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Abstract

A guide to the use of the AMEER (Aero-Mechanical Equations Evaluation Routines)
flight path-trajectory simulation code is presented. The input data requirements, com-
puted output data available, code control features, and code flow logic are descrlbed for a
rigid-body six-degree-of-freedom or point mass simulation.
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Summary

The AMEER (Aero-Mechanical Equations Evaluation Routines) code is a collection of routines that
predict the trajectory-flight path of an object over a planet under the influence of the planet atmosphere
and gravitational field. The path may be further modified by introducing forces and moments on the ob-
ject through the use of a thrusting and swiveling propulsion system, an attitude control system, an
aerodynamic force and moment evaluator, and by varying the center-of-mass position and mass
properties.

Input data requirements, whether numeric or Hollerith, are presented relative to the routine with
which they are logically associated. The computed data items available for output are given and the
available methods of presentation are discussed.

Internal code control through the integration routine and the external control by data deck structure
are described. Sample input data decks are presented in Appendix A. Code flow logic diagrams for the
major routines are given in Appendix B, with program variable name descriptions listed in Appendix C.
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A User’s Manual For The AMEER
Flight Path-Trajectory
Simulation Code

1. Introduction

A seven-member committee was designated in November 1975, to investigate the need for a general
purpose flight-path trajectory calculation code that would replace the various existing codes being used
by the Aerodynamics Department. The code specifications included:

f.

a. The special features of the existing codes
b.

A numerical integrator that is constructed to the current state-of-the-art and t}lat could be easily
replaced when solving different types of problems

c. A datatable storage and retrieval package for handling large and multi-independent-valued tables
d.

€.

An input card reader and decoder capable of accepting and storing various forms of data

A set of six-degree-of-freedom and point-mass motion equations that incorporate the effects of an
offset center-of-mass, a thrusting and swiveling propulsion system, a control system, and an
aerodynamic force and moment evaluation

Modular construction for ease of modification.

The investigating committee decided that it would be possible to incorporate these requirements into
a workable general purpose code. Consequently, in January 1976, a nine-member working group was ap-
pointed to develop the design philosophy for the proposed code.

The AMEER code was then formulated and written, principally by the author with support on
special sections from various members of the working group.

The code is currently operational on the Sandia CDC 7600 computing facility.

9-10



2. Discussion

2.1 General Code Description

The AMEER code is a general purpose trajectory-flight path calculator that predicts the path of an
object as it moves over an oblate-rotating planet under the influence of the planetary atmosphere and
gravitational field. The referenced Geoid is by Fischer? with a fourth spherical harmonic polynomial
evaluation for the gravitational components. The atmospheres are discussed below under a separate
headin

TW(g) sets of differential equations of motion are available to evaluate the vehlcle motion as a function
of time. One is a six-degree-of-freedom set formulated by Hodapp® and the other is a point mass
formulated by W. E. Williamson. These are described below under separate headings, The code is so
structured that other sets of motion equations can easlly be substituted and one can take advantage of
the modular construction of the supporting routines; i.e., each routine performs a single task and returns
one or more related values.

The integration routine incorporated in the code is the Sandia Mathlib RKF* (Fehlberg fourth-fifth
order Runge-Kutta method) routine designed primarily to solve nonstiff or mildly stiff differential
equations, and will provide fast execution time and good accuracy for most trajectory calculations. For
higher accuracy, stiff equations, or faster execution, other Mathlib routines are available and can be easi-
ly substituted because of the nearly identical argument lists and structure.

2.2 Operational Procedure

The code operates in a phased mode in which three separate and distinct phases are available for code
execution: initialization, computation, and formatted output. The passage of information (variable
values) between the initialization and computational phases is through the use of labeled COMMON
blocks, whereas, a file of data (TAPE20) from the computatlonal phase is used for the output phase.

During initialization and before data read-in, core storage is “zeroed” out and a set of nominal
(default) values stored to assure that there are no extraneous (garbage) values for code initial values.

After data read-in, data tables are checked for action status (input), atmospheric-properties data
arrays are selected, and core locations are determined for the variable values associated with the time-
history print-block array, the staging-variable array, and the integration-variable arrays. The main-
program and support-routine initial values are computed and stored with the integrator-state variable
values stored in the integration array.

During the computational phase, the evaluation of code variables is divided into two categories: those
that have a direct effect on the main-program derivative evaluations and are computed while the
integrator is trying to establish a good time step; and those that are informational in nature and are com-
puted after a good time step has been established. This division of computation reduces running time
and establishes a convenient, location for insertion of other computations.

There are three methods of displaying available computed data. A time history block print of code
items that is written to the output file at selected intervals during execution—this is the default type of
operation. After execution to the stop criteria, tabular listings of related data and X-Y plots of selected
items are generated at user request.

2.3 User Perogatives

The code is user-oriented in that the user must specify the main program (set of differential motion
equations), the support routines, and the initial values for problem start that differ from the preset nom-
inal (default) values. Execution request flags indicate the main program and support routines necessary
for solving the problem. Statement type card images specify the initial conditions. These make up the
bulk of the data deck.
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The code will accept multiple problem-solving requests, whether they are completely independent
problems (“Cases”) or perturbations of one problem (the “Base Case”). Additions of data from the
INPUT file to change or extend the “Base Case” is referred to as “Merging.” The grouping of multiple
“Cases” as input data is called “Stacking.”

Within the “Base Case,” values for as many as four variables will be accepted as code-execution
stopping criteria, after which additional data may be read in from the “Base Case” file and execution al-
lowed to continue. This stopping and restarting of the code execution is called “Staging.” Consequently,
the values and variables mentioned above are called “Staging Values” and “Staging Variables,”
respectively. Some aspects of the code-input data deck have been referred to above, however, one feature
of the data input that deserves special attention is the data table makeup. The user has complete control
when specifying the table independent parameters. These may be any code-defined variable name in any
order and, during execution, they may be changed or reordered to specify new tables.

2. 4 Data Preparation

A descrlptlon of the card i images that make up the data deck is given in detail in the report by Jones.®
A version pertinent to this code is given in Section 3, “Input Data Declaration and Specification.”

2.5 Main Prbgrams

The following description of the main programs currently available are intended to familiarize the
user with their capabilities.

2.5.1 Six-Degree-Of—Freedom (SIXDOF)

The main program set of motion equations selected by the $SIXDOF$ designator computes a time-
dependent history of the motion of a translating and rotating rigid-body vehicle as it moves over an ob-
late-rotating planet The derived six-degree-of-freedom equations of motion include the following
effects:

A mevable offset center-of-mass

.. Forces and moments from control-surface misalignments -
Wind shear and gusts

. Aerodynamic forces and moments

Propulsion-system forces and moments

Gravitational accelerations as a function of altitude
Atmospheric properties as a function of attitude

Rme a0 o

2.5.2 Point Mass (PTMASS)

The main program set of motion equations selected by the $PTMASS$ designator computes a time-
dependent history of the motion of a point source as it moves over an oblate-rotating planet. The derived
translational equations of motion include the following effects:

Forces due to commanded control items

Wind shear and gusts

Forces due to aerodynamic considerations

Forces due to a propulsion system

Gravitational accelerations as a function of altitude
Atmospheric properties as a function of altitude.

™me Al TR
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2.6 Support Routines

The descrlptlon of the following support routines are mtended to familiarize the user with their

capabilities'and are to be used as an aid in selecting the correct combmatlon of
lem. ‘

2.6.1 Aerodynamlcs (AERO)

Aerodynamic forces and moments are computed for the six- degree of-fr
~only are computed for the point-mass, calculations. The forces and moments a
_efficients that are obtained from a polynomial summation of aerodynamic
cients are determined by linear table lookup of tabulated input data or b
polynomial terms indicate the effects of angular rotation, trim angle, angle-o
control surface mlsahgnments, translational and rotational dampmg, and m

routines to solve the prob-

eedom evaluation. Forces
re evaluated from total co-
coefficients. These coeffi-
y an input constant. The
f-attack, angle-of-sideslip,
agnus effects.

A sketch of the axis system for the coefficient sign convention is shown in Appendix B, Figure B-1.

The default-axis system is the body axis; however, a wind-axis system o
appropriate flag is set and data submitted.

2.6.2 Atmosphere (ATMS)

Atmospheric properties as a function of geodetlc altltude are prov1ded i
1962 US Standard atmosphere,® the 1966 Supplemental atmospheres’ ranging
itude for various monthly conditions and temperature variations; and four s
atmospheres. Space. is provided for the user to supply an atmos,phere or-to

pressure, and density values from a site. A list of the available atmospheres i

section of the required-input data.
2.6.3 Control

2.6.3.1 Six- Degree Of—Freedom (CONTRL)

B Attltude control is provided for the vehicle whose path is belng s1mulat
_equations. A limited amount of control is permitted through lookup of

deflections. Full control of the vehicle is not provided because a generaliz
package is very much vehicle-problem dependent. However, a control packag|

the table lookup coding with very little modification.

2.6.3.2 Point Mass (PTMSCO)

For the PTMASS equations evalution, control is provided in the Wlnd -ax

form of tables of commanded items. Newton’s method is used to predict the a

pay be substltuted if the

n data-array form for the
from 15° to 75° north lat-
pasonal Tonopah, Nevada
accept measured altitude,
s given in the atmosphere

bd by the SIXDOF set of
tabular values of fin/tab
ed-feedback loop-control
e could be substituted for

is reference system in the
ero angles necessary to fly

the correct path. Aerodynamic forces due to the aero angles provide the required inputs to the motion

equations. The five sets of commanded items are listed under the control sec

data.

2.6.4 Station/Radar (RADAR)

Radar “look” items: azimuth, elevation, and slant range are computed relat

tion of the required input

ve to a designated station

position. The azimuth is measured relative to an initial heading defined for the station. The station posi-

tion is defined in geodetic coordinates of latitude, longitude, and altitude.

13



2.6.5 Preopulsion System (THRUST)

A thrusting- and swiveling-propulsion system of one to five motors is available for the SIXDOF or
PTMASS evaluations, Vacuum thrust is specified for each motor during input, and is corrected for
pressure-altitude effects before the resultant forces and moments are computed. The time rate of
changes of mass and the acceleration of the mass due to fuel flow are obtained by table lookup. The mass
flow is integrated to determine the current mass loss and the instantaneous mass of the vehicle. The
mass flow and acceleration effects are accounted for in the SIXDOF evaluations as terms in the force and
moment equations, but are not included in the PTMASS evaluations.

The thrust force and moment components are referenced to the body-axis system 1n the SIXDOF
evaluations whereas in the point-mass evaluations they are referenced to the wind- or velocity-axis
system. Thrust misalignment effects due to motor-nozzle cant or nozzle swivel are transformed to the
reference axis through the use of a swivel angle—measured with respect to the longitudinal axis—and a
rotation angle of the plane that contains the angle line segments.

The effects of a rate of change of the nozzle exit point (swivel) are included in the SIXDOF equations,

A sketch showing the pertinent parameter data, the swivel angle, and the axis-system orientation is
given in Appendix B, Figure B-2.

2.6.6 Vehicle Mass Properties (VEHMSP)

The vehicle mass-properties routine provides a method of introducing the various vehicle physical
characteristics and mass properties into the problem solution.

Mass properties—moments of inertia and moments of inertia rates—are determined by linear table
lookup of input-data tables, The center-of-mass position referenced to datum coordinates is also
determined by table lookup and then transferred to values with respect to the body reference point.

A sketch showing the pertinent parameters and the reference axis systems is given in Appendlx B,
Figure B-3.

2.6.7 Gravity Model (GRAV).

The gravity model assumes the planet earth is the geoid being traversed by the vehlcle during its tra-
jectory. Gravitational acceleration components in the radial (mcreasmg latitude) and tangential (toward
planet center) are computed from the gravity potential equation using the fourth spherical harmonic to
define the gravity potential of the planet. Components of gravitational acceleration along the X and Z
axes of the local geocentric system are returned to the main program for inclusion in the equations of mo-
tion. The Y-component, of course, is zero.

2.7 Data Output

As mentioned in Section 2.2, there are three methaods of displaying computed data available to the
code user: the time-history block prlnt (default method), the tabular lists of selected items, and Y vs X
plots of selected data values.

2.7.1 Block Print

The time-history print block is made up of selected variable values from the main program and the
auxiliary calculations routine. Associated with the print block are lists of variable values computed by
the active support routines. These data are dumped to output at user-specified intervals,

14



2.7.2 Tabular Lists

When the code solution has progressed to the stopping criteria, sets of preselected variable values are
made available to the user for listing in tabular form. These sets consist of related trajectory items, sta-
bility items, atmospheric properties and air loads, mass properties, g-loadings, and accelerations. Space
has also been provided for the user to specify a set of variables to be listed along with the format and col-
umn headings. The table lists are presented in Appendix C.

2.7.3 Y vs X Plots

With the code-stopping criteria met, graphic dlsplays of computed variable data in the form of Y vs X
plots are available for user selection. No preselection of plots have been made because of the infinite
number of choices possible, The user must specify the dependent variable and one or more independent
variables for each plot, as well as the stacking request.

2.7.4 TAPEZ20 File

A data file (TAPEZ20) consisting of blocks of code-computed variable values is generated during code
execution. The file is made up of a header-block of Hollerith names followed by blocks of values written
in binary mode. There is a one-to-one correspondence between the header-block names and the values in
the following blocks. The binary blocks are written at the selected print intervals. The plot arrays are
filled and the table lists are generated using this file. By saving the file after execution,the trajectory data

would be available for other uses. A list of the block variable names is given in Appendix C.

2.8 Descrlptlon of Appendix A

Appendix A presents a logic-flow chart to be used as an aid in selecting the main program and its sup-
porting routines when assembling the data into the data deck for program start. It is also intended to fa-
miliarize the novice user with the code requirements when used in a question- -and-answer mode. For the
more experienced user, using the flow chart in conjunction with the required input-data section will al-
low him to formalize the structure of his data deck. There is a one-to-one correspondence between the
logic chart and the input-data section.

Sample data decks are included for reference.

2.9 Description of Appendix B

Assembled in Appendix B are the computational-logic flow charts of all the major routines associated
with the code and, where relevant, the equations evaluated by the routine during execution. Sketches are
provided for those routines that, required dimensional data for computation initialization. The routines
are grouped according to the functional task they perform during execution. A brief description of the
functional relationship between the routines, main program, and code is given at the beginning of each
grouping. This grouping of routines is intended as an aid in understanding the sequence of events when
it becomes necessary to modify the code.

2.10 Description of Appendix C

Appendix C presents a listing along with a short description of the code variable names (mnemonics),
the variable names associated with the block output, and the names of the variables identified with each
table available for listing from the tabular output routine.
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3. Input Data Declaration and Spécification

3.1 General Data Card Information
Data are supplied to the code in line (card image) form. The format is “free form”; i.e., data items can

be presented in any practlcal form, as long as. the 1nd1v1dual values are delimited by a separator symbol.
The allowable symbols are:

a. One or more blanks

b. A comma

c. An equal sign

d. Any number of blanks, followed by a comma or equal 51gn followed by any number of blanks
(where “any number” includes zero)

Special delimiters: $, /, // are used, in context below, to specify various types of data.

'Input lines are classified as initial lines or continuation lines. The general form of the initial line is:
code designator or variable symbol (set of characters), subscript indicator (if required), a delimiter-
separator, the variable value, and a delimiter-separator or the termination symbol. The variable value-
delimiter combination may be repeated as required to satisfy the storage list.

A symbolic representation of the general form is

SYMBOL [=] VALUE, [,] VALUE, [] VALUE,

where [ ] denotes any delimiter-separator. This form is used below to describe the specification forms
associated with the various types of input data and, with judicious use of the code symbol, the allowable
" separators, and the value, the data line can be made to resemble the FORTRAN statement or any other
readable statement.

The reading of the data line is terminated when all 80 columns have been read or when the terminator .
symbol “//” (two immediately adjacent slashes) is encountered. Therefore, comments about the card can
be placed after the terminator. This feature is used below when the card examples require an
explanation.

When the data value list exceeds the card space available, contlnuatlon lines (cards) may be used.
. They are of the same form and usually immediately follow the initial card. The variable symbol with the

appropriate subscript may be used; however, an alternate method is to leave at least the first six columns
blank—-generally the variable symbol is omitted. If the alternate method is used, the lines of data must
be sequential and any number of continuation lines may be used. The requirement for leaving the first
six colunms blank also implies the initial line should begin before column 6.
An acceptable first card (initial line) must contain a minimum amount of 1nf0rmat10n The minimum
for each input-data type is listed below

Types of Input Data : > "Minimum Information
Variable definition The variable name
Array definition The array name and subscript (if used)
TABLE declaration Name of table
- BREAKS definition : -Name of the table and the independent variables
BODY definition . Name of table and subscript (if any)
DELETE No minimum
FORMAT No minimum, but the format specifications must be com-

pleted on one card.

The following sections describe the use of the various data definition types.

17



3.2 Input Variable Name Forms

The program variable name (SYMBOL) recognlzed by the code-read routine is made up of a
maximum of six characters that denote the engineering notatzon the reference frame, and the units asso-
ciated with the variable.

Characters 1-3: represent the engineering or mathematical notation
2-4: the reference frame
5-6: the units

Example: VGD8M: V.4 - Geodetic velocity (m/s)
XI88M1: X; - X-direction inertial velocity (m/s)
GAMGCD: v, - Elevation flight path angle, geocentric reference (deg)

NOTE: If the notation characters begin with an integer-implying character (L thru N) for a floating
point variable name, the character F precedes the character set.

Ex: FMACH - Mach number

Support routines are requested and activated by a variable name that begins with the characters IX
and is followed by a character set that denotes the support routine it activates.

Ex: IXTHRS a‘ctivates‘ the thrust routine.

1

The main programs or those support routines that offer a choice of evaluations begin with the
characters IM or IS followed by the character combination PROG.

Ex: IMPROG = $SIXDOF$

3.3 Input Value Forms

The numeric “integer value is any string of digits with no embedded blanks or special characters; the
exception is a plus or minus sign that immediately precedes the first digit. For example:

12, +12, -12 0012

The numeric “floating point” value is any string of digits containing an embedded decimal point, but
no embedded blanks. It is of the same form as the FORTRAN floating-point constant.
For example, the floating point 1 may be represented thusly:

1. 1.0 +1.0 1.0E0 etc

The “Hollerith” data value is any string of alphanumeric characters including blanks that is begun
and ended with the dollar sign character, $. This character flags the reader routlne to handle the
delimited data accordingly.

For example:

$ THIS IS HOLLERITH DATA $

18



3.4 Data Definition Forms

Under FORTRAN specifications, data values are recognized as single valued or an array of values.
Data items (values) that are to be submitted to the code must be defined to the code-reader routine in
such a way as to satisfy the specifications. Therefore, three methods of defining the input data have been
chosen which are synonymous with the storage criteria. They are single variable, array, and table
definition, with the table definition a special form of the array definition.

3.5 Variable and Array Forms
All variables and arrays must have the default type implied by the usual FORTRAN naming
convention (i.e., all names beginning with I through N are type integer; all other names are type real).
The single-valued variable is defined by the statement form:

Integer: I [=] integer
Floating Point: A [=] wvalue

Examples:
Integer Floating Point
I=0 A=1
K,7 //sameas K = 7 AK, 7. //sameasAK =1.
LL 50 //same as LL = 50 AL 1.11E1

The array values, whether integer or floating point, are defined by a similar statement form:

Integer: 1G,j,..n) [=] integer [,] integer[,] etc
Floating Point: A(ij,..n) [=] wvalue [,] wvalue [] etc

The storage start of the first item of the array is indicated by the name, a null subscript, or all sub-
script entries equal to 1. For subsequent first item storage, a location indicated by the subscript denotes
the start; storage then proceeds according to the usual FORTRAN rules of storage (first subscript varies
the fastest, etc).

Some examples:

X =1 2 3.
X(1) = 1,,2,3. //same as above

Y(1,1) = 1. 2, 3. 4.0E-4
Y(2,3) = 4.44E4, 3.33E3, 2.22E2, 1.11E1
D0G(1,7,2,1) = 0.,0., 0.

IX(1) =1, 2,

3.6 Hollerith Data Forms

Hollerith data must be assigned to integer-type variables only. The single variable and array
definition form is as follows:

| [=]1 $Hollerith data$
I(i,j,...n) [=] $Hollerith data$
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Data following the second dollar sign is ignored. If the second dollar sign or the “//” terminator sym-
bol is not present, all characters to the end of the card are read and stored, six characters per word. The
first character, including blanks, that follows the first dollar sign is stored as the first character of the
variable or array element. When defining a single-valued variable, the Hollerith field should contain no
more than six characters to prevent overstorage. For array storage, the string of Hollerith characters is
read and stored, six characters per array element. Continuation of Hollerith data onto the next card is al-
lowed and follows the continuation card rules explained above, with the exception that the dollar sign
must precede the start of the new data. It should be noted that the packing of the Hollerith data, from
the continuation card into the array being filled, continues at the very next character position in the ar-
ray element and not at the beginning of the next array element. To specify the array element, use the ar-
ray subscript .on the continuation card.

Some examples: - -

IMPROG = $SIXDOF$
ITITLE(1) = $TITLE OF PROGRAMS$
NAME $FIRST $
$MIDDLES$ Notice continuation
NAME (3) = $ LAST $ // notice continuation
NAME (1) = $FIRST MIDDLE LAST$ //same as above three lines

3.7 Table Data Forms

Tables of data values are defined for the code through a TABLE declaration card, a table BREAKS
card set, and a table BODY card set. All possible combinations associated with the table card set are not
given here—only the major points. For more detail, the user is referred to the report by Jones.*

3.7.1 TABLE Card Form

The TABLE card requests space for the table (whose name follows), specifies the table’s dimensions,
designates the independent variables, and allows table data array value modifiers to be specified. It has
the following form:

TABLE name spec; spec; spec; etc ,

where
“name” is the table name with no embedded blanks.

“Dimension” specification ($$(m)i,j,...,k) implies the table is dimensioned i by j by...,by k (total six)
with m values for each entry. If m is one, “m” may be omitted. Dollar signs ($) denote where data are to be
stored: no dollar sign—table stored in memory, one dollar sign—table stored in extended memory, two
dollar signs—data storage is on disk or tape (file ITABL). If possible, the table should be stored so that
the last dimension is associated with a program variable that varies the slowest during execution.

“Independent Variable” specification/variable;, variable;, ..., variabley/ specifies the name of the
program variable associated with the dimension.

b “Scaler Multiplier” specification «value causes the result of the table interpolation to be multiplied
y the value.

“Scaler Adder” specification + value causes the result of the table interpolation to be increased or de-

creased by the value.
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3.7.2 BREAKS Card Form -

The BREAKS card specifies the list of values——“breakpomt” hst—assomated with the independent

variable. It has the following form:

BREAKS name /variable name [index]/value [,] .... [,] value

where
“name” is the table name
“variable name” is the name of the 1ndependent Varlable
“index” is the position within the array to which the first value belongs
“value” is the numeric value.

3.7.3 BODY Card Form
The BODY card defines the body or contents of a table. It has the following form:

BODY name(i,j,....k) [=] value {,] value [,] ... [,], value

where
“name” is the table name
“(i,],-..k)” is the subscript corresponding to the first value.

NOTE: Form is the same as the array definition form.
Example:

The three (3) dimensional table TCOEFI has dimensions 4 by 3 by 9 with ALPHA (),

BETA (8), and MACH NO (M) as the 1ndependent variable names. The dependent
coefficient (C) is tabulated below as a function of the independent variables. The coeffi-

cient is to be decreased by 10% and offset by a factor of 0.05.

Table: TCOEF1

M1 =00 o . o M2 = 10.0
B8 , ~._ 8
a 0.0 5.0 10.0 a>. - 0.0 5.0 10.0
0.0 Ciun Cizt Cin 0.0 Cire Ciz Cis
10.0 Con Con Caai 10.0 Corz Cazo Caso
200 Can -~ Can Cas 20.0 Carz Caze Caaz
30.0 , Q411 - Ca C431‘ 30.0 " Cae Caze Cazo

The TCOEF1 table would be described as follows:

TABLE TCOEF1(4,3,2) /ALPHA, BETA, FMACH/ *0.9 +0.05

BREAKS TCOEF1 /ALPHA/ 0.0 10.0 20.0 30.0

BREAKS TCOEF1 /BETA/ 0.05.010.0

BREAKS TCOEF1 /FMACH/ 0.0 10.0

BODY TCOEF1 Cii Coi1 Csnn Can // FORTRAN array storage
Cizt Coor Csar Cann

Cl3l C231 C331 C431
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BODY TCOEF1(1,1,2) C112 C212 C312 C412 //BODY TCOEF1 need not be repeated
. 0122 C222 C322 C422
Cl32 C232 C332 C432

NOTE: If ALPHA and BETA vary at the same rate, reordering the variables and subscripts would pro-
duce a list similar to table above.

Two cards associated with the table description are the DELETE and FORMAT cards.

3.8 DELETE Card Form

The DELETE card is a request to purge all items associated with the named table. The allocated
storage space is freed, and the table name is made available for reuse. It has the following form:

DELETE [ ] name [,] name [,]... [,] name

where
“name” is the name of the table to be “DELETE”ed.

3.9 FORMAT Card Form

The FORMAT card specifies a format by which the bodies of certain tables are to be read. The tables
are those which have the “FORMAT?” specification on their TABLE card. It can have the following
forms: '

FORMAT n
FORMAT (format specification)
FORMAT n (format specification)
where
“n” is the number of items to be read
“format specification” is of the same form as the FORTRAN format statement
The advantage of using the FORMAT mode is that keypunch or data errors are more likely to be di-
agnosed by the system than the more flexible code-reader routine.

3.10 Data Editing

Stored data editing is accomplished by “overstoring” the new value onto the old value. That is,
redefining the single variable with a new statement of the value or by selectively redefining an array as
table data values through the use of array subscripts.

Example:
X1 = 1.,2,3.,4.,7.,9.5,11.
X(7) = 87 /{X(7)wasll., isnow 3.7
X(7Y = 29 /J/X(7)is now 2.9

22



3.11 Data Equivalencing

A data submission feature that is akin to “Data Editing” of an array is available to the user through
‘the EQUIVALENT ARRAY name that is associated with sequentially stored variables (i.e., LABELED
COMMON BLOCK variables). Use of the EQUIVALENT ARRAY name on the defining statement
card allows the user to make use of the array form of data entry to store values for the single variable
items (i.e., overstore).

Example:
FIXXK = 4.89 // single valued variable input
FIYYK = 8.62
FIZZK = 8.62
XYZMIS(1) = 4.89, 8,62, 8,62 //Equivalent Storage

It should be noted that if the EQUIVALENT ARRAY name is used to store data originally, it does
not inhibit the use of the single valued variable name to “data edit.”
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4. Required Input Data

The required input data has been divided into categories of general code items, general problem
items, specific problem items, general output requests, and code and program execution control.

The general code items allow the specification of planet properties and integration control. The
general problem items specify the initial conditions: vehicle position, velocity vector, time, mass, etc, and
the selection of the main program and support routines. The specific problem items are the result of the
main program and support routine selection. The general output requests allow the user to designate the
disposition and display of the computed data. Program execution control is specified by the staging pa-
rameters whereas code control is accomplished by specifying the *CONTROL cards.

The following lists prov1de the user a choice of at least one nominal (default) value for each item

which, if accepted, requires no data specification statement for that item.

4.1 General Code Items

Code Equivalent Table Nominal
Item Mnemonic Array Name Units Value Sym
Reference Geoid IEARTH $OBLATES
(Fischer 1960-
Mercury)
Spin Rate OMGPLR rad/s 7.29211508E-5 Wp
Equatorial Radius REQ8M m 6.3781660E +6 Req I ]0“934,23
Polar Radius RPOLSM m 6.35678428E 16 L
Flattening Factor BETER - 00067385 By “vifﬁf
Reference Gravity GREF m/s? 9.80665 Eref
Gravity Coefficients  H1 - 1.62341E-3 H,
(4th Spherical H2 . 6.04E-6 H,
Harmonic) H3 - 6.37TE-6 H,
Geocentric Constant FMU m?3/s? 3.98615683E+14
Integration Control:
Absolute Error ABSERR - 1.0E-7 €
Relative Error RELERR - 1.0E-4 &
Input Data ICNVRT 0
Conversion
Choice: 0-No (Metric)

1-Yes (English to Metric)
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4.2 General Problem Items

Code Equivalent Table Nominal

Item ,. ‘ Mnemonic  Array Name Units Value Sym
Identification: ,
Report Title ITITLE (30) $BLANKS$
Problem Ident ICASE (1) $BLANKS$
Planet Location: ‘
Surface Reference IDLAT (1) $SGEODETS$
Choice: $GEODETIC$ IDLAT (2) $IC$

$GEOCENTRICS$ T
$GEODETICS
Reference:
Initial Altitude HGDZM POSZGD(1) m 0.0 hgq,
Initial Latitude PHGDZD - (2 deg 0,0 Pedo
Initial Longitude THTLZD (3) deg 0.0 O,
Current Altitude "HGD8M POSCGD(1) m 0.0 hgg
Current Latitude PHIGDD ' (2) deg 0.0 Ped
Current Longitude THTLD 3) deg 0.0 oL,
Velocity Vector:
Total Velocity VTGDM VELVGD(1) m/s 0.0 Vg
Elevation F.P.A.* GAMGDD 2) deg 0.0 Yed
Horizontal F.P.A. SIGGDD (3) deg 0.0 Ogd
$GEOCENTRICS
Reference: ,
Initial Longitude THTLZD POSZGC(1) deg 0.0 o,
Initial Latitude PHGCZD (2) deg 0.0 - bye,
Initial Altitude HGCZM (3) m 0.0 hg.,
Current Longitude THTLD POSCGC(1) deg 0.0 o,
Current Latitude PHIGCD (2) deg 0.0 Pee
Current Altitude HGC8M (3) m 0.0 hge
Velocity Vector:
Total Velocity VI'GCM =  VELVGC(1) m/s 0.0 AL
Elevation F.P.A. GAMGCD (2) deg 0.0 Yec
Horizontal F.P.A. SIGGCD (3) deg 0.0 Oge

*Flight Path Angle

26



Code Equivalent Table Nominal

Item Mnemonic Array Name Units Value Sym
Initial Heading SIGZD deg 0.0 G
Initial Time TIMEZS 8 0.0 to
Print Interval DELTS 8 0.0 At
Maximum Time TMAXS 8 0.0 tmax
Stage Time

Increment TIMSDX 8 0.0 At,
Number of Good NTSTEP - 0 Nrs
Time Steps/Print

Initial Mass FMASZK kg 0.0 m,
Adder-Init Mass EAMASZ kg 0.0 €mg
Gravity Option:

Execution IXGRAV 0

Choice: 0-No Execution
1-Yes (see routine GRAV requirements)
Wind Option:
Execution IXWIND 0
Choice: 0-No
1-Yes (enter tables below)

X-Direction (+S—N) XWGDM1 TXWIND m/s 0.0 Xogd
Y-Direction (+W—E) YWGDM1 TYWIND m/s 0.0 Vg
Z-Direction (+U—D) ZWGDM1 TZWIND m/s 0.0 Zuyy

Atmosphere Option:
Selection IATMNM $62STD$
Choice: (see routine ATMOSPHERE choices)

Main Program:
Selection IMPROG $SIXDOF$
Choice: $SIXDOF$
$PTMASSS
Number of Bodies: NBODY 1



Code Equivalent Table
Item Mnemonic Array Name

Main Program Auxillary Calculations:

Selection:
Load Factors: IXLODF
Choice: 0-No calculations
1-Calculate and print: XYZ-Axis loads (g’s)

Ranges IXRNGE
Choice: 0-No calculations
1-Calculate and print: Down range

Cross range
Great circle range
Total path traveled
Surface Path Traveled
(if initial # current)
Total Path TPATHM
) W 'rzul.w-,,::u-am,«%' PR
~ Station/Radar IXSTA

- Choice: 0-No calculations

Units

1-Calculate and print station-relative items: Slant range

Azimuth
Elevation
Velocity components

(if IXSTA = 1)

Station Altitude HGDSTM STALOC(1)
Station Latitude = . PHGDSD 2)
Station Longitude THTSTD 3)
Azimuth Heading PSISTD (4)

s Y
T s

Support Routine Selection:

Aerodynamic (see routine AERO)

Selection ISPROG

Choice: $SDAEROS$
$PMAERO$

Execution IXAERO

Choice: 0-No

1-Yes (compute forces and moments)

Thrust (see routine THRUST)
Selection IXTHRS
Choice: 0-No

1-Yes (Execution)
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m
deg
deg
deg

Nominal
Value

0.0

0.0
0.0
0.0
0.0

$SDAERO$

Sym

Tpatn



Code Equivalent Table "~ Nominal
Item Mnemonic Array Name Units Value Sym

Vehicle Mass Properties (see routine VEHMSP)
Selection IXVMP 0
Choice: 0-No

1-Yes (Execution)

Control

IMPROG = $SIXDOFS$ Requested

Selection IXSDC 0
Choice: 0-No

1-Yes (Execution: see routine CONTRL)

IMPROG = $PTMASSS$ Requested
Selection IXPTMC 0
Choice: 0 - No

Yes (Execution: see routine PTMSCO)
= 1, Aerodynamic coefficient control (CD, CL, CY)
2, Commanded aero-angle control (o, 8.)
3, Commanded pitch-and-yaw angle control (6., ¥.)
4, Load factor control
5,
6,

Flight-path angle control (v,0)
User supplied routine-required



4.3 Specific Problem Items: Main Program

4.3.1 Six-Degree-of-Freedom (SIXDOF)
Code Equivalent Table
Item Mnemonic Array Name

Datum Reference IDATUM

Datum Coordinates

X-Direction - XDTMSM XYZDTM(1)

Y-Direction YDTM8M 2)

Z-Direction ZDTM8M 3)

Body Reference Point

(BRP) Coordinates

(w.r.t. DATUM)

X-Direction (+FWD) XBRPS8M XYZBRP(1)

Y-Direction (+ RIGHT) YBRPSM 2

Z-Direction (+DOWN) ZBRPS8M 3)

Aero-Angle Start Option

Selection IDANGL

Choice: $SEULFPAS$ (see general item: Velocity Vector)
$AROFPAS

Angle-of-Attack ALPHAD

Angle-of-Sideslip BETAD -

Body Roll Angle PHIVD

Euler Angle Sequence

Selection IBODSQ

Choice: $YPRS, $PRYS, $PYR$, $RPR$

$GEODETICS

Yaw PSBGDD EULRGD(1)
Pitch ‘ THBGDD (2)
Roll PHBGDD 3)
$GEOCENTRIC$

Yaw PSBGCD EULRGC(1)
Pitch THBGCD 2)
Roll PHBGCD 3)
Body Rotation Rates

Selection IDPQR(1)

(2
30

Units

BBH

BBB

deg
deg
deg

deg
deg
deg

deg
deg
deg

Nominal
Value

$NOSE$

0.0
0.0

$EULFPAS$

0.0
0.0
0.0

0.0
0.0
0.0

$INERTIS
$ALS

Sym

YoM
Zprm

Xprp
Ygrp
Zprp

™R

‘I,B‘d
oB'd
PBea

B,
FBe



. Code Equivalent Table Nominal
Item Mnemonic  Array Name Units Value Sym

Choice; $INERTIALS$

Roll Rate PIBPR PQRIBR(1) rad/s 0.0 pi
Pitch Rate QIBPR (2) rad/s 0.0 i
Yaw Rate - RIBPR , (3) rad/s 0.0 T

Choice: $PLANETS

Roll Rate PEBPR  PQREBR() rad/s 0.0 Pe
Pitch Rate - QEBPR (2) rad/s 0.0 Qe
Yaw Rate ‘ REBPR (3) : rad/s 0.0 re

Choice: $CONSTANTSS
Roll Rate - PIBPR rad/s 0.0 pi

Auxillary Calculations

Yawsonde : :
Selection IXYAWS ‘ ' 0
Choice: 0-No ‘ :
1-Yes
Sun Elevation TSUNGD , deg 0.0 fsun
Sun Azimuth PSUNGD : deg 0.0 Ysun

Critical Frequency - Pitch : ' '
Selection IXCRFQ 0
Choice: 0-No ' . '

1-Yes

NOTE: Ca,, Ca, VALUES MUST BE SPECIFIED

Accelerometer ' ‘ _ ,
Selection IXACL ’ - 0
Choice: 0-No

1-Yes (see routine ACCELM)



4.3.2 Point Mass (PTMASS) -

Item

Roll-Bank Angle

Selection

Choice: 0-No
1-Yes

Roll Angle
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Code Equivalent
Mnemonic Array

IXROLT

PHIASD

Table
Name

" TROLLA

Nominal

Units . Value

deg 0.0

Sym

Pa



4.4 Specifi_cf Proble{m Items: Suppoxﬁ't‘eroutine;s g

4.4.1 Aerodynamics

Item

Selection

Choice: $SDAEROS$
$PMAEROS$

Execution

Choice: 0-No
1-Yes

Axis System -

Choice: 0-BODY
1-WIND

Reference Dimensions

Area

X-Length
Y-Length
Z-Length

Force Coefficients

X-Direction

Y-Direction

Code

ISPROG

IXAERO

IXAROB

SREFAM
DREFXM
DREFYM
DREFZM

CXZERO
CXALPH
CXALP2

CXBETA
CXBET2

CXDELQ
CXDELR

CYZERO
CYBETA
CYBET?2
CYBETS3
CYDELR
CYP
CYR
CYBDOT

SXYZRF(1)
(2)
(3)
(4)

CX(1)
(2)
(3)
(4)
)
(6)
(7)

CY (1)
(2)
(3)
(4)
(5)
(6)
(7
(8)

Equivalent Table
Mnéemonic  Array

Name

TCXO0
TCXA
TCXA2
TCXB
TCXB2
TCXDQ
TCXDR

TCYO
TCYB
TCYB2
TCYB3
TCYDR
TCYP
TCYR
TCYBDT

88 BB

Units

[

1/deg
1/deg?
1/deg

1/deg?

1/deg
1/deg

1/deg
1/deg?
1/deg?
1/deg
1/rad
1/rad
1/rad

Nominal
Value

$SDAERO$

0.0
0.0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Sym

=
=
[=+] [
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Item

Z-Direction

Moment Coefficients

About X-X (roll)

About Y-Y (pitch)

About Z-Z (yaw)

34

Code
Mnemonic

CZZERO
CZALPH
CZALP?2
CZALP3
CZDELQ
CZP
CZQ
CZADOT

CLZERO
CLALPH
CLBETA
CLDELP
CLP

CLR

CLBDOT

CMZERO

CMALPH
CMALP2
CMALP3

- CMDELQ

CMP
cMQ
CMADOT

CNZERO
CNBETA
CNBET?2
CNBET3
CNDELR
CNR
CNBDOT

Equivalent
Array

CZ (1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

CL 1
(2)
(3)
(4)
(5)
(6)
(7)

CM (1)
(2)
3)
@)
(5)
(6)
(7)

(8)

CN (1)
(2)
(3)
4)
(5)
(6)

(M

Table
Name

TCZ0
TCZA
TCZA2
TCZA3
TCZDQ
TCZP
TCZQ
TCZADT

TCLO
TCLA
TCLB
TCLDP
TCLP
TCLR
TCLBDT

TCMO
TCMA
TCMA2
TCMAS3
TCMDQ
TCMP
TCMQ
TCMADT

TCNO
TCNB
TCNB2
TCNB3
TCNDR
TCNR
TCNBDT

Units

1/deg
1/deg?
1/deg?
1/rad
1/rad
1/rad
1/rad

1/deg
1/deg
1/deg
1/rad
1/rad
1/rad

1/deg
1/deg?
1/deg?
1/deg
1/rad
1/rad
1/rad

1/deg
1/deg?
1/deg?
1/deg
1/rad
1/rad

Nominal
Value

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

(4 )]
<
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Item

If IXAERO = 0, constant forces and moments can be entered.

Force

X-Direction
Y-Direction
Z-Direction

Moment
About X-X
About Y-Y
About Z-Z

Code
Mnemonic

XFARON
YFARON
ZFARON

XMARON

YMARON

' ZMARON

Equivalent

Array

Table
Name

Units

Z 2

588

Nominal
Value

0.0
0.0
0.0

0.0
0.0
0.0

Sym

=
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4.4.2 Atmosphere

Item

Headers

Selection

Choice: $ZERO $
$62STD &
$15NANLS
$30NJANS
$30NJULS
$45NJANS
$45NJULS$
$45NSF $
$60NJANS
$60NJC $
$60NJW $
$60NJULS
$75NJANS
$75NJC $
$75NJIJW $
$75NJULS$
$TTRWINS
$TTRSPR$
$TTRSUMS
$TTRFALS$
$USER $
$SITE §

Code
Mnemonic Array Name
IATMNM, .

- Atmospheric Pr(')'pert‘iﬂes = 0.0

- 1962 U.S. Standard
-- 15°N Annual

- 30°N January
- 30°N July

- 45°N January

- 45° July

- 45°N Spring/Fall

- 60°N January

- 60°N Janaury (Cold)

- 60°N January (Warm)
- 60°N July

- 75°N January

- 75°N Janaury (Cold)

- 75°N January (Warm)
- 75°N July

- Tonopah Winter

- Tonopah Spring

- Tonopah Summer

- Tonopah Fall

- User Supplied Atmosphere
- Site Measured Atmosphere

User Supplied Atmosphere

Selection

Molecular scale
temperature-altitude
gradient

Molecular weight of
air-altitude gradient

Mean molecular
weight of air

Molecular weight
of air

Gravity at user
latitude

Base of altitude
layer

No. of geopotential
layers

36

IATMNM
FK1(25)
FK2(25)
FMB(25)
FMO
~PHI
HB(25)
NLAYRS

,Equivaiéht ?ifé;ble LTI

Units

K/m

kg/kg-

mol-m

kg/kg-
mol

kg/kg-

mol

m/s

Nominal

Value Sym

$62STDS -« -
$USERS
0.0 K,
0.0 K,
0.0 Mg
0.0 Mo
0.0 g4
0.0 hp
0 NL



, Code
Item Mnemonic

No. of geometric MLAYRS
layers

Pressure at altitude
layers

Earth radius at RPHI
user latitude

Molecular scale

temperature at
altitude layer

Geometric altitude
layers

Mazimum height of ZMAXM
atmosphere

Site Measured Atmosphere
Selection IATMNM

Measured density
at altitude

Measured pressure
at altitude

Measured geometric
altitude

Molecular Weight
of air

No of geometric
Layers

Equivalent Table
Array Name

PB(25)

TMB(25)

ZB(25)

FK1(50)

PB(50)

ZB(50)

FMO

MLAYRS

Units

Pa

kg/m?

Pa

kg/kg
mol

Nominal
Value

0.0

0.0

0.0

0.0

0.0

$SITES
0.0

0.0

0.0

0.0

Sym

M,

Zg

hyax

™M

Pum

Zg

ML
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4.4.3 Control

i

| 4.4.3.1 Six-Degree-of-Freedom

Code
Item Mnemonic
Execution IXSDC
Choice: 0-No
1-YES

Control Surface Deflection

Rate About X-Y DELPD
'Rate About Y-Y DELQD
Rate About Z-Z DELRD

38

Equivalent Table
Array Name

TDELP
TDELQ
TDELR

Units

deg
deg
deg

Nominal
Value

0.0
0.0

Sym



4.4.3.2 Point Mass

Item

Ezxecution
Choice: 0 - NO
IXPTMC =1

Drag Coefficient
Lift Coefficient

Yaw Coefficient
IXPTMC = 2

Commanded Angle

of Attack

Commanded Angle

of Sideslip

IXPTMC = 3
Commanded Yaw
Commanded Pitch
Error Criteria

IXPTMC = 4
Elevation Load

Factor

Horizontal Load

Factor

Error Criteria
Angle of Attack

Increment

Angle of Sideslip

Increment

Code

Mnemonic

IXPTMC

CD
CY

ALPHAD
BETAD

PSICD
THTCD
EPSPMC

FLDGMX
FLDSGX

EPSPMC
DLAPMC

DLBPMC

Equivalent

Table
Name

T1PMC
T2PMC
T3PMC

T1PMC
T2PMC

T1PMC
T2PMC

T1PMC
T2PMC

Units

1, Control by Aerodynamic coefficient (CD, CL, CY)
2, Control by commanded aero-angles (a,8)

3, Control by commanded pitch-and-yaw angles (6,)
4, Control by wind-axis normal load factors (N,, N,)
5, Control by elevation flight-path angle ()

6, User specified control

deg

deg

deg

deg

deg

deg

Nominal
Value

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0

Sym

€PMC
Aapymc

ABpmc
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Code Equivalent Table Nominal

, Item Mnemonic Array Name Units Value Sym
Angle-of-Attack Limits
Minimum ALPMIN ABMNMX(1) deg 0.0 aMIN
Maximum ALPMAX ) deg 0.0 aMmax
Angle-of-Sideslip Limits
Minimum BETMIN ABMNMX(3) deg 0.0 BmIN
Maximum BETMAX 4 deg 0.0 Bmax
IXPTMC = 5
Commanded Elevation GAMASX TIPMC* deg 0.0 Ycg

Flight-Path Angle (GAMANX)
*f (Altitude) Only

Angle—of-Attack DLAPMC deg 0.0 Aapmc
Increment

Altitude Increment DLHPMC m 0.0 Ahpme
Gain Factor For GANPMC rad-s/m 0.0 T,
Change of Gamma

IXPTMC = 6

User Supplied Controller - (routine USRPMC provided)



4.4.4 Propulsion System

Code Equivalent Table
Item Mnemonic Array Name
Execution IXTHRS
Choice: 0 - NO
1-YES

Number of Motors NMTR (MAX = 9)
Enter The Following For Each Motor (see Figure B2)
(I = 1,NMTR)

Nozzle Exit Point: Displacement

X-Direction XNOZEM(I)

Y-Direction YNOZEM(I)

Z-Direction ZNOZEM(I)

Nozzle Exit Point: Velocity

X-Direction XETHM1(I)

Y-Direction YETHMI1()

Z-Direction ZETHMI1(I)

Nozzle Exit Area AENOZM()

Thrust Swivel Angle XIMTRD(I)

Rotation Angle - PHMTRD(I)

Plane of Swivel

Vacuum Thrust TVACI(I) TVACTn
(n=1,9)

Mass Flow FMASK1(I) TMASn1
(D=1,9)

Mass Flow Rate FMASK2(I) TMASn2
(n=1,9)

If IXTHRS = 0, constant forces and moments can be entered

Constant Force:

X-Direction XFTHRN
Y-Direction YFTHRN
Z-Direction ZFTHRN
Constant Moment

About X-X XMTHRN
About Y-Y YMTHRN
About Z-Z ZMTHRN

Units

BEEBBH

m/s
m/s
m/s

deg

deg

N

k/s

k/s?

ZZ2

Nominal
Value

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

0.0

0.0

0.0

0.0

0.0
0.0
0.0

0.0
0.0
0.0

Sym
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4.4.5 Vehicle Mass Properties

i

Equivalent
Array

Code
Item Mnemonic
Execution IXVMP
Choice: 0-No

1-Yes

Center-of-Mass (see Figure B3)

XYZCM(1)
(2)
(3

(w.r.t. DATUM)

X-Direction XCMRFM

Y-Direction YCMRFM

. Z-Direction ZCMRFM

Moment of Intertia FIXXK
FIYYK
FIZZK
FIXYK
FIXZK
FIYZK

Moment of Inertia FIXXK1

Rate FIYYK1
FIZZK1
FIXYK1 .
FIXZK1
FIYZK1

42

XYZMIS(1)
2)
(3)
“4)
(5)
(6)

XYZMIS(7)
(8)

9

(10)

(11)

12)

Table
Name

TXCM
TYCM
TZCM

Units

VNN NN

NRRARK BB

BEBBBEH

(K-m?/s
(K.m?/s
(K-m?/s
(K-m?/s
(K-m?/s
(K-m?/s

Nominal
Value

Sym

FETTTT SEETEE Ny



4.4.6 Gravity Model

Ttem

Reference
.Gravitational
Acceleration

" Geocentric
Gravitational
Constant

Coefficients |
2nd Harmonic

3rd Harmonic

4th Harmonic

Code
Mnemonic

GREF

FMU

H1
H3

Equivalent
Array

Table
Name

Units

m/s?

m3/s?

Nominal
Value

9.80665

3.98615683KE14

1,62341E-3
6.04E-6
6.37E-6

Sym

i Bref
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4.5 General Output Requests
4.5.1 Tabulated Data

Code Equivalent Table
Item : Mnemonic Array Name

Tabulated Data - Standard Set

Execution o IXTBLS
Choice: 0 - NO
1:-YES
Set Request NTABLE(), I=1,7

Choice: 0 - No Table

1 - Trajectory Summary

2 - Trajectory - Tangent Plane

3 - Stability

4 - Air Properties and Loads

5 - Mass Properties and Load Factors

6 - Station/Radar Look Values

7 - Accelerations and Accelerometer Values

[ T I A

Tabular Data - User Defined Set

Execution IXTBLU
Choice: 0 - NO

1-YES
Table Names ITBLUN(15)
Table Headings ITBLUH(15,3)
Table Format ITBLUF(15)

NOTE: TAPE20 file must be requested.

44

... Nominal
Units  Value =~ Sym

$SBLANKS$
$BLANKS$
$BLANKS$



4.5.2 Plotted Data

Code Equivalent Table Nominal
Item Mnemonic Array Name Units Value

Plotted Data Requested

Execution IXPLOT 0
Choice: 0 - NO

1-YES
Y vs X Plots IXYPLT(7,5) $BLANKS
Example:

IXYPLT(1,1) = $TIME HGD8M DYNP8KXGD8M1$

Stack Request: IXYPLT(1,2) = $TIME PISSR OMGCYRSTACK $
NOTE: STACK is used as the last request

Case Identifier IDCASE(5) $BLANKS
Example:

IDCASE(1) = $497-04APPLE ARM-1X498-05PEACH $

Stack Request: $497-04APPLE ARM-1X498-05STACK $

NOTE: STACK is used as the last request.
NOTE: TAPE20 file must be requested.

4.5.3 TAPE20 File

Execution IXTP20 0
Choice: 0 - NO
1 - YES - must be used if tables or plots are requested

Sym
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5. Code Control

5.1 Case or Problem Control

As discussed in Section 2.3, partitioning of the base case (problem) into sections or stages is
permitted. The stages are usually patterned after the problem; i.e., one or more of the support routines or
main programs may be activated or deactivated.

Two types of stages are recognized: a minor action type in which new data are read in that causes no
discontinuity to the integration procedure, and the major action type where the main program or
support routines are affected, or when new data cause a discontinuity in the problem solution.

For case control (staging), therefore, the user must request a program-computation stop based upon
some computed variable value, supply new data, and request problem continuation.

A major action request is initiated by flagging the support routine execution flag with a minus (-)
sign or by specifying a new main program designator, ’

5.1.1 Staging - Input Data

Code Equivalent Table | Nominal
Item Mnemonic Array Name Units Value Sym

Requesting A Program Computation Halt

Staging Variable

Name NAMSTG(1-4) = | | $BLANKS
Value ' ~ VALSTG(1-4): 0.0
- Default ‘S_t()p o ‘b o ‘ ‘ | 4
Name - NAMSTG({5) o ‘ $SHGD8MS$ hga
Value : VALSTG(5) B : 0.0

Major Action Indicator

Support Routine IXeen L ‘ ' : -N
Execution Flag . ‘ o
where; N = 0 - Return to intial values with execution deleted

N = 1 - Reinitialize with new values and execution requested

Main Program IMPROG $SIXDOF$
Designator ‘ o ‘
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Example:
Minor Action Major Action
Times = 0.5 Times = 0.5
Delts =02 Delts =02 =005
NAMSTG(1) = $TIMES$ = NAMSTG(l) = $TIMES$
VALSTG(1) =23 - ... . VALSTG) =23 . . . ;
*RUN. . _ .. *RUN . .. . S
Delts = 1.0 //Resets print internal IXTHRS = -1 //Reinitializes and turns on THRUST routine
. , o Delts .= 1.0- o ' _ ;
- TIMSDX = 2.3 //Returns stage time to 0.0
*RUN o R

*RUN

NOTE: *RUN card described in Section 5.2
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5.2 Execution Control: *CONTROL Cards

- Control of code flow through the input data deck is-achieved through the use of a set of key words
‘ whlch when preceded by an asterisk (*) and used on an 1nput card causes the card to become a control
~-card. :

The code allows the followmg set:

*COMMENT
*COPY
*STOP
*MERGE
*SAVE
*RESTORE
*RUN
*OUTPUT
*CLEAR
*CLEAR KEEPTABLES
*END

The cards may be used smgly or in palrs to mstruct the code to perform a specific task. A descrlptlon
of the tasks performed by the control cards and the method by which the code accomplishes them is de-
_ scribed in the report by Jones* and will not be reiterated here. However, brief descriptions of the cards
which are used singly are given below. The paired cards are described in the following sections with ex-
amples to clarify their use.

*COMM‘EN‘T’ - - Allows’ comments to be inbser:ted into the input deck.

*RUN - Signals the readervrou‘tine to stop proc‘essing input data cards
and return control to the calling routine.

*OUTPUT - Instructs the code to proceed immediately to the output phase
and display the computed data.

*CLEAR - Instructs the code to clear all labeled COMMON blocks and table
storage location, and resets the code default values.

*CLEAR KEEPTABLES - Same as *CLEAR except table storage locations remain
unchanged.
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5.2.1 Base Case
A “Base” case is a set of input data cards plus control cards that describe the conditions under which
the current problem is to be solved. It may consist of a single stage or be made up of multiple stages.
The control card set to describe a typical three-stage base-case execution could be set up as follows:

*COMMENT SIMPLE THREE STAGE PROBLEM
e //Problem Data

*RUN

ces //Problem Data

*RUN

- //Problem Data

*RUN

*END

5.2.2 Merging Cases

It is sometimes desirable to run a series of problems in which successive problems are only a minor
variation of the base problem. A procedure to accomplish this is called “Merging”; i.e., the data of the
succeeding cases are merged with the base case and executed. The *COPY, '*STOP, and *MERGE
control cards are used to control the code for this procedure. The following example shows a possible
combination of data and control cards that would excecute a two-stage base case and then execute a
modification of the base case. :

*COMMENT TWO MERGE CASES, ONE BEING THE BASE CASE ITSELF .
*COPY

// Problem Data 1st Stage
’;‘l.%.UN //Base Case
e // Problem Data 2nd Stage
*RUN
*STOP
*MERGE
*RUN

*RUN
“MERGE

//Run the base case

//1st Stage data modification
*RUN //Run the modified case
- //2nd Stage data modification |
*RUN

*END
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5.2.3 Stacking Cases , - , L

When it is necessary to run a series of unrelated cases, a procedure called “Stacking” is available. The
*CLEAR card is used, either in the full clearance mode or in the KEEPTABLE mode, to prepare the
code for the input of data related to the next problem.

A two-problem example is given below, but could be extended to many problems.

*COMMENT  PROBLEM 1
*RUN

*RUN

*QUTPUT

*CLEAR

*COMMENT  PROBLEM 2
*RUN | i
*RUN

*OUTPUT

*END
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1

5.2.4 *SAVE, *RESTORE Utility Feature '

The *SAVE control card permits the current state of the problem solution (contained in the labeled
COMMON blocks) and the input tabular data (located in blank COMMON, LCM, or mass storage) to be
saved (file: ISAVE=38) for later use on a code restart. The *RESTORE is the companion control card
which reverses the procedure to restart execution. Other usages of the *SAVE/*RESTORE feature are
discussed in the report by Jones.*

The following example of the *SAVE/*RESTORE cards shows thelr use for contmumg executlon at
a later date.

*COMMENT MONDAY JOB

*COMMENT FIRST STAGE
*RUN

*COMMENT SECOND STAGE
*RUN

*OUTPUT

*SAVE

*END

If file (TAPES) is saved on a permanent file or magnetic tape file, the next day’s control card stream
could be as follows:

*COMMENT TUESDAYS JOB
*RESTORE

*COMMENT THIRD STAGE
*RUN
*RUN
*END

5.2.,6 *END Card.

To end the execution of a problem case or a series of problem cases, the *END card is used. When
used within the data deck, it has the same effect as an end-of-file mark encountered on the input file at
that point. This card may appear in the base case, at the end of a base case, anywhere within the primary
input, and especially at the end of input. Cards appearing after this card are ignored, so temporarily un-
needed cards may be stored here. As with the *CLEAR command, any output data not yet printed or
plotted will be processed according to the output phase when the *END card is encountered.
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APPENDIX A

Logic Flow Diagram and Examples

This appendix contains a logic flow diagram (to aid the use in assembling the input data) and several
examples of executable decks.
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INPUT DATA SELECTION LOGIC CHART

General Code Items

NO

Is the reference GEOID acceptable?

YES

ENTER: Geoid shape, spin rate, radii, flattening factor

NO

Is the reference GRAVITY acceptable?

YES

ENTER: Reference gravity, gravity constants, geocentric constant

NO

Are the integration controls acceptable?

YES

ENTER: Absolute error, relative error

NO

Is the input data METRIC?

YES

SET: Conversion flag

General Problem Items

NO

Is report titling wanted?

YES

| ENTER: 30 words of title

NO

Is case identifier required?

YES

I ENTER: 1 word case identifier

Select planet surface location

GEODETIC

GEOCENTRIC

ENTER APPROPRIATE VALUES:

a, Initial Position: latitude, longitude, altitude

b, Current Position: latitude, longitude, altitude

¢, Velocity Vector: total velocity, elevation angle, horizontal angle

NO

Is initial reference heading NORTH?

YES

ENTER: Initial azimuth heading angle

NO

Are time items acceptable?

YES

ENTER: Initial time, print internal, maximum time, stage time increment,

number of good time steps/print

NO

Are mass items acceptable?

YES

ENTER: Initial mass, initial mass adder

NO

Is gravity model acceptable?

YES

ENTER: GRAVITY items (Section 4.4.6)

NO

Are wind tables required?

YES

SET: Execution request flag
ENTER: Three wind tables
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General Problem Items (cont)

NO

Is 1962 standard atmosphere acceptable?

YES

ENTER: Atmosphere selection (Section 4.4.2)

Select Main Program

SIXDOF: See Section 4.3.1 PTMASS: See Section 4.3.2

NO

Is there only one body? YES

ENTER: Number of bodies |

NO

Are load factors required?

YES

l SET: Execution request flag

NO

Are range calculations required?

YES

I SET: Execution request flag

NO

Are RADAR look values required?

YES

SET: Execution request flag
ENTER: Station: latitude, longitude, altitude, heading

NO

Are aerodynamic items required?

YES

Select aerodynamic routine

SDAERO See Section 4.4.1 PMAERQO: See Section 4.4.1

coefficient tables

ENTER: Force and moment ENTER: Force coefficient tables

SET: Execution request flag

NO

Is a propulsion system requested?

YES

SET: Execution request flag
ENTER: Propulsion System Data (see Section 4.4.4)

NO

Are vehicle mass properties requested?

YES

SET: Execution request flag
ENTER: Vehicle Mass Properties Data (see Section 4.4.5)

NO

Is vehicle control required?

YES

Which main program selected?

SIXDOF: (see Section 4.4.3.1) PTMASS: (see Section 4.4.3.2)

SET: Execution request flag SET: Execution request flag

NO

Is staging required?

YES

ENTER: Stage Request Data (see Section 5.1.1)

SET: Execution request (*RUN)

NO

Is problem finished?

YES

RETURN TO START | SET: *END
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Example 1, A Point Mass Reentry With Radar Look Calculations

#COMMENT  $3$8  SAMPLE CASE $359%
ITITLEC1)  STEST TRIAL OF POINT MASS COMPUTATIONS

ITITLE(13) = $ REENTRY FROM 50000 FT $
ITITLE(29) = $MARCH 1980$ :
ICASE $PM~TSTS

PHGDZD = 040

THTLZD = 0.0

HGDZM = 152409

PHIGDD = 0.0

THTLD = 040

VIGOM = 6705.6

GAMGDD = =300

SIGGDD = 4540

SIGZD = 45.0

TIMEZ2S = 0.C

DELTS = Qel0

TMAXS = 100

FMASZK = 37.42137548

IXGRAV = 1

TATMNM S15NANLS
IMPROG $PTMASSS
ITITLE(2]1) = % RADAR STATION EXLCUTION REQU IRED 3

IXSTA = 1

HGDSTM = 0,0
PHGDSD = 3,0
THTSTD = 0e0
PSISTD = 0.0
ISPROG $PMAEROS
IXAERO = 1

SREFAM = 0.0506693

TABLE TCXO(4) /HGDSM/ EXTRAP ‘ ‘
BREAKS TCXC /HGD3M/ - Q. 0.0.5043L4'3.04s£4.30.48 4
BODY TCX0 0405690¢06¢040690406

NAMSTG(1) = STIME §

VAL3TG6(1) = (.985
*RUN ’
NAMSTG(1l) = STIME §$
VALSTG(1) = le0

+*+RUN » .
NAMSTG(1) = SHGD8M $
VALSTG(1) = C,0

*RUN



Example 2. Staging With Main Program and Support,Routine Interchange

*COMMENT 855 SAMPLL CAS3L $34 8
ITITLE(2) STEST TRAJECTORY FOR AMEZIR CHECK QUT s =
ITITLE(11) SMILLARDS SINoLL STAGE: MALEMUTE - AT TTR $ o

ITITLEC(21) 3% QZ=BT.0 DEG =l4¢ 40 D26 &

ICASE $437-04%

PHGDZO = 37.846C38

THTLZD = =11547C634

HGDZM =z 164447038 /1 5336« FT AT TIR 7/

PHIGOD = 37.84508

THTLD = =11570534

VTGDM = 2242534 // 73.G FPS AT EOL 17.2FT 1764le LBS //
GAMGDD = 8743

SIG60D = 140a3

SIGZD = 3042 : '
TIMEZS = Ce32 '
DELTS = 1.9

TMAXS = 3GCe0

FMASZK = 7314135319 // 34421 SLUGS - 1744414 4SS //

IXGRAV =1

IATMNM $ TTRSUMS

IATMNM $625TO %

IMPROG $SIXDOF3

IDATUM $NOSE 3

XYZDTMCL) = GaldeCel9le8

XYZBRP(1) = -3442390e04040

PSBGOD = 140 .0

THBGDD = 87.0

PHBGODD = Jes

IDPRR(1) = SPLANET RATESS

IXLODF =1

IXRNGE = 1

ISPROG $50ACROS

IXAERO =1 o LT -

SREFAM = 01296326433 [/ 1396 FT SQ 7/

DREFXM = he8580 /7 22.5 FT 1/

OREFYM = 548530 77 22.5 FT 1/

TABLE TCXC(1592) /FMACHREYNOM/ // TW0 DIMINSIINAL TABLE //

EREAKS TCXG /FMACH /7 Ce090+70390e8090e30903e359160001483
16100120901 e¢9691e¢3692e449%2T89Ta32914.42
BREAKS TCXC /REYNOM/ (.041.0E9 , .
800Y TCX2 ~0a50959=C0oD009-045309~C+5259~0e78C9~0e3289~-0e324 //RN = 1 /7
=0e3009=CeB8419-0 e5789-0e5579-044509-0+2709~-0+1389-0.120 '
~0e5009-0e5059~0e5309~3e5259~0e7309-0+3289~-0.924
~069009=0e3419=0e5T789-Ce3379=044529-042709-01383-0.120
TASLE TCZA(15) /FMACH /
BREAKS TCZA /FMACH / 00?00907090083'0-93!G-95!1000!1005
1010’1020'1.55'1‘9692044Q409517.5101404
BODY TCZA ~0e2359-062959~0e3159-003189-C0e3229-0e3249~0.325
~0e3259=023219-Ce2700~3e2349-Ca21%9=-0s1589-0e1479-0,095
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Example 2 (cont)

TABLE  TCY3(15) /FMACH / )

BREAKS TCOYH /FMACH / G l090e7000eRB090490903091e3091405

1al001e209105091a7902e44 0409597431 91%e4

B00Y TCYH -u.2959'3.493’-3-3139-4 31%o—u-3221'003249'0 33

=303259=Ca3l1le~ -2Ibv‘0o2549 s 1 '0 1584¢=0. 1470'3 033

TABLCE TCMA(lD) /FMACH ./

BREAKS TCMA - /FMACH / GoGC9ud7o’uo%QoQ-9000-9311-9&?1-09

1 10 le 2091‘55;'1-36’2.44'“-95!7031’14.42
BODY TCMA  =ei0059=elCC%0=011009=ell3C9~0all14C9~el1509-e11353
~e 11659 -ell239-408509-2573 9=e 33303 9=e0313 9=2024¢59-e00535
TASLE TCMQ(12) FFMACH / : :
BREAKS TCMR /FMACH /  0e0090e5090e8293+43791,00924.7%2
3200 94e0098e0C93e00910e091260
800Y TCMQ -13-13"14.300'16.839‘1%-649'92 17+9-21437
~ =134929=110039~28e459=074299-05e555-0oe31 o
TABLE TCNB(C1S) /FMACH 7/
BREAKS TCNB /FMACH / Ce009C0 7090301909090 5591 0091605
161090102391 e5501 0769244943397 431314e42
800y TCNAH 0el1005¢0el00590e1105¢5011339301167090e1150902155"
Gell359C0ell2T9Ge0880904057 3930337903310 9202459L40255
TABLE TCNR(€12) /FMACH / :
BREAKS TCNR /FMACH / 04009246090 e8%90+43091 80392600
‘3.00’4.00,6.0[}'3.00|1C.O'12.ﬂ'
BODY TONR  =134139-1443809-164809~18e5%49=22e279=21637
’15 9’)"'lln. ":"8.45"{:702‘;"‘36056"06.31

IXTHRS =1

NMTR =1

XNOZEM(1) = =-6.4008 // 21.3 FT /7

AENOZM(1) = (4034380403 /7 343C8 FT S5 1243 IN O[A 1/

XIMTRDC(1) = o3

PHMTRD(1) = 2.0

TABLE TVACTL1(28) /TSTAGE/

BREAKS TVACTY /TSTAGE/ CelC90eleiell92407 0300394229508
Oel39Tel398e3097432910e091163912.2
130&.'1400’1300,1\JQU01700 1800119 0 .
2020921009220 922e1l 562234922459 9103.0

80DY TVACTL - 330006044726 2¢494992F¢195923553e7934624+42956331e4958245345

536236495089 56290227341953320+99546327 353511 e3906434%42
9699042967968 e596T790241958253096839104958814.090321443
5963669975192 9970304eT 31777243 904443429530000e09003008040

TABLE TMAS11(238) /TSTAGZ/

SREAKS TMAS1l1 /TSTAGE Te0C90el5901lel092030 9300940095400
H5e00 070098000 995091322911 62912,6
15 ’J 1400 lt‘ocvl“"00117ou'laou,l‘)ou

2009210092240 922015922434922e559103040
300Y TMASL] ~00e0C0CC9=17e2732+~15624241~139e20369-13e¢35454-2007969~-2142325

~21e78879=22e20579=22475659-23+218399-23e02739-23497789~242842
~24048869~24459299-240734109-24e33349-23.14539-25e29129-25.29312
—25e435189-29e55619-25e77289-0643037¢9-314613993300504+0G4030C
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Example 2 (cont)

IXvMP
XCMRFM
TABLE
3REAKS
BODY

TABLE
BREAKS

BODY

TABLE
BREAKS

300y

TABLE

BREAKS

300Y

NAMSTG(1)
VALSTG (1)

~RUN
IXTHRS
DELETE
DELTS
TABLC
BREAKS

BREAKS
8oDY

NAMSTG (1)
VALSTG(1)

*RUN
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1
‘3-429

TXCM{13) /FMASSK/

TXCM

TXCM

TIXX

TIXX

/FMASSK/ 000+009287e2190316e039575e6351435e5634434453

5520995607549 650052¢9712e4797572139800418914%4 8

=3e38339-3e38339-3453229~3.688193.83139-3.9441

~4e03869 4412099 ~4e13109-4025509-4e30689-4.35869-4.3586
TIXX(13) /FMASSK/

/FMASSK/ 000e009287e21931645993750364435e639494459

5520399007 e5%95502529712+47975741 3080018014448
720503970053 3984353691041033911e317591364497914.7106

15e¢741C216058109174273191747383918.18154918.1815

TIYY(13) /FMASSK/

TIvy

TIvY

/FMASSK/ 000e0092874219315#599375¢369435e5639494059

352e¢039607e549550a52971244T9757e1 3980001891644 .3

13403091340 309140000 91515470916404T091777.33
1924 03692082494 9224747392423+43112387699927644178
2764 ,73

TIZZ(13) /FMASSK/

T1Z2

Tiz22Z

"o

/FMASSK/ C00eC 9237021931669 937343694350639434457

5520099507 e5496534529712e47975741 3980041891444 ,3

1340 e3091340e309140500 9151347091640 7091777433
1924 43692082.9492247473924234319258709992764e78 .
2764478

STIME $

22.59

-0

TVACT1,TMAS1L

2ed

TCX0(1592) /FMACHyREYNOM/

TCXQ

TCXG
TCX3

Hou

/FMACH/ 0*090.710-80;9.9096.95'1-0091-65
1.10'1-23.1.569109692044’4994’7p52!14042
FREYNOM/ CGe09le0E3
“0e7439~0eT459-0e81C09-Ce9409-1e1009-12309~1230971.190
=1el259~048359~046929~0e37397063029~042349-04128
"0e7459~0eT4359~0e8109~Ce3409=141009-1423009~1230 //RN
~1el309=141259-0e8359-0+6929=3 ¢3739-03129-02349-0.120
$HGO3M 3
914400

//RN =

2 7/
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Example 2 (cont)

IDLAT(1) = S$GEODETS

IDLAT(2) $IC $
DELTS = Se0
IMPROG = $PTMASSS
ISPROG = 3PMALROS3
IXAEROQ = -1

QELETE TCXQ9TCZA9TCYByTCMA9TCMG9TCNRy TCNS

TABLE TCXOCL3492) /FMACHIREYNOM/

BREAKS TCXC /FMACH/ D+090e79008090.903+063591203091.35

1010 '102001055!109&5’2c44!4.9407032914.’42

BREAKS TCX0 /REYNOM/ De09140E9

30DY TCXD -0.7459'0.7459“0-8109-0.940y-l-130v*1o290’-1.2309'1-190 //RN = 1
“1e1259~0e8359=046F29=043759-043329-0e2349-0,12¢C
~0eT459~047459-0e8109-0e9409~141009-1e2309-1+239 J/IRN =2 1/
~1e1709~1e1259-0e8359~045329-0 «5739-0e3329-3e23%49-C.120

IXVMP -3 '

DELETE TXCMe TIXX9TIYYTIZ22Z

NAMSTG(1l) = 3HGD3M 3

VALSTG (1) 1638+3

*RUN

«END

I
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Example 3. Six-Degree-of-Freedom-Point-Mass Interchange With Table Value
Options.

«COMMENT 3565 SAMPLL CASE $u 8

«COMMEINT  SUL3RS ACTIVE P/L ND. 1

ITITLEZ(L)  $SCCORS POF ACTIVZ ONE//

ITITLECLL) BROLULSTIN 353: 11=73 W/1.330 7 MJLT ANJ QFf BH.03
ITITLECZL) 8G0T=43e0 Dd6 AZ=17CeY 055 P/L AT=451i40 347/
ICASE $SICL23% ‘

IMPROG $3IXJ3r %

ISPROS PS5CAIROS

IOLATC(L) = $57002¢T1C kA

IATMNM FTTRSUMS

IDATUM $ZUNNFPE -
XYZD3TM(1) = Ge Ce Lo /FXYZ~DATUM POINT ARRAY// -
XYZARPCL)Y = 14333 Je U J/XYZ=215T TO 3RP ARRAY//

IXGRAV =1 J/5RaVITY AARMUNIC ZKZIQ ~LAGZ/
IXRNGE = 1 //7RANGE CALCULATION FiLAGZ/

IXLOOF = 1 //L0AD FACTOR CALCS = ~FLAG//

IXCRFQ = 1

PHIGOD = 374534532 J/5T00ETIC LATITUDL  TYR=-LLIZ/

PHGDZD = 3734532 /7INITIAL GEO3DETIC LATITUIS TTIR-LI//
THTLD = ~1l15e733%37 J/LONSITUG. - LOCAL TTR~L1//

THYLZO T =lioeT78557 //INTTIAL LONGITUDE - ORISIN  TTR=LL//
316600 = 178 F/7GEQGETIC HIRIZ FaPe ANGLEZ/

SI1GZD = 177.35 JiINITIAL HORIZ FePs ANGLZ/Z/

GAMGDD = 43,2 /75T00c VLD SLEV FePe ANSGLFE INRT 27/
PS8G00 = 172 e 77 ULLR OANSLZ-YAW 30 REF//

THG2D = RI. /7 TULER ANGLE-PITCAH S0 RIF OINRT 2//
PHBG0D = 7 ULER ANGLZ=ROLL 50 REFZF/

TIMEZS = ell /7TIM ZERC - START PROs TuBZ £XIT//
TMAXS = 25 J/MAXIMUM PROSGRAM RUN TIMI//

TMAXS = 3.4

TMAXS = 10250 JIMAXIMUM PROGRAM RUN TIM=//

DELTS T e2 77 TIM. INCOEMINT F2R OPRINT=SEC//
DELTS = Tel

VTIGDM T 43,23 //M75 132 FPS AT £7 6-FT LAJNCH Tu3z 7/
HGDZM = 12345 /7 M L? FWAdd ENG + 5 FT TUBI7/7

FMASZK = 38.2204% /7 KG 12T7e7 L& UNCH ACT L 21 P/Ct/

IXAERQ =1 // AZRS EXcCUTION FLAG /7

SREFAM = «30125613 // M2 41354 FTZ2 BODY X=35CT AR:ZA/Z/

DREF XM T 127533 /7 M L4187 FT HODY DIAM//

DREFYM = W127555 /7 M L4187 FT 233Y OlaMmrs/

RELZRR = lelI=3

ABSLRR = i S

ABSERR =

PIBPR =

IXWIND = 1

TABLE TXWINDC27) /HGDOnM/

BREAKS TXWINO /HGO3M/ e 17354 1loole 15853. 1538. 1733,
1741s 17454 1376e 138Le. 2433. 2833,
3C43.  37%83. 4347 4372, 5031le 5356
TelS. 75313 31 3% F14%e 10063« 1068
12137« 12152« 20320
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Example 3 (cont)

RGODY TXWIND De0 Jed Gl Jets Cad =Lel =1l
202 282 3a5  3ZeIl 343 33 2
De2 Det dJelh =265 =246
TABLE  TYWIND(27) /HGLBM/
BREAKS TYWIND /H3D8M/ Co 595 1560 1
1741e 17454 137a. 1
3043, 3G48. 4561 4
Tel%e 76226 3133 - 3
S 12187{ 12138 23007
BOJY  TYWIND Bel =Ca2 =20a2 242 292 =Jel =l
-G.? '013 301 301 5.5 Db Te
1243 173 173 2%el1 2541
TABLE  TCX3(23) . /FMACH/ - +e34
TASLE TCXS IXTRAPULATION
BREAKS TOXI  /ZFMACH 7/ (30 323 Ca3L 0470 Q.71 1
123 1e23 1le47 1e30 Lad3 1
2020 2440 Ze2T 2483 3.51 3
B09Y TCXC o416 =273 =04 78 =4431% =4504 -44380
= eB32 =aB3T7 =¢732 =~u735 =eT718 -e033
-eT02 ’94”;: - 47 L
CXALPZ = =3.004%
CXBETZ = -~0.05%
TABLZ TCZA(3) JEMACHZ
BREAKS TCZa  /FMACH/Z C.° a3 243 36 13
BOOY TCZA =oly4 =177 =083 =el37 —a045 /753
CZALPZ = =%e0103
TABLE TCZG(3) TEMACH/
BRIAKS TCZG . /FMACHZ  Ded 1ol 263 Tl 1l
]00DY TCZQ . =L4%Ge% ~266e4 =13%42 -T5e5 =TZe5
TABLE TCYB(D) /FMACH/ ‘
BREAKS TCYR  JFMACH/ Ce5 1al 2% Zeil 10
s00Y TCYS . =alD8 =177 =eCA2 =0l ~e743 /7353
cyacre = -0e3153
TABLE TCYR(3) JFMACH/
BREAKS TCYR  /7FMACH/  Dul 17 265 D 130
800Y TCYR 14444 25064 13362 785 7545
TABLE  TCLo (1) JTSTAGES J/FLUTZ TORQUI FOR
BREAKS TCLS /T3TAGE/. Je #3494 412 385 744 1435
BODY TCLEG 30387 1790 Dell 4333 o111 #4333 «C28
Tagie TCLACLI) /ALPHAD/ EXTRAP /73S ZUNI ' WT
HREAKS TCLA /ALPHAD/ =130e =104+ ~7Ta =He =3 ~4s»
e le 2¢ 3¢ 40 Do 5 I 13
BODY TCLA Je30 —eUd =aT212 e eSI1 021475 00
ol =o00Z =402 =35215 =e321%%5 =ely
TASLE TCLB(13) /BETARS EXTRAP 7755 ZUNI WT
BREAKS TCLB /BETAD/ =-180e =1Cs =~Te =55 =354 =%
%o le 2¢ 2o 30 Do He Teo 1C
BODY TCLB  Ge0% =e0C3 =eQU012 e o051 0021475 27
e) =a073 =al223 =el2217 ~e50145 =30

0 Je5 065 2e7 207

J 23 4aT7 4a7 52

bBde  luIBe 1703

331s 2433. 2433,

372, 3091. 6096

14%s - 10363s 10658

1 =1el =1l =led -lo7

1 7el SGeB Fe8 12.3

«07 1lald lal6 1a20//5-18-73

o) 182 Z.280 //FROM NG5S

023 : /7 IH MG
-+3433 ~e332 ‘-915 ~e3303
~e539 =4503 =eB52 =4%33
ZUNI AT W/RVRTIV TREND/Z/
ZUNT WT W/RVRTV TREND//
125 HZ AND 35S ZUNI WT//
1.3‘%4 1-1 1.770 1.3 lac
«0181 40137 #0087 «0CH7
DATA//

=3 =2 =1l

e 133

213 #0323 003

1 Je 53012 &303 Ced
DATA//

~3a =2 -1le

o 18Ca

215 #0323 <003

1 3o 0312 #0035 Ced

77
/7
/7
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Example 3 (cont)

TABLE TCLOP(4) /FMACH/

BREAKS TCLZP /FMaAaCH/ e 2 25 10

BOOY TCLOP 24340 «C43%6 «03270 425375

TABLE TCLP (%) /FMACH/

BREAKS TCLP /FMACH/ Ce 24 2495 1Cs

500Y TCLP  =35+1031 =€e¢l531 -4.3329 -443329

TABL = TCMA(S) FEMACH/

BREAKS TCMA /FMACH/ (e le 25 5Se Ll

BDDY TCMA  ~a358 =14002 =a3582 +.093 *onl4 //NO3I4 XCP PATTZRN W/SiLA MOD//
CMALP2 = =lelZ3

TABLE TCMG(2) /FMACH/

BODY TCMG  =2223e ~4374%e =2131e -3%57. ~1135. //23ZF TO . CNA . SACKS//
TABLL TCN=(2) /FMACH/ ! ‘ !
BREAKS TCNB  /FMACH/ Go 1o 243 T 12 . .

BOOY TONS  «358 12335 #3682 =eil93 =u51l% //NOSI4 XCP PATTERN W/3LA MOD//
CNBETZ T Gelld

TABLE  TCNR(3) IEMACH/

BREAKS TCNR /FMACH/ Je ls 285 Sa 17 ;

800Y TUNR  ~2233e =40744 =2131e =1457. =1133+ //CDZF TO CNA SACKS//
IXTHRS = 1

NMTR z 1

AENOZM(1) = <3223 J/5T FT2 NO2Z ZXIT AREA// .

XNOZEM(L) = o234 //THRCADED JOINT OJI3T FRIM 3ASL 8 IN//

XIMTRD(L) = 2.

PHMTRD(1) = C.Q

TABLE TVACTI(Ll1l) /TSTAGE/Z #1.03% o

BRIAKS TVACTL /T3TAGEZ/ Je o544 212 385 o749 1e55 1e544% 1le7 1aTT0 1e3 3o
BODY TVACTL (e 27303s 278358¢ 23332s 24412¢ 2323Fe 24412¢ 11454+ 49784 0s 3
TABLE TMAS11(11) /TSTAGZ/ .

BREAKS TMASLIL /TSTAGZ/ Te +544 o120 o385 o744 1436 1544 1e7 1776 13 5e
30DY TMASLIL D =12e82 =13424 =11e35 =11e55 =13e43 =11455 =542 =210 Lo Lo
IXVMP = 1

TABLE TXCM(3) ITSTAGZ/

BREAKS TXCM /TSTAGE/ Co 18770 10,

BODY TXCM 16317 1e797 147397 //73-23-73 INIRT ONE/S/

TABLE TIXX(3) JTSTAGE/ L :

BREAKS TIXX /TSTAGE/ Ge 14775 10

80DY TIXX «121% 41874 #1574 //3-22-73 INEZRY JINE/Z/

TABLE TIYY(3) /TSTAGE/

BREAKS TIYY /TSTAGE/ Ce 1770 1Go

BODY TIYY 4337 33.14 2X.l4 //8-20~7T3 INZIRT ONE/Z/

TABLE TIZ2Z({(3) ITSTAGE/

BREAKS T1z22Z /TSTAGE Se 1eT75 17

80DY 1122 4537 33414 33.14 /7/73-27-7132 INZIRT ONEZ/

NAMSTG(1) = $TIMZ %

VALSTG(1l) = 1.3 //ZUNT 3977

TASLE TCYSY IXTRAPOLATION

TABLE TCZA EXTRAPOLATION

TABLE TCZG EXTRAPOLATION
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Example 3 {cont)

TABLE TCMA EXTRAPOLAT ION

TABLE TCMG IXTRAPOLATION

TABLE TCNB EXTRAPOLATINN

TABLE TCNR EXTRAPOLATION

TABLE TCYR EXTRAPOLATION

TABLE TCLS EXTRAPQLAT JON

TABLE TCLOP EXTRAPOLATION

TABLE TCLP IXTRAPOLAT ION

*RUN ‘

IXTHRS z =)

OELETE TVACTLl TMASILL

IXVMP = -0

DELETE TXCM TIXX TIYY T{z2Z ,
FMASSK = 3343399 F/K3  B4.6 L3 CST ACT 1 31 2/L//
XCGBM = -eil5b :
FIXXK = 2342

FIYYK = 33.938

FI1ZZK = 33,98

DELTS 2 L2

DELETE TCXC TCL3 v
TABLE  TCX03(23) /FMACH/ #1430 «.3% TXTRAP
BREAKS TCX3 /FMACH/ Q400 Ue24 3430 3076 2493 1403 1409 1a15

~

BODY H

CLZERD
NAMSTG(1)
VALSTG(1)
VALSTG (1)
VALSTG(1)
*RUN
DELTS
NAMSTG (1)
VALSTG(L)
*RUN
DELTS
NAMSTG (1)
VALSTG (1)
*RUN
NAMSTG (1)
VALSTG (1)
*RUN -
IXVMP
IMPROG
ISPROG
IXAERO
DELETE
DELETE

“

1133 lb#ﬂ 1633 1,é3*1.73 1.50 2053‘2'23
2930 300 3.2F% o
XC -+24%5 ~e333 "031’32 "0575 "Q73“ ""051: ”0991 "1.859

~14213 me 324
-—ed& 8 ‘”-53’\:)' "»o“;“j
STIME s

Qe

-a352 ~e885

~e838 o833 ~e741 =453

oHon

Lo

Y
365

H

&5
-

Je
PTIME
2042

3

Wi

1a72
$GAMGO0S

~
e

bio ot

[T ]

$TIME $
50,

-]
oo e

PPTMASS S

$PMALROS

-1
TOXG TCZA TCZQ TCYB TCYR
TCMA TCMG TCNB TCNR
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Example 3 (cont)

ISLATC(LY = -}
SREFAM T 0324034 //M2 L FY. CHUTE REF ARTAZ/
FMASSK 2 1lel73  //KG 20 LY NC ON 2[LOT CHTZ/

TABLE TCX3(3)  /FMACH/

BREAKS TCOXU  /FMACH/  (eil9 14l 2.l 30l 4a03 S

B0ODY TCXE =250 =20e) =290 =2%43 =234 //3=F1T CROSS CODo 257/
CeELTs = Ze3 S

DELTS = S

DELETE TCLA TCLZ TCLOP TCLP

IDPaRr $CINSTA L

PIBPR Se

NAMSTG (L)
VALSTG (1)

BHGIAM §

10333

H onoauon

*RUN

QELTS = 13.
NAMSTG(1) = BH538M
VALSTG(1) = 1633
*RUN

*END
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APPENDIX B

Fldw Charts and Dimensional Data

This appendix contains the logic, flow charts, equations evaluated, and sketches showing dimensional

data that are pertinent to the various
sible, to show code continuity.

code routines. These routines are functionally grouped, where pos-
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AMEER - Maih Program Overview

The AMEER .(AerowMechanical Equations Evaluation Routines) code is structured logically into
three phases: (1) data read-in, (2) motion equations evaluation, and (3) formatted output. Associated
with the data read-in phase (PHASEL1) are the pre- and post-initializations of the code. Preinitialization
assigns a set of nominal values to the code variables, while postinitialization computes the code startup
values for the various program variables and those state varlables that are associated with the
integration array.

PHASE2 evaluates the derlvatlves of the user-selected set of motion equations, and computes
program variable values for output and for testing against user specified variable values related to code
control.

PHASES3, output, provides for the listing of PHASE2 computed variable values in several different
tabular formats and for graphic presentation of data in the form of X-Y plots.
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LOGIC FLOW CHART . .~ . '
AMEER:

CALL ZERCOM: Zero-out all /COMMON/ blocks

CALL ZERTAB: Zero-out all core TABLE storage

CALL DEFALT: Set the code nomlnal values

CALL PHASEl Reads in problem data and sets the procedure ﬂag IFLAG

Dumps the contents

values for the main

0 | 1] 2 | 3 | 4 | 5
INPUT ‘ - e - *CLEAR o
ERROR *RUN *OUTPUT *CLEAR ‘' KEEPTABLES E-O-F
CALL CSAVE CALL INITLZ: CALL PHASE 3:
(ISAVE): Compute initial List the computed data in tabular form and/or plot

selected variables

of all /COMMONY/ | program and related CALL ZERCOM:
blocks ~onto file | routines Zero-out all /COMMON/
ISAVE CALL WRTINL: blocks

Write the problem CALL

report summary -ZERTAB:

page Zero-out

CALL PHASE 2: TABLE

Evaluate the main storage

program set of equa- CALL DEFAULT:

tions Set the code nominal values

Return to PHASE1 call

END
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PHASE1L:

LOGIC FLOW CHART

Causes all input data cards to be read until a CONTROL card is encountered.

Initialize read error flag (IERR= 0)

Initialize read control flag (IFLAG 0)

Do until JFLAG # 0

Is merge flag (MERGE) set? B o , YES

NO
CALL BASERD: Read base case data (file IMERG) to next:
*RUN, *QUTPUT, *END card, or E-O-F. Set: IFLAG
NO Is IFLAG ZGI‘O" ; YES
CALL PRIMRD: Read the INPUT file to the next: *“MERGE,
\ __*RUN, *OUTPUT *CLEAR card, or E-O-F, Set: IFLAG
NO Is IFLAG zero? ‘ YES

CALL ZERCOM Zero out all /COMMON/ blocks

CALL ZERTAB Zero out all TABLE storage

CALL DEFALT Set the code nommal values “ _

IFIRST=0

CALL TABCMP Check all TABLE descrxpt;ons for completeness

NO

Are all tables complete? YES

Set: IFLAG =0
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LOGIC FLOW CHART

BASERD:

Reads card image data from the “base case” file (TAPE9/ IMERG) for the data merging option.

IFLAG=0

NO

Is the base case at End-of-File? RN TR IF R N o YES

Do until *RUN, *OUTPUT, *END or E-O-F is encountered

CALL READER: Read input file until an unrecognlzed card
or control card is encountered

NO Was E-O-F encountered by READER?. .- . YES

Extract kéyword and ecompare against keywor"d list.

NRECOGNIZED

EYWORD

Do Proper Case

*COMMEN T":v

ILLEGAL
KEYWORD
*SAVE" -
*RESTORE
*OUTPUT -
*END

o

CALL | CALL |
message CSAVE| CREAD

Set: = |-Set:
IFLAG=2| IBCEQF=1

s 7
o 5

w o+

[}

e
<€——*RUN

NO

Is IFLAG still zero? YES

Print message that base has been fully read.

MERGE = -1 (base case has been read for now).
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LOGIC FLOW CHART

PRIMRD:

Reads card image input data from the “Primary” (input) file

Do until *MERGE, *RUN, *QUTPUT, or E-O-F is encountered.

CALL READER: Read input until unrecognized card

or control card is encountered.

Extract keyword and compare against keyword list.

Do for the keyword case

NH «

HVHTO

LNdLNOx

NOY «

HYO.LSHY «

HAVS« |

HOHHAN »

dOLSx |

AdODx

INTNNOO«

JHOM QUZINDOOHUNN

§=DVTdI

V=DVTdI S#0[[0} ATV LAHAAM, PIOM J1 {e=DV1d] |

¢=DVTdI

(HOYEN) SAVI="OYHAN ‘1=DHV1dI

HAVSI o[ Woij elep s[qe) [[e pea1 03 QVAYD TIVD

HAVST °[1 01 B1Bp 9[qE) [[& LM 0} FAVSD TTIVD

0=DV'I4I '0=d0dD9I ‘T=HDYHIIN ‘°1Y DYHANI pumey

I=4YH] ‘@ousnbas jo 1no pre) :juug

"DUAINI o1 03 pIed JO.IS« 1xXau 03 dn spreo Ado)

[ =444l ©nsouserq yuug
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READER:

LOGIC FLOW CHART

Main routine for processing card image input data for the input and ta

RS

[

ble handling pa(;kage.

Initialize the reader flags

Do until an unrecognized card is encountered.

Read a card.

If E-O-F, print diagnyostics, set IERR=1, and RETURN.

Print the card.

Find last effective column (col 80 unless // occuré).

If first nonblank is before col 7, read keyword; otherwise use old keyword.

Process proper keyword....

Variable or Array . ‘Unrecog—
Element Definition TABLE BREAKS BODY DELETE FORMAT nized
Is first nonblank be- |If first nonblank is be- | Is first nonblank be-|Is first nonblank be- Read Reéd
fore col 7?7 fore col 7, CALL {fore col 7? fore col 7? each number
NO YES | READTN to read the | NO YES | NO YES | name and| of items.
Read subscript, | 2m€ of the table. Read name of Read name of g‘ALIIJ)E Copy
if any. CALL READTC to table. table. toAlfieletLe into for-
: ificati - mat ar-
Translate sub- rea(tihthe s;()iec1f1cat10ns Read indepen- Read subscript, | that table ray.
script into ar- | 07 the card. dent variable if none, pre-
ray position. names. sume all indices
Determine Determine =1 .
whether name which demen- Translate the

implies real or
integer type.

Is “$” Hollerith indica-
tor present?

NO YES
CALL For all
READVI: | successive
Read each | charac-
value in ters, com-
turn, and | pute its
store it in | word and
the next |character
word of position
the array. | and store
Quit it there.
when all

data is

read.

sion the name
goes with.

Read subscript,
if any, and
translate it into
an array posi-
tion.

subseripts into
a position with-
in the body.

Blank out the
portion of the
card now pro-
cessed.

CALL READV1 to
read each value in
turn, then store it in
the next word of the
breakpoint list. Quit
when all data on the
card is read.

If table is formatted,
decode whole card and
save.

DO WHILE data re-
mains, : :

Get next value
from READV1
as saved list, if
formatted.

Store value in
main or extend-
ed memory.

Increment.

ues in this table
body.

counter of val-|

If this is last el-
ement of $$ ta-
ble save sub-
space on file
ITABL.
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LOGIC FLOW CHART

PHASE2:

Provides control of the integration and computation phase.

NO

Is latitude positlon ‘geocentric?‘

YES

IDLAT =$GEOCENTRIC$

CALL DERIV; Evaluate derlvatlves for 1n1t1al values

CALL AUXCLC: Evaluate aux1llary items for 1n1tlal values

CALL BOPWRT: Write the initial values block

NO

Is file TAPE20 to be wrltten"

YES

, CALL T20WRT; Write the mltlal value block to flle (TAPEZO)

Do for each STAGING varlable

l Evaluate the staging equation (STGEQN ) for STGEQV value

Do for number of equatlons (NEQN)

l Save the current state and rate array values |

Set the mtegrator control items

Do until TOUT reaches staging time or TMAX

Set TOUT for one mtegratlon interval

CALL INGRTR: Advance problem solution one good mterval

NO Is mtegratlon start up procedure in 3ffect"

YES

Set; Program TIME to TOUT

No  Is TAPE20 file to he written?

YES

LCALL T20WRT; erte current tlme hlstory block "

| ‘NO Has staglng criteria been met?

YES

NO Has program TIME exceeded TMAXS?

YES

NO Is lntegration start ub procedui’e in effect? |

YES

Reset program TIME to start TIME

Turn off integratioh start up flag




‘LOGIC FLOW CHART

PHASES3:

Displays the data computed in PHASE 2 by means of a set of tables or a series of graphic plots. The
plots can be stacked wrt cases or according to compatible variables.

NO Have tabular listings been requested? = Ca o YES

CALL TABLOP: To generate tabular listings of PHASE2
data stored on file: TAPE20

NO Have graphic plots of data been requested" o : YES

CALL DSTART: Initialize DISSPLA package
Do for 5 plot requests

NO ~ Is plot request blank? L : YES
Set: Number of plots tos R Set: Number of plots to counter
' | , NO Is counter zero? YES
CALL PLTMKR: Generate the requested plots o - Print:
CALL DONEPL: Terminate DISSPLA plotting package | ‘ E:;g;;e
Blank out plot request storage arrary for next plot
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SIXDOF:

The main program designator, SIXDOF, calls into execution two routines, SDINLZ and SDDERYV,
which initialize and evaluate the motion of a rigid-body flight vehicle over a rotating-oblate planet. The
evaluation of the motion equations includes the effects of an offset center-of-mass, a thrusting and
swiveling propulsion system, varying mass properties, wind shear and gusts, and aerodynamic force and
moment components.

The problem-starting position, velocity, and angular data are usually given to the code relative to a
geodetic axis system; these data are then transformed to a geocentric system for continuing computa-
tion. However, geocentric data can be supplied if the user desires.

Forces and moments are summed in the vehicle body-axis system and transferred to the inertial sys-
tem. Integration of the motion derivatives takes place in the inertial frame. Transformations in the form
of direction cosine matrices are used throughout to relate the various axis systems. However, quaterni-
ons, which represent the rigid-body rotations, are initially derived from the inertial to body transforma-
tion components and given to the integrator for updating during code execution to eliminate the
singularities inherent in Euler angle integration. After integration, a direction cosine matrix is computed
from the quaternion components to relate inertial to body items.

Two routines, TRNACL and TRNMOM, support the SDDERYV evaluation of the six-degree-of-
freedom motion derivatives. TRNACL calculates the accelerations acting along the xyz axes at the body
reference by summing and transferring the body forces to the reference point. TRNMOM computes the
moments about the body reference point by summing and transferring the various moment components
to the reference point.
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LOGIC FLOW CHART

SDINLZ:

Problem input data, related to a geodetic or geocentric axis systein, are transformed into inertially
referenced values for insertion into the integrator state array as initial values for code start up.

Compute problem start longitude change, B;

NO

Is IFIRST equal to zero?

YES

NO Is input data GEOCENTRIC?

YES

CALL GD2GC: Compute geocentric latitude
(¢¢.), altitude (hg), and inertial distance to
body (R;

CALL RADIUS: Compute geocentric
earth radius (Ry)

y (Ry)

Compute inertial radius to body (R;)

Are flight path angles given?
NO YES

Compute flight path| Compute aero angles
angles (y,0) (8, ¢v)

Compute geodetic velocity components (Xg4,
Y‘d9 Z‘d)

Convert geodetic velocity components to
geocentric components (Xge, Yge, Zg.)

Compute geodetic to body transformation
(TGD2BP)

Compute geocentric to geodetic transforma-
tion (TGC2GD)

Compute geocentric to body transformation
(TGC2BP) from geodetic items

Compute geocentric to body transfor-
mation (TGC2BP) from current values of
geocentric items

Compute inertial to geocentric transformation (TI2GC)

Compute inertial to body transformation (TI2BP)

Compute inertial Euler angles (6;, ¥i, ¢1)

Compute quaternion components (A, A1, Az, A3)

Compute inertial displacements of body (X;, Y;, Z:)

Compute inertial velocity components (X;, Y;, Z)

Compute body components of inertial velocity (U, V, W)

NO

Are p, q, r spin rates inertially referenced?
IDPQR = S$INERTIALS

YES

(Pes Qe, Te)

Compute inertial p, q, r values (p;, q;, 1;) from earth referenced values

NO Has a zero roll rate been requestd?

IDPQR = $CONSTANTS

[ Set roll rate (p;) = 0.0

Set p, q, r flag (IDPQR) to INERTIAL

Save the current time
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Equations Evaluated

SDINLZ:

PROBLEM START LONGITUDE CHANGE
Bi = oLo—wpt—OL

PROBLEM START WITH AERO AND FLIGHT PATH ANGLES

TRANSFORMATION GEODETIC TO VELOCITY
TGD2V (1,1) = cos 044 COS Y
(2,1) = —gin Ogd
(3,1) = €08 0,4 8N Y4
(1,2) = sin ggg €08 Vg
[Tvep]l (2,2) = cos g
(3,2) = sin Ogd sin Yed
(1,3) = —sin v
(2,3) = 0.0
TGD2V  (3,3) = cos v

TRANSFORMATION VELOCITY TO BODY

TV2B (1,1) = cos a cos 8
(2,1) = —cos ¢, sinf -sin ¢, sin a cos 8
(3,1) = sin ¢, 8inf ~cos ¢y sin a cos B
(1,2) = cos asin 8

[Ten] (2,2) = cos ¢, cosf —sin ¢, sin a sin 8
(3,2) = -sin ¢, cosf —cos ¢, sin a sin B
(1,3) = -sin
(2,3) = sin ¢, cos a

TV2B (3,3) = cos ¢y cos a

TRANSFORMATION GEODETIC TO BODY
lTB/GD| = 'TBN', ° ITV/GD'
GEODETIC EULER ANGLES

VB = tan™ (TGD2B(1,2)/TGD2B(1,1))
08, = sin~ (-TGD2B(1,3))
¢8, = tan~ (TGD2B(2,3)/TGD2B(3,3))

GEODETIC VELOCITY COMPONENTS

Xt = Vg €08 749 €08 0
Yea = Vg o8 v, 8in o4
Zga = ~Virgy 8in vg

GEOCENTRIC VELOCITY COMPONENTS

A¢ ¢¢d ¢;c
Xy = Xga €08 Agp — Zeg 8in Ad
Yo = Yua

Z(c Xea 8in Ap + Zga co8 Ad
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TRANSFORMATION GEODETIC TO BODY

TGD2BP (1,1) = cos 6y cos ¥y
(2,1) = —sin ¥, cos ¢, + cos Vg, sin ﬂsﬁsin b5,
[Texo]l (3,1) = sin yg, 8in ¢, + cos ¥g,, 8in 5, cos 45,
(1,2) = cos g,y sin ¥py
(2,2) = cos yp, co8 ¢p, + sin ¥p sin Og, sin ¢p,
(3,2) = —cos ¥p, 8in ¢g, + 8in Yp sin 0, cos g,
(1,3) = -sin Oy
(2,3) = cos 03‘,& sin ¢Bgd
TGD2BP (3,3) = cos Oy cos ¢Bgy

TRANSFORMATION GEOCENTRIC TO GEODETIC

TGC2GD (1,1) = cos A
1) = 00
(3,1) = —sin A9

[Tepwc] (1,2) = 0.0
2,2) = 1.0
3,2) = 0.0
(1,3) = sin A¢
2,3) = 0.0

TGC2GD (3,3) = cos A¢

INTERIAL SYSTEM DISTANCE: ORIGIN TO BODY
R; = Ry + bee

TRANSFORMATION GEOCENTRIC TO BODY (Geocentric Items)

TGC2BP (1,1) = cos g, cos yp,,
(2,1) = cos b, sin yp,,
(3,1) = —sin O,
[Teeel (1,2) = —sin %ﬁ- cos ¢, + co8 "'Bn sin 03” sin g
(2,2) = —cos yp, 08 ¢+ sin ¥p sin 6 sin ép
(3,2) = cos Op,. sin ¢p,,
(1,3) = sin Y5 _sin ¢p_  + co8 Yp sin g cos ¢p
(2,3) = —co8 ¥p,, sin ¢ + cos ¥e, sin fp  cos ép
TGC2BP (3,3) = cos Og,. cos ¢p,,

or: (Geodetic Items)

|Ta/oc| = ‘TB/GD| . |TGD/Gc|



TRANSFORMATION INERTIAL TO GEOCENTRIC
TI2GC  (1,1) = —sin ¢, cos B;
(2,1) = gin Bi
(3,1) = —cos ¢, cos B;
(1,2) = —sin ¢, 8in B;
[Tecal (2,2) = —cos B;
(3,2) = —cos ¢ sin B;
(1,3) = —cos e
2,3) = 00
TI2GC  (3,3) = sin ¢,

TRANSFORMATION INERTIAL TO BODY
ITeal = [Tewecl + |Tecd  (TI2BP)

INERTIAL EULER ANGLES

8./¢;) = sin™! (-TI2BP(1,3))
¥ = tan? (TI2BP(1,2)/TI2BP(1,1))
¢ = tan™ (TI2BP(2,3)/TI2BP(3,3))

QUATERNION COMPONENTS
Ao = cos (¥;/2) cos (6,/2) cos (¢,/2) + sin (¥;/2) sin (6,/2) sin (¢,/2)
A, = -sin (¥y/2) sin (6,/2) cos (¢,/2) + cos (¥i/2) cos (6,/2) sin (¢,/2)
A, = cos (¥;/2) sin (6/2) cos (¢,/2) + sin (¥;/2) cos (6,/2) sin (¢,/2)
Ay = sin (¥4/2) cos (6,/2) cos (¢;/2) - cos (V/2) sin (6,/2) sin (¢,/2)

BODY INERTIAL DISPLACEMENTS

Xi ==R-iCOS¢gcCOSBi
Yi = R; cos ¢g sin B;

Zi = -R'i sin ¢¢c
INERTIAL VELOCITY COMPONENTS
Y| = | Teca Yool + [wpX,
Z Z, 0.0
BODY COMPONENTS OF INERTIAL VELOCITY
V = TM . Yi
w 2,

INERTIAL ROLL RATES FROM EARTH REFERENCED RATES
P cos ¢ (Y, /R; cos ¢,) + w, P.
q = —X/R; + [
) 2 -8in ¢, (Y,/R; cos ¢,) + o, I,

Thic| -




COMPUTE AERO ANGLES:

i

| sin¢v=COS¢n‘dsin03‘d(sinll/3‘dcos-y‘d—coslI/B‘dsin'y‘d)
—8in fpy (o8 ¥Bgy €08 vga + 8iD YBy sin 0y9)

€08 ¢y = 8iN dpy 8in 744 (8IN ¥Byy €OS Yga —€O8 ¥By, sin 049
+cos¢s,dsin03,dsin7,d(cos'lza‘dcos7,d+sin%,dsina,d)
+€08 dByy €08 By CO8 Ygu

¢, = tan™ (sin ¢./cos ¢v)

Xms):(.,dcosAd)—Z.,dsinA¢

wac = .Y'Sd .
Zwge = Xwga 810 A +Zngg €08 Ad
U, erc wp Y;
Vol = TB/I TIIGC : lec + |, X;
\ A Ly, 0.0
o = tan- W-W,
B u-u,
V-V
== -1 o
ﬁB tan (U _ U')
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LOGIC FLOW CHART

SDDERYV:

The derivatives of the rigid body six-degree-of-freedom equations are evaluated from current state
variable values for insertion into the integrator rate array to advance the problem solution one step. The
program variable values that are directly related to the derivative evaluation are the only ones
computed.

CALL ORTHOG: to orthogonolize the quaternion (Ag, A1, Az, A3)

Compute inertial to body transformation (TI2BP)

Compute inertial velocity components (X;, Y;, Z)

Compute longitude change (B;) and current longitude (6.)

Compute inertial distance to body (R;)

Compute geocentric latitude (¢g), earth radius (Re¢y), altitude (h,)

CALL GCZGD: to get geodetic latitude (¢g4) and altitude (hgq)

Compute inertial to geocentric transformation (TI2GC)

Compute geocentric velocity components (X,c, Y,c, Zec)

Compute geodetic velocity components (Xg4, Ygd, Zga)

CALL ATMS: to get atmosphere properties at current altitude (P,T,p,V,,v)
NO Are gravity components required? YES
CALL GRAV: to get X and Z gravity components (g, 8,

Compute gravity components in body system (gxp, Eyg, &:5)

NO Are wind effects requested? YES
CALL WIND: to get geodetic wind components (Xugg Yugar Zugd)
Convert winds from geodetic to geocentric (wa Yuge Z,‘c)

Convert winds from geocentric to inertial (Xu;, Yu;, Zw;)
Compute and add: inertial earth spin components (w,Yi, wpX;)
- Compute body components of inertial winds (Us, Ve, Wy)

Compute: Velocity in Air (Va), dynamic pressure (q),
Mach Number (Mn), Reynolds number (Rn)

Compute: Body angles (a, 8), body angle rates (a, 8)
Total angle-of-attack (ar), aerodynamic roll angle (¢A)
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SDDERYV (cont):

NO

Is aerodynamic routine activated?

- YES

[ CALL AERO: get aerodynamrc forces and moments

NO

Is thrust routine activated?

YES

l CALL THRUST: get thrustlng forces and moments ‘

NO

Is vehicle mass properties routine actwated"

YES

CALL VEHMSP: get moments of inertia (Ixx, Lo Leys  Inay Lya),
‘moment of inertial rate (Ix, Iyy, I,z, Ly, I, 1),
center of mass location (Xem, Yem, Zem)

Sum the external forces and moments (Fers FyT, Forn - Mx»r, My'[‘s sz)

CALL TRNMOM: get the transferred moments due to center-of-mass movement
(Lxxa Myy’sz) :

CALL TRNACL get the transferred acceleratlons due to center- of-mass movement,
(Axxa Ayy,Azz)

Solve the s1multaneous equations for P, 4T rates (15, 4, r)

Compute the b()dy components of lnertlal acceleratlons (U,, Vi, W)

Compute quaternion rates ()\0, }\1, Ag, ?\3)

NO

Are range calculatlons requested"

" YES

Compute the trajectory path length rate (TPATH)
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Equations Evaluated

SDDERV: . .

INERTIAL TO BODY TRANSFORMATION

TI2BP  (1,1) = 2.(A2 + A)-1.
- (21) = 2.0q A2 = Moh) 1
B =2M A+ Mo dy) .
[Teal (1,2) = 2.0 A + XM dg) .-
@ =20F ML
B2 =20:-2M)
(1.3) = 2.0 A3 = Ag Ag)
: (2,3) = 2.0 A5 + Mo M)
TI2BP - (3,3)'= 2:(\o* + A})-1.

INERTIAL VELOCITY COMPONENTS .

Y| = |Ten v ’
Zi W L f 4

LONGITUDE CHANGE AND CURRENT LONGITUDE

B; = tan! (Y/X))
O = O, - B; — wpt

INERTIAL DISTANCE TO BODY

R; = \/Xi2 + Y? + Z?
GEOCENTRIC LATITUDE AND ALTITUDE

$ge = sin™' (-Zi/R;)
hgc = Ri - R¢gc
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INERTIAL TO GEOCENTRIC TRANSFORMATION  *

TI2GC  (1,1) = -sin ¢, cos B;
(2,1) = sin B;
(3,1) = —cos ¢y, sin B;
(1,2) = —sin ¢, sin B;
[Teacal (2,2) = —cos B;
(3,2) = —cos ¢y sin B;
(1,3) = ~CO8 d’gc
(2,3) = 0.0
TI2GC  (8,3) = sin ¢y,

GEOCENTRIC VELOCITY COMPONENTS

ch Xi - wai
Y| = |Toen| - |Vi + wX;
ch Zi

GEODETIC VELOCITY COMPONENTS

Ad) = ¢gd “’ d’gc
ng = ch cos A¢ + Zg sin A¢>
Ygd = ch

Zga = — X, sin Aqb + Zge cOS Adp

GRAVITY COMPONENTS IN BODY SYSTEM

Exp ngc
8vs| = |Ten Tecn 0.0
8z, 82,

GEOCENTRIC WIND VELOCITY COMPONENTS

Xuge = Xuwgq o8 Adp ~ Zugq sin A¢
YWgc = ngd
Z

Wge = Xwgd sin Ad’ + ngd COos Ad)

INERTIAL VELOCITY COMPONENTS

WINDS
Xwi }.(wgc wai
Y| = |Tecn Yo | + |F0X
Z,, Z, 0.0

BC

NO WINDS
Xwi = w,Y;
Ywi = —w,X;
Z, = 0.0
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BODY COMPONENTS OF INERTIAL WIND VELOCITIES -

U, X,,
Vol = [Tga| - |Ye,
W, Z,

1

TOTAL VELOCITY W.R.T. AIR

Vo= J(U-U,)? + (V-V,)2 + (W-W,)?

DYNAMIC PRESSURE

q= 1/2p Va2

MACH NUMBER
Mn = V,/Vg, if Vg # 0.0

UNITS REYNOLDS NUMBER
RN = Va/ll lfV # 00

BODY ANGLES AND BODY ANGLE RATES
a = tan™ W= W |
a = n U = Uw

V-V
B = tan’! (U - U:)

= (ai~1 - ai)/At
B = (ﬁi—l - 6i)/At

TOTAL ANGLE OF ATTACK

— tan (W - W) - (V - Vw)? 1/2
ap = 1a ( (U ~—‘Uw)2 :

AERODYNAMIC ROLL ANGLE

V-V
= -1 -—-——-—w
A tan (W ~ Ww>
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SUM OF FORCES AND MOMENTS

Fx - an -+ Fx’]‘
Fy=Fy, + Fyr
Fz = an + FZT

MX = :an + MXT
Mz = IVIza + MZT

MOMENT TRANSFER FOR CENTER OF MASS MOVEMENT (TRNMOM)
ABOUT X-X:

L=M, - [0, -1L,) - mY - Z)]gr - [I, - mX, ch]pr
[l - mXoYe] ap + (I, - mY 2] ¢ - g | |
Al - 2V, Y + Zigh) - (VE + Z2)] - w[(Ye - YO + (Zg - 270} |
Hily - mX Yo + X Vo) - mX Y] - mX Y, - X V) - m[Ve(Xy - X) - X(Y,, - YOIl q
+{{i, - m‘(x;gz;g + Releg) = X Z] - m(X 2o, - XoZ) - (2K = X) - XlZy - 2]} 1
C(ZY, - Y2 - Y, [F, -chg-zm(zcg~Z)-mZ] ‘
- +Z4[F, - m¥,, - :zm(Ycg - Y) -~ mye] '

ABOUT Y~Y:

M =M, - [(I; - L) - m(Z% - X3)Ipr + [, - mX,Y]qr
(L, — mYeZ)pa — (L, - mXZ](p? = 13 B : .
Hlly XV + Xa¥o) = XYl - m(Xq¥o - RoYo) -IXy(Yq - YD - VX, - X0llp
Al - 2mX Ky o+ Zly) - m(XE + 22)] - m(X,, - X0+ (o o
HL, - m(Yo 2 + Yole) ~ Y Z,] - m(Voey - Yolig) - P2V = V) = Yl - 2 1
(X, Z, - XZ) - ZglF, - mX,, - 20X, - X,) - mX,] .
+X [F, - mZ - 2(Z, ~ 2) - 0Z,]
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ABOUT Z-Z:

N= M- [(Iy - L) - m(X2% - Y2)]pq - [Iy, - mX,Z.]lqr
+(1, - mYaZar - [I, - mX,Y,](¢? - p? , ,
[, -m(X 2, + XoyZo) ~X,Z.] M(XeZop — XZep) - M[Xy(Zeg — Zo) ~ Z(X, - X))l p
il ~ m(YoZy + YoZo) - Y 7] - m(Y, 2 - YoZe) - m[Yo(Ze, - Z,) - Z(Y, ~ Y)} q
[l - 2mX Xy + Yo¥) - m(X4 + Y2)] - ml(X, - X)* + (Y - Y)?} x
-m(YX, - X,Y,) - X,[F, - mY, - 2m(Y, - Y,) - mY,]
+Y[F, - mX, - 2m(X,, - X,) - mX,]

ACCELERATIONS DUE TO CENTER OF MASS MOVEMENT (TRNACL)
X-DIRECTION FORCE: e e
F, =F, + mg, - m[qw - rv + Xcg + pZ, + qpY, - (@* + )X, + 2chg - Zchg]
—Qm[(Xcg - Xe) +Q(ch ~'Ze) - r(ch = Ye.‘)] ";Sfﬁ‘(xcg - Xe) | |
Y-DIRECTION FORCE:

Fy = F, + mg, - m[ru - pw + Y:cgb+r qu\qZ + raZ, — (p* + r?)ch + Z;Xcg ~ 2pZ,]
"zm[(ch - Ye) + r(Xcg - Xe) - p(ch - Ze)] - m(ch - Ye)

Z-DIRECTION FORCE:

Fzz = Fz + mng - m[pV - qu + ch + qucg + ercg = (p\2 + q2)ch‘ + szcg "‘ 2chg]
~_2m[(ch - Ze) + p(ch - Ye) - Q(Xcg - Xe)] "— m(zcg ’"'_kZe) V

Axx = Fxx/ m
Ayy = Fyy/m
Azz = Fzz/m o b

SOLVE THE THREE SIMULTANEOQUS EQUATIONS FOR P-Q-R. RATES

Al = Ixx - m(ng + Zzg)
Ay = Ly + mX, Y,

A3 = "Ixz + mXchcg

B1 == Az

By, = I, - m(XZ + 72)
B; = “Iyz + mchch

Cl = A3

C2 = BS

Cs =1, - m(ng + Yﬁg)
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E]_ = BzCs -~ Bacz
E; = A;C; - AC,
E; = A;B; - A3B,

E4 = C2N - CgM
E5 = BgM - B2N
E¢ = AN - AsM

D = AE; + BiE; + C\E,

p = (E.L + BE, + C,E5)/D
q = (-AEq + EL, + CiEq)/D
I = (-AEs - B,E¢ + E;L)/D

BODY COMPONENTS OF INERTIAL FACCELERATION

Qi=Axx+chf”chq
Vim Ay + Zeg P~ Xog £
Wiz'*Azz+Xch*chp

QUATERNION RATES
o= <05 (A + qhg + 1 k)
}'\1 = 0.5 (wp )\0 - T >\2 -+ q )\3)

Ag= 05 (gl + 1A -ph)
Ag = -0.5 (-—I )\0“- q M+ p)\z)

TRAJECTORY PATH LENGTH RATE

Tearn = \/5(?—1- Y2+ 2?
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LOGIC FLOW CHART

TRNACL:

Computes the XYZ components of acceleration acting at the body reference point due to mass
movement, center-of-mass movement, and offset center-of-mass.

Zero-out temporary storage

NO Is there a rate of change of the mass flow (i1)? | o o - YES

Do for each thrust motor

Compute and sum the incremental fdrce components due to the rate of change
of the mass flow ST e L i

NO Is there a mass flow rate (mn)? L YES

Do for each thrust motor

Compute and sum the incremental force componénts due to the mass flow rate

Compute the force components due to coriolis and gravity acceleration, center-of-
mass position, and rate of change of position. :

Sum the force components
Add the external forces
Compute the body acceleration components
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LOGIC FLOW CHART

TRNMOM:

, Computes the resultant momentsv about the body reference point due to maSs m,oye,ment, center-of-
mass movement, and offset center-of-mass. . -

Zero out temporary storage

! No‘ | Is there a rate of change of: the mass flow (x’n)‘? I ' T YES
Do for each thrust motor ‘ ' : ' ——
Compute and sum incremental forces due to the incremental rate of change of
| the mass flow o
"NO ‘ Is there a mass ﬂow rate ('m')‘) ‘ ‘ ‘ —~ R —

) Compute the varxous force components due to mass flow rate that induce moments (1)

about the x-x axls

Compute the various force components due to mass flow rate that 1nduce moments (m)
about the y-y axis

Compute the various force components due to mass flow rate that induce moments (n)
about the z-z axis

Compute moment component due to x- aXIS offset

Compute moment component due to y-axis offset

Compute moment component due to z-axis offset

| Compute moment companents due to offset and movmg center-of’mass

Compute moment components due to body angular rates

~ Sum the XYZ moment components _

Add the external moments
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The main program designator, PTMASS, calls into execution two routines, PMINLZ and PMDERYV,
that 1n1t1ahze and evaluate the motlon of a pomt source over a rotatmg oblate planet. Included in the
shear and gusts, aerodynamic forces, and forces induced by a control system

The problem position, velocity, and angular data on usually given to the code relative to a geodetic
axis system and then transformed to a geocentric system for continued computation. Forces are summed
in a velocity axis (wind axis) system and transferred to an earth-centered system. Integratlon of the mo-
tion derivatives takes place in an earth-fixed earth-centered axis system, Transformation'in the form of
direction cosines are used throughout to relate the various axis systems o
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LOGI€C FLOW CHART

PMINLZ:

Problem input data, referenced to a geodetic or geocentrie¢ axis system, are transformed into earth-
center referenced values for insertion into the integrator state array as initial values for code start-up.

NO

Is this a point masé problem start? ’ YES

NO Is input data GEOCENTRIC referenced? YES

CALL GD2GC: get geocentric latitude (¢gc),| Compute geocentric velocity compo-
altitude (hy) and earth-center distance to point| nents (Xge, Yge, Zgo)

(R,) CALL RADIUS: get earth radius at geo-
Compute geodetlc velocity components (ng, centric latitude (Rg)

v/ -
Yoto Zed) Compute earth-centered distance to

Compute geocentrlc veloc1ty components (ch, point (Re)
ch’ gc)

Compute longitude change (AfL) from start position

Compute earth center referenced displacement (X., Y., Z)

Compute geocentrlc to earth-center transformation (TGC2E)

Compute earth- -center referenced velocities (Xe, Yo, Ze)
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'EQUATIONS EVALUATED

PMINLZ:
GEODETIC VELOCITY COMPONENTS

Xed = VT4 COS Ygq COS Ggq

Yea = V4 cOS Yga Sin ogg

Zga = —V1,y sin v4q

GEOCENTRIC VELOCITY COMPONENTS
GEODETIC START

A¢’ = ¢gd - ¢gc R
ch = ng cos A¢ — Zgq sin A¢
ch = Ygq '

Zge = Xga sin A¢ + Zgg cos Ad

GEOCENTRIC START
Xge = V1, €OS Yge COS 0
ch = V7, cos Yge SIN Oge
Zge = -V, sin Yee

EARTH CENTERED DISTANCE TOQO POINT
Re = Ry + hyg

EARTH CENTER REFERENCED DISPLACEMENTS

A0L = 0L0 - BL .
Xe = Re cos ¢y cos Afy,
Y. = Re cos ¢, sin Afy,
Z, = -R, sin ¢,
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TRANSFORMATION: GEOCENTRIC TO EARTH CENTERED

TGC2E (1,1) = —sin ¢y cos Afy, AB.= 8y - B¢
(1,2) = sin A4y, o L
(1,3) = —cos ¢y cos Ay, eLr‘ kel 0“5’“”’;&‘
[Teeel (21) = —sin g, sin Afy, by s et Longikudke

(2,2) = —cos Afy, -
(2,3) = —cos ¢y, sin Afy,
(3,1) = —cos Pge
(3,2) = 0.0
TGC2E (3,3) = sin ¢,

EARTH CENTER REFERENCED VELOCITY COMPONENTS

Xe o ch \
Ye = TE/GC . ch
Z, Zee
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'LOGIC FLOW CHART

PMDERYV:

The earth-center referenced accelerations of the point mass are computed from the current state
variable values for insertion into the integrator rate array to advance the problem solution one time step.

Compute earth-centered distance to point (R.)
Compute geocentric latitude (¢g,)

Compute longitude change (AfL) and current longitude (1)

CALL RADIUS: get earth radius at geocentric latitude

CALL GC2GD: get geodetic latitude (¢gd) and altitude (hgd)

CALL ATMS: get atmosphenc propertles (P T,p,Vg,up) at altltude
NO Are gravity components required? , ’ YES
CALL GRAV: get X and Z gravnty components (8xger Bzge)

NO Are wind effects required? | YES
CALL WINDS: get geodetic wind components (Xwgd, ngd, Zng)

Compute geocentric to earth-center transformation (TGC2E)
Compute earth-center referenced gravity components (gy,, gy, 82,

Compute geocentric velocity components (ch, ch, Zge)

Compute geocentric to geodetic transformation (TGCZGD)
Compute geodetic velocity components (ng, Yedr Zea)

Compute point velocity components in geodetlc system (Ugq, Vg, ng)

Compute velocity in air (V,), aero flight path angles (Ya, 02)
Compute Mach number (MN), Reynolds number Rn); dynamlc pressure (q)
NO Has an aerodynamic roll angle table been 1nput'7 YES
| CALL ROLANG: get aerodynamic roll angle () |
Compute velocity frame to geodetic transformation (TVF2GD)
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PMDERYV (cont):

NO Is thrust routine activated? , . YES
| CALL THRUST: get thrust forces ’ \
NO Is point mass control activated? S R : YES
CALL PTMSCO: get aero angles («,8) or force coefficients (Cp, Cr, Cy)
NO  Are control forces to be computed from coefficient? YES
Compute body to veloc1ty frame transformation (TB2VF) _ | Compute velocity
Compute veloc1ty frame referenced thurst force (Tvry, TVFy, TVFZ) %‘ame; for)ces (F Avg,?
NO Are aerodynamlc forces requested" YES' Py T
?FALI; AEROQ: get aerodynamlc forces in Veloc1ty frame (FAvf , FAvf ,
Av, : L

Sum the forces in the velocity frame (FTfo’ FTny’ FTsz)

Compute velocity frame to earth-centered transformation (TVF2E)

Compute earth-center referenced forces (F,,, Fy,, F;,)

Compute earth center referenced accelerations (X{, Y., Zr)

i
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EQUATIONS EVALUATED

PMDERYV:
EARTH CENTERED DISTANCE TO POINT:

R.= VX2 + Y + Z

GEOCENTRIC LATITUDE:
¢gc = Sin_l (_Ze/Re)

LONGITUDE CHANGE AND CURRENT LONGITUDE:

Af;, = tan™t (Y/X,)
0L = 0L0 ~ ABL

TRANSFORMATION: GEOCENTRIC TO EARTH CENTERED: '

TGC2E (1’1) = -sin d’gc CcQOSs ABL
(2,1) = —sin ¢y sin Ay,
(3,1) = —cos g
(1,2) = sin A6y,
[Teecl (2,2) = —cos Afy,
(3,2) = 0.0
(1,3) = —c0s ¢g. cOs Aby,
(2,3) = —cos ¢y sin Afy,
TGC2E (3,3) = sin ¢y

EARTH CENTERED GRAVITY COMPONENTS:

Bx,
gy =

€

g

‘e

&,
8y, ge
&,

TE/GC

GEOCENTRIC VELOCITY COMPONENTS:

X, X,
ch = TE/GC Ye
ch Ze
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TRANSFORMATION: GEOCENTRIC TO GEODETIC

Ap = ga ~ Py

TGC2GD(1,1) = cos A¢
(2,1) = 0.0
(3,1) = —sin A¢
(1,2) = 0.0

[TGD/GC] (2,2) = 1.0
(3,2) = 0.0
(1,3) = sin A¢
(2,3) = 0.0

TGC2GD(3,3) = cos A¢

GEODETIC VELOCITY COMPONENTS:

ng ):(gc
Ygd = TGD/GC . ch
ng ch

POINT VELOCITY COMPONENTS - GEODETIC REFERENCE:

Ugd = ):(gd - Xwgd

ng = Y.gd - Y'wgd
ng = ng - Zng ’

VELOCITY IN AIR;

Vo= YUy + Vi + Wiy

MACH NUMBER:
MN = Va/vs

REYNOLDS NUMBER;
Ry = V./v

DYNAMIC PRESSURE:

q=%pV?
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FLIGHT PATH ANGLES: ELEVATION AND HORIZONTAL . .

Yo = sin! (-W,4/V,)
gs = tan™ (Vge/Ugy)

TRANSFORMATION: VELOCITY FRAME (WIND) TO GEODETIC

TVF2GD(1,1) = cos v, cos o,

(2,1) = cos v, sin ¢,

(3,1) = ~sin v,

(1,2) = sin v, cos o, sin ¢, ~ sin o, cos ¢,
[Tepnvr] (2,2) = sin v, sin o, sin ¢, + cos o, COS ¢,

(3,2) = cos v, sin ¢,

(1,3) = sin vy, cos g, cos ¢, + sin g, sin ¢,

(2,3) = sin v, sin g, oS ¢, ~ COS 0, COS ¢, 7+ ¢+
TVF2GD (3,3) = cos v, cos ¢,

VELOCITY FRAME AERO FORCES (POINT MASS CONTROL): .

FAfo = —CD q S
FAny":quS " . I B : = %‘ I
FAsz = -CL q S

TRANSFORMATION: BODY TO VELOCITY FRAME (WIND):
TB2VF (1,1) = cos « cos 3

(2,1) = —cos a sin 8

(3,1) = —sin

(1,2) = sin B
[Tyemsl (2,2) = cos B

(3,2) = 0.0

(1,3) = sina cos 8
(2,3) = —sina sin 8
TB2VF (3,3) = cos &

VELOCITY FRAME THRUST COMPONENTS:

Fvax FTBX
F Tyl = TVF/B F Tg,
Fr Fr

B,
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SUMMATION OF FORCES:

- FVf = FTVf + FAVf
vay = Fva + FAVf
va F’lvf FAvf

TRANSFORMA’TION: VELOCITY FRAME TO EARTH CENTERED

NATenve| = |Trie| © |Tonmc| » |Topwr

EARTH-CENTERED FORCES:

er FVFX
Fye = TE/VF . FVFy
F, Fy,

EARTH CENTER REFERENCED ACCELERATIONS:

X - - 20w, Ye + w? X,
m
Y. = -~ - 2.0 wp Xe + % Ye
. Fy
Z =
m
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AERODYNAMICS:

The aerodynamic force and moment contribution to the main program (six-degree-of-freedom or
point mass) force and moment equations are provided by the AERO routine. The total coefficients from
which the aerodynamic forces and moments are computed result from a summation of incremental
coefficients. The user supplies either a constant value for the incremental coefficient are a table of
incremental coefficient values. These values are referenced to the body reference point (BRP) which is
specified under the SIXDOF set of inputs.

Body or wind axis referenced coefficients are acceptable with body-axis coefficients preferred for the
six-degree-of-freedom evaluation, and wind-axis coefficients preferred for the point mass evaluation.
However, body-axis referenced force coefficients can be transformed to the wind-axis before the
aerodynamic forces are computed for return to the main program.

During initialization, the routine ARQOINL determines which incremental coefficient tables are
active (input) and passes this information - in flag form - to the AERO routine for faster execution.
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LOGIC FLOW CHART

AROINL:

Determine the status of each aerodynamic coefficient table, and sets the table status flag if table has
been input.

Doforl = 1,7

CALL ITABLE: set increrhental Cx coefrfi_cien't table flag ‘if table C,;i has been input

Doforl = 1,8

CALL ITABLE set mcremental Cy coefflclent table flag if table Cyl has been input

Do forI = 1,8

CALL ITABLE: set 1ncremental C coefﬁc1ent table ﬂag 1f table Czl has been input

. DoforI+17

CALL ITABLE: set mcremental C coefﬁclent table ﬂag if table Cy, has been input

DoforI——18

CALL ITABLE; set incremental Cn coefﬁclent table flag 1f table Cr; has been input

DoforI—18

CALL ITABLE. set 1ncrement§l Cn coefficient table flag if table C, has been input
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" "LOGIC FLOW CHART

AERO:

Evaluates the aerodynamic forces and moments for the main program by summation of incremental
values. ;

| NQ Is speed of sound (Vo) zero" ‘ , ; o YES
‘ o Doforl=17 ~+ = = T ‘ Set

NO  Isincremented C, table flag set" o o  YES ngii
CALL LOOKUP: get incremental Cy value - Cx,

NOo  Isincremented C,; table flag set? o : YES coeffi-
CALL LOOKUP: get incremental Cy value | clents

" Doforl =18 _
| No - Is incremented C, table flag set? = - s " YES
CALL LOOKUP: get mcremental Czl value ,
NO Is the main program pomt mass? | . e, - o YES

Do forl = 1,7 h ‘

NO Is incremented C,; table flag set? YES
CALL LOOKUP: get incremental C, value
Do forI = 1,8

NO Is incremented Cy, table flag set? YES
CALL LOOKUP: get incremental Cy, value
Do forI = 1,8

NO Is incremented C,; table flag set? YES
CALL LOOKUP: get incremental C,, value

Compute total force coefficients: Cxr, Cyr, Czq{ Set total moment Cyp,, Cq, Cap coefficients to zero.

NO Is main program point mass? ygg

Compute total moment coeffi-
cients: Cyp, Cpug, Cag

NO Are coefficients in WIND axis? ’ YES

Convert force coefficients to wind axis I

Compute aerodynamics forces (Fx,, Fy,, Fz,)

NO Is main program point mass? YES

Compute aerodynamics moments (Mx,, My,, Mz,)
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EQUATIONS EVALUATED

Cx, + Cx lal + Cx, &® + Cx, I8l + Cx, 8* + Cx, 16| + Cx, 6]
« 8 q . T

@)
%
I

pla.\ rly, V]
Crr = Cvo + Cuff + Cyy BIBI + Cy B + Oy, 5, + C“’<2$Z) G (25;) * Gy (2&2)

- o /Dl alg g
Cp, = CZO + CZI,‘X‘ + CZ,,Z @ |01| + CZ(,:% o + ;Czéq % + CZP 2vaz> * Czq (2V§ T 2V:

~ pZRY I'ZRY Blg,
Coo = Co, + Coa + Coff + Cp 8, + €, <2Va) * G (2Va T Co\Va

e . pZR qu afR
C.. =C, +C C Cp, o L O -] +¢C R
m T Caa + Cu, alad + my @+ Coy 8 + Con, <2Va_> +w mq <2Va) * o <2Va>

‘ s peR rfR 6 R
c — C 3 __Y it =
m = G, +CE+C BB+ C B+ G, 5+ Cnp»(wa) + G, <2Va> + Gy <2Va>

COEFFICIENT CONVERSION: BODY TO WIND (VELOCITY FRAME)

Cx, CXT
CYT = TVF/B . CYT
Cq, |VF CZT B

AERODYNAMIC FORCES AND MOMENTS

FxA = CXTQS MxA = C[TqS Oy
FYA = CYTqS MYA = CmTqS ZRY /
FZA = CZTQS MZA = CanS ZRY
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ATMOSPHERE:

Atmospheric properties, at altntude are requested by the main program (SIXDOF and PTMASS)
during code execution. The properties are determined by the ATMS routine from general arrays of
atmospheric data. These data arrays are filled during initialization by the ATMSET routine.

ATMSET, acting upon a user request, selects the appropriate sets of predefined altitude, tempera-
ture, and molecular weights of air arrays and stores them into the corresponding general arrays.
Atmospheric pressure values, at the base altitude, are computed by an expotential function and stored
in a general array. Similarly, the temperature gradients and the molecular weights of air gradients are
computed and stored, :
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LOGIC FLOW CHART

ATMSET

Selects the user- requested set of’ atmosp%ere propertles computes the pressures and the property
gradlents, and stores aIl vaIues m géneral arrays as a functlony of altltude layers

Do for I1=1 22 ,

NO TIs the user requested name (IATMNM) in the avallable data list, ITMNMS? vEs
I Set indicator (INDATM) to I-1

Set J to INDATM + 1
Store Hollerith name of requested atmosphere
NO Does indicator (INDATM) equal 1 to 19? YES
Store the maximum altitude (ZMAXM) for the user set |
Compute gravity constant for data set latitude

Do for all altitude layers

Fill the general arrays with the selected altitude and temperature
Compute temperature - altitude gradient between altitude layers
Compute the ambient pressure at each altitude layer

Compute molecular weight of air-altitude gradient between layers
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EQUATIONS EVALUATED

ATMSET:
GRAVITY AT THE ATMOSPHERE SET LATITUDE
= 9. 806160 (1.0 - O 0026373 cos 2¢. + 0. 0000059 cos2 2¢.)

EARTH RADIUS AT THE ATMOSPHERE SET LATITUDE:
Ry, = 28,/(3.085462E-6 + 2.27E - 9 cos 2. - 2.0B-12 cos 4¢.)

MOLECULAR SCALE TEMPERATURE ALTITUDE GRADIENT (BETWEEN LAYERS):

= (T, ~ To)/ (s, ~ hy,)

PRESSURE AT THE ATMOSPHERE SET ALTITUDES:

Pp;_, = S.L. pressure

' : ~1.179489E-3 M, (hBi hB)
P, = Pp; - for K11 = 0.0

Ty

Pg,,, = Pg; (Tg/(Tg,, ) TM¥E3MOKL) for Ky #0.0

MOLECULAR WEIGHT OF AIR - ALTITUDE GRADIENT (BETWEEN SET ALTITUDES):

K21 = (MBi+i ~ ‘MBj)/(ZBH-l - ZBi)

where: M = Molecular weight of air
B = Base of the atmospheric layer
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LOGIC FLOW CHART

ATMS:

Computes the atmospheric properties; temperature pressure, density, speed-of-sound, and kinemat-
ic viscosity at the current altitude, zero values are glven if the altitude is above the tables with sea-level
values returned for an altitude below sea level.

Has an atmosphere set been selected and is the current altitude below: : ; 1

NO the set maximum? YES

NO Has user input data for a site atmosphere? RO . YES

No Is current altitude above sea level? ypg Find the set altitude zone for

. | the current altltude
Set geopotential alti- Compute geopotential Compute B, and B,
tude (hgp) to zero altitude (hgp)
Do for all set layers Compute density as a f (B,) for
Is the geopotential altitude _current altitude
NO between set layers? YES Compute pressure as a f (Bo) for

current altltude

Set to zero: Tempera? Compute current altitude tem-
ture, Pressure, Density, | perature, pressure, and density. | Compute, temperature at the cur-
Speed of sound, ‘ 1 rent altitude

Is atmosphere set non-

Kinematic viscosity. standard?
NO YES
Is current altitude less
than 90 K meters?
NO YES
Set to zero:
Speed of
sound (V,),
Kinematic B BRI . '
viscosity (v) Compute speed of sound (V) and Kinematic
viscosity (v)
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EQUATIONS EVALUATED

ATMS: |
GEOPOTENTIAL ALTITUDE

he — - B, vhg;i \’
71980865 \ 1 + hyy,, |

TEMPERATURE AT CURRENT ALTITUDE
M = MBI 1 + K2l—‘1 (hgp e 11)
T TB) 1 + Kll 1 (hKP —‘ 11)

(Tgp)

T g T

PRESSURE AT CURRENT ALTITUDE o

' -1. 179489E—3 Mo (h,, - hg
Pa == PBi-le( T ( Bl_‘l)) fOr Kli—i = 0.0

Ta,,

T

EP

P, :lpgi_l( B,l—t)(‘”“”‘"” ) for Ky, # 0.0

DENSITY AT CURRENT ALTITUDE
e = (M, /Pq)/(s 31432E+3 Tep)
SPEED OF SOUND o  1.‘ B
v, - 11640‘0‘5E+‘4‘ To) -
8 “ " ’ Mo ‘ ’

KINEMATIC VISCOSITY

v = (1.458E-6 T15)/(p,, (Tgp + 110.4))
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SITE EVALUATIONS

Py,
Bi=1In (_bflj—l> / (ZBi+1 - ZBi)

Py
Py, Py,
B — ln i+1 / i+1
’ < oM ) ( PB,» )

DENSITY AT CURRENT SITE ALTITUDE

By (hyg~Zp, )
Pa = PpM;_; €

PRESSURE AT CURRENT SITE ALTITUDE

(B, (hgy - Zg,_)

Pa = P]gi_1 e
TEMPERATURE AT CURRENT SITE ALTITUDE
T _ (28.9644) (P,
: 8314.32) \ p,

SPEED OF SOUND AT CURRENT SITE ALTITUDE

V, = /1.164005E 4 T./M.

KINEMATIC VISCOSITY
v = (1.458E-6 T2%)/(p, (T, + 110.4))
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AUXILIARY CALCULATIONS

In keeping with the code philosophly in which only those calculations that have a direct bearing on
the derivative evaluations are included in the main program calculations, a catch-all routine, AUXCLC,
is provided and is called into execution immediately following a good integration time step. These
computed values are available to the stage testing procedure for code control.
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LOGIC FLOW CHART

AUXCLC:

Evaluates miscellaneous program variables for print internal output and stage testing.

Compute geodetic ground referenced total velocity (Vng)

NO

Is total Veloc‘ity' zero?

YES

Compute geodetié flight path angles (vgq, 0¢d)

Compute géoéentric ground referenced total velocity (Vr,,)

Compute geocentrlc flight- path angles (Ve agc)

CALL TQ2A: get inertial and geodetic referenced Euler angles (91, i d),, uds
Ved, Dga)

NO

Are Yawsonde sun angles calculations required?

YES

Compute Yawsonde sun angle (sgyn)

NO

Are range calculations required?

YES

Compute great circle range, down range, cross range (GCg, Xg, Ygr)

Compute approximate surface path length (Sparn)

NO

Are body axis g-load factors required?

YES

TCompute X Y,Z body g- -loads (XLOD, YLOD’ ZLOD)

NO

Are critical frequency calculations required?

YES

Compute damped natural pitch frequency (wp)

NO

Are station/radar calculations required?

YES

CALL RADAR: get radar information: Azimuth, elevation, and slant rangev
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'EQUATIONS EVALUATED
~AUXCLC: | |
GEODE’I‘IC -~ GEOCENTRIC
GROUND REFERENCED TOTAL VELOCITY
Ve, = VX5, ‘+ Ygd T 7

Vg, = \/ch I ch + 22

'FLIGHT PATH ANGLES
ELEVATION: v,y = sin™ (-Zy/Vp )

o Ve = sin™! (”Zéé/ VTg;)
AZIMUTH;: 6,y = tan (Y,o/X,) -

o tan™ (ch/ Xge)

1

44
~ YAWSONDE SUN ANGLE - o
"~ TMP = (cos O cos Yg) (cos Ygyn COS O5un) + (cos 0 sin Y) (sin Ygyy €08 Ogyy)
+ (-sinfig) (-sin Ogpy)

osun = 90.0 ~ (:OS'1 (TMP)

GREAT CIRC‘LE,RANGE‘ o

Rave = % (Rgc + Rﬂ’gco)
- ge

= cos™ (sin g SIN ¢,.,0 + €08 Pgo cos %, eps (61, - fip))
GCR = RAVG COS <)igc

~ DOWN RANGE

sm d),c - sin ¢gc cos’ Fge

; =“rtan‘ (sm (GL - OLD) cos ¢gc cos %,) g
Xp = Ruave cos™ (cos <):gc/c_os_ (sin™ (sin <Ly sin £)))
' CROSS RANGE |
Yr = Ray (sin! (sin <Ly sin £))

APPROXIMATE SURFACE PATH LENGTH

Spath = Spati_; + (Rge/R) Vryg €08 vea At |
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BODY AXIS LOAD FACTORS:"

Xrop = (Fxagro + F XTHRS) / mgrgp
Yiop = (Fyagro + F YTHRS) / mgrgr
Ziop = (Fzagpp,+ F ZTHRs) / MEREr

DAMPED NATURAL PITCH FREQUENCY

Xep = (Cma/— 2) ry
Coragg = Cg (X - X)/X,)
M., = Cmac qaS ¢, .
X = (Cmy/-Czy) £,
Coge = Cmq (X, - X,)/X,)
M., = ((Cchg qS Zrz)/ZVa)

Wp = \/“(Macg/ Iy) - (Mq‘cg/ 2Ly
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TQ2A:

LOGIC FLOW CHART

Converts the quaternion information in the TI2B array (SDDERV) into inertial Euler angles, and
through a sequence of transformation into geodetic Euler angles. The rotation sequence of conversion is

user-specified.

Do for 4 items
NO Is requested rotation secjuence in DATA list? YES
Set: ISEQ
CALL ABORT: | Compute geodetic to geocentric transformation (Tggea)
g;zzgf?; d Cqmpute geodetic to body transformation (Tg/a)
return ISEQ =
1 2 3 4
YPR PRY 'PYR - RPR
SEQUENCE SEQUENCE SEQUENCE SEQUENCE
Compute inertial Euler angles (6;, ¥, ¢i)
Compute geodetic Euler angles (0,4, Ygd, $ga)
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EQUATIONS EVALUATED

TQ2A:
GEODETIC TO GEOCENTRIC TRANSFORMATION
TGD2GC(1,1) = cos A¢ Ad = dga — e

(2,1) = 0.0
(3,1) = sin A¢
(1,2) = 0.0
[Teeral (2,2) = 1.0
(3,2) = 0.0
(1,3) = —sin A¢
(2,3) = 0.0

TGD2GC(3,3) = cos A¢

GEODETIC TO BODY TRANSFORMATION (TGD2B)

TB/gd == TB/I ’ Tgc/l Tgc/gd
EULER ANGLES
INERTIAL GEODETIC
YAW-PITCH-ROLL SEQUENCE =
% = tan™ (TI2B (1,2)/TI2B (1,1)) Ve = tan™! (TGD2B (1,2)/TGD2B (1,1))
6; = sin™ (-T12B (1,3)) . B4 = sin”! (-TGD2B (1,3))
& = tan” (TI2B (2,3)/TI2B (3,3)) © gp = tan (TGD2B (2, 3)/TGD2B (33)
PITCH-ROLL-YAW SEQUENCE
6 = tan' (TI2B (3,1)/TI2B (3,3)) 60 = tan™ (TGD2B (3,1)/TGD2B (3,3)
& = sin (-TI2B (3.2)) - e = sin”! (-TGD2B (3,2))
% = tan! (TI2B (1,2)/TI2B (2,2)) Yea = tan™! (TGD2B (1,2)/TGD2B (2,2))
| | ~ PITCH-YAW-ROLL SEQUENCE B
6 = tan' (TI2B (1,3)/TI2B (1,1)) fqa = tan™ (TGD2B (1,3)/TGD2B (1,1))
% = sin! (-TI2B (2,2)) | Vea = sin ((TGD2B (2,2))
¢ = tan (TI2B (3,2)/TI2B (2,2)) #ua = tan” (TGD2B (3,2)/TGD2B (2,2))
'ROLL-PITCH-ROLL SEQUENCE
6, = cos! (TI2B (1,1)) | ' 6,4 = cos! (TGD2B (1,1))
¢ — tan! (TI2B (2,1)/TI2B (3.1)) ¢ = tan™! (TGD2B (2,1))

Vi = ¢ Ved = Ogd
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CONTROL:

Attitude control of the flight vehicle being simulated by either the six-degree-of-freedom or point
mass equations is accomplished by two routines: CONTRL - accessed by the SDDERV routine, and
PTMSCO or ROLANG called by the PMDERYV routine.

The CONTRL routine currently selects a value from tables of fin deflections (misalignments). This
deflection influences a component of the total aerodynamic force and moment coefficients. The resulting
forces and moments cause a deviation in the rigid-body vehicle flight path.

The PTMSCO routine controls the point source path through aerodynamic forces which are
computed from force coefficients that were input in tabular form, or were obtained from the aerodynam-
ics (AERO) routine as a result of computed aero angles (a, 3). These angles are determined directly from
input tables or indirectly, as a result of commanded attitude angles (00, ¥o), g-loadings, or a commanded
elevation flight path angle (v.).

Two routines, SOALBT and SOLALP, which use Newton’s method for solving nonlinear equations,
are called to determine the aero angles. SOALBT computes the aero-angles resulting from commanded
attitude angles; SOLALP computes the aero angles from the commanded normal and side g-loadings.
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LOGIC FLOW CHART

CONTRL:

Performs a table look-up of fin deflections that induce angular rate effects into the aerodynamic mo-
ment evaluations.

Initialize table look up error flags (INVAL, ITFLAG)

CALL LOOKUP: get fin deflection angle (5p) to cause an angular rate
about the X-X axis

CALL LOOKUP get fin deﬂectlon angle (5q) to cause an angular rate
about the Y-Y axis

CALL LOOKUP: get fin deflection angle (ér) to cause an angular rate
about the Z-Z axis
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LOGIC FLOW CHART

PTMSCO:

Lift, drag, and yaw force coefficients are determined by table look up. Aero angles are obtained by ta-
ble look-up or are computed based upon tabular values of commanded attitude angles, load factors, or el-
evation flight-path angle.

Zero out commanded angles (Y, 0., ?yc) and load factors (1, ;)
Zero out table look-up flags (INVAL, IFLAG)

IXPTMC
1 ; 2 3 4,5,6

CALL LOOKUP: CALL LOOKUP: CALL LOOKUP: See following page
get drag coefficient | get angle-of-attack (a)| get commanded yaw
(Cp) angle (Y.)
CALL LOOKUP: CALL LOOKUP CALL LOOKUP:
get lift coefficient get angle-of-side slip get commanded pitch
(Cr) (8) angle (6.)
CALL LOOKUP: get Convert angle to
yaw coefficient (C,) ‘ radius

CALL SOLABT: get

Qlsxy Bex

a = ag, B = Bux
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LOGIC FLOW CHART

PTMSCO (cont):

CALL LOOKUP: get horizontal
load factor (3,)

Save the current altitude

Set: A = thrust force
Compute: normal load force (As)

Compute incremental change of
altitude

Convert «, 8 degrees to radians

CALL LOOKUP: get commanded
elevation F.P.A. (v,)i

CALL AERQO: get total aero
coefficients

Restore current altitude

Save normal force coefficient

Compute elevation F.P.A. for change
in altitude

Compute change in angle-of-aaac'k

Compute time rate of change of
elevation F.P.A. (v)

CALL AERO: get total aero
coefficients

Convert angles («, 3) to degrees

Save the yaw coefficient

CALL AERO: get total lift coefficients
and save

Compute lift force change with
angle-of-attack change (A;)

Compute change in angle-of-attack
(Ac)

CALL SOLALP: get angle-of-
attack for load (agy)

CALL AERO: get total lift coefficient
for a change

Compute change in angle-of
sideslip

Compute change in lift coefficient
for Aa

CALL AERO: get total aero
coefficient

Compute lift force change

Compute yaw force change with
angle-of-sideslip change (A;)

Compute time rate of change of
elevation F.P.A. (v)

Compute horizontal load force (Ajg)

CALL SOLALP: get angle-of-
sideslip for load (By)

Compute angle-of-attack a for
change in horizontal F.P.A.

Set: o = Ogx, 3 = Bex

IXPTMC
4 5 6
CALL LOOKUP: get elevation load| CALL LOOKUP: get commanded User Supplied
factor (n,) elevation F.P.A. (v.)i Controller
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' EQUATIONS EVALUATED

PTMSCO:
|  IXPTMC = 4
NORMAL LOAD FORCE
Az = m grer 7y

HORIZONTAL LOAD FORCE
A3 =m gref N

ANGLE-OF-ATTACK INCREMENTATION

a = a + Aapme

ANGLE-OF-SIDESLIP INCREMENTATION

B=08+ ABPMC

LIFT FORCE CHANGE FOR ANGLE OF ATTACK INCREMENT ‘
- ACzyp (CZT - CZTs) ’

Aapyc - Aopyg

C |
A = 27 g

Aapye

YAW FORCE CHANGE FOR ANGLE-OF-ATTACK INCREMENT
ACyr _ (Cyp - Cyqy) . |
ABemc ABpme

AC
Ay = =27
ABpmc

asS

NOTE: A, and Aj; are used as mput to the aero -angle solving routine for computing either angle-of-
attack or angle-of- s1deshp

IXPTMC = 5
ALTITUDE INCREMENTATION

hgd = hgd + AhPMC
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ANGLE-OF-ATTACK INCREMENTATION -

a = a + Aapmc

ELEVATION F.P.A. CHANGE WITH ALTITUDE

Av, _ Yon = Yes
Ahpye Ahppe

ELEVATION F.P.A. CHANGE WITH TIME

Ay, Ay,

—— T

At Ahpy

: V'I'gc sin vge

INCREMENTAL LIFT FORCE

ACZT _ CZT - CZ’I‘S

Aapye - Aapivxc
ACy,

Aapyme

1 =

qS
GAIN FACTOR
y = mVa/FXT cos agx + Dy

ELEVATION F.P.A. RATE

';/ =, (FXT sin OZSX + Dl asx)/va

mM~g,.s COS Ygp

ANGLE-OF-ATTACK COMPUTED FOR Y CONTROL

X A'Yc N
asx = asx — Y (ysx — vep) + UYemc Y
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LOGIC FLOW CHART

SOLALP:

Uses Newton’s method to solve for an aero-angle («) that satisfies a commanded g-loading.

Do for 20 iterations
Evaluate the equation H

Evaluate the derivative of H w.r.t. a: %—I:I—

(44

Compute o increment: Ax
Compute change in «

NO Is o increment less than ¢,? YES

Print nonconvergence message
CALL ABORT: complete abort procedure
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EQUATIONS EVALUATED

SOLALP:
EQUATION H:
H= A1a -+ A2sina + A3

EQUATION DERIVATIVE:

ﬁ=A1 + A, cosa
f

a INCREMENT:

CHANGE IN ANGLE:

a=«a + Aa
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LOGIC FLOW CHART |
SOALBT:

Uses Newton’s method to solve a system of two s1multanous equations for the aero- -angles («, 8) that
satisfy the commanded attltude angles (4,, y,) given the current fhght path angles (v, o).

" Do for 20 1teratmns
‘Evaluate the equations H, and H, ,
Evaluate the H1 and Hz derlvatwes w.r.t. o, 8

Evaluate a, B mcrements Aa, Aﬂ

Compute change in o and g 1

. Ccmpute msultant error in o B \ SRS ‘ ,

NO Is error less than & R | YES

Pnnt nonconvergenc& message L ' ' '
: CALL ABORT complete abort procedure
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EQUATIONS EVALUATED
SOALBT:
SIMULTANEOUS EQUATIONS:

H; = sin (¢ - ¥) cos v — (tan 8/V1.0 + fan""& +.,tan2,6) :

.  tan?8 .
Hy; = sin (; - o) \/1.0 - — sin
2 (1.0 + tan’a + tan?3) v

EQUATION DERIVATIVES:

Set: D2 = 1.0 + tan’a + tan8

- n2
CBP — \/ 1.0 - tan’f
1.0 + tan%x + tan®8

%Ii = ((tan B tan a)/cos a)/(D2)3/2

(84

6H1 ‘ 1.0 2 3/2 2

B ( Do) + tan?8/(D2) )/cos 8

oH, N tang \ OH,

E = — CO8 (0c - a) CBP + (sm (00 - (X) <W) T)/CBP
6H, (. _ tang

- (sm O, - a) ((m)%) )/CBP

AERO-ANGLE INCREMENTS:

oH oH
bl 2 Hl - '_'_1 H2

Ao = 98 98
da 98 9B da

_<_EH :’EH)
A8 =

Jda ad
oH, 6H, 6H, 6H,
da 98 I8 da

CHANGE IN AERO-ANGLES:

a=a+ Aa, =8+ A8

RESULTANT ERROR:
€ = VvAa? + AS?
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USRPMC:

This is currently a do-nothing routine and is included to satisfy the PTMSCO request. It is intended
that coding for this routine be supplied by a user who has a specific requirement for controlling the point
mass evaluations.

LOGIC FLOW CHART

ROLANG:

Determines an aerodynamic roll angle by table look-up for the point mass program.

Zero out table look-up flags (INVAL, ITFLAG)
Set roll angle (¢) to zero
CALL LOOKUP: get vroll angle (¢)
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GRAVITY:

The components of gravitational acceleration are required when evaluating the motion equation that
simulate the path of an object near a planet. The GRAV routine computes the components in the
geocentric coordinate system using the geocentric latitude and radial distance to the object. A fourth
spherical harmonic (4th order) equation is used to compute the radial and tangential (toward north) ac-
celeration components. The gravity component in the direction of increasing longitude is zero.

LOGIC FLOW CHART

GRAV:

Computes the fourth spherical harmonic components of gravitational acceleration-radial and
tangential.

Compute the Legendre functions of geocentric latitude using the 2nd, 3rd, and 4th order
terms (P21 P3, P4: P51 PG’ P7)

Compute the geocentric componentsyof the gravitational field (C,, C,, Cs)

Compute the radial direction gravitational acceleration éomponent
Compute the tangential gravitational acceleration component
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EQUATIONS EVALUATED

GRAV:
LEGENDRE FUNCTIONS:

P, = 1.0 — 3.0 sin? ¢y
P; = sin ¢g (3.0 - 5.0 sin? ¢g,)
P, = 3.0 - 30.0 sin® ¢g + 35.0 sin* ¢y
P5 = sin ¢y cOS e
Pg = cos ¢y (1.0 — 5.0 sin? )
P; =P (7,0 Sin2 tge — 3.0)
GEOCENTRIC COMPONENTS OF GRAVITATIONAL FIELD

Ci = w/(R)* ‘ o M om /:2{
C; = Re/Ri

R.\?

Cy = [—=2

(%)

where: Req = Equatorial radius

Ri = Radial distance: earth center to vehicle

RADIAL COMPONENT OF GRAVITY ACCELERATION Y 7 Ag mp 25
7yt
gZ = Cl(l'o + C3(H1P2 +0.8H202P3 + (H3/6-0)03P4)) ’

TANGENTIAL COMPONENT OF GRAVITY ACCELERATION
gx = Clc3(—2-0 H1P5 + 0.6H202P6 + (2.0/3-0)H303P7)
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INITIALIZATION:

The process of initializing the code is divided into two parts: pre- and post-data read in. Pre-
initialization assures that there are no residual (garbage) values associated with the code variables, and
that each code variable has a nominal value compatible with code execution. Three routines: ZERCOM,
ZERTAB/RINIT, and DEFALT accomplish this task. ZERCOM sets the contents of all labeled
COMMON blocks to zero. The coding for this routine is generated by the PREPAR preprocessor as a by-
product of building the labeled COMMON blocks. ZERTAB zeros out the table storage arrays by a call
to RINIT which accesses the blank COMMON arrays. DEFALT provide the nominal code values to in-
sure compatability during code execution. Since these routines are self-explanatory and possess no logic
other than DO-loops and replacement statements, no logic flow charts will be given.

Post-initialization uses the preset nominal values or the current problem input values to compute a
set of initial values for code startup either initially or after staging. These start up values are either code
variable values or state variable values and are used for evaluating the differential equations associated
with the user selected main program. The INITLZ routine controls the post-initialization process for
both the problem start and restart after staging.
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INITLZ:

LOGIC FLOW CHART

Initializes the variables associated with the differential equations of motion selected by the user for
either problem start or restart after staging.

Initialize major action flag (MAJSTG)

NO

Is this the first pass through routine?

YES

Is thrust routine affected by

Set differential equations counter

No _ staging? YES Set program variables to read-in problem start
Reinitialize THRUST routine vari- values
ables Is planet Earth and
Set major action flag NO oblate? YES
Is vehicle mass properties. Compute flattening factor (8p) from
No routine affected by staging? ygs planet radii
Reinitia]ize VEHMSP routine ‘Vari- CALL GDQGC' get geocentric latitude, alti-
ables tude, and radial distance
Set major action flag CALL ATMSET: select the atmosphere prop-
Is DEBUG routine affected erties chosen by user
NO by staging? YES Are Yawsonde sun angles
required?
Reinitialize DEBUG routine vari- NO aar - YES
ables Compute transformation: sun to geo-
NO Is aero routine SDAERO? YES detic (Top/sn)
Is aero routine
No PMAERO? YES
Set aero angles (a, 8, ¢a)
to zero
Is AERO routine
affected by stag-
No ing? YES
Reinitialize AERO routine
values
Has major action flag been
NOo  set? YES
Increment stage counter
Set equation counter to zero
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| NO Is main program SIXDOF? YES

J CALL SDINLZ: Initialize the six degree-of-freedom program variables

NO Is main program PTMASS? YES
[ CALL PMINLZ: Initialize the point mass program variables
NO Is AERO routine SDAERO or PMAERQ? YES
NO Is aero routine active? | YES
1CALL AROINL: Initialize active flags for aero tables |
NO Is THRUST routine active? ‘ YES
iCALL THRINL: Initialize active flags for thrust tables
NO Is vehicle mass properties routine active? YES

I CALL VMPINL: Initialize active flags for VEHMSP routine

Compute center of mass location (X, Yo, Zg) W.r.t. reference point

NO Is STATION/RADAR routine active? YES
l CALL STAINL: Initialize STATION routine variables
NO Is DEBUG routine active? YES
| CALL DBGINL: Initialize DEBUG routine variables
NO Is file TAPE20 to be written? YES

| CALL T20INL: Set up block of variables to be written

CALL BOPINL: Set up block of OUTPUT variables to be written at print intervals

Turn off major action flag

CALL INTARA: Set up STATE and RATE integration arrays

CALL STGINL: compute staging variable locations

CALL PUTNRA: place program values into integration STATE array

Turn off first pass flag (IFIRST)

138




EQUATIONS EVALUATED

INITLZ:
PLANET FLATTENING FACTOR

2

where: Rgq = Equatorial radius
Rpor, = Polar radius
TRANSFORMATION: SUN TO GEODETIC

TSN2GD (1) = cos ysuy c()s fsun
TSN2GD (2) == gin Wsm'\] cos fsun
TSN2GD (3) = —Sin BSUN '

where: Ysun, fsun = Sun azimuth and elevation

CENTER-OF-MASS w.r.t. BODY REFERENCE POINT

Xcg = Xcm - XBRP
ch = ch - YBRP
ch = Zcm - ZBRP

ZERCOM:
ZERTAB/RINIT:
DEFALT:

The coding for these routines is trivial and repetitious, and not suitable for flow charting. However,
the interested user is referred to the coding for more specific details.
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INTEGRATION:

Integration of the differential equations of motion associated with the main program is accomplished
by a numerical integrator. The current integrator accessed by the code is the variable step RKF
(Fehlberg fourth-fifth order Runga-Kutta) routine. It is a Sandia math library routine and, as such, can
be readily replaced by other library integrators because the argument lists associated with the library
routines have been standardized.

In support of the integrators and to allow interfacing between the integrator and the main program,
five routines are provided (INTARA, PUTNRA, TAKFRA, INGRTR, and DERIV) to control the data
flow. ‘ '

After data read in and main program initialization, INITLZ accesses the routine INTARA to
determine the number and sequence of the first order differential equations associated with the user re-
quested main program, and to compute the absolute core location of the associated state and rate
variable values. PUTNRA is called to fetch the current value of the differential equations state variables
from COMMON storage and store these values into the integration array'in the order determined by IN-
TARA. This sequence of calls allow the integration arrays to be of arbitary length depending upon the
problem solution requirements (i.e., the number of support routines requested).

During the computational phase (PHASE 2), the INGRTR routine controls the code problem solving
activities between print intervals by repeated calls to the RKF routine. RKF accesses the DERIV routine
and returns after one good integration time step. The derivative evaluator (SDDERV or PMDERYV)
called by the DERIV routine has access to the state variable values - updated by the integrator - via the
TAKFRA routine. TAKFRA fetches the values from the integration array and returns them to
COMMON storage - a reverse process of PUTNRA.

When the derivative evaluator has completed its task of evaluating the derivative rates, PUTNRA is
again used to fetch the rate values from COMMON storage and store them into the integration rate ar-
ray.
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LOGIC FLOW CHART
INTARA:

Determines the number of first order differential equations associated with the current problem, and
the absolute core location of the equation variable value.

Compute and store the reference value core location
NO Is IMPROG = SIXDOF? | ' YES
Increment the equation counter (NEQN) A
Do for 13 variable names
CALL CWHERE: get COMMON block storage information for variable name
CALL CLOCAT: get absolute core location for variable name value
Fill arrays with subscripts associated with the state and rate variable names

NO Are subscripts positive? YES

Increment subscripts by 1
Store the state variable name
NO Is IMPROG = PTMASS? YES
Increment the equation counter (NEQN)
Do for 6 variable names
CALL CWHERE: get COMMON block storage information for variable name
CALL CLOCAT: get absolute core location for variable name value
Fill arrays with subscripts associated with the state and rate variable names

NO Are subscripts positive? YES

Increment subscripts by 1
Store the state variable name
NO Is THRUST routine activated? YES

Increment the equation counter (NEQN)

CALL CWHERE: get COMMON block storage information for thrust variable names
CALL CLOCAT: get absolute core location for variable name values

Fill arrays with subscript associated with the thrust state and rate variable names

NO Is subscript positive? YES

Increment the subscript by 1

Store thrust state variable name

NO Is range calculation flag set? YES

Increment the equation counter (NEQN)

CALL CWHERE: get COMMON block storage information for range variable names
CALL CLOCAT: get absolute core location for variable name values

Fill arrays with subscript associated with the range state and rate variable names

NO Is subscripts positive? YES

Increment the subscript by 1

Store range state variable name
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LOGIC FLOW CHART

PUTNRA:

Uses the reference location and subscripts of INTARA to store the current problem value of the dif-
ferential equation variables into the state and rate integration arrays.

 ——

Set the state or rate flag

Do for number of dlfferentlal equations (NEQN)

Get variable value subscnpt from array

NO Is state ﬂag set? | YES

Fill the rate array )Fill the state array

LOGIC FLOW CHART

TAKFRA:

Takes the updated values from the integration state array and returns them to the COMMON blocks
for code use.

Do for number of differential equations (NEQN)
Get variable value subscrlpt from array

Store value in absolute core locatlon
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LOGIC FLOW CHART

INGRTR:

Calls the current numerical integrators for one good time step, tests for staging, and continues the
call and test sequence until print time pause.

CALL RKF! accesses the 'DERIV routine to evaluate the problem differental equations

for one time step. Set INTFLG

NO

li

Is/INTFLG/= 22

YES

NO

Is INTFLG = 3?

YES

NO

Is INTFLG = 6?

YES

Set INTFLG = -2

Return to RKF call

Write integration error message

CALL DMPSTP: get sysjcjem core dump and stop.

Set current time and good time step

CALL AUXCLC: compute miscellaneous proéram values

Do for numbe} of equations

I Set current array of state varlables

CALL PUTNRA: glve current rate array values to the integration array

CALL STGTST: test gurrent values for staging, set NOSTG

NO

Is NOSTG # 0?

YES

Do for number of eg ecgatlons

J Save state and rate array

Save the current time

NO

Is INTFLG = -27?

YES

Set: Integration start
flag and exit time

INTFLG = -2 | Return to RKF call

—
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LOGIC FLOW CHART

DERIV:

Determines the derivative evaluator (SDDERV or PMDERYV) for the problem and initiates the
evaluation of the set of differential equations.

Set program time to integrator time

CALL TAKFRA: fetch state variable values from the integration array and store '
in COMMON blocks for code use

NO Is IMPROG = SIXDOF? YES
NO Is IMPROG = PTMASS? vEs | CALL SDDERV: evaluate the six-degree-

CALL PMDERV: Evaluate the point of-freedom set of differential equations
mass set of differential equations

CALL PUTNRA: fetch the rate variable values from COMMON storage and store in
the integration array
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LATITUDE CONVERSION

The current position of the vehicle at any time during its trajectory can be represented by latitude,
longitude, and altitude - with latitude and altitude consistent with a geodetic or geocentric axis system.

Since it is possible to start problem execution in either axis systems, the starting position is usually
referenced to a geodetic system. However, during code execution the geocentric axis system is used as an
intermediate frame of reference.

Two routines (GD2GC and GC2GD) are used to convert latitude and altitude from one reference sys-
tem to the other. GD2GC is a straight forward trigonometric solution for the geocentric latitude angle
and altitude, whereas, GC2GD uses Newton’s method to iterate to a solution in the geodetic frame.

The function routine RADIUS computes an earth radius relative to the geodetic or geocentric axis
system origin.
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LOGIC FLOW CHART

GD2GC:

Computes geocentric referenced latitude, altitude, and vehicle radial distance from geodetic refer-
enced latitude and altitude.

NO Is the current geodetic latitude at the poles or equator‘?

YES

Compute local geocentric latitude angle, DLge

Compute local geocentric referenced vehicle distahce, Rigc

Set: geocentric latitude and
altitude to geodetic values

Compute geocentric referenced latitude angle, ¢,

Compute geocentric vehicle distance, R

CALL RADIUS: get geocentric earth radius, Rg ’

Compute geocentric altitude, hy,

Compute geocehtric vehicle
distance using polar or equa-
tional radius
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EQUATIONS EVALUATED

GD2GC
LOCAL GEOCENTRIC LATITUDE:

R2
b, = tan™ (tan Pea (—P:TOIi))
EQ

LOCAL GEOCENTRIC VEHICLE DISTANCE:

RL = R¢Lgc (Sin qugc/Sin ¢gd)

gc

GEOCENTRIC LATITUDE:

b — tan (hga + Ry ) sin ¢y
gc hgd COS Pgq + RLgc cos ¢y,

GEOCENTRIC VEHICLE DISTANCE:

"R = (R, + hy) sin ¢/sin ¢,

GEOCENTRIC ALTITUDE:
he = R-Rg

If ¢ = A Pole or Equator

¢gc = d’gd

R = Rgq + hg,
or

R = Rpor + hge

where: Rgq, Rpor. = Equatorial and Polar radiis

hgc = hgd
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LOGIC FLOW CHART

GC2GD

Uses Newton’s method to compute the geodetic latitude and altitude from geocentric coordinates.

Evaluate the starting point: X,

Compute constants B; and B,

Do for 10 interations
Evaluate the function at X;: F(Xy)

NO Is the value less than 1.0E-13? ‘ , ‘YES
Evaluate the function derivative at Xp:F/(Xp)

Advance the solution 1 step: Xy, 4

Print nonconver- | Compute X and Z geodetic displacements
gence message Compute geodetic latitude
CALL ABORT: | compute geodetic altitude
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EQUATIONS EVALUATED
GC2GD:
STARTING POINT:

X, = <\/(RE cos ¢gc)2 + (RE sin ¢,.)° _ 1.0) R?

R POL

gC .

CONSTANTS:

B; = (Rg cos ¢g)?/Riq
B; = (Rg sin ¢g)*/Rior,
D! = (1.0 + Xy /REy)?
D} = (1.0 + Xi/RioL)’

FUNCTION EVALUATION:
F(X) = D!D? — B,D} - B,D?

FUNCTION DERIVATIVE EVALUATION:

F/(X)) =20[(1.0 + X./R}y) D¥Ri, + (1.0 + X /Ris) D¥/Riq
- B, (1.0 + X /R}o)/RioL - B, (1.0 + X /Ri)/Rig]

SOLUTION ADVANCE:
F(Xy)

X =
L+1 XL F (XL)

GEODETIC LATITUDE:

d)gd = tan—l (Sin d)gc (R%Q + XL)/COS d)gc (R%’OL + XL))

GEODETIC ALTITUDE:

h 1 ___Be R i + 11 ___Reo Ry sin ¢ i
— _ - si
oD R, + X)) = 0% % (Rio, + Xp)) 50 %

149



LOGIC FLOW CHART

RADIUS:

' ppecenlace

A function routine to compute the pla et;/\radius for a geocentric or geodetic latitude angle (¢¢), and 8
equals the planet flattening factor.

Radius = Rgq / /(1.0 + B, sin’ bq)

Raq= 6.3781660 B+l meders 025
Be = 0DATEES (we w06iT423) oo (cccendrierin)on €
R,ml . L. 35675925846 metecs p.28

tan Pse

ton gyer (-6p) TomBga 5 tonly= TrTay
- mattaa 2 6.371091769€64+6
P ¢E)C: 28 = Q:?d: 25./81°  A: L1810 {/l:c- 4,371'54‘?ﬁé£1"(‘ /L7d T 3}

oyt 3S > oo 24.809° Az . 19°

A -—\'63.227 aneHra
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MATRIX OPERATION

Transformation of the various code items between the reference axis systems makes use of matrix
arithmetic. Therefore, four routines (TRNPOS, MULT31, MULT33, and INVR3) are included with the
code to provide this capability. _ ‘

Matrix inversion is accomplished by the TRNPOS and INVRS3 routines. TRNPOS computes the
transpose or inverse of an orthogonal matrix while INVR3 computes the inverse of other 3x3 matrices.

Matrix multiplication is provided by the MULT31 and MULT33 routines, and, as their names imply,
perform 3x1 and 3x3 matrix multiplication. _

Since these routines consist of nested Do-loops with no logic, logic flow charts are not included here.
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OUTPUT:

The listing of computed data or current core-stored data values takes place at various times
throughout code execution. A summary page of data is presented immediately following code initializa-
tion or reinitialization after staging. At the user-specified print interval during the computation phase,
two blocks of data are available for presentation, One is a block-formatted list of the current case values,
and the other an array of current data values that can be dumped, in binary format, to the file TAPE20.
After code execution to the stop criteria, an optional output phase (PHASE3) is available. During this
phase, tabular listings of PHASE2 computed data may be presented in a series of code or user-specified
formats. There is also a method provided to graphically present the data in the form of Y vs X plots.

The summary page generated by the WRTINL routine displays input data and data that reflect the
first pass through the main program.

The time history block of data written to the output file at user-specified intervals is produced by the
BOPWRT routine. BOPWRT loads an array with core values whose locations are defined as subscripts
of a reference item. The subscripts which represent core locations were determined by the BOPINL rou-
tine during initialization. Similarly, the TAPE20 file block is produced by the T20WRT routine from
subscripts provided by the T20INL routine.

The HEADER routine, called by the various output routines during execution, displays the AMEER
logo and the stage, case, and page numbers.

PHASES causes the computed data of PHASE2 to be displayed in a tabular format through the use
of the TABLOP routine and/or in graphic form through the use of the PLTMKR routine which uses the
routines STRDAT, SKPFIL, and PLOTDT.

PLTMKR determines the types of plots requested and the dimensions for partitioning the three-di-
mensional data storage array DATA. STRDAT, using file TAPE20, determines, retrieves, and stores
into the DATA array the required data items. SKPFIL advances the TAPE20 file through one EOF.
PLOTDT uses the DISSPLA package routines to generate plots in the desired form.
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LOGIC FLOW CHART

WRTINL:

Writes the report summary page of problem initial and first pass data.

CALL HEADER: write the AMEER logo, stage, case, page number
Write current date and code version

Write problem title block

Write problem and planet specifications

Write subprogram status for problem

Write launch position and orientation specifications
Write vehicle characteristics for each body

Write aerodynamic routine specifications

NO Is thrusting required? YES

TWrite thrusting characteristics for each motor
NO Is station/radar calculations required? YES

TWrite station/radar orientation specifications

Write the current integration array names

Write the time-history output block names

NO Is station/radar calculation required? YES
l Write station/radar output block names
NO Is thrusting required? YES
TWrite thrust routines block output names
NO Is aerodynamic routine active? YES

' Write aerodynamic routine output block names

NO Is vehicle mass properties required? YES

) Write vehicle mass properties output block names
CALL HEADER: write AMEER logo, stage, case, and page numbers
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BOPINL:

Determines and stores the absolute core location for the time-history block variable values.

LOGIC FLOW CHART

Zero out maln program and subprogram varlable counters

NO

Is main program SIXDOF?

YES

Do until main program name list is blank

Increment the main program counter

CALL CWHERE: get common block data for Varlable name

CALL CLOCAT: get absolute core locatlon for Varlable name Value

Store core location and variable name into arrays

A

NO Are load-factor values to be computed and prlnted" B

YES

Do for three items

-—

Increment the main program counter |

CALL CWHERE: get common block data for name

CALL CLOCAT: get absolute core locatlon for name value B

Store core location and variable name into : arrays

NO Is the critical frequency to be computed and printed?

Increment the main program counter

YES |

CALL CWHERE: get common block data for name

CALL CLOCAT: get absolute core location for name value

Store core location and variable name into array

NO Are Yawsonde sun angles to be computed and prmted"

YES

Increment the main program counter

CALL OWHERE: get common block data for name

CALL CLOCAT: get absolute core location for name value

Store core location and variable name into arrays

NO

Is main program PTMASS?

YES

Do until main program name list is blank

Increment the main program counter

CALL CWHERE: get common block data for vai'iable name

CALL CLOCAT get absolute core location for name value

Store core location and variable name into arrays
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NO

Is AERO subprogram active? YES

Set six-degree-of-freedom aero counter (NARO = 6)

NO Has PMAERO been requested? YES

| Set: NARO = 3

Do from 1 to NARO

Increment the aero counter

CALL CWHERE: get common block data for variable name
CALL CLOCAT: get absolute core location for name value
Store core location and variable name into array

NO

Are range values to be computed and printed? YES

Do for six range items

Increment the main program counter

CALL CWHERE: get common block data for variable name

CALL CLOCAT: get absolute core location for name value

Store core location and variable name into arrays

NO

Is station/radar computations active? YES

Do for 12 station/radar items

Increment the station/radar counter

CALL CWHERE: get common block data for variable name

CALL CLOCAT: get absolute core location for name value

Store core location and variable name into arrays

NO

Has thrusting been requested? YES

Do until thrust name list is blank

Increment the thrust counter

CALL CWHERE: get common block data for thrust variable name

CALL CLOCAT: get absolute core location for thrust name value

Store core location and variable name into arrays

NO

Is vehicle mass properties to be computed and printed? YES

Do for nine items

Increment the mass properties counter

CALL CWHERE: get common block data for mass properties variable name

CALL CLOCAT: get absolute core location for mass properties name value

Store core location and variable name into arrays

NO

Are moment of inertia rates to be used? YES

Do for six items

Increment the mass properties counter

CALL CWHERE: get common block data for M L. rate variable name
CALL CLOCAT: get absolute core location for M.1. rate name value
Store core location and variable name into arrays
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LOGIC FLOW CHART

BOPWRT:

Determines the current values of the block print variables and writes the block of values to the output
file.

NO Have PHASES3 tabular prints been selected? YES

NO Are the number of lines required greater than 60? YES

l CALL HEADER: Write AMEER logo, stage, case, and page numbers
Sum up the line count

Set the reference location

Do for number of main program output values

Find the main program variable value location and store value in the write
block array

Write the main program variable values to the output file

NO Are station/radar values to be written? YES

Do from 1 to station/radar count

Find the station/radar variable value location and store value into the
write array

Write the station/radar value to the output file
NO Are thrust values to be written? YES

Do from 1 to thrust count

Find the thrust variable value location and store value into write
block array

Write the thrust values to the output file
NO Are the vehicle mass properties to be written? YES

Do from 1 to mass properties count

Find the mass properties value location and store value into write
block array

Write the mass properties values to the output file

HEADER:

Writes code logo, stage, case, and page number

Increment the page counter

Set line counter to zero

Set top-of-page carriage control, and write stage, case, and page number
Write AMEER logo
Increment line counter by four
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LOGIC FLOW CHART

T20INL:

Writes the BCD name header block onto file TAPE20, and determines the reference items subscripts
for the values associated with the header block names.

NO Is this the first pass for this run? : YES

Zero out the data block counter

Store the location of the reference item

Increment the case counter

Do until block name list is blank

Increment the data block counter

CALL CWHERE: get common block data items for variable name

NO Is sum of data items zero? YES
CALL CLOCAT: get absolute core Write error message and current
location for name value name

Compute the reference item subscript Decrement the data block counter

Write current case, title block, and data counter value to file TAPE20
Write on end-of-file (E-O-F) onto file TAPE20

T20WRT:
Writes a binary data block of code variable values to file TAPEZ20.

BACKSPACE file TAPE20 over previous E-O-F
Do for number of data block variables

Fill output array with current core values using subscripts found by T20INL
Write binary data block to file TAPE20
Write an end-of-file (E-O-F) onto file TAPE20
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LOGIC FLOW CHART

TABLOP:

Reads PHASE2 computed data stored on file, TAPE20, and tabulates the data according to a
preassigned format or user-specified format.

Do for all table requests
REWIND: TAPE2O data file
READ: file header record (ICASE, ITITLE NQODAT)

NO Has an EOF been read? - YES
READ: BCD header block-data variable names | Write
NO Is this a standard table request? YES | no data

‘ e | error
NO Are there any more standard table requests YES message
Set: user table ﬂag Do for names of table
Do for users table names O Is table name in the
Is user table name header block list?
in header block list? NO ‘ _YES
NO YES Record the
‘ ‘ Record the block subscrlpt
block subscript | Set: number of names counter
Set: number of names counter Set: current table headlngs
Set: User table headings Set: current table format
Set: User table format

CALL HEADER: Write code LOGO case and page number
WRITE: Table headings

Do until all stored data is retrieved

READ: file (TAPE20) binary data block

Store data in print array according to subscripts
WRITE: Print data array

Increment the line counter

NO Is line counter greater than 457 - YES

Return to header call
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LOGIC FLOW CHART

PLTMKR:

Determines the type of plots requested, determines the dimensionality of the DATA array, requests
STRDAT to store the required data, and sends the data to PLOTDT for plot generation.

Initialize flag and counter variable

Do for case requests

NO Is case request blank?

NO Is this a stacked case request?

YES

Print: maximum number of cases exceeded| Set: Stacked case flag

Set: max number of cases Set: number of cases requested

Set up for plot start

Do for plot requests

NO Is plot request blank?

YES

NO Is this a stacked plot request?

YES

Print: maximum number of plots exceeded| Set: Stacked plot flag

Set: max number of plots Set: number of plots requested

NO

Is there an error condition for plotting or stacking?

YES

Compute the DATA array dimension

Rewind data file (TAPE20)

Do until case request is satisfied

READ file header record

NO Are all TAPE20 files checked YES
Is file case the required case? Print: Error

NO YES | Message

CALL SKPFIL: skip to end-of-file | RETURN

READ data file (TAPE20) data header block

Save file case identifier

NO

Is this a stacked case request? YES

Do for length of header block

NOo  Is header block name the plot request name? ygg

[ Save the subscript of the block name

Do for current plot request count

NO Is there a subscript for the plot request? YES

PRINT: error message

Recompute DATA storage dimensions

Reduce plot request count and array

Print: Error
Message
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CALL STRDAT: Read the TAPEZ0 file and store the data

NO Is this a stacked case request? YES

NO Are all cases stored? YES
Return to case request search l
CALL PLOTDT: Plot the stored data

NO Have all plot requests been satisfied? YES
Return to: set up for plot start

NO Have all case requests been satisfied? YES

Increment the case counter

Intialize the plot counters

Return to: set up for plot start
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LOGIC FLOW CHART

STRDAT:

Retrieves data from the TAPE20 file, and stores it into the DATA array according to the dimensions
computed by PLTMKR.

Do until EOF or storage limit
Increment the storage counter :
NO Is counter greater than storage limit YES
READ in a data value block record PRINT: Storage
NO Has an EOF been read? YES Message
Do for all plot variables CALL SKPFIL:
Store the block data value into DATA array - read TAPE20
using subscripts file to EOF
Decrement the storage counter |
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LOGIC FLOW CHART

PLOTDT:

Generates the user-requested plots using the data stored by STRDAT.

Blank out the title and axis label arrays

CALL DISSPLA routines: BGNPL, PAGE, HEIGHT, NOBRDR to initialize and set up plot

NO Is this a stacked case plot? » YES
| Generate title and axis labels for stacked cases "
NO Is this a stacked X-Y plot? -~  YES

]7Generate title and axis labels for stacked plots

Determine X-axis min and max values for straight X-Y plots

Do for plots requested

Generate title and axis labels for plot

Determine Y-axis min and max values

CALL DISSPLA routines: TITLE, GRAF, GRID, CURVE, ENDPL
to generate the requested plot

Do for one stack plot request

Determine X and Y axis max and min values
CALL DISSPLA routines: TITLE, GRAF, GRID to set up the plot
Do for number of stacked items
| CALL CURVE: Stack the X-Y plots
CALL ENDPL.: finish plotting sequence

Determine X and Y axis max and min values

CALL DISSPLA routines: TITLE, GRAF, GRID to set up the plot

Do for number of stacked cases

I CALL CURVE: Stack the case plot

CALL ENDPL: finish plotting sequences
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STAGING

A definition: Staging is a method whereby the code calculations are interrupted at a predefined
(user-selected) variable value, new data is introduced, and the current problem calculations continued.

The preparation for and the actual testing of program variables for staging requires the use of four
routines: STGINL, STGTST, STGEQN, STGEQR, and one library routine ZEROIN.

During initialization, STGINL determines the absolute core location and the total number of user-
requested variable values plus the default variable-altitude. These locations are passed to the compute
phase for testing reference.

After each successful integration time step, the STGTST routine is called to determine whether the
current calculated value of the stage variable has caused a sign change in the stage testing equation of
STGEQN. If no sign change occur, integration is allowed to continue. However, when a sign change oc-
curs, the routine ZEROIN is called. It uses the bisector-secant scheme to determine a best-guess root val-
ue. STGEQR is called to update the integration state array to reflect the ZEROIN root value by using a
Hermite interpolating formula to predict the new values from current and past state and rate values.
ZEROIN iterates to a specified error limit on the stage test variable value by using the derivative
evaluation routine directly - bypassing the integrator.
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LOGIC FLOW CHART

STGINL:

Determines the number of requested staging variables, the absolute core location of the variable
values, and the reference location for subscript calculations.

Determine core location of subscripting reference (LRFSTG)

Set variable counter to zero |

Doforl =14

NO Is staging variable list item blank? YES

Increment the variable counter
CALL CWHERE: get COMMON block, starting position, and

dimension of stage variable name
CALL CLOCAT: get absolute core location of staging variable value
Increment the variable counter

CALL CWHERE: get COMMON block, starting position, and dimension of the
altitude variable

CALL CLOCAT: get absolute core location of value stored for altitude
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STGTST:

LOGIC FLOW CHART

Tests for a sign change during the last “good” time step, and activates ZEROIN to interate to the de-
sired value if sigh change occurred.

Initialize stage test flag (NOSTG = 0)

Set testing error criteria

Do until variable count is satisfied

Evaluate the staging equation

NO Has staging equation changed sign? YES
Save
the NO Is stage equation value zero? YES
Zgilg:_ CALL ZEROIN: iterate to the requested staging variable value
tion NO Has iteration procedure succeeded? YES
value Print Save the root time
error Do for number of equations
message
CALL Set the state array to the root state values
DMPSTP: Set the rate array to the last rate values

dump core | Set the stage test completion flag (NOSTG=1)
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LOGIC FLOW CHART

STGEQN:

Evaluates the difference between the requested stage variable value and the current problem value of
the stage variable .

Determine the subscript of current value of the staging variable w.r.t. the reference location

NO Is subscript positive? YES

] Increment the subscript
Set STGEQN to the difference of current and requested value of the staging variable
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LOGIC FLOW CHART '

STGEQR:

Uses Hermite interpolation to determine integration state values consistent with the root value of
ZEROIN, and calls the derivative evaluation routine to determine rate values.

Determine current good step time increment

NO Is the increment zero? YES

Do for number of differential equations
rCompute new state array values at root time - Hermite interpolation
CALL DERIV: update the derivative evaluation routine
CALL AUXPKG: update the auxillary calculations
Set STGEQR to current value of STGEQN
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STATION/RADAR:

Radar look information (azimuth, elevation, and slant range) is computed during the computational
phase by the RADAR routine. The look values are computed relative to a station coordinate system
whose origin is designated by a latitude, longitude, and altitude, and an axis orientation designated by an
initial heading.

During initialization, the STAINL routine computes the earth-centered displacement components
and the direction cosine transformation relating station coordinates to earth-centered coordinates.

LOGIC FLOW CHART

STAINL:

Computes the earth center to station XYZ displacements and the direction cosine transformation.

Compute earth center to station direction cosine transformation (TE2ST)

CALL GD2GC: compute geocentric latitude (¢sr), altitude (hgcgr), and station distance to
earth center (Rgr)

Compute earth-centered station XYZ displacements (Xggq, Yegr, Zrgy)

CALL RADAR: compute initial values of azimuth, elevation, and slant range
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EQUATIONS EVALUATED

STAINL:
TRANSFORMATION EARTH CENTER TO STATION

TE2ST  (1,1) = cos A¢; 08 ¢, €08 bgT — sin A¢, sin ¢, cos fsr o: @Aﬁt pre
(2,1) = — cos Ysr sin fgr + sin Ysr sin A¢, cos ¢, cos fgr ¢: Mﬁfm
+ sin lps"l‘ cos A Sin ¢y, c.os fsr ge: geo comtrie .
(3,1) = sin Ygr sin g7 + cos Ygr Sin Ad; cos ¢, C0s gy
+ cos YgT coS A, 8IN ¢gey oS Ogt ‘SAS/T olatom A
(1,2) = cos Ads €OS dgeq sin gy — sin Ad sin ¢y, sin gp (W ha ik 2)
[Tsr,]  (2.2) = cos st cos bst + sin Ygr sin Ad, Co8 By, sin gy WJW
+ ?in Yst €08 A, SIn ¢y, sin'BST . 0 Jud ) . / F'IK
(3,2) = — sin Ygr cos fst + cos Ysr sin Ag, cos ¢, sin gy z

+ €08 YgT COS Ag SIN ¢ige, sin Ogr
(1,3) = — cos Ads SiN Pge, — sin A, COS Py,
(2,3) = - sin Ysr sin A, SIn @ge; + sin Ygr cos Ag, cos ¢y
TE2ST  (3,3) = — cos Ysr sin A, sin ¢g, + cos Ygp COS A, COS Pee,
where: Ads = (dga; — Pye,)

STATION XYZ DISPLACEMENTS (from earth center)

XeST = RST COSs OST COS ¢gcs
YGST == RST sin BS'I‘ COS d)gcs

ZeST = —RST sin d’gcs
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LOGIC FLOW CHART

RADAR:

Computes azimuth, elevation, and slant range of a vehicle relative to a station.

Compute earth-centered relative p‘osition of vehicle and station

Transform displacements to station coordinates

Compute slant range

NO Is there a component in the Y-Z plane? YES

Set: Azimuth to difference of heading angles. Compute azimuth and elevation
Elevation to 90 degrees

NO Is slant range zero? YES
| Set: elevation to 0.0
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EQUATIONS EVALUATED

RADAR
EARTH-CENTERED INCREMENTS -
AXe = Xe - Xesrr

AYe = Ye - Yegr
AZe = Ze - Zegr

STATION INCREMENTS

Xer AXe i 3

Yer| = |Tsre| |AYe !f; ‘ F

Zgy 1 1AZe v -
SLANT RANGE

Rsr = X + Y& + 2%

AZIMUTH

AZ = tan! (Ysr/Zsr)  if Yo + Z&p = 0.0, AZ = g, - Ysr
B0 +tas! Vsify |
ELEVATION

EL =,('/*\‘)$in'1 (Xg1/Rsr) if Rgr = 0.0, EL = 0.0

A ¢
{+m' s%y’

N

It LMW do wakeh

;wad/wwe’w wwm
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THRUST

The contributions of a propulsion system to the force and moment equations of the main program
(SIXDOF or PTMASS) are determined by the THRUST routine.

THRUST determines the incremented mass flow (1h), the rate of change of mass flow (1), and the
thrust force for each component (motor) of the system. The incremental forces are converted into force
and moment components with respect to the vehicle body axis system and acting at the body reference
point. The incremental-flow items and body components are summed to represent the total propulsion
contribution before returning to the main program. The remaining mass is computed from the initial
mass and the integrated mass flow.

During code initialization, the routine THRINL determines which of the thrusting, mass flow, or rate
of change of mass flow tables are active (input), and passes the information in the form of a flag-array to
the THRUST routine for use in requesting the table look-up routine during execution. '

LOGIC FLOW CHART

THRINL:

Initializes the thrust vector alignment sines and cosines, computes the six-degree-of-freedom nozzle
exit point transfer distance, and sets the active table array flags.

Do for all motors (NMTR)
Compute the sines and cosines of thrust vector rotation and swivel angles (¢, ¢{)
NO Is the main program SIXDOF? YES
Do for all motors (NMTR)
| Compute X, Y, Z distances from reference point to the nozzle exit point
Do for all motors (NMTR)
CALL ITABLE: set table flag if TVAC table input
CALL ITABLE: set table flag if rh table input
CALL ITABLE: set table flag if m table input
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LOGIC FLOW CHART

THRUST:

Evaluates, in the vehicle body-axis system the force and moment components associated with a
thrusting system, and computes the remaining mass of the vehicle.

Zero out table look-up flag (INVAL, ITFLAG)
Zero out thrust force, moment, and mass loss components
Do for all thrusters (NMTR)

NO Is TVAC table flag set? YES
CALL LOOKUP: get vacuum thrust (Tyac;)
NO Is 1h table flag set? YES
i CALL LOOKUP: get mass flow (1iy;)
NO Is m table flag set? YES

iCALL LOOKUP: get rate of change of mass flow (m;)
Sum the incremental mass rates (m;, m;)
Compute the exit thrust (T,)
NO Is the exit thrust less than zero? YES

Set exit thrust to 0.0
Compute the body X, Y, Z thrust force components
Sum the body-force components
Compute the body X, Y, Z moment components
Sum the body-moment components
- Compute the remaining mass of the vehicle
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EQUATIONS EVALUATED

THRUST:
Xe = - (Xn - Xpp)
Y. = Yn-Yap
Z, = 7n - Zpp

THRUST FORCE COMPONENTS
Tx = Te cos ép

Ty = T, sin &1 cos ¢f
Tz = -T, sin &7 sin ¢

THRUST MOMENT COMPONENTS

MYBP = TX Ze - TZ Xe

MYBP =Ty Xe - TX Ye

REMAINING MASS
m=mo+£m+fmdt
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Figure B-2. Thrust Parameters and Axis System
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VEHICLE MASS PROPERTIES:

The mass properties required by the rigid-body motion equations being evaluated by the code are de-
scribed, during input, in tabular format. The routine (VMPINL) is used during initialization to
determine whether a particular table is active (input) and, if so, sets a flag.

During execution of the derivative evaluator, the routine VEHMSP is called. It checks the table flag
and, if set, calls the LOOKUP routine to determine the mass property value by linear interpolation of
the values in the active table.

LOGIC FLOW CHART

VMPINL:

Determines the status of the mass properties tables, sets the table active flags, and calls LOOKUP to
determine the mass property values for problem initialization.

Zero-out table look-up flags (INVAL, ITFLAG)

Do for 15 tables

NO CALL ITABLE: Is current table name active? YES
| Set table active flag (IFLGMP)

Do for 3 center-of-mass positions

NO Is table active flag set? YES

iCALL LOOKUP: get center-of-mass location (Xcm, Yem, Zem)
Do for 12 moment of inertia items

NO Is table active flag set? ' YES
| CALL LOOKUP: get moment of inertia item
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LOGIC FLOW CHART

VEHMSP:

Determines by linear table lookup the center-of-mass and the moments of inertia values associated

with the current mass.

Zero-out the table look-up flags INVAL, ITFLAG)

Do for 3 center-of-mass tables

NO Is table active flag set? YES
LCALL LOOKUP: get center-of-mass location (X¢m, Yem, Zem)

Do for 12 moment-of-inertia tables

NO Is table active flag set? YES

CALL I:.OQKUP: moment of inertia value (L, Ly, Ly, Ly T 1,
Ixx, Iyya Izz’ Ixy, Ixzy Iyz)

Compute distance of center-of-mass w.r.t. body-reference point (X, Yeg, Zeg)

EQUATIONS EVALUATED

MASS PROPERTIES:
CENTER-OF-MASS LOCATION w.r.t. BODY REFERENCE POINT

Xcg = Xcm - XBRP
ch = ch - YBRP
Zeg = Zew — Zprp
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WIND:

The X Y Z - components of wind velocity referenced to the geodetic axis system are determined by ta-
ble lookup, and furnished to the problem main program.

'LOGIC FLOW CHART

WIND:

Determines the geodetic referenced wind-velocity components by table lookup.

Set the table 100k-up flags (INVAL, ITFLAG)

CALL LOOKUP: get the south-to-north wind velomty component (Xy) from table TXWIND
, CALL LOOKUP: get the west-to- east wind veloc1ty component (Yw) from table TYWIND

| CALL LOOKUP get the up-to- down wind velocity component (Zw) from table TZWIND
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APPENDIX C

Variables: Program, Output Block, Data File,
and Tabular Lists

This Appendix contains a listing of the program variables, the output block variables, the data file
(TAPEZ20) variables, and the variables of the tabular lists.
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ABSERR
AENOZM
ALPHAD
ALPMAX
ALPMIN
ALPTS8D
AZSTAD
BETAD
BETER
BETMAX
BETMIN
CLALPH
CLBDOT
CLBETA
CLDELP
CLP

CLR

CLT
CLZERO
CMADOT
CMALPH
CMALP2
CMALP3
CMDELQ
CMP
CMQ
CMT
CMZERO
CNBDOT
CNBETA
CNBET2
CNBETS3
CNDELR
CNR
CNT
CNZERO
CXALH
CXALP2
CXBETA
CXBET2
CXDELQ
CXDELR
CXT
CXZERO
CYBDOT
CYBETA
CYBET?2
CYBETS3

Alphabetical List of Program Variable Names With Definitions

Absolute error of integration

Propulsion motor nozzle exit area

Angle-of-attack, «

Maximum angle-of-attack for point mass control

Minimum angle-of-attack for point mass control

Total angle-of-attack, ar

Vehicle azimuth from station

Angle-of-sideslip, 8

Planet flattening factor

Maximum angle-of-sideslip for point mass control

Minimum angle-of-sideslip for point mass control

9C,/8ax

aC,/a8

aC./o8

9C,/6é6,

0C,/d (pfy/2V,)

9C,/d (rey/2V,)

Total roll moment coefficient

Clo .

0Cp/0c

9Cn/0c

3Cp/0a®

9Cp/00

9Cy/08

0C/0d (p2y/2V,)

9Cn/d (q€x/2V,)

Total pitching-moment coefficient
mo .

aC,/ap

aC./a8

aC,/08?

aC./a8°

0C,/dé,

9C./3(rty/2V,)

Total yawing moment coefficient

Cu,

9C,/dc

aC,/da0?

aC,/aB

aC,/ap?

aC,/d5,

9C,/05,

Total axial force coefficient

G,

aC,/oB

aC,/o8

aC,/96?

aC,/a6°
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CYDELR
. CYP

' CYR
CYT
CYZERO
CZADOT
CZALPH
CZALP?2
CZALP3
CZDELQ
CZP
CZQ
CZT
CZZERO
DELPD

. DELQD
DELRD
DELTS
DLAPMC
DLBPMC
DLHPMC
DREFXM
DREFYM
DREFZM
DYNPSK
EAMASK
ELSTAD
EPSPMC
FIXXKI1
FIXXK
FIXYK1
FIXYK
FIXZK1
FIXZK
FIYYK1
FIYYK
FIYZK1
FIYZK
FIZZK1
FIZZK
FK1
FK2
FLAMO1 -
FLAMO
FLAM11
FLAM1
FLAM21
FLAM2
FLAMS31
FLAMS
FMACH
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aC,/3s,

aC,/a (pey/2V,)

aCy/a (rey/2V,)

Total yaw force coefficient

G

9C,/da

aC,/0a

9C,/0a?

aC,/6a®

aC,/a38,

aC,/8(pl,/2V,)

0C,/d (q¢x/2V,)

Total normal force coefficient

Cs

Roll control deflection (misalignment)
Pitch control deflection (misalignment)
Yaw control deflection (misalignment)
Print time increment

Point mass control alpha increment
Point mass control beta increment
Point mass control altitude increment
Aero coefficient reference length, x-direction
Aero coefficient reference length, y-direction
Aero coefficient reference length, z-direction
Dynamic pressure

Initial mass adder

Vehicle elevation from station

Point mass control error tolerance
Moment of inertia rate - about X-X
Moment of inertia - about X-X
Product of inertia rate

Product of inertia

Product of inertia rate

Product of inertia

Moment of inertia rate - about Y-Y
Moment of inertia - about Y-Y
Product of inertia rate

Product of inertia

- Moment of inertia rate - about Z-Z

Moment of inertia - about Z-Z
Molecular temperature/altitude gradient
Molecular weight/altitude gradient
Quaternion component 0 - rate
Quaternion component 0

Quaternion component 1 - rate
Quaternion component 1

Quaternion component 2 - rate
Quaternion component 2

Quaternion component 3 - rate

‘Quaternion component 3

Mach number



FMASLK
FMASL1
FMASL2
FMASSK
FMASZK
FMB
FMO
FMU
GAMGCD
GAMGDD
GANPMC
GCRNGM
GPHI
GREF
GXBPM
GYBPM
GZBPM
HB
HGCSTM
HGCZIM
HGC8M
HGDSTM
HGDZM
HGDSM
H1

H2

H3
IACLSQ
IATMNM
IBODSQ
ICASE
ICNVRT
IDANGL
IDATB
IDATUM
IDLAT
IDPQR
IEARTH
IMERG
IMPROG
INPUT
IPLOT
IPNCH
IPRNT
ISAVE
ISPROG
ITABL
ITBLUF
ITBLUH
ITBLUN

Total mass loss

Total mass loss rate

Total rate of change of mass loss
Current vehicle mass

Initial vehicle mass

Mol-weight of air

S.L. value of Mol-weight

Geocentric gravity constant .
Geocentric elevation flight path angle
Geodetic elevation flight path angle
Point mass control gain increment
Great circle surface range

Reference latitude for gravity calculations
Reference gravity

Gravity component, x-direction
Gravity component, y-direction
Gravity component, z-direction
Geopotential altitude base

Station altitude, geocentric reference
Initial altitude, geocentric reference
Current altitude, geocentric reference
Station altitude, geodetic reference
Initial altitude, geodetic reference
Current altitude, geodetic reference
2nd harmonic gravity coefficient

3rd harmonic gravity coefficient

4th harmonic gravity coefficient
Accelerometer calculations sequence flag
Atmosphere data request

Body Euler angle rotation sequence
Case designator

English-Metric conversion flag
Flight path/aero angle flag

TAPE20 data file

Datum reference point name
Latitude location flag name
Geodetic/geocentric roll rate

Earth shape flag

TAPE9 merge data file

Main program designator

TAPES5 Input file

TAPEL10 Plot file

TAPE7 Punch file

TAPES6 Output file

TAPES Save file - restart file
Support program flag name
TAPEI11 Table storage file

User table format storage

User table Header storage

User table Name storage
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ITITLE
IXACL
IXAERO
IXAROB
IXCRFQ
IXDBUG
IXGRAV
IXLODF
IXPTMC
IXRNGE
IXROLT
IXSTA
IXTBLS
IXTBLU
IXTHRS
IXTP20
IXVMP
IXWIND
IXYAWS
MLAYRS
NACLS
NAMSTG
NBODY
NLAYRS
NMTR
NTABLE
NTSTEP
OMGCYR
PB
PEBPR
PHACLD
PHBGCD
PHBGDD
PHGCZD
PHGDSD
PHGDZD
PHIASD
PHIGCD
PHIGDD
PHIID
PHMTRD
PIBPR1
PIBPR
PRESSP
PSACLD
PSBGCD
PSBGDD
PSIID
PSISTD
PSUNGD
QEBPR
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Title information storage
Accelerometer calculations execution flag
Aerodynamic calculations execution flag

Aerodynamic Body to velocity conversion flag

Damped critical frequency execution flag
Diebug routine execution flag

Gravity calculations execution flag

Load factor calculations execution flag
Point mass control flag

Range calculations flag

Point mass roll table execution flag
Station/RADAR execution flag

Standard tables execution flag

User table execution flag

Propulsion system execution flag
TAPE20 make flag

Vehicle mass properties execution flag
Wind component calculation execution flag
Yawsonde calculation execution flag
Number of atmosphere geometric layers
Number of accelerometers

Stage variable name array

Number of bodies for problem

Number of atmosphere geopotential layers
Number of thrusting motors

Tabular output table number array
Number of good steps/print

Critical frequency-pitch

Atmosphere routine pressure base
Earth-reference roll rate

Accelerometer roll angle

Roll Euler angle-geocentric reference
Roll Euler angle-geodetic reference
Initial geocentric latitude

Station latitude, geodetic reference
Initial geodetic latitude

Aerodynamic roll angle

Current latitude, geocentric reference
Current latitude, geodetic reference

Roll Euler angle, inertial reference
Rotation angle of the swivel angle plane
Angular roll acceleration, inertial reference
Angular roll rate, inertial reference
Altitude ambient pressure

Accelerometer yaw angle

Yaw Euler angle, geocentric reference
Yaw Euler angle, geodetic reference

Yaw Euler angle, inertial reference
Station azimuth angle w.r.t. North
Yawsonde sun azimuth angle from North
Earth reference pitch rate



QIBPR1 -
QIBPR
REBPR
RELERR
REQSM
REYNOM
RHOSK
RIBPRI
RNGSTM
RPHI
RPOLSM
SGSUND
SIGGCD
SIGGDD
SIGZD
SPATHM
SREFAM
TEMPSK
THACLD
THBGCD
THBGDD
THTID
THTLD
THTLZD
THTSTD
TIMEZS
TIME
TIMSDX
TMAXS
TMB
TPATHM
TPATH1
TSTAGE
TSUNGD
UIBPR1
UIBPR
USTASM
VALSTG
VASSM
VIBPM1
VIBPM
VSTASM
VS88M
VTESM
VTGCM
VTGDM
WIBPM1
WIBPM
WSTASM
XACLSM

Angular pitch acceleration inertial reference
Angular pitch rate - inertial reference
Earth referenced yaw rate

Relative error of integration

Planet equatorial radius

Reynolds number parameter

Altitude ambient density

Angular yaw acceleration, inertial reference
Slant-range station to body

Earth radius at atmosphere reference latitude
Planet polar radius

Sun angle w.r.t. vehicle x-axis

Horizontal flight-path angle, geocentric reference
Horizontal flight-path angle, geocentric reference
Initial flight-path heading

Surface path length

Aerodynamic reference area

Altitude ambient temperature
Accelerometer pitch angle

Pitch Euler angle, geocentric reference
Pitch Euler angle, geodetic reference

Pitch Euler angle, inertial reference
Current local longitude

Initial longitude

Station longitude

Problem start time zero

Current program time

Time increment to start of stage

Mazximum program execution time
Molecular scale temperature

Trajectory path length

Trajectory path length rate of change

Time within the stage

Yawsonde sun elevation angle, geodetic reference
Body x-component of inertial acceleration
Body x-component of inertial velocity
Vehicle velocity station x-direction

Stage testing values array

Vehicle velocity w.r.t. air

Body y-component of inertial acceleration
Body y-component of inertial velocity
Vehicle velocity station y-direction

Speed of sound at altitude

Total velocity - earth reference

Total velocity - geocentric reference

Total velocity - geodetic reference

Body z-component of inertial acceleration
Body z-component of inertial velocity
Vehicle velocity station z-direction
Accelerometer location x-direction
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XBRP8M
XCAS
XCG8M1
XCG8M2
XCG8M
XCMRFM
XDTM8M
XESTAM
XETHM1
XE88M1
XE83M2
XE83M
XFARON
XFTHRN
XGC8M1
XGDsM1
XIBPM1
XIBPM
XIMTRD
XLODFG
XMARON
XMTHRN
XNOZEM
XRNGDM
XWGDM1
YACL8M
YBRPS8M
YCAS
YCG8M1
YCG8M
YCMRFM
YDTM8M
YESTAM
YETHM1
YE88M1
YE88M2
YE88M
YFARON
YFTHRN
YCG8M1
YGD8M1
YIBPM1
YIBPM
YLODFG
YMARON
YMTHRN
YNOZEM
YRNGDM
YWGDM1
ZACL8M
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Body reference point x-distance from datum
X-axis sensitivity factor

BRP/c.g. separation velocity, x-direction
BRP/c.g. separation acceleration, x-direction
BRP/c.g. distance, x-direction
Center-of-mass reference location, x-direction
X-direction datum reference
Earth-referenced displacement, station x-direction
Nozzle axis, x-direction rate of change
Earth-referenced velocity, x-direction
Earth-referenced acceleration, x-direction
Earth-referenced displacement, x-direction
Aerodynamic force - x-direction

Thrust force, x-direction

Velocity component, geocentric x-direction
Velocity component, geodetic x-direction
Velocity component, inertial x-direction
Displacement, inertial x-direction

Thrust swivel angle

Body axial load factor

Aerodynamic moment, about x-x axis

Thrust moment, about x-x axis

Nozzle exit distance, x-direction

Down range distance, geodetic reference
Wind component, geodetic x-direction
Accelerometer location - y-direction

Body reference point y direction from datum
Y -axis sensitivity factor

BRP/c.g. separation velocity, y-direction
BRP/c.g. distance, y-direction
Center-of-mass reference location, y-direction
Y-direction datum reference

Earth reference displacement, station y-direction
Nozzle exit, y-direction rate of change
Earth-referenced velocity, y-direction
Earth-referenced acceleration, y-direction
Earth-referenced displacement, y-direction
Aerodynamic force, y-direction

Thrust force, y-direction

Velocity component, geocentric y-direction
Velocity component, geodetic y-direction
Velocity component, inertial y-direction
Displacement, inertial y-direction

Body yaw load factor

Aerodynamic moment, about y-y

Thrust moment, about y-y

Nozzle exit distance, y-direction

Cross range distance, geodetic reference
Wind component, geodetic x-direction
Accelerometer location, z-direction



ZBRP8M
ZB

ZCAS
ZCG8M1
ZCG8M2
ZCG8M

ZCMRFM -

ZDTM8M
ZESTAM
ZETHM1
ZE88M1
ZE88M2
ZE88M
ZFARON
ZFTHRN
Z2GC8M1
ZGD8M1
ZIBPM1
ZIBPM

ZLODFG

ZMARON
ZMAXM

ZMTHRN
ZNOZEM
ZWGDM1

Body reference point z-direction from datum
Atmosphere geometric altitude base

Z-axis sensitivity factor

BRP/c.g. separation velocity, z-direction
BRP/c.g. separation acceleration, z-direction
BRP/c.g. distance, z-direction
Center-of-mass reference location, z-direction
Z-direction datum reference

Earth reference displacement, station z-direction
Nozzle exit, z-direction rate of change
Earth-referenced velocity, z-direction
Earth-referenced acceleration, z-direction
Earth-referenced displacement, z-direction
Aerodynamic force, z-direction

Thrust force, z-direction

Velocity component, geocentric, z-direction
Velocity component, geodetic, z-direction
Velocity component, inertial, z-direction
Displacement, inertial, z-direction

Body normal load factor

Aerodynamic moment, about z-z

Maximum altitude for atmosphere data
Thrust moment, about z-z

Nozzle exit distance, z-direction

Wind component, geodetic z-direction
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The OUTPUT Block Variable Names

At each time history print interval during execution, blocks of data values computed by the current
main program and the activated support routines are listed. The following lists are the variable name
that correspond to these values.

TIME
TSTAGE
HGD8M
PHIGDD
THTLD
PHBGDD
PSBGDD
THBGDD
GAMGDD
0 SIGGDD

= O 00~ U LN -

TIME
TSTAGE
HGD8M
PHIGDD
THTLD
GAMGCD
SIGGCD
GAMGDD
SIGGDD
10 ALPHAD

OO0 U1 = LN =

1 Range items:
2 Load Factors:
3 Critical Frequency:
4 Yawsonde:

1 Aerodynamics:

11 ALPHAD
12 BETAD
13 ALPT8D
14 FMACH
15 PHIA8D
16 REYNOM
17 VA88M
18 VIGDM
19 VS88M

20 XGD8M1

11 BETAD
12 ALPT8D
13 FMACH
14 PHIA8D
15 REYNOM
16 VA8SM
17 VIGDM
18 VTGCM
19 VS88M

20 XGD8M1

OMGCYR

SGSUND

21 YGD8M1
22 7ZGD8M1
23 XGC8M1
24 YGC8M1
25 ZGC8M1
26 FMASSK
27 DYNP8K
28 PIBPR

29 QIBPR

30 RIBPR

B, Point Mass

A, Six-degree-of-freedom

31 UIBPR
32 VIBPR
33 WIBPR
34 XIBPM
35 YIBPM
36 ZIBPM
37 XIBPM1
38 YIBPM1
39 ZIBPM1
40 THTID

21 YGD8M1
22 ZGD8M1
23 XGC8M1
24 YGC8M1
25 ZGC8M1
26 FMASSK
27 DYNPSK
28 XE88M

29 YE88M

30 ZE8SM

D, Support Routines

CXT, CYT, CZT, CLT, CMT, CNT

41 PSIID
42 PHIID
43 blank
44 blank
45 blank
46 blank
47 blank
48 blank
49 blank
50 blank

31 XE88M1
32 YE88M1
33 ZE8s3M1
34 blank
35 blank
36 blank
37 blank
38 blank
39 blank
40 blank

C, Auxillary Calculations Associated With The Main Program

XRNG8M, YRNG8M, GCRNGM, SPATHM, TPATHM
XLODFG, YLODFG, ZLODFG

2 Station/RADAR: AZSTAD, ELSTAD, RNGSTM, USTA8M, VSTA8SM, WSTASM

3 Thrust;:
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FMASL1, FMASL2, XFTHRN, YFTHRN, ZFTHRN, XMTHRM, YMTHRM,
ZMTHRM

4 Vehicle Mass Properties: XCG8M, YCG8M, ZCG8M, FIXXK, FIYYK, FIZZK, FIXYK, FIXZK,

FIXZK, FIXXK1, FIYYKI, FIZZK]1, FIXYK1, FIXZKI1, FIYZK1



The TAPE20 File Block Variable Names

At each time-history print interval during execution, a block of data values are dumped to file
TAPE20. The names associated with the values are given below in the order of storage.

TIME
HGDSM
PHIGDD
THTLD
PHBGDD
PSBGDD
THTGDD
GAMGDD
SIGGDD
10 ALPHAD
11 BETAD
12 ALPTSD
13 FMACH
14 PHIASD
15 REYNOM
16 VA8SM
17 VIGDM
18 XGD8M1
19 YGD8M1
20 ZGDSM1

W00 ~IM U LN

21 XGC8M1
22 YGC8M1
23 ZGC8M1
24 FMASSK
25 PIBPR
26 QIBPR
27 RIBPR
28 UIBPM
29 VIBPM
30 WIBPM
31 XIBPM
32 YIBPM
33 ZIBPM
34 XIBPM1
35 YIBPM1
36 ZIBPM1
37 THTID
38 PSIID
39 PHIID
40 PRES8P

41 RHOSK
42 TEMPSK
43 VS88M

44 DYNP8K
45 XRNGDM
46 YRNGDM
47 GCRNGM
48 SPATHM
49 TPATHM
50 XLODFG
51 YLODFG
52 ZLODFG
53 GAMGCD
54 SIGGCD
55 XE88M
56 YE88M

57 ZE88M

58 XE88M1
59 YE88M1
60 ZE8SM1

61 AZSTAD
62 ELSTAD
63 RNGSTM
64 USTASM
65 VSTASM
66 WSTASM
67 FMASL1
68 FMASL2
69 XFTHRN
70 YFTHRN
71 ZFTHRN
72 XMTHRN
73 YMTHRN
74 ZMTHRN
75 CXT

76 CYT

77 CZT

78 CLT

79 CMT

80 CNT

81 XCG8M
82 YCGS8M
83 ZCG8M
84 FIXXK
85 FIYYK
86 FIZZK

87 FIXYK
88 FIXZK
89 FIYZK
90 FIXXK1
91 FIYYK1
92 FIZZK1
93 FIXYK1
94 FIXZK1
95 FIYZK1
96 blank

97 blank

98 blank

99 blank

100 blank
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Tabular Lists With Variable Names
TABLE NO. 1 - Trajectory Summary

Quantity Units
Time (TIME) 8
Altitude (HGD8M) m
Down range (XRNGDM) m
Cross range (YRNGDM) m
Total velocity (VIGDM) m/s
Mach number (FMACH) '

Longitude (THTLD) deg (°)
Latitude, geodetic (PHIGDD). deg (°)
Dynamic pressure (DYNP8K) kPa
Axial load (XLODFG) g’s
Elevation flight-path angle (GAMGDD) deg (°)
Azimuth flight-path angle (SIGGDD) deg (°)
Weight (mass), (FMASSK) kg

TABLE NO. 2 - Stability

Quantity Units
Time (TIME) 8

Roll rate (PIBPR) rad/s
Pitch rate (QIBPR) rad/s
Yaw rate (RIBPR) » rad/s
Critical pitch frequency (OMGCYR) ‘ rad/s
Critical yaw frequency (OMGCZR) rad/s
Static margin, y m
Static margin, z m
Body Euler angle, pitch (THBGDD) deg (°)
Body Euler angle, yaw (PSBGDD) deg (°)
Body Euler angle, roll (PHBGDD) deg (°)
Angle-of-attack (ALPHAD) deg (°)
Angle-of-sideslip (BETAD) deg (°)
Total angle-of-attack (ALPT8D) deg (°)
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TABLE NO. 3 - Air Properties and Loads

Quantity

Time (TIME)

Altitude (HGD8M)

Ambient Pressure (PRES8P)
Dynamic Pressure (DYNPS8K)
Ambient Temperature (TEMPS8K)
Velocity in Air (VA88SM)

Mach number (FMACH)

Unit Reynolds number (REYNOM)
Thrust force (XFTHRN)

Axial force (XFARON)

Normal force (ZFARON)

Side force (YFARON)

Weight (mass) (FMASSK)
Elevation flight-path angle (GAMGDD)
Total angle of attack (ALPT8D

TABLE NO. 4 - Mass Properties and Load Factors

Quantity

Time (TIME)

Weight (mass) (FMASSK)

X - c.m. position (XCMRFM)
Y - c.m. position (YCMRFM)

Z - c.m. position (ZCMRFM)

X - Moment of inertia (FIXXK)
Y - Moment of inertia (FIYYK)
Z - Moment of inertia (FIZZK)
Axial load factor (XLODFGQG)
Side load factor (YLODFG)
Normal load factor (ZLODFG)

Units

S

kg

m

m

m

kg m?
kg m?
kg m?
g’s
g’s
g’s
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TABLE NO. 5 - Trajectory - Tangent Plane

Quantity : Units

Time (TIME) S

X m

Y m

Z m

X RATE , m/s

Y RATE ' m/s

Z RATE ‘ m/s

Velocity m/s

Altitude m

Mach (FMACH)

Dynamic pressure (DYNP8K) Pa

Axial load (XLODFG) g’s

Elevation flight-path angle (GAMGDD) deg (°)
TABLE NO. 6 - Station/RADAR Look Values

Quantity Units

Time (TIME) S

Azmiuth, station (AZSTAD) deg (°)

Elevation station (ELSTAD) deg (°)

Slant range (RNGSTM) m

Range rate (RNGST1) m/s

TABLE NO. 7 - Accelerations and Acceleroineter Values

Quantity Units
Time (TIME) S
X-direction accelerations (AXX) m/s?
Y-direction accelerations (AYY) m/s?
Z-direction accelerations (AZZ) m/s?
Accelerometer No 1 - X Value m/s?
Accelerometer No 1 - Y Value m/s?
Accelerometer No 1 - Z Value m/s?
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