227622273722534b,
023665240 T1c450224046B,2417072502725160251318,24T7412464624622245628,
22401 0247032473524 7710822077424 7262470624572B,244252423324023234678.,
e2444424437243002413UB 22415124221 2433624256B,2433c2434524147237248,
e235936435452361425614D+255442352223523234558+2535122345023505234358
o/

DATA ((CICYOFF (IedeK)lel=lela)ed=545)9K=4,4) /
«3140435147331565316608,317165160331524314358,3122031040507113505408,
0304433024330043270010927420272402T213272308B9272052706626746266300b,
«305125034730U53030T7440+9312163143431612316378,315533153031421312368,
«3105530710305543052105,3053530521304333037384+303123017027630275578,
«310443100530605306500,3072¢43103330034305348,305753060731065310758,
e312325113433112310028,306535051030405502648,301773010130023277658
o/

DATA ((C(ICYOQFF (‘.Jgﬂ,'le'Ld,'szob"K=‘0"0) /
e3542735431353063525008+552333513635115350278,346343436234212341578,
©340453367033511331670+330623c76532573324108,y321633204332050317576y
«335023356433703540158,541013424134253343344,3436334357342T76341618,
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«3406233T7T773376633T745b93366733351331623307569330263271132632326028,
03435T734533344233435789344123441334435344776+344513464134777351428,
e351063534035311351560,347503457734373342018,340303367233655334018
o/

DATA ((CICZOFF (1499K)sI=lyloded=1y1l)9eK=1,1) /
023034227141220202101609201411711316075151373,143771352113100126008,
e125101242612333122568+120501205611742116548,115351154211347113068,
elU4571060211022111318911494311714123641315306:140141471615551164518,
e17316177612021420037B8917706176031770720134B,204762102021561221518,
0224T72500525170230608,423216240102415024437B,24647246702475324757B,
e25021247512474024T07b 424535£44452430424175B9237242363323374231738
o/

DATA (((ICZ20FF (loeJdoeK)el=191l8)9Jd=2+2)yK=1,41) 7/
e2306714227622205221¢0C4B,202431723616205153236,143771374413244127578,
eli691125731234712510b4123751240012376121668,123101215312007116118,
el07c11074110750110050,115301167712421151638,13720145561555516437B,
«17331c0ul72012517707B,176051755217665201748,204722076721433220738,
2240522736231 7123342B42360624904324533251518,252632515225142251708,
e22c10250222407524TT6B92462T2452T724354241T4B,237732374523520231448
o/

OATA (((ICZ0FF (13J9K)31I=14318)90J=343)K=1y1) 7/

e l@1T2233642224642155T89205411751716440154338,5,145161410313444130638,
«127151276512607124076,1230712575123501225084123351216211722117658,
e1l100<1101011053i124008,114771021701254313257B,137251460415630165158,
e177231705220021200340,200122020717730202448,205502110421553222048,
022310220T423173235430,240422434624641251736,253522536125327252708,

«25203251372511124757b+249631£456224424242418,237702407023633232538
o/

DATA ((UICZOFF (19JsK)pl=1y138)9J=4,4),K=1,41) /
e2426012353022524¢1745892079412010417221162738,154061460414106134348,
e1325513400130331255508+1230631230212401124048,122041243412453124328,
el1cacUl1163112501143u68911655121531¢575133168,1414015U026157351642178,
«1720217532177402011008,201532006617740201656,205662107721443221078,
02¢¢30224542320523T71589243122452625000¢523189253542544525467253608,
02526425203252722500658 924515245162452024212B9241502413323557232148
o/

DATA (((ICZ0FF (L 9JeK)el=1s16)9d=595)¢K=1,1) /
e245022403323322225248,210262072017715170538,162701564715072143148,
e 13424134401316712712B912544125571250112371B,124471245712476125608,
e114461141611667121718,12400126701325214003B+144271525716067165538,
«1095217320176052001065,201032007120174203518,205212111621372217008,
02160122226122725235538924¢0624601250372512084252552530625367253413,
e23307251772510724734092453424313241065240578,237702365423472231278
o/

ODATA (((ICZOFF (L19dsK)el=1ls1l8)9Jd=6906)4K=1,41) /
e23T76023643232542260189¢17442140420455175278,171171640315671154758,
el4T727L442314235104042b9135570135171352413527by135011351113547137568,
«1242212745130701332689136061417014576151636:,154721602516410167608,
«1730017555177421776Ub$200112001120045201578,203612074221150213338,
0211762201322214226020523155233612360523T71B,241322416624200241708,
e 24236442112411225T7068923645235762343523254B9227312262222502224118
o/

DATA (UE1CZUFF (1yJeK)el=1918)pJdulel)K=2,2) /
0243262355022040210T70B8920050174641631515244B8,142521316612323120768,
ell721114361130U01145¢By114451046701452114008,113541121611066107158,
«077511005310205103308,10645112031177612641B8,135261446615555166178,
e17500203372063320556B9176701L777220145203T778,207362130221554221278,
e22337230042321523063b9252522404424542251038,2534525647525472256108,
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e2574526046260152575509c50 1425416251322467T7B9243722377723536233428

o/

DATA (¢t1C20FF (l.J'K)'1=1118,1J=212)1K=2'2) /

0244342355622642¢¢012B9¢06311755116511154448,14352313430612563122428,

«11760120001156111526B8:115551161311545114628,1151411507112131106778,

«l0021100361014210L4948,006131126211732124748,134441434315467165008,
‘ «1740220102204542007cb»2001517705201052042306,207342125421613220708,
( «22305230162323123400B,237172434725105254718,257272565625703256148,
t e26002260202600125T70182255362536425115246T68,243622410523562232728
o/

DATA (U(ICZOFF (lysJdeK)el=1318)9d=393)9K=2,42) /
e241lT102353522572216058,205761735216301151626,141731335212604117778,
e liT6T11T76611756114608-,113731141311306112638,112671115011177110758,
«100231011310165103218+,106601130012043125608,133061432115372164478,
e17357200634920351201638,201042010620323204228,207022126721577221758,
e 2£320227042532443TTUb 2440124712251 7125467B,256662602526040257518,
026156260632606T25600b925510325204250322463689243512414023660232338
o/

DATA ({(ICZOFF L13Jd9K)sI=dypiB)yJd=b94)9K=2,42) 7/
«24204234732271321 17109204451 7402162421523089142751343612561121728,
el2U551215T7117321153389114111132211220112218,113241151611167111558,
«102461G2251035621052008+10754113301200512615B8,135421460715374163728,
«1T261107735201572043156,2037320255203502054089210062135021665223408,
e22352226172335524c740:24725252502542225604B89257362611620170262108, ‘
e262122614325T2425044B92564T625206250222466289244312422623725232458
o/

DATA (((ICZOFF (Il3J9gK)el=1918)3d=545),,K=242) /
e240332320022414220458,2143602022417131161258+151711432413642131658, .
elc62641221411754115418,114301140011335113108,115111140111512116778B, |
«10545106631107611400b910764123161273413466B91421514767156651640618, ‘
«17170174202001220334B8,20506020004207422100489211662141321746223248,
022075220122351624210892465425224254T74256576+257702575626521261016,
e26042257532563525444B 9251 T425010245552464638,242722404023456230428
o/

DATA (((ICZGFF (I13JeK)el=1918)+J096),K=2,2) /
0236£22324T72271124355092150320737201351725585165621557514764143418,
e13T79215424131T7612T7136s12725125521204712T7078,125711251312545126768,
«1160512010122711255789130501346314040145328,151601560516152165278,
e17221175601774320278,2037720537206702110289212542143621034222218,
022002..2410230332344089257342415324304245518,247352510325003250256,

04 T4724060724505244060089243352422023TT7123611B,2345523165227412242178
o/

DATA (((ICZAFF (I3J3K)el=1ela)yd=1ly41l)K=3,3) /

02430 Tc34535225252153489¢035T1T11115642145146,133551241611474110158,
«106141037210245101746,101121021110101101018,102431035210350104238,
e0732207415074500757180401491104021103211944B5123671334114561156538,
el051117316177332027209c02142033520013210008,2130121060522074223478, !
023004234352361623563089240202463425243257238:262402655026724271328,
027172271662 T16226T171B,26475¢61032560625321B,247652436223771233638
o/

DATA (((ICZ0FF (LloJeKlel=lyl8)ed=242)yK=3,3) /
024245¢34202254021413892034T7071T7715720145668,. 34441242111554111118,
01062610466103031015208910076101061007110142B9102151024110341104208,
«072510T752507452UT6048,5101101044011105116618,124001347314501155708,
«1654117551201162034184203712054020725221448,213562157722050222658,
022 155254172371 724031B¢24372250332552526236B9265772673627006271148,
e2725527167¢105226T70408926417261342555725241By247752441724041234268
o/

ey e———— -




ODATA (LCICZOFF (19JeK)9I=1y18)9Jd=3193)9K=3,3) /
e23763232112225521256842020416T7015576143338,4134171233711502111178,
«106a5105731030al100458,077060770610042101408,102441023110345104548,
«0T73370735207565076208,101241045611104116458,124401341414507154408,
216475173311 77352024609204012006402074121130B,213562104222004222608,
e22T12232762403024306TH,250212547526067264228,266702706227154271708,
e 2T1T42T142267T426593B yc63522613725572252518,247472443624023233318
o/

DATA (((IC20FF (1eJeK)el=1lelB)eJ=494)9K=3,3) /
e23715230602212621077b,20006166661552214430B5134121237511606111458,
«107601071610347100576,076740757407656100478,100771016310267104716,
«07526074550764207733b6:1023210603112011176589126021345414515153658,
«16325172331764720217B,20557207252103621205B,213612161422062223158,
e2270525302240542491700B,25461260502641126563B,267272707727220272408,
02T2142712326765.65748,203202613725565253108,247722444223760232218
o/

DATA (((ICZ0FF (1 9J9Klgl=1y18)43J=595)9K=3,3) /
023277224T71216449210160,20226173111616315165B,142261335412563121408,
«114651102210505102528,5102211017410134102548,104421056110706111138,
«102151026510442107256911203115141213612652B,133211414415045156648,
«l64011714517715c04026,207772126621424215708,217102210122400225028,
«23245:4070212032457509252332572626213265138B,2666T7267702T0062617218,
22665026554263T75261268,25645£53332503024T7368,244452412123513230018
o/

DATA (((ICZOFF (I14JsK)dsl=1418)9J=646)K=343) /

e 2500722441211763212278,2056020032171401633289155121476014161134538,
e 130741c54504314121258414001011750110757117356,117301173412014121418,
ell416115041163612071b5+123031276413453140238,145201521215652162448,
e 106T5172T517765203208,20630207T721152213048,214462156421770222768,
02216324T042535T72372689242502450224733251438+9253272543525464254628,
e25332452142507324702B 1c446724251241062373306,235502317622706223758
o/

JATA ((CICZ20FF (LeJdsK)el=lelo)eJd=1l9l) oK=4y4) /
e2360723074222232117484177551654615404144148,134071240111663114578,
e12121105551016707767B,075U407320072440710058,071330732407320075018,
«06T5T70T057071510755584076451026010770117158,126431364314647155228,
el602231672617453201338,205622105421341215758,220472240022622230138,
023226235422371623 7468 241412406525305255678,261552661127201274108,
e2751027022275142T73108,2T70232651226133255758,252262466324277236378
o/

ODATA (((ICZOFF (I143Jd9K)9l=1918)9d=242)1K=494) /
02302422503422225211268,4,177311655515376144268,133771240311742115228,
e1124210714103563100353569075440731107211071178,072070730207363075768,
e06T730707307214074218,07711103301106011661B,125711363314736154518,
el6237170021745402013308,20616210U6321341215408,220052222622437226068,
e2313623545240024241406B9244322502125471261518,2602527145274322747138,
el 1522276362753 72733508,c6772264332607325576B+253102503024364236658
o/

DATA (((ICZOFF (LleJdoeK)pizlelo)yd=393)9K=4,44) /
e23601230202211310748,2000216641154621433489133211237211744115638,
el144011130106261015008,075030721707071070708,072700727707457077258,
e 07U40712107230074228,10u031040211122116568,126331373514654154208,
el624117U551770120277B+206672113721407216318,220202224222453226718,
e23067¢350124100244373,247712545526044264148:,2077627265¢7501275328,
«286002761727546273576,271062654226111256178,253352503024336236528
o/

DATA ((LICZUFF (1 9JeK)ol=1l9db) eJ=b &) sK=444) /
e236012272522002200508,4176201652315473144548,134231251612056116758,
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el1675013111070710¢578,0756107£220T7047071008,072330732407561077658,
«022470724107334075518,101211050511132120248,130211367614501154078,
elo3471711017000203408,20725c121521441£10642b9220062223722635227735,
e23U212346424173246320525303256272640426644B,272022741327535275528,
0215024760002 744946273000 9270012653726134256066,92533126470524214235258
o/

UVATA ((CICZOFF (L1 odaK)yI=1y18)9Jd=595) K=b,4) /
«2336122571721172521055092010217225162731525184143471352213015124108,
«117561432710507101406,0771030757607547075418,076631010510302104238,
«07612100151011210441894067710027011707124348,132441411714747155478,
216301170761766520U34178,207502134221627220308,222422240322545230058,
e22T10454642422624T70689253716044264542T70118,272122731527401273748,
«2136227250270562657781¢63162600525464252018,247072436423727232208
o/

DATA (((ICZOFF (lsJdeK)9i=1918)9d=6,6),K=4,4) /
«23055224402173221172b92U4171767c170751625651154741473214170135248,
e13041124541213611073b9114651135011302113148,113441150711564117128,
e111271126311457116078,51211312527131061352789142071470415417160368,
e166111702101762120234b,20640212542151321646B8,220522215422310225508,
el26214326323633241T70892451525061254052562584257612611526153201468,
«201552000425030254418925151247052450624273B,240152355u23216225558
o/

DATA (((ICLOFF(IsJeK)slI=lyla)sd=1ly1)4K=141) 7/
ATITLTTITTLTIITNLTTTIBLTTITLRTTTLTTTTLATAINBLT7TLT0T2LT7T7272778
ATTVINIRTITLTVTTLTTIIB S LTTITL2TTILTTITLTTT 7B\ LTTTTLITTTLITIILTT 7B,
eXP?22047777277TLT727B4T7772127771777710 02T T0,1 0772027270227 2027778,
LTIV ITTTVTIT LT T 10 M TTTTLTT T VTLTITIUBH LT 7712277777717 778,
LTITTATTTITLITTI LG TATBLTTITL T UL T TTLTI7 7677777071 T772L027778,
LIITTLITTTLATVIILTI T T o LT T2 T TN TRTLNTIT 4G, 1277771227712 2778
o/

DATA ‘(‘ICLUFF(I,J’K)'I:].’].&)|J=2'2)'K=1'1, /
«200202002220052200578,20066200732014120145B8,201342007420161201418,
«2015320167202662045409201712013720166201276,200512005520036177468,
e1l76461774717614175006891747617475175031750289175361754017540175128,
«176041751117502174200,174321752120030201758,202172026320221203218,
0062 T¢0350c0121200428+20053720165202212024289202442024420227201748,
«2012040L412001722005308,2013620151201172000489177461766417730177428
o/

VDATA (({LCLOFF(LyJsK)9l=1l9loded=3,3),K=1,y1) /
e1776420015201102011765201562015420155201638,20.072020320303203666,
«203522026520243202526+20206202032016520104B,200132773517717176758B,
«200T7420010200241774589170534176051763017632¢841764517641017530174478,
el 1401174601753117643B8,177372005420276200428,206562070120707206708,
e207732046220573203218,20355¢0406020430204608,204052045220377203218,
e20¢372012320105c015061+2010020¢14920140200T7T4B,y200471764417672177358
o/

VATA ‘((ICLOFF(I,J'K)tlzlpld)'J:-‘O"','K:l'l) /

22005220055 c00602007289¢0061200272002620057B,201402027520401203726,
«205252032420333204758,20237¢01632010120056B9200011770717714176458,
0c0Lal003TLATTTI0LT767UBLI631115714076¢01T006B,176231760517532176258,
«17556170011761117765b92002620242204462065189211012120221103410458,
«21051207532061320601892061220642207142072484207142006720631205468
«c06572041520243202100b9201532031720270202048,201522005120036200428
o/

OATA (((ICLOFF(LloJeRk)sd=1e1d)9d=5,45)¢eK=1,1) /
ecVUO 6003120063404 1589201454015120166202048,20<0320240203232037706
02046474204232057720304b920270¢01612005320005891775420004L7711177368,
020227201622G21220220B9402012015120171201708+9201752016220155202508,
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e2G3532042320464205058,2004321057212152134789215532166322012220608,
e210302174321725217245,217332173221755217448B,217412173021701216478,
e216142153521527213750,212602115£21031207168,205532044420322202528
o/

OATA ((CICLOFF{LlsJeK)y1=1918)9J=646)9K=1,1) /
«21061210522103320677620601205312046T72042089204342042120477205158,
«205572060520575205458,20500204012030120224B,201442007720030177518,
e20432204512044420436b9204322044020431204528920474205102052520621B,
«206752U07342104321175652133321553217542212169223522242422571227358,
el2411226142250722596689225032250022544225268,225722267522713227158,
«22620G225152250622375B9223072c11762202621T70684215132140221316212248
o/

DATA ((CICLOFF(19J9K)I=1318),0=1l9l)9K=2,2) /
ClTTTTLIITTLTTIL NI T0 LTI TTINTTRTLTNNTB L TT7T0LTTTTLTTTLTTTTB,
LTITRTLRITTLTRTTLTT0T0L 7727270071727 TT0IB 270 TLTTTTLTTTTLTTTT,
CLTTRTXVTTTLRTTILTITITD L2077 LT0PTLATTTLTVTTIBLATT27022 7707277177778,
SATTINNTTTTLATTITLTTITB LT TLTITTLTITILTTTITBLLTITTTL 2771277717 7718B,
JLEAANTVTLRIRTLTITTIB L LTTITLTTTTLTITAIILTTTUBLATTOTLTTI7LTI22L27 728,
cLIPTINTTTILRTVTLTTVI0LT2PPLTTVILTITIL0TTT82 2277022270227 7010T7 208
o/

DATA ((LICLOFF(19JeK)pl=1418),yJ=292)9K=2,2) /
2200352000420030177746,200032005220057200766,201402013020121201018,
e2010320103201032010238,4002420002177361T77438,177662003020016200318,
020031171661 70611762609176321761717600176028,175741755117522175118,
e175101750217535175548,176601774720125203048,204372047620403203428,
02034520200200031771689177231775120065200748,20120201212013120044B,
o 177721 774017775200060,200001T7T74601T77361T6568,176401765317713176768
o/

DATA ((UICLOFF(IyJeK) 3I=1518)9J=393)9K=242) /
«2G053¢0063201202000608,420044200642006120127D8,201472017020247203078,
020245201062200T7420072B,200552001420011200048,200042003220016177778B,
«20053¢004420031177578917706176261T7610176078,17571175561T7544174458,
elT7522175T217632177650,2013120206203432066TB,207262071320607206728,
«2067220464203542021382201772023320326203638,204152037120300202208,
«201402013320110200738,20125201022006220037892001T7177T517737177468
o/

DATA (((ICLOFF(I19JdeK)9l=19lB)oeJ=bys4)9K=2y2) /
«20163202022023620221b5205632014520113201408,201322023020351204008,
«20373203002022520132B,200732010120047200548,200332002220024200438,
e201242012620070200¢7B454700417752177341177258,177011765317725177118,
«167201775120041202168,202502044120666210058,210272105121045211368,
«2124721075207490206108,92054720565206612007684207072006320570205078,
e2043220323202522022418,2023020260202422024389202222015220121201138
o/

DATA (((ICLOFF(IyJsK)1=1918)9J=595)K=242) /
«206122113021107210318,20351¢04232044020435B,204242042220470205336,
«20577¢061120557204578,403252021620540204438,204412052120454200668,
e2U3T340U46020466c04658 9204752051120522205278,205512061520577205128,
«200022071120704210038,212242134221521216378,217442205222012221208,
«221402c3T122064220060,2214322215221632210789221112205622026220008,
«21662216152155221447842134954123721130210028,207242067620705206048
o/

DATA ((CLICLUFF(I3JoK)ol=1913)9J03096)9K=22,2) /
e2040424413243752134UB4212342023021117211018,210442102421053210778,
e244052211321077210308420755200663205712051589204502042320363203318,
e2075620T44207632077¢b84210062101221030210556+211072114221204212558,
e213312137121454215640,21731220442217222320b922421225442265622T7718,
e22750230534306423042B,230052276522T4T722153B42277622756227¢7227303,
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«22T3422703226306225478B 322057243442224122120B,220012170121621215508
o/

DATA (((ICLOFF{lsJdeK)pl=lylb)ygJd=1lsl)K=343) /

LITTTLTIITLIVTTL TN T 0 LTI NTTTL 270002 T,XTTTTLTTRTL2 207172218,
SLTTTTLITTILTTITILTITIB QLTI TTLITIALTITIILTIINIBLTCTTLITTTLATIILITT 778,
SAATPNLTRNTLTTAALT I TS LGB TRLTITITLITITLTTVTIBLLTVTITLTTTITLTT777L77778B,
LTI ULTITILVTIT LTV TBSLTTTILTHAILTITAITLTTITTIBHLTT77L7777202270172778,
SAITTTRIITILINTIAT T T M0 LTTTTILTTTRLITRILTT2 761020772 772217277122 7768
LTTIINNTTITLVITVNTILTITUB L L TTTTLITTXL20¢TLTV B, L77770207207277177278
o/

ODATA ((UICLOFF(I9JeK)ol=1916)9J=292)9K=3,3) /
«20033200162002520032b,20052200672011720143b,201472017120212201708B,
«201322010120121201333,20073c01552011420026B8,200062007620120200618,
«20010200231777417765b,1714017745177411770106,177241772117672177308,
177251772317 754200328,20U13220217203042047689205342050120426203758,
0203752023520104200518,1777420015201172020c5,20225020520164201516,
«20126200772002017775892002620016200G12177668,y17756177601LT765177628
o/

DATA (((ICLGFF(LeJd oK) 21l=1s18)9Jd=3,3)49K=3,3) /
«204162016620164201500b920212202672027420263059203112034420353203318,
e2U320202632024320231b+20213¢015520076201138,201272006520067201128,
«2016020133201342013784<01102007320113200748,200602005420044200478,
e2007020G12720215203146,404132050620675210508,2112521103207462C6458,
«207562062320360202348,2010762L22620317204108,204632046520434204318,
«2¢0301203032017020131B0,2014120146200752010289200612005520047200528
o/

OATA (‘(ICLDFF(I’J,K,11=1918)'J=4)4)1K=3’3) /
ecU556£060420336203548:20345203652037120325B9203732044720444204448,
e20443.04102041T7203208,202342022620116200778,20073200572006620115B,
edcb72026220255203048,9202442023620204202528,202472022020220202718,
ecU3312037320441205448,20702210622126621402B4213742131421217211378,
e213542131462077020654892U5772057420637207118,207612101420770207338,
«20650c053520437203c2892027420250¢0246202348,202252020520220202138
o/

VATA (((ICLUFF(leJdaK)el=1y18)9J=5,5)¢K=3,3) /

02441 1c1075212000007b4210002104120773207328,207202074220726207178,
e2U13.207.7206352052492037220270202262014268,200642006720105201678,
e20530205742063520663B,20712207542077020777852101321022210152103408
e2114421213213202144405:21473c17162200622070092215122050221352247068,
e223T22207721610421020392¢170222002217222222849222132217222146221028,
02204521 7442165121547by214402135521261211508,210662103520767207478
o/

DATA ((ULICLOFF(IoJaR) 2I=L9l8)9J=6,46)4K=3,3) /
«220T712200221725¢100689215572150521424213T718,2132721c4721276213168,
e21304212356211522104413,207332006242052220501B8,2046720461204612044508,
0211302113621137211548,21176¢122621273213378+213672140721447215418,
e216262119102173721¢73092201322110222302235089224332251422565226768,
02340V2¢3176231602315789£313023126231272312489231222307323050230638,
023U502c¢T74227002264004225772251222407223108,221502205421 706217358
o/

DATA ((ILICLOFFtlI»ueK) 9I=1s18)yd=1,1)4K=4,4) /
SLTTVINTTITILTTTILTTIVNIBLLTITTLTATILIT2TLT 7T T L7712 TLTIATLTITTTB,
SLTTTTLTUINLTTT LT 100 17T XL TTILUTTTLETT T L2 TR TILT0TTLT2778,
CATITTANITTILTNTITLT I T o LITTTLTTILTT4TLT IV TIBHATTITITLTTII2LTIRITLI71T8
LTIPIANNITTNNIT LT T 0o AT TLTTIRLATTILTTTIB L0727 2TTLTITLTTITT8,
ATTINNITTIILITITTAT TR T LT TLITITTL T TTTLTTTTB L LTTATLTITILTTTTLTT 7T,
SAPTFILTTTTLITTTILTT I LTTRTLITTTLTITUILYIVTIBLLATT7L722022097222028
o/
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DATA ((ULICLOFF(1yJ9K) sI=1918)9J=222)1K=494) /
«20075006320005200708:201102011620121201618,201542020520205201538,
«2006620043200L62201478920142006220051200178,200372007020044200068,
«200472006620075200608,20U442003420032200258,200302004620061200708,
«<043120156201722021258+202332027320347204158,204602046120414203678,
e202712020320112200518,177732000720044201118,201352013420156202038,
«2017272015620111200678,2003520041200442003265200442003320020200308
o/

DATA (((ICLOFFlIoJsK)oI=1lylB8)9J=393)9K=494) /
0203772036620555203608920c4620254920300202738,203202037420403203238,
«202052030620133202218,9202542016620107200658,201172005720053200708,
«20175202042021220202B420203201752017020165B,202002021020230202518,
«2U3352036620422204648,205352062420725210008,210432105321033207368,
«200372051520365203008920213202162026062203308,204112045120503205218,
«20465204052031720253B9202132016020163201768,5201702015720142201458
o/

DATA (((LCLOFFlIysydeK) 9yI=1918)9Jd=494) sK=494) /
«2053320527205242052089203572040720414203748+204672053620533204528,
e2U3342032620335203256920275202522020220156B8,201432012020140201338,
«203302032120344203528 9y203322033420344203368,203312034320367204658,
2205222057720631207058+210412116221263213508,214402142621344212318,
«212012105620722406138,20544205622056120617B,206642073221020210308,
e20TT12063420562205068,204472036120355203268,203252030620307203018
o/

VATA ‘((ICLOFF(IrJQK)’l=1118),J=5’5)'K=4'§) /
0e21222212302123121247b,212602124521223211738,211602112421075210468,
0 2077620751206662061489205222046320432204158,203332025720225201778,
«205732064020712207568,210222105321072210778,211232116521214212475,
0e21315214162150621614892170621776220662215385222452232722257222418,
e22407223142215022112b,22110221172206522066B,221212211722161221558,
e22100221132206121T60642169562156421462213768,213072122721207211668
o/

DATA ((ULICLOFF({IJsK)oI=1510)9J=6+6)9K=4,4,4) /
022103221462£1332£105042203221746216171353216448,216112152621462214678,
02142221347212742115785211002076320677206208,2055320523204175204758,
e211222115321022621530308921357214162147121543b+210062166121735220158,
e220002216T22263223468922430224272247622570B,226422271322752227776,
e232535232252323423214092322323236232672330178,232662327423255232378,
0d3243232062314523054D 4227662271722626225108,224012226622156220758
o/

OATA (((LICMOFF{IsJdeK)sl=1ls18)9J=1,y1)9eK=1,1) /
02U4272044620473205258:205122047620537205538,206642072720713210628,
e2110632223021275413040+921340¢140421365212478,212122117321077210028,
e203562020020056170628:1744L171571675616567B,164211627716076160008,
«e15555154441532115151b,+150631500415020151218,152361512615264155628,
ed60c716147165331071128,1740717722202752060669210642140221646217628,
e217332402521752217128,210672100021453212738,211752076220646204658
4

UDATA (((ICMOFF{I,09K)yI=lpl8)d=2492)9K=1y1) /
e203472041220466£05018,20511205032051420650B,207622104121067211048B,
e24166212442124021¢548,213532142121347212478,212072116321120207568,
e204212023220020170358917407172G01704216666B,16460163261616171260468,
e 157041555115340151706,150731502414770150458,151621512715303155618,
«156161630516573170578,173611776420240205508,210512137221626217318,
e220412c1322202221T40892173121613214532137785212712107320716206368
o/

OATA ((CICMOFFIlyJeK) pl=1918),J=3,3)9K=1,1) /
e204212043220405c0543D8,205512000220650210208,211302121421323213608,
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«213202130721241212745,213312135021277212448,211612111321027207368,
«202522010317703175118,17355171051675016560845164041626516116157748,
«157121545515230150640914763146001464314665B8,147131507715275156528,
«1574010265.652416754B,17252176172017120506B,210002120521525216758B,
ecc0112215122050217028921712216312154121414B,213142115021635207148
o/

DATA (((ICMOFF(1yJdeK)sI=lyladsd=4,y4)3K=1,1) /

e 2042420414205032050678920647¢07272101421065B4211702151621403215078,
«2155121371721526215428921535£132121320212538,212142106520770206718,
«202502004617700174703,17<704707316732165358,164031625616107160028,
«15042154361517615060B84914T15146301453414565B,147051511715306157038,
«160531631720461166T748,17173175462012620504B,207672122421472216368,
«21lT12321716.1743216618,2161021500215532) 1369213342117521105207448
o/

DATA ((LICMOFF(i9JsK)pl=lyluded=5,5),K=1,1) /
e204662043704642052408,<05552064321012211513,213462143721520215018,
«2151421456214262132169213172126221215211106,210362076020541204448B,
«20021175741746417257B,17066166521651016325B916110160161572015573B,
«1532115150147471457038,14512145331440614272b9143531452014752152248,
«15554160461642116702B,17104174371777620242B9204642064120735210118,
«211022123621222213100,2136721356212662106684207772075420705207313
o/

DATA (((ICMOFF(1yJeK)y1=1918)9J3696),K=1,1) /
«202002022220104202008,204012051620061220750B,21076211702124021272b6y
«21364721547212672125T09213102120221114210178,206732057020411202558,
e2UL431T7742174621T72660,11056167C11654616361B9161621603115652155338,
«15361152051507115U345,150311500615034150638,151331551515513157318,
« 1630016530170031723084173511754¢1770672003538,201572025420353204508,
«205342083220621206608,20720206762007520675B85207152062420576205478
/

DATA (C(ULICMOFF(l9JeK) oI=1418)93=1l41)+K=2,2) /

e £065320625¢070721007B42¢10602116421257213138B,212662130421263212403,
«21254213152152521253B9213342144221465214338,215732136321256211048,
«¢0523203012010717644b917440L71151673416552B8,163771620415774155428,
«153U3151021475414642091463014603145761461084146671505015141155008,
e155751610210474172418417470276722024620632B8,211342145221755222128,
e24205£21352207T72201589¢20122174421642215008,214432133121236207348
o/

ODATA (L(ICMOFF(LyusK)pl=1,18)9d=2,2),K=252) /
«206702066720776210258+210T32114121231213128,2146621366214122136238,
«21341213172131121312B+214002147221461214558,21440214162131721154B)
020426240411 17767175c4b9173131700116671164T48,163031614416004155338,
«1552115100147071455184145141452414504145548,147001506515246155218,
«1£535161231646017Ucbb,1726T176172017420507B,211142146422003¢21048,
02¢1334207102c002.20260,220L22171721646215618,214002135321211211078
o/

OATA C((ICMOFF(IsJeK) 91=1y18)4J=393)9K=2,y2) /
«20665.006532079442103084211052120121305214518,215302155221635216108,
e214532133421276¢134408,213702145621505214518,2143421336212312100648,
«20512201251766717421089171721675416006165408,162431610215705155158,
e1526315101146T76145150,y144261443T714473144178,1462315034152711550068,
1554016116 1640516507891 70511742520052204548+210222137021670220108,
e 22U54¢202522064221T7768y21773217.52163T7215526,214302131121155211456
o/

DATA (((ICMOFF(1yJdygK) oI=1y1lB)yJ=by4)4K=242) /
«2100420730207022104408,211732130521410214338,215472160721666217338,
e2163521440213.421356089213600142221472214278,213552127021154210343,
«2U271200411762517403b4171411673116541163176,161731602615601154558,
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e1531115070146671444589144121434314374144378,y145421474315206155038,
el556716110163301645409107451753101772420321B+206562116521474217156,
0227752174221 70062c004B9<c1l751216752106302153502514232127721201211558
o/

OATA (((ICMOFF(1,J09eK)pI=1210)90=5,5)4K=2,2) /
«21064210522111421111B9211052112721251215708,215232163021677217018,
0216¢4216042147521435B,¢141T72135452127621166B,211012072120576204408,
«201595177301745317213B,167551053315347161418,157421560315475153768,
el52¢415017140431451Tb91443514442144641451389145431464615061153138,
e155021577316307105616,16TT72172761761020102b,20361205412071421113b,
«21167212542132T7214118:2144221444<1330212478+212472124021211211548
o/

DATA (((ICMOFF(LyJeK)gl=1918)9J=6,46)K=2,42) /
«20540205742060220070b 207202073521 01621134B8,212242135721461214778,
e21543244T762143321555B9413364122021212211008,207262056620400202058,
e20255200L3617622173615,171301667316511103328,161331574315542153078,
e153041523315201151308,1505515030150711516589153071544T71562715T7648,
«1012416360166121T707LB2172T74174561760617675B,200372023020364204408,
«20532206022067120721B9c0740c073620765207568+207362102720735207418
o/

DATA (((ICMOFF(IlsJdeK)sI=lylb8)eJ=191),K=3,3) /
02122221325214402156589410062171002174521747852174221771c1 757216708,
e2457112155321502215248921007215502153521515B89214442137321262211148,
«203442007017625173378917060166141641416c20B8,160G301566415516153548,
«15005146141440514220by9141401410431417614272b+9144171465215134154168,
e155501604616420170U4¢p2173251T75112001720260B8,207232127221631220648,
022167£2221221372211Tb9220552201521762216608+215452144721356212278
o/

DATA (((ICMOFF‘lydtK, sl=lslo) 'J=292, 1K=3,43) /
e2125221317214402153689216002165221715217468+220152202322044220238
e21725226112153621536B92161121617215642147085214462141321320211308,
«23314200401755017254845170171655216326161360689160231566315433152668,
e150251461314446142668+1420314167142321431004144511465515137154608,
«155271605216407167548+171471741017714202478,206532131021660220248,
022423421 T71420T7722144584221132204521770217038,215712144721331212258
o/

DATA ((CICMOFF(LsJeK)91=ly1l8)yJd=343)eK=3,3) /
e2123121245213632150580<150121035217272202289220372207722143221328,
0l c0434172121525215136921543215542152T721507T8+214212132021215210278,
«20217177131744017T1740,167271650516311161068,157411555615341151518,
elaT1214635144061424789141731416014225143248,1445114066415204154778,
215473160251634410552b9106T241721417566201778+205242113221514217448,
e2211422162222332220789220702202021761216648,215562141721314212378
o/

DATA ((({ICMOFF(I,09K) 9I=1y18)ed=494)yK=3493) /
«212122126721350214008921020217042200522003B82177122100221342210608,
«2205521672215452151 18 42i5252147721420214208,213052121121072207278,
020153176571741047147080:106652164531621516014B+156301544615272151008,
e147201460314371142278,14110141121412514265B8,145031473315156154318,
e1546¢160221624610635769165621706317463200638920454210012134221631b,
02  T44ec05022176221568,2¢103204621732216718,5,215502142321310212718
o/

OATA (((LCMOFF{LsJoK) 9i=lellb)sJ=5,45)4K=3,3) /
«21207213012141U¢14220921376214532153521622B,214731220132205522011b,
021735£2166121556415138,214332134121217211108,210042067520553204008,
e2U0LO61T4T21T23016TT6B916527162T416113157028,154531533315174150728,
014750145531435514476B,143071442214472145128,146701516315371155008,
el57521617044322165738416624171061737017702B:202022044520720211608,
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e213555215102156521612b8921552215102143421367b+213342133121257213078
V4

DATA (CULICMOFFII4yJsK)glzlylB)eJ=690)K=3,3) /

e 20631¢uT721207572107108,21011321141212362153338,213702145121521215538,
0l i H42204T¢20409213248521024621107211122076508+¢00402046720301201058,
«200051702117374171506,510730165271631516130B,157461557415422152448,
«l5U6114647TTUL4T7611500084+1503215061151141517189153051546015637160158,
01002 6162501647316T248,1T111172267174511T76143,177712012420254204028,
0205072064120 706201752b192076621023210372110108+211272107121057210638
./

DATA (((ICMOFF(I,0sK)sl=1l9l08)sJd=lyl)eK=4,e4) /
e21454215562170521 773092200521 775217642171482216512165421626215608,
«2155021553¢1615c1563069¢163021604215602147505213712132321124207578,
«2036140070175561724668:10760164751627316062B4156561543015141147178,
e 145351453214154140448,9137551374414014141318,143051454615036153748,
«1955516100164531705684,175300174611707220150B,204222067221136214658,
02200402¢142222222220080££249122162221332205584217512164221504213468
o/

DATA (((ICMUFF(lyud9K)sl=1318)9d=292)sK=4,434) /
021412c1574942107121750094174321661217542172118,21674216TT21703216428,
«216052156T7215502152509216122162121572215118B,+21400212602115220774B,
e2U302200471750617¢c13D9167534104401622116030B,156521540315131147428,
el4536143351417214056B4137751376114020141328,142711453515031153578,
«15556161001637616745091712517337175722000489203372057621173215058,
0211332112221 T752224¢b59222322217222125220368,217352162321470413438
o/

DATA (({ICMOFFlLlyu9K)41=1418)9J=393)9K=4434) /

0214122153321 04621 74582173021 7272171752177664,217362174721766217238,
«2163121577215372150lB4215232161221535214338,213322120121051407348,
0202353172321 7427171248516071164151617715T7676,156301534115071147138B,
+145101434314215140708913763137421402014130B,143231457515030153376,
el125511605416352165758+167441713617437177406,2023220523212100214428,
021070220072222022246b52221122134220742201259217212156621476213178

.,

DATA (((ICMUFF Ll 9JdeX)01=1918019Jd58494)9K=4,44) /
e2b46121541216004220102B42205524006222U02621757B,2174321774220122117638,
el2l63021534215032147508+215072152521510214018+2124421116207652006358,
«20160117705173701710200,166261635616157157258+155201527715073146568,
el441714340142¢0141058,1400713751140031411505143011452714770153038,
e15520160c11625516431by166071T705017337176238,201752041421015213048,
021560222070221422¢2250222213221472204021754+2106421573214065213538
o/

DATA (QUICMUFF(LsJeK)91=1918)4J=5,5)K=4,4) /
e214302150121534215563+1572216032163521705B,2¢1761220032¢G04217378,
0240072.042215602154584,2147321377212062114689210022067020505204560D,
e 2002317500 172151677789 109001623616046156378,154411524215001147228,
e 14602144331432114234by141671416214:.1414305B,144201461315043153108,
e1553415772161371632505105471672717155174056,177002011120450206608,
e211352150621477215738:216042157021465214568,214072136721400214128
o/

DATA (((ICMOFF{lsJsR) 9l=1913)3U=690)9K=4y4) /
«210512112221242213200921346213502140521462b+2151421520414520215113,
«21515215122145621405892134121240211532103¢B8,207212055220421202408,
«20107176731742417213b21073416407162521060458,156701551115334152048,
el504,14757146T614645841404614T71715005150728+151741534615557160328,
«1601716¢371642016000604+16767171371730117450B,176021777620127202728,
e204112061120700207500421026221052113721145B,211742117421150212008
o/
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ODATA ((CICNOFF(I14JeK)sI=1918)9d=lsl)eK=1yl) /
«LPTTINTTITILTTVLTITTTB L7071 2702L TR0 TATITIBLL 27272000727 277177778,
«ATTPILTRTTLTNVPTLNTUIBLAPTVTLTTIRLTTITLIIT 0172271471277 120708,
LTTRTLTPTTLTVTTLVTTAGLLTTTIATTITALTTATLITTIBL L2020 T 0207277107778,
CLlTTTTLRTTTLTITRLTAVIBHLTT7ILITVRILITTTLITITABLLTTRILTITOLTITTILTIT TG,
SLITTTLRTTILTRITLVTTTIB LTI TLTTIIL Q70T LTTIT 705 1272210277127 27177778,
ClTVFTLRITTLCAVBLTITITDLTTTTLTITALRATTLITTTGBLLTTTTLRTITLI27L9T27B
o/

DATA ((ULICNOFF(I1yJeK)1=1,518),J=292)9K=1y1) /
«20152:2014220121220130B89201¢32014520070201048,20105201022006202000G28,
e 17751177541 7701176660217606517062117577175138,200302002117615176138,
«200242003220021200278,200512003220031200368,200522006120103200748B,
«2010420101201072011585201562014620120201048,200222005020070200008,
«1770012772200072004709<c0066200602003517757B,1772517674176761717218,
el773617714107725200038,,20017200432C06720042B8,200632002620053201078B
o/

LDATA ((ULICNOFFCLsJeK) 91=1918)3J=3+43)9K=1y1) /
0203052054220514203138:2032620323203412031156,202272024220221201428,
«2012520076200c61 7735091775217 7151T63T717617B,1T77534177001767T7177158,
«200712013220104400076920123201122015020150B,201612015020144201518,
020204.0064c0163¢01508:201622012620053201013,200522006520G67200748,
el773720056201232017005202112012020060200168+2060021776017730177238,
e l7T22.0T74117777¢00378,200652010220117201438,201722013220230202728
o/

DATA (((ICNOFF(1yJsK)I=1y18)9u=434)3K=1,el) /
e205122053520555205620920540205542054720524B,204242033423322203178,
el0c64202242014120104B 420042200321 775217717B,177762001717775200158B,
«2VU1432013720127201178,5201402014520G205201726+201702015620160202278,
e20220202322020520173B,¢0102201312007120105B,201262012320135201436,
e2V05420116202412025T789¢0£242017020161220145B,201152007120036200148,
«200122001C20066201256,201732022320244202668,203042031520377204568
o/

OATA ((CICNOFFi{LeJoK)sl=1l9lo)sd=545)¢K=1,1) /
0242702134021371213558921323¢1272210174211155,211322116121135210518,
e2074020L634205622051389204042204342047420524B8+205142042T720444204558,
e2043520446204062034389c035420403203622036184202562035320332202778,
«20240202072016720151B,20146¢014720135201438,201452015320221202658,
«204512027620262203018,2034942035520400204026,204022041120412204228,
ec0435205222054320572B+2062T7207022074221G31By210362106621144c12418
o/

DATA (((ICNOFF(IsueK) 31=1918)9J=696)yK=1y1) /
0216442171621T750¢167509216432101521560214T7169214202142221451214058,
e21341212342116621132b,21072210422102721065B8,52106321105210732106438,
e lUT10£0704207022005309200132054120507204678492044320413203066203008,
«2033720334203302033109203352033220305203126,203002024720271203608,
«2027T720344203T74204560920523205522061720641b,206752075121075211518,
«2120123¢40212552125568+921302213172135021426B8:2140622153121616216268
o/

DATA ((CICNOFF(LeJeK) 91=1918)9Jd=1ly1)9K=292) /

e LITTILTTTTACTTTLTITVIBATATILYTITLATTTLAT?IBLLI77TLITITTLRTT2LT7778,
L ITITLIITTLTRTITLT T T2 T7L 277027177076, 0227712072107 72217T7778,
CLlTITTLITTTLTITILTTRRO LT 7TLT 720727 LA220 7177771277707 T710T77778,
CATTTTLITTINTTTITLTTVIS ST TTLTTRTIL?TITTLITTTBLLTT2TLTT7L2T27LT2778,
LTTTTLTITIIRTTTTLT TV TR TLTTTTL2ATLTTTIBLLOT4TLI0T2L22TTL2T72,
LTV L2T70 0T84 T0o 02010 TTT2LTTTABLLTT77L27771L2277172778
o/

DATA (((ICNOFF(i9JeK)ol=19lb)9Jd=252)9K=292) /
«202002U171201T420c0cB920177201612013220111b+2011620070200572005106,
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«2002520025200072077248,1774217T13176T417655B5176752010217643177038,
«200162002020054201128,201052012320133201356,201352013320120201378,
«208312022320000200458,4200562004420030200178,200071777520001177618,
«17715200012002420061b940001£005520001177458,177271771717743200018,
17766107211 T77522002108,2U042007520110200658,201102011320107201138
o/

DATA (((lCNUFF(I'J'K)'1=lplb)'J=313)'K=2'2) /
«20402204332043220407b9204222040320403203408,205062023420242201718,
e2015720140201032003¢b,2002120061020003177458,200001774317761200078,
e2Q013¢c0151c014320147692016720212202342022789202222017520170202178,
«20172201622012120102052007120071200572001168,200042000320003177608,
elT77442011220154202020+2017020125200312000168,177701775217727177348,
el7727177311777740077B4201402017420202202168,2022620251¢0263203068
o/

DATA (((ICNOFF(LeJdeK)el=1lelB)eJd=aye4),K=242) /
«2060220637206472004509206152001720534205556+205042042420412203708,
e20321202T762024420175b9201502010520077200378,200512011520124201318,
e20267.024020254202658920304.032020332203208,203112025020267202438,
e2024720441201762013008,201052006720047200516,200572006620066200528,
«20052.021420277202008:202242016620142201318,2010320006020026200028,
«20007200202010520415b,202542030020344203738+9204032042620472205023
o/

DATA (((ICNOFF(l1sJeK)I=1918)4+455,5)4K=2,2) /
e213622135621343213638,21405213602130421234B,2123221241212210211458,
«210622101120753207050,20633206012057720620B,206472063220633206208,
0206405604056 22054685205362054720507205508520507204602043620402B,
«203412026120225202148+20173201762017020164B8-,201622017620241203068,
«20350204542040620420b920445204702047420510B+9205162051520523205438,
«20543205742064120604182072020770210272105689211042114721214212518
o/

VATA ‘(‘ICNDFF‘X'J'K,’1=1,16)1J=616)9K32)2, /
ellT472176220 15421 TA50921T44217210217012164308,2156062157121577215158,
e2144T7214012134321303b6,212752132221311212748+212762130121271212558,
«211532115021120210458,21004207232066320623B8+205632054620514204756,
«204252040120370203720:20413204202040520366B9203602035520373204628,
e204602051020503206408,207062073020774210258,210502110221137212338,
«e212742127321331213640921371721416214532147008,215342160221662216458
./

DATA (((ICNOFF(lyueK)sI=1918)9d=1lyl)eK=3,3) /
ATTTILTINTINITTITLTITITIBSL2TTTLATTOTILITITLTITTIIO,1222710722 2102777177778,
SLTTITLRI?TLITTILTIITIB LT TTTLTTIILTTTTLTT2TE L 27TTLITTTLTITITILTTT D
clTTTILTITALI?TILNTRUBHLLITTTLTTRVLTTTTLITTT7BSLTIT?TLTTITITLIT27072228,
CLZIRILTITTTLRTT2LI00B, 137721027 L0202L0TTI8B 1277707777077 77172778,
SLTTITLTTTINTITTILTTITIB S ATT7702770172271907778, 1277710227707 227077778,
CAITIILIITTIXTTTLI T IO 703 TLTIIIILTXTTLT 7T T 172771027272 2227177728
o/

DATA (CCICNOFF(IsJeK)eI=1ylB8)yd=242)4K=3,3) /
«2021620521520¢13202008,201742015520140201238,201532015020156202008,
«2017120105201442012089201532006220027200458,200242000320016177448,
«200060020076201212014159201502015062016120155B8,201532015220131201348,
e201272UL27201310201138,20052200342003020003B9177621775717740177278,
«177462002120061201128,20133201472013620107B8,2002220004200032000783,
«200142002020052201156,201552014520140201448,201432014220140201438
o/

DATA (LUICNOFF(LyJdoek)sl=14318)493=23,3),K=3,3) /
e20442020444204402041589404002035520353203358,203532033220331203318,
020334203346420274202428 42U240201662011420065059201312012720104200508,
«201462015520221¢04458+20254202T7020504203038,203022026620453202403,

342

,_-‘,~___,.-<M




«202312024020G206201578920115200622002717776B41776017754177571774178,
«l7764200552021120234b9202002026020242202018,201332007420054200478,
«200T73201132013720212892U2542027120277203068,2031220311203162032%8
o/

DATA ((CICNOFF(I9JeK) osI=1ly18)yd=4494)yK=3,3) /
«20655206532G66120043B8,206152057520533205458,205422053220522205178,
e 2U5012046420435204068 920360202T7420G233202048,9202162021620161201738,
e202632027020316203575,2040120413204212041684204132040120363203318,
e2032120313¢025520213b9201572012620067200268,200222002420037200258,
«200662025520343205678:2056620566203022026269202562022320176201758,
020 a2Ue52203072034¢B 920401204312044T720472B8,204752050420522205178
o/

DATA (((LICNOFF(I1sJsK)s1=1910)9Jd=5,5),K=3,3) /
e2144221433214052141189214232135521316212768,21255212522123321165B,
e2k134211122107421G310,9210102076220756207548,207542073420717206668,
«20710206522065320656B89206742067720702206718,206372062120572205328,
«a20457204232035620275842027620¢4320234202358,202142022520313205358,
«2057120571202542057189206032061720613206358,206562066620701207278,
«20T36c07642100621023B,210002110521132211438,211622120321225212518
o/

DATA (((ICNOFF(lyJsK)1=1yl0) sJd=696)43K=3,3) /
02.0022177521754217068+21734¢17322170221656B,216112157521563215038,
02146521436213762133309213452134121326212738,212672127121260212468,
02123320204211542112068421006210G2020765207318,207022065020615205748,
«205212052220501204406B89204302042120417204068,203712037120421204758,
«2U6432066020617207328+20756210042103521067892211122114621223212668,
«21332213502136721370B9¢140621411214302144T6+214552154521560215748
o/

DATA (LCICNOFF(I9JeR)el=1,518)yu=l9l)K=4,y4) /

e A?TPILERTTLRITT2A0VUBHLTITILTITIRLTTNILTTTIBLLITTILTIVTITLITTTLTT2TTB
ATITTLTITIILTTVITLTTT B LTI LT TZTLTTITLTNTITIB S LTTITTLTTI2ATTITLTTIT B
CLITTTLTTTTLITNTLT T D LT TTLTTVILTIXTILTIT 28177 TALTTITTLITITTANTITB,,

SLTTINIITTTILITNIL T4 L TP T TLTTTTLTTATLTTTUBLLTTITLTTTTLITI71T7 08,
SATTINNTIITLTTITII TS L TTTTLTTTTILTIITL TV IO LTI TILTTTTLITTT7LTT 17D
AITTIVTTITLTTTTLTTTAB DL T7TTLITTILTITALITTIBHLL 7777070722742 TL27218
o/

DATA (((ICNOFFlL1eJsK)9l="518)9J=292)K=4,4) /
e2U234202302022720206692015720153201642015085201542015420174202138,
«20226202362022520163B8,20104201442010220006B,200672005320047200528,
«20076201052012120145B8,201532016420156201518,20154201432013101258,
02011 62012620141201328,2010212010720062200378,20017177751777117772B,
«200£52004120065201108,9201202013420147201358,201212010520055200518,
«200642000620137201556+201572016720174202008,202002017220162201758
o/

DATA (((ICNCFF(I,JeK)el=1l310)+d=3,3)¢K=444) /
«2045020445204302057689205602U5352031420334B8,203422033120341203718,
«204042036720360203146,203172032420247202108201562016020132200628,
«201672021620255202758,203032031620525203148,202732025720236202338,
«20212202202023420225852017420141201152006589200372001620010200148,
«200TT72015520212202408,202632027320276202708,20243202002014020120b
«2015020177202604031¢b9<0335203462035520357B8+203722037320372203758
o/

DATA ((ULICNOFFLIoJeK)ol=1918)9J=4y4)K34,4) /

e 2067 7¢000520633206038,205702055120536205233,205172052220522205338,
e205202046062047T7204536920465204532040420313B,203122031120273202338,
«202722C31520364204158,204342045320457204508204162037520362203338,
¢20331203202031420300b9202412020320155201158,5,2007120066200772010408,
e 20176202622034520356059203732057420406203T778,203542033120255202328,

343

o

e RS

R T

e, Bl




e

02024200324204022044409y20476£053520550205608,9205662057120577205708
o/

DATA (((ICNCFF(LeJeK) 9l=19la)9d=59519Kzby4) /

014 1321456214352140689¢1300c13255127621274B,2122432122421200211648B,
e2117321156211322110689¢11052106421042210428,5210362102621015207668,
e207222073020737207558,20726¢07462075420146B4207262071120656206018, !
«205302046020414203600 1¢0346203432034620342B,203352033620345203673, i
«2U547206112063520642089206442066220067020707B9207172073520765207738, ‘
e21020210412106T2112259201702122121257212758+213202133221340213448 {
o/ ,
DATA CULUICNOFFUI4JsK) 9I=lel8) 9JU=646)9K=844) / ’
022065220572202021754b,217632175642173421714689216602162421600215618,
e2154221522215012143089214302143521414214048,213502134121333213038,
e212322121621210211T7485211452112621071210368,210132076520730207033, (
«2064120613205762056389205452052020506205018,205052047620502205136,
«20700c073420767210128,210412106621110211358,211612123421310213668,
02141 4214T12152021 5448 92154T72154121545215578,215742161021673216478

o/
<
C
[ XS R EEEREEERE EEFE XKL EEEFERER
C sxxxx  INITIALIZATION s»x*xx :
( FAEX2ESXBHHIBRBEREER X ¥ LXEBER !
c o
IF(ICCAL.NEL2) GO TO «0 ]
C
€ SET CERTAIN UNINITIALIZED PARAMETERS TO 2ERD eeoses
C L
00 5 I=1,3 %
IFIXEM(1).EQ.0.99999) XEM(I) = G ?5
LF(SRA(L).EQW.0.99999) SRA(I) = 0 U
00 5 J=1,3 J
£ IFIDSALJY2I)+EQ.0.99995) DSA(JISI) = O P
C
IFLOFF.£Q.0.99999) GFF = 1. ﬁ
IFLUP.EW.0.99999) WP = 1.
IF(ZASetue0.99999) WS = O
IF(COX.EQ.0.99999) COX = U
IF(ELXeEQ099999) ECX = 1.
IFIECY.EQ.0.99999) tCY = 1, 1
1IFLECl.EQa0.99999) EC2 = 1.
IF(CLPeEwe0.99999) CLLP = O,
IF(CMU.tQ.0<99999) CMQ = O.
IF(CNR .EQe0.99999) CNK = O.
IF(RON.EQ.0.99999) RON = 0
L
C SET UP CUNSTANTS FOR THE BOUNDRY LAYER PLANE EQUATION eeceee !
c ‘
CONS{L) = CONS(2) = 0 )
CONS(3) = 1. r
¢
L StT uP THt CENTROID VECTUR eeeves
c
CENT(1) = CDX
CENT(2) = CENT(3) = 0

OtTekMINE THt HYOUKAULIC UIAMETER sececs

(ol ol o




HD = SQRT(4.*5/3.14159) i

C

C CALCULATE THE CENTROID TABLE eceevee !
C

|

|

m. e B im s mne e i

DO 10 I=1,20
10 TCZ(1) =0
WRITE(6s15)
15 FORMAT(//5Xg*~=~ CENTROIU TAbLE CALCULATED FOR COMPONENT*,
. % AS ===%,//16Xy*LENGTH*,8X y#CENTROID*/)
NTAe = TAE(2)
00U 20 1=2,NTAE
K=NTAt+2+1] b
] 20 TCZAL)=(TCZUI-1)*TAE(K)+ 5% (TAL(K+L)-TAE(K))* !
. (TAE(3+]1)+TAclz+I)))/TAE(K+1) ,
WRITE(6930) (TAE(1+3),TCZ(I)sI=19NTAE) i
30 FORMAT (16X ¢yF5.2y10XyFT.4) ;

L

ALPHA = BETA = VMACH = Q = EXL = EXA = 0

CX =CY =CZ =CL =CM=CN=0 ,
c 2
‘_ 1t 3 2 i1ttt 11ttt Ittt 2 r 1ttt ittt 1% ’ !
C :}
€ ZERU GOUT THE AERO FORCES AND TORQUES cecces %J;-
C ¢J

40 D3 50 1=1,3
| 50 FL1) = T(I) = 0O

BYPASS ROUTINE DURING STEADY STATE WITH THE RAIL COMPONENT IN THE
"wEL LA N X X N J

o

VN SN P

A‘__.._.-w.,._.-j
sl T

IF (INST.EQe31 .AND. OFF.tQ.0) 60 TO 110
IF COFF.EQ.l.) GO TU o0
CALCULATE XEM IN THE AIRPLANE SYSTEM sccoes

CALL VECXAYZ (XEMA XEMySRA,USA,2)

uw? Jan

CHECK TO SEE IF SEAT MAS PENETRATED THE BOUNDRY LAYER eceeee
LF(LNSSUP.LE.XEMA(3)%UP) GO Tu 110 :

CUNVERT FROM DEGREES TU RADIANS cascee

[aN sl ol ol o N o BN ol ol o BN o BN o N a N gl o

60 00 70 1=1,3 a
10 ESTIR(I) = EST(L) * RPD )

DETERMINE ATMUSPHERIC PROPERTIES caccoe ki
CALL ATMOS (VSeRHO=SRP(3)yUW,0,0,0)

PUT THE WINO INTO THE bODY COORUDINATES ceccee

coes o000

CALL OIRCOS (DESHESTIR)
CALL MATMPY (UWB,DEtd>yUN9343,1)

ADL THE WIND VELOCLITY TO THr SEAT VELOCITY secees

(ol ol o}
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(aX ol o BN ol ol o)

Uo(l) = UST(L)I-UWBI(1)
UGt2) = USTL2)-uwblZ)
U0 (3) = USTI(3)-UWBI(3)

IF(UO(L)eEQeOeUeANDUG(3) sEQ.0.0) UOIL1)=.01
ALPHA = ARTAN2(UOL3),U0(1))*0PR

CALL UOTPRD (VBARZ2yULUD,3)

VBAR SQRT(VBAR2}

8ETA ASIN(UO(2) /VBAR)*DPR

VMACH = VBAR/VS

Q = «5 * RHO * VBARZ

PERFOKM TAoLE LOOKUP FUR AERUDYNAMIC COEFFICLIENTS .e0ees

TBLALPH = ALPHA

IFLALPHA LT, 0.0) THBLALPH = ALPHA + 360.0

TBLOETA = ABS(BETA)

IF(RONJEG.0.) CALL TLU (1CXOFF 37296949 ALF4BET s AMACH,TBLALPH,
. TOLBETAsVMACHCOEF ,6)

IF(RONNE.Oa) CALL TLU (ICXON 37296 949ALF¢BET, AMACH, TBLALPH,

- TolL3ETAsVMACHCOEF6)
CXx = LOeFl1)

Cy = ~COEF(2) * SIGN{L.sBETA)

CL = CLEFL(3)

CL = ~COtfF(4) * SIGNL1.,BETA)

Cn = COEF(5)

CN = —COEF(6] * SIGN{L.,BETA)

BYPASS EMeRGE CALCULATLONS IF SEAT I> UFF RAILS

1FLOFF.EQ.1.) GO JO 90

XSRS 3 4SS R R XSS BB BER B RS R EERREIERE RS K S X R REE EREE REE SRE X SRS EE K%

#3 CALCULATE ThHE AERUQUYNAMIC FURCES AND TUORQUES ACTING UN %

*x  THE SEAT/MAN AS 1T 1S EMERGING FROM THE AIRPLANE cceeee #%*
REREXRE S RERREEBREEEEEREREER KRS K FERE EREXRERK XXX EERKE XX KK KR

CALCULATE THE SEAT Z-AAIS UNIT VeCTOR DIReCTION COSINES WITH
ReSPECT TU THE ALIRPLANE JSYOTEM cceasce

DO 6C I=14+3

&0 DC(L) = DSA(L+3)

CALCULATE THE PUOINT UF INTERSECTION BETWEEN THE BOUNORY
LAYER PLANE AND THt LINE THAT BOTH PASSES THROUGH XEMA AND
1S PARALLEL WITH THE SEAT SYSTEM I AXIS cecces

CONS(4) = =IWS
CALy LINEPL (XIZCUNSeXEMA,L,0C)

EXL=SURTU(XI{1)=XEMA(L))*»52+{X]112)-XEMA(2))8%2+(XI(3)=XEMA(3]))%%2)

CALCULATE THE EXPOSEU ARtA FROM THE TABLE eeceee.
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<

C

EXA = TOLUL(EXLoTAE(4)sTAL(NTAE®S) ,1,-NTAE)

CALCULATE THE AcRO FORCES FROM THE AERO COEFFICIENTS, THE
EXPOSED AREAy AND THE EMERGENCE COEFFICIENTS cecees

QAREA = Q * £XA

Fll) = CX * QAREA * ECX
F(2) = CY * QAREA * ECY
FU3) = CZ * QAREA * E(2Z

CALCULATE THE Z~AXIS POSITION OF THt CENTROID cceecns
CENT (3 )=XEM(3)=SIGNL] o yXEM{3) ) *TBLUL(EXL, TAE(4),TCLLL)y1ly~NTAE)
CALCULATE THE RALL/SEAT TORQUES ecevee

CENT (1) = CDX
CALL CRSPRD (ToCENT4F)

GO 10 110
L17777772277072207777077770077727727777777727777277777772727777

ADD DAMPING TERMS FOR AN AIRSPEED GREATER THAN .1 FT/S5cC

S0 IF(VbAR.LE.G.1) 6O TO 100

HDU2VY = HD/(VBAR+VBAR)
ADD ROLL OAMPING ecsecew

CL = CL + CLP * WST(1) * HDO2V
ALGD P1TCH UAMPING ececese

Ch = CA + CMQ * WST(2) * HOOQ2V
AUD YAM UAMPING cesosce

CN = CN + CNR * WST(3) * HDO2V

COMPUTE THE AERO FORCES AND MOMENTS ABOUT THE SRP scesece

100 QS =4 * S

(1) = CX * QS
Flz) = Cy % @5
Ft3) = CZ * QS
T(1) = CL #® QS * HD
Tte) = CM & QS = HD
T(3) = (N ® 4S5 = HO

110 RETURN

.—ﬁ_
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SUBROUTINE CS (AIL,AILDOT,IAILyELESELEDOT»1ELEYyRUDyRUDDOTy IRUD
. COAsTCAyTOALCOELTCELTOESCORYTCRyTORy TRM)

=== EASI1eST AIRPLANt CONTROL SURFACE COMPONENT ——==-

DESIGNeDL bY Cele WEST
LAST MODIFIED - UzCEMBER 6y 1980

3R R XSS EEE (S OUTPUTS SREEXESEEERXEERE

AlL - ALLERON DEFLceCTION FROM TRIM POSITION (DEG)
ALLOOT ~ AILERON RATE (DEG/SEC)

1alt = INTEGRATION CONTROL

ELe = ELcVATOR DEFLECTION FRUM TRIM POSITION (DEG)
ELECOT - ELEVATOR RATE (LEG/SEC)

ItLE ~ INTEGRATION CONTROL

RUD = RUDDER DEFLECTION FROM TRIM POSITION (DEG)
RUDDOT - RUDDER RATE (DEG/SEC)

1RGO - INTEGRATION CUNTRUL

EEEESFIIXRRBEXE (S INPUTS SREZREEEXEERKEER

COA ~ AILERON COMMANDED POSITIGN (DEG)
TCA = ALLERON TIME CONSTANT (SEC)
TOA — TIME DELAY AFTER WHICH THE AILERON RATE IS CALCULATED (SEC)

COt ~ ELEVATOR COMMANLED POSITION (DEG)
TCE = tLEVATOR TIMc COUNSTANT (S€EC)
IDE = VIMt DELAY AFTER WHICH THE ELEVATOR RATE IS CALCULATED (SEC)

COR — RUDDtR COMMANDED PQOSTION (OEG)
TCR = RUDDER TIME CONSTANT (>cC)
TOR = TIME DELAY AFTER WHICH THE RUDDER RATE IS CALCULATED (SEC)

TRME4) — AIRPLANE THRUST AND CONTROL SURFACE POSITIONS AT TRIM
TRM(1) = ENGINE THRUST (LB) — NOT USED --
TRM(2) — ALLERON POSITOUN (DEG)
TRM{3) - tLEVATOR PUSITIUN (DEG)
TRMUl4) - RUDDER PUSITION (DEG)

DIMENSION TRM (4)

COMMON /CTIME/ TIME

COMMON /C1CCALs 1CCaAL

COMMON /7CiU/ 1READIWRLTE,IGIAG

SERBBRERE X EE KL E SRR EREE REKX

3828 INITIALLIZATION s$sxas
SEBSBSAFBSEXB LRSS SRR S BB LS

IF(ICCAL.NESL) 50 TO 10
IF(COALEW.0.99955) CLA

IF(COE.EQ.C.99999) (Ot
IFLCOR.EW.0.99999) COR

(LI 1]
oocC
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IF(TCA.EQ.0.99999) T(A
IF(TCL.£Q.0.99999) T1CE
IF(TCR.EQ.0.99999) TCR

(=N <N o} [aN o o}

1F(TOALEG.0.99999) T0A
IF{T10t .€Q.0.99999) TDE
IF(TOR.EQ.0.99999) TDR

1177877777772 77707277/27/72277777 ;

33358 AILERON S33%¥%

coroe

10 IF(TCAL.LE.O) ALLD = O
LIF(TCAGTL.0) CALL LAG (AILDCOA,ALILoTRM(2)4TCA,TIME,TDA)
IF(LIAIL.NE.O) AILLOT = ALLD

3288% CLEVATOR #%3%%

(N N ol

LF(TCE.LE.O) ELED =0
IF{TCEGT.0) CALL LAG (ELED,COEsELEsTRM{3)TCEyTIME,TOE)
IF(1ELE.NE.O) ELEDOT = ELED

sx%%% RUDUER S*2xx%

(sl ol o

IFLTCR.LE.O) RUDD = O ]
IF(TCR.GT.0) CALL LAG (RUDDyCOR,RUDyTRM14) s TCR,TIME,TDR) 3
IF(1RUUCNE «G) RUDDUT = RULD g

RE TURN
END
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SUBROUTINE CT (TCP, i
!
I

EF e EFDOT L I1EFsELIELOOT S IEL s WK ¢WKDOT » INK,
WByWBLOT,IWb,
FLeFONSFCAZTCASFCSsTCSsCFRoCEXsCVsTLOWPC R yCVH,TSO,
FSOsSWUP s SAP y AAP UCLeCSKe VI yPASPT,CBPsCoCIPMW,SK,
CKeGAMy TF3C1lyC2989BXPsTI o TOEs SRPyUSTHESTyWSTyXAP,
UAP sEAP s WAP)

e L st

Sek 205233 35%  EASIEST CATAPULT COMPONENT *x%kxxkiis

DESIGNED bY CeLe WEST
LAST MOUIFIED -~ OECEMBER 6y 1980

FORCES ANL MOMENTS ACTING ON THE VEHICLE AND THE SEAT FROM
A CLOSED TeLESLOPING TuBe CATAPULT

3565530 %333 %8%% (ATAPULT TABLES $8%x%532%55%%%%

TCP ~ CATAPULT PROPELLANT CUNSUMPTION TABLE
THE INDEPENGENT VARLIABLE IS THE PROPELLANT
WEB CONSUMED (IN) ANO THE ODEPENDENT VARIABLE
IS THE PRUPELLANT CONSUMED (SLUGS)
3k s xsxzxsx CATAPULT QUTPUTS =X REXXEEEEE

INTERNAL FRICTION ENERGY cececee

;
EF — INTERNAL FRICTION ENERGY (FT-LB) }i

EFOOT — INTERNAL FRICTION ENERGY RATE (FT-LB/SEC)
1tF = INTEGKATION CONTROL

Ht“ Loss X LN X K J

el - HEAT LOSS (FT-LB)
ELDOT — HEAT LOSS RATt (FT-LB/SEC)
1L = INTEGRAT1ION CONTROL

CATAPUL“ NORK LI

WK - CATAPULT WORK (FT-Lb)

WKDOT -~ CATAPULT WORK RATE (FT-~LB/SEC) 1

Ink ~ INTEGRATION CONTRUL |
PROPELLANT WEDB BURNED eeeves

Wb - PROPELLANT wWl8 BURNED (IN) k‘

WoUOT -~ PROPELLANT wko bURN RATE (IN/SEC)

Iwe ~ INTEGERATION CONTRUL

FL - CATAPULT MODE FLAG ,

O = PRIOK TO INITLIATION

1 = CATAPULT IGNITION UP TO STRIPCFF
¢ = CATAPULT STRIPOFF
3 = CATAPULT OFF

FOUN — STRIPOFF FLAG FOR SUSTAINER RUCKET COMPONENT
(1 = ROCKET ON)

(a2l s X al sl aNalaNal all o N o NN ol ol o N N oW N o N N ol ol o N o N a Ko N o N al ol o N o N o N aN ol aNaRal pl aN o N aR ol ol N al ol n N all N ol o




FCA(3) -~ X,Y,Z AIRPLANE BOUY AX1S FORCE COMPUONENTS OF THE

CATAPULT ON THE ALRPLANE (LB)

X9Ysl AIRPLANE BODY AXIS TORQUE COMPUNENTS OF THE

CATAPULT UN THE ALRPLANE (FT-LB)

FLS(3) = X9Y9Z SEAT o800Y AXIS FORCt COMPONENTS OF TrHeE )
CATAPULT ON THt SEAT (LB) !

TCA(3)

TCSE3) - XyYyZ SEAT 8UDY AXIS TORQUE COMPUNENTS OF THE

CATAPULT ON THE >EAT (FT-LB) \
CF — CATAPULT FORCE MAGNITUDE (LB) *
Ce X = CATAPULT EXTENSION (FT) ]
Cv — CATAPULT EXTeNSION VELOCITY (FT/SEC) 14
TLO = INITIAL LENGTH OF CATAPULT PRESSURE CHAMBER (IN) i
PC — CIRCUMFERENCE GF CATAPULT PRESSURE CHAMBER (IN) ¥
R = GAS CONSTANT (FT-LBF/SLUG-K) |
CVH — CONSTANT VOLUME SPECILFIC HEAT (FT-LBF/SLUG-K) 4
T50 - CATAPULT STRIPOFF TIME (SEC) o
£S0 — CATAPULT FORCE AT STRIPOFF (LB)

saxdxxn33usk%k%8 CATAPULT INPUTS SFXETERxREeRpk%

Sd - FLAG FUR CATAPULT IGNITION ( 1 = CATAPULT ON )
upP — EJECTION DIRECTION FLAG WRT THE AIRPLANE
+1 UPWARD EJECTLON

=1 = DOWNWARD EJECTION
SAPL3) - StEAT ATTACHMENT POINT FOR THE CATAPULT (FT)
AAP(3) = AIRPLANL ATTACHMENT PUINT FOR THE CATAPULT (FT)

uCtL = UNLOADED CATAPULT LENGTH (FT)

CSK =~ CATAPULT STROKE (FT)

vl - INITIAL FRtE VOLUME (IN%®x*x3)

PA — PISTON AREA (IN®%2)

PI = TANG RELEADE PRESSURE (LB/IN%*%2)

Cop = CATAPULT BURST PRESSURE (LB/IN®%x2)

c - MASS OF TOTAL PROPELLANT (SLUGS)

Ci ~ IGNITER PROPELLANT MASS (5SLUGS)

PMNW — PROPELLANT MOLECULAR WEIGHT (LB/(LB-MOLE))

SK = CATAPULT SPRING CONSTANT (LB/FT)

CK = CATAPULT DAMPING CONSTANT (LB/FT/SEC]

GAM = RATIO OF SPECIFIC HEATS

Tr — CONSTANT VUOLUME FLAME TEMPERATURE (DEG K)

C1 =~ FRICTION PROPURTLIONALITY CONSTANT

C2 - HEAT LOSS CONSTANT

8 = BURN RATE PROPORTIONALITY CUONSTANT (IN/SEC/(LB/IN%*%2))
> BXP - BURN RATt tXPONENT
; I = CATAPULT TeMPEATURE PRIOR TU IGNITION (DEG K)
f TOt — CATAPULT FURCE DECAY TIME (SEC)

SRPL3) — Xy¥el EARTH SYSTtM POSTION VECTOR OF THE
SEAT ReFEKENCE POINT (FT)

USTL3) = X3YyZ ScAT B0ODY AXIS VELOCITY VECTOR OF THE
SEAT (FT/5eC)

EST(3) — EARTH TO SEAT EULER ANLLES (DEG)

WST(3) = XyYel SEAT B80ODY AX1S ANGULAR VELOCITY
OF THE SEAT (DEG/SEC)

XAP(3) = XyYeZ CARTH SYSTEM POSITION VECTOR OF THE
AIRPLANE (FT)

UAP{3) = Xy¥9Zl ALIRPLANE oOuY AXIS VELOCITY VECTOR OF
THE ALRPLANE (FT/SEC)

tAP(3) — EARTH TO ALRPLANE EBULER ANGLES (DEG)

WAP(3) - X,Y,Z AIRPLANE B80UY AXIS ANGULAR VELOCITY

C
c
Cc
C
8
L
C
C
C
c
C
C
L
C
¢
c
C
C
«
¢
L
C
L
C
<
C
C
o
C
C
&
L
C
<
<
¢
C
.
C
C
e
¢
L
¢
¢
C
c
C
C
C
L
C
%
C
C
¢
<
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OF THE ALlRPLANE (DEG/SEC)

DIMENSIONS OF CALLING ARGUMENTS cceceo

(aNaNal )

OIMENSION FCA(3),TCA(3)4FCS(3),TCS(3)4S5AP(3),AAP(3), b
- SRPI3),USTU(3)+EST(3)sWSTI3) oXAP(3),UAP(3),
. EAP(3) yWAP(3)

INTERNAL DIMENSLIONS

(oK ol ol

ODIMENSION DES(3,3)40SE(393)9DcA(3,3),DAE(3,3),
SAPE(S5) s AAPE(3) DXL (3 )y EXT(3) USAPE(3),
UAAPE(3),COV(3) 4FCP(3),FSS(3),FSD(3),
FCU3) sCXUVI3)ESTIR(3) yWSTIR(3)L,EAPIR(3)yWAPIR(3)

COMMON /7 CTIME /TIME

COMMON / CICCAL / 1CCal
COMMON 7/ COVRLY 7/ INST
COMMON 7/ CSSFLG 7/ SSFLG ]
COMMON 7/ CILO / IREADIWRLTESZIDIAG 4

OATA RPO 7/ 01745329 / iﬁ

BB EIBBEXBS IR XS X B L X EES S S XS L
sxx3%  INITIALIZATIUN »sx%s ;
SR XS XS SEER XS EXEREFE X 5¥ XS EX

IFUICCAL.NE.1) GO TU 10U

COMPUTE Tt INITIAL LENGTH (TLO) AND CIRCUMFERENCE (PC) OF THE
CATAPULT PRESSURE CHAMBER eacsees

(aN ol o N ol ol ol ol ol oI o

TLO = V1/PA
PC = Z3SQRT(3.14159%PA)

CALLULATE THE GAS CONSTANT (R) AND THE CONSTANT VOLUME
SPECIFIC HEAT (CVH) ceccee

[ ol ol ol o

R = 89475.694/7PMW
CVH = R/(GAM-1.0)

[

TYyPt = BHCATAPULT

CF = FL = TS50 = FSO = FON = 0
IF(UP.EQ.0.99999) uLP = 1.0
IF(TUE.£Q.0.99999) TUE = 0

DO 5 1=1,3
5 FLALL) = TCA(I) = FCSUI) = TCS(I) = 0O

- —

33248893025 LSF RN SR A2 FX X BB A RE XXX LB XSS LS XS KE

BYPASS THE REMAINING CUOt LIF THE CATAPULT 1S PAST THE
STRIPOFF POINT ceceee

(ol ol ol 2 ol o

10 IFIFL.EQ.3.) GO 10 170 %
FLPL1) = FCP(Z) = FLPI3) = O

L

C CHANGE ANGULAR STATES FKOM DCGREES TO RADIANS cecees
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D0 20 I=1,3
ESTIR(1)
WSTIR(1)
EAPIR(1)
WAPIR(1)

EST(I) * RPD
wST(1) * RPD
EAP(1) * RPD
WAP(I) * RPO

[\
[ -]

BEBES SRS SB SR XBEESS AR XX R RS SRS SRR EE R R R B BR KK R RERBESREEE RS

DETERMINE THE VARLABLES CALCULATED FROM THE
EARTH POSITIONS OF THE AIRPLANE ATTACHEMENT
POINT ANU THE SEAT ATTACHMENT POINT

L 2K 3K 3N AN
LR 3K X 2N

BALEX SRR ES S SR BRI EE R E SR RE XS B R XS R EXP VR R R R R EE SRR K E K EX KEEK

COMPUTE THE SEAT CATAPULT ATTACHMENT PCINT IN THE EARTH
SYSTEM (SAPE) ceecee

CALL DIRCOS (DESyESTIR)
CALL TRANS (DSEsDESy3,3)
CALe VECXYZ (SAPEySAPsSRP,DSE2)

COMPUTE THE ALRPLANE CATAPULT ATTACHMENT POINT IN THE EARTH
s'sttn (AAPE) ooeees

CALL UIRCOS (DEAEAPIR)
CALL TRANS (DAE,DEA$3,3)
CALL VECXYZ (AAPEsAAPXAP,DAE2)
CALCULATE THE CATAPULT LENGTH COMPONENTS cecces

00 30 1=1,3
30 DXLLL) = SAPE(Il) - AAPE(I]

UETERMINE THE OEFLECTED CATAPULT LENGTH cseese
CATL=SURT(DXLLL) *%2+0XL(2)%%2+DXL {3)**2)
OLTERMINE UNIT VECTOR ALONG THE CATAPULT EXTENSION cceeee

00 40 I=1,3
40 IF(CATL.NELO) CruViL) = DXL(L) / CATL

CALCULATE THE CATAPULT EXTEeNSION cecesne
(CORRECTING FOR CATAPULLT DIRECTIUN DURING TRIM)

FUuDet =1
AFCINSTeEQe31sANDUXL(3)=UP2DAE(3,3).GT.0.0) FUDGE = =le.
CEX = CATL - FUDGE * UCL
CALCULATE THE CATAPULT EATENSION COMPONENTS ceccee
00 50 I[=1,y3
50 EXT(L) = CeXx * CXuv(l)

SEE SR SL BB L S XS EE AR X XX B R R EEBR X E R ERX LR EEEEE XX R REE KR EE SR K KX KKK
L *
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o O COHCCCOCOAR

L J DETERMINE THE VARIABLES CALCULATED FROM THE
* EARTH VELOCITIES OF THE AIRPLANE ATTACHMENT
* POINT AND THE ScAT ATTACHMENT POINT

L

L B X J

X8R5 35265 E XXX XX XX XS R ERE RS EBE R AR R SRR RERE R R BEF XS LR LB REE K

DETERMINE THE SEAT CATAPULT ATTACHMENT POINT VELOCITY COMPONENTS
IN THE EARTH SYSTEM (USAPE} eceecee

CALL VELXYZ (USAPEsUST¢SAPsWSTIR,DSE)

ODETERMINE THE AIRPLANE CATAPULT ATTACHMENT POINT VELOCITY COMPONENTS
IN THE EARTH SYSTEM (UAAPE) ecceve

CALL VELXYZL (UAAPL sUAPAAPsWAPIR,DAL)
CALLULATE THe ReLATIVE VELGCITY BETWEEN CATAPULT ENDS

DO 60 1I=1,3

o0 COVII) = USAPE(1) = UAAPE(])

C
<
C

C

(ol SN NN NN S BN ol SN N ol o N ol a N ol o}

[a N ol g

[
¢
C

CALCULATE THE CATAPULT EXTENTION RATE (CV)
CALL DOTPRD (CVsCOVCXUVy3)
CALCLATE EXTENTION VELOCITY VECTOR

DO 70 1=1,3
w COvi(l) = Qv * CXUV(il)

S EB XS BB SR XL SIS SHAE S E XX AEBREB S5 5 XK KK

* L
* CATAPULT LOLIC *
* *

XS RSB REBERE LR ESIE RS R E R ERERE XK EERE KESEE

BYPASS IF PRIOR TO CATAPULT 1IGNITION ecceces
IF(SW.NE.1.) GO TO 90

CUMPUTE THE EXPOScD THERMAL AREA OF THE CATAPULT CHAMBER eavscee
THA = PC * (TLO + CrX*)12.) + PA * 2,

COMPUTE THt FORCE uUE TO THE CATAPULT PRESSURE cceesee
CALL CAD (CFoEF2EFDOTIEF oL ELDOT yIEL WK yWKDOT 9 1WK 3 WBoWBDOT ,InB,
. FLYyTCP oy TIMEsCEX9CSKsCLyCoVIsPAr TFyCVHeCBP2CLoCV4C2,T1,
. THA,B9B8XPPTHR, TYPE2TSO,FS0,TODE)
IF{FL.EQe2.) FON = 1.

FIND THt tARTH SYSTEM COMPONGNTS OF THE CATAPULT PRESSURE cvecoes

0Q &0 1=1,3
a0 FCPUL) = =CF *= CxUvil)

S22 EEBSHERLE B S LS B IS LSNP DS BHERE XS
* L g
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] CATAPULT STRUCTURAL SUPPURT x

:xtttttttttatttttttt;tttt**t*t*:*t:tt:

CHECK TO SEE IF Tre CATAPULT MUST SUPPJRT THE SEAT eeseee
AFICATL.GT.UCL) GO TU 120

FORCES UUE TO CATAPULT STRUCTURAL SPRING CONSTANT cceeee

FOR CCCAMO

90 DD 100 1=1,3
100 F3s8(1) = SK # EXTUI)
C
C FORCE DUE TO CATAPULT STRUCTURAL DAMPING ceeccee
C
00 110 I=1,3
110 FSLEL) = CK * Qovll)
GO TO 140
C
L (RO Oul THE CATAPULT STRUCTURAL FORCES AND MOMENTS WHEN
C Tht CATAPULT CAN SUPPURT Tht SEAT ecesee

C
120 00 130 13145
FSO(1) = C.
130 FS5(L) = O.
"

C BRGRE EE TP A A R A R R RN A R R R Rk kK
L SExxxxs38%x TOTAL CATAPULT FORCES *®kkkkgiokx
e SR EEXBEFEREEES R SR EEE RS S KR RN EIREEERE X R KR EZTRKE
C

140 U 150 I=1,3

150 FC(1) = FC