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ABSTRACT

A computer code is described that quickly maximizes the payload of a multistage
launch vehicle. Calculus of variations techniques are used to optimize the trajectory and
propellant loadings (optional) of one to six stages. The flow rate and vacuum thrust of
each stage are constant. The jettison weight is a linear function of the propellant loading.
The computer time is greatly reduced by minimizing the integration of atmospheric
(booster) portions of the trajectory. A table of booster burnout conditions is formed
from a limited number of boost trajectories. The table is used in conjunction with an
interpolation scheme to obtain initial conditions for the vacuum portion of the trajectory.
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A TRAJECTORY CODE FOR MAXIMIZING THE PAYLOAD
OF MULTISTAGE LAUNCH VEHICLES
by Omer F. Spurlock and Fred Teren

Lewis Research Center

SUMMARY

The computer code described in this report quickly optimizes the trajectory in order
to maximize the payload of a multistage launch vehicle where the propellant loading of
one or more of the stages has not been fixed, The flow rate and vacuum thrust of each of
a maximum of six stages are constant, The jettison weight for each stage is a linear
function of the propellant weight of the stage. The steering profile and the optimum stage
size criteria are determined by a calculus of variations solution, The program will opti.
mize trajectories for several types of final conditions. The program is coded in
FORTRAN IV and is currently running on a direct couple system (IBM 7094-I1/7044).

INTRODUCTION

The problem of maximizing the payload of a multistage launch vehicle is difficult
when the stage sizes as well as the trajectory must be optimized. In reality, the thrusts,
flow rates, hardware weights, and steering profile are complicated functions of many
variables. Maximizing the payload of a vehicle by using a mathematical model that in-
corporates such functions would be a formidable and time-consuming task. However, the
complicated model may usually be replaced by a much simpler one (as is done in this
code) without greatly affecting the significance of the results. In fact, for new vehicles,
the vehicle characteristics are not known in enough detail to allow use of a complicated
model.

A code was developed in response to the need for quick maximization of the payload
capability of launch vehicles in preliminary mission studies. The code will optimize the
trajectory and propellant loadings of a launch vehicle with a maximum of six stages.
Fixed or optimized coast phases are permitted by treating them as stages. The mathe-
matical model assumed for the analysis used by the program has many simplifications.




The vacuum thrust and flow rate of each stage are constant, and the hardware weights
are linear functions of the stage propellant loadings. The trajectories are planar with
the atmospheric portion being integrated in three dimensions and later or upper stages
being integrated in two. The booster stage is that portion of the trajectory which is in
the atmosphere and is constrained by aerodynamic loads and heating to a near-zero angle-
of -attack trajectory (explained in the BOOSTER section). The upper-stage steering pro-
file, as well as optimum staging criteria, is determined by a calculus of variations
analysis. This analysis is described in reference 1.

In order to avoid confusion, a distinction is made at this point between stages of a
vehicle and what shall be called the phases of a trajectory. The term stage shall refer
to the actual hardware divisions of a vehicle, and phase shall be used to designate the
parts of a trajectory. It should be understood, for example, that the first stage will
operate initially in the atmosphere where the trajectory is constrained, whereas later in
the flight the first stage may be out of the atmosphere where the trajectory is uncon-
strained. I« this is the case, it is necessary, for computational purposes, to consider
the first stage as two phases: a booster phase and an upper phase.

The booster trajectories are characterized by a short vertical rise of fixed duration
after which the vehicle is tilted or kicked over instantaneously at some small predeter-
mined angle in the desired azimuth direction. Thereafter, the steering profile is con-
strained to yield essentially zero angle of attack until the end of the booster phase.

Models for an oblate earth, atmosphere, and vehicle drag are used. The integration
of the booster (aerodynamic) phase characteristically consumes much of the computer
time for a problem. Because over this phase of the trajectory only two parameters, kick
angle and duration, affect the trajectory, it is practical and advantageous to construct a
table lookup scheme in which the booster burnout conditions may be obtained as functions
of the two variables. Only those booster trajectories required to furnish points for the
curve fit are integrated, thus minimizing the computer time consumed by booster in-
tegration, As new points are required, the table expands to include the new trajectories.

Other codes and techniques are available which make different simplifications. Some
of these are listed in the references of reference 1. The PRESTO code of reference 2
allows consideration of a more complex problem. The simplifications are less con-
straining. The trajectories considered are not necessarily planar; the thrusts and flows
are not necessarily constants; and coast phases may be inserted between four powered
stages. Aerodynamic lift as well as drag forces are included in the computations. The
optimization technique is the method of steepest descents. However, PRESTO requires
of the order of 1 minute to solve the same problem that would require about 1/10 minute

for this code.
The first part of this report contains the assumptions and capabilities of the program



followed by a discussion of the organization. Next, a complete step-by-step set of direc-
tions for utilizing the deck is provided. The appendixes contain the FORTRAN listings
and related information.

ASSUMPTIONS AND CAPABILITY

The analysis on which the equations in the code are based is presented in reference 1.
The set of assumptions for this program are that

(1) The launch weight is fixed.

(2) Vacuum thrusts for all phases are constants,

(3) Flow rates for all phases are constants.

(4) The hardware weight for each phase is assumed to be a linear function of the
phase propellant loading defined by

W, =Wy + kwp (1)

where W, is the total structural weight, Wy, is the fixed weight, Wp is the phase pro-
pellant weight, and k is the propellant sensitive structure factor. (All symbols are
defined in appendix A.)

(5) During the booster phase,drag = Cpj0A ref » Where Cp is a drag coefficient
found as a function of Mach number, q is dynamic pressure, and Ar of is the reference
area, After the booster phase, drag is equal to zero.

(6) Thrust during booster phases is defined by

F=F, -AP ()

where F is the thrust, F_ is the vacuum thrust, A is the engine exit area, and P is
the atmospheric pressure. During upper phases, F = Fv'

('7) During the booster portion of the trajectories, the steering profile is determined
such that essentially zero angle of attack is maintained. In the upper-phase portion, the
steering profile is determined by the calculus of variations.

(8) The upper-phase trajectories are planar, and the thrust vector during the
booster portion is constrained to be parallel to the launch azimuth plane,

In addition to the integrated trajectory, provision is made for adding an additional
impulsive velocity increment VI after the desired final conditions have been achieved.
The final phase is used to provide this additional velocity increment, and the standard
impulsive velocity equations are used to calculate the propellant required for the maneu-




ver. Postorbital maneuvers may often be conveniently simulated as an impulsive velocity
increment.

In addition to the preceding set of assumptions, other characteristics of the code are
results of the fact that it was constructed by combining two existing codes, The booster
portion is a derivative of the N-Body Code of reference 3; the upper-phase portion was
constructed from a two-dimensional calculus of variations code designed for flight in a
vacuum. This accounts for the booster portion being three dimensional and the upper-
phase portion being two dimensional,

The steering program during the booster portion is constrained such that for a short,
specified period the vehicle rises vertically and then is instantaneously tilted or kicked
over in the desired azimuth direction at some elevation angle henceforth called the kick
angle. After the kick maneuver is performed, the angle of attack in the pitch plane is
constrained to zero. The booster phase may be composed of six distinct segments each
of which is limited to a fixed vacuum thrust, engine exit area, and flow rate. A fixed
weight may be jettisoned at the end of each booster segment. The hardware weight for the
last booster phase is treated as in the upper phases.

A maximum value may be placed on the propellant loading of any phase. If the
optimum loading exceeds the prescribed value, the duration of the phase is fixed such
that the maximum loading is used; and the problem is reoptimized.

ORGANIZATION

This code was constructed by combining two existing codes: a booster code and an
upper -phase code. This program remains largely divided into these almost independent
sections because the two parent codes have different coordinate systems. The booster
portion is simple and straightforward in spite of the more complex vehicle model. The
upper-phase portion is more complex because it requires a targeting or iteration scheme
as well as the calculus-of-variations steering control and staging criteria. Therefore,
the discussion of the organization of the program may be conveniently divided into sec-
tions on the booster and upper phases with auxiliary sections on the targeting procedure,
the final boundary conditions, and input and output. Most of the discussion of the logic
which connects the two portions is contained in the booster discussion.

BOOSTER

The booster portion of the trajectory is integrated in a three-dimensional rectan-
gular equatorial coordinate system utilizing the integration scheme, oblate earth model,



and aerodynamic simulation given in reference 3. The method and organization of the
booster portion of this code are derived from and, hence, are very similar to refer-
ence 3. The atmospheric model was obtained from reference 4,

The boost trajectory is characterized by a short vertical rise of fixed duration after
which the vehicle is tilted or kicked over instantaneously at some small predetermined
angle in the desired azimuth direction. During the vertical rise, the thrust vector is
alined along the launch radius vector. At the end of the vertical rise period, the relative
velocity vector is set to the desired kick angle (measured from the horizontal) in the
desired azimuth direction. For the remainder of the booster portion of the trajectory,
the thrust vector is directed so that the angle of attack in the pitch plane is zero. For
further and more extensive discussion of this procedure, see appendix B.

Thus, for a fixed launch weight, booster propulsion characteristics, and launch
azimuth, the vertical rise phases are identical; the only changes in the boost trajectories
are the result of changes in the kick angle and the duration of the boost phase.

The program is constructed so that the upper-phase portion requests the burnout
conditions at the end of the booster phase as a function of the booster kick angle and
booster burning time: the two parameters that remain available for optimization in the
booster. These burnout conditions (altitude, vertical velocity, and horizontal velocity)
could be obtained by integrating the booster trajectory with the precise kick angle and
burning time required. This procedure is followed whenever the kick angle and booster
phase duration are fixed. However, if either the kick angle or booster phase duration
are to be optimized, a table lookup technique is employed. The short vertical rise is
integrated only once, and the weight and state conditions are stored. A grid of kick

angles o, is established with a preselected grid spacing (i.e., . . ., 88. 4°, 88. 50,
88. 60, .. ., 89, 80, 89. 90). The grid spacing Aa, is constrained to values such that
o
Agy =91 i=0,1,2, ... (3)
21

where i is chosen at execution time, This constraint is placed on the grid spacing in
order to simplify the logic associated with choosing the kick angles needed to form a
satisfactory table. The three kick angles from the grid closest to the desired kick angle
are chosen, and trajectories are run using these three kick angles. As the integration
proceeds, the state variables (altitude, horizontal and vertical velocities) are stored
beginning at some prespecified time and at fixed increments of time until another pre-
specified time is reached. The upper-phase state variables are then expressed as
second-degree polynomials in kick angle and booster-phase duration, and the desired
state variables are calculated from these polynomials. The polynomials are of the form




2 2
y =ag +250 + agtp +a,0,ty + age ” +agty (4)

where y is the dependent state variable, o) is the kick angle, tB is the phase dura-
tion, and a; to ag are constants which are evaluated from the stored data. The
upper-phase portion of the deck requires not only the burnout conditions already noted,
but also requires partial derivatives of the burnout conditions with respect to kick angle
and booster-phase duration when optimization of either of these parameters is desired.
The partial derivatives are obtained by differentiation of the polynomials. The inter-
polation scheme requires trajectories for three kick angles from the grid to construct the
polynomials. As targeting proceeds, the targeting scheme may request burnout condi-
tions for a kick angle which is not enveloped by previously integrated trajectories. If

the required kick angle is less than one grid spacing Aoy from the closest one already
available, the polynomials are formed with the three closest kick angles. If the required
kick angle is further than Ay from the nearest available kick angle, trajectories are
integrated for one or more kick angles on the grid, such that the closest is within Aoy
and the most remote is within 3Aq, . Inthis manner, the table is expanded until a
range of kick angles covering the area of interest is obtained and stored, thus eliminat-
ing the need for reintegrating the time-consuming booster trajectories. This table may
be used for all problems sharing the same booster configuration,

When a problem is completed, the booster table may be punched on binary cards,
which may be read back into the computer at a later date. I it is desired to investigate
a vehicle whose booster configuration is identical to one already considered and for
which a booster binary table has been acquired, the binary cards may be reintroduced at
execution time, thus avoiding reintegration of the booster trajectories.

UPPER PHASES

At the end of the booster phase, the number of variables free for optimization in-
creases. The booster phase had only two: the kick angle and the booster-phase duration.
The upper phases add the steering profile and additional phase durations to the variables
that may be optimized. The variational analysis from reference 1 requires the simul-
taneous integration of the equations of motion and the Euler-Lagrange equations. Addi-
tionally, the analysis demonstrates that for an N-phase problem there exist N + 5 final
conditions to be satisfied and N + 5 initial conditions with which to satisfy them. Ob-
viously, for a multistage vehicle the problem of optimizing the phase durations would
involve a formidable iteration process. However, the analysis goes on to show how the
number of iteration variables may be decreased by resorting to ''internal'* optimization
of some of the parameters which would otherwise be in the '"external'' iteration loop.
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By utilizing the techniques for internal optimization given in reference 1 and by choosing
to limit the number of parameters in the external iteration ti five (thus limiting the final
conditions to be satisfied to five), a maximum of five upper phases and the booster phase
may be optimized. The program automatically utilizes the correct procedure for reduc-
ing the iteration loop size. A description of this process is presented in appendix C.
The choice of appropriate equations or techniques is a function of which parameters are
to be optimized, whether a phase is powered or coasting, the sequential order of the
fixed and optimized phases, and whether the structure factor is zero or nonzero.

The initial conditions for the two-point boundary value problem are as follows:

J/ initial time rate of change of thrust angle
Y initial thrust angle measured with respect to local horizontal
o kick angle for booster (5)

Ay travel angle Lagrange multiplier

T, phase duration, where i=1, 6

The initial rate of change of thrust angle i is always required as an initial condition.
The variables y and/or o may be required, depending on the problem. The phase
durations 7 must also be supplied by the user. If a phase is of fixed duration, that value
will, of course, determine the duration. If a phase is to be optimized, an initial estimate
of the phase duration is required which may be used in the two-point boundary value
problem. All these variables must be loaded by the user; the program will use them as
required.

As shown in reference 1, A 4 is a constant during a trajectory and is equal to zero
except for nonoptimum travel angle trajectories. This option (nonoptimum travel angles)
is seldom interesting in the type of problem for which this program was designed.
Furthermore, experience has shown that the difficulties in converging a trajectory with
a nonoptimum travel angle are formidable; but for the sake of completeness and the pos-
sibility of future interest in that type of problem, it has been included in the Euler-
Lagrange equations. It is not included in the iteration loop, and the travel angle is never
specified as a final condition.

The upper phases are integrated in a polar coordinate system which assumes a
spherical earth. Thrust and gravity are the only forces acting on the vehicle, thus fa-
cilitating rapid integration. The upper phase portion of the deck shares the integration
technique of the booster portion, which is the fourth order Runge-Kutta scheme described
in reference 3.

To recapitulate, the upper phases consist of a maximum of five phases and a mini-
mum of one phase. Each phase has a constant thrust and flow rate. Any upper phase
except the final phase may be a coast phase (no thrust or flow rate). Any phase may



have a fixed or optimized duration, The structure weight for each phase including
booster phase is assumed to be a function of the propellant expended during that phase
(defined by eq. (1)).

In addition to the integrated trajectory, provision is also made for adding an impulsive
velocity increment VI after the desired final conditions have been achieved in the in-
tegrated trajectory. The final phase provides the velocity increment.

ITERATION PROCEDURE

The two-point boundary value problem implicit in the solution of the problem is
solved by a multivariable Newton-Raphson iteration scheme. The program employs
first-order, finite-difference equations to relate changes in final conditions to changes
in initial conditions

6y = Méx (6)

where 6x and 0y are n-vectors (withan n X n iteration assumed: 2 <n = 5) denoting
differences in initial and final conditions, and M is an n Xn matrix of partial deriva-
tives of final conditions with respect to initial conditions

Gy]' AYj
My =—~—1L (7

The program obtains the matrix M by integrating a reference trajectory and n inde-
pendent perturbed trajectories (or, as dicussed later, by considering n + 1 independent
trajectories) so that

Ay =M Ax (8)

where Ax is an n Xn matrix of differences in initial conditions such that AX; is the
difference of the jth initial condition on the kth perturbed trajectory and Ay is an
equivalent matrix in final conditions. The guesses at the initial conditions are im-
proved by the equation

Oy, = Mox | 9)

where the subscript r indicates differences between reference and desired values;

hence,
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-1
0x, = Ax Ay~ "0y, (10)

A large part of the program consists of the logic required to perform and terminate the
Newton-Raphson iteration. Two criteria must be satisfied to terminate the iteration.
The first is

n 1/2

2
om = E (.Z.;E 6yj> =< bmy (11)

where my is the mass at the beginning of the variational phases; b (usually 1. 0><10’4) is
some tolerance factor, which may be specified at execution time; and dm is a measure
of the payload error. The term om/ ayj is acquired from the set of perturbations. The
second criterion is

(l oyl | sQiBi) i=1, n (12)

where Q@ and B are n-vectors. The elements of the Q-vector are parameters that
consist of values to which the errors in final conditions are compared. For instance,
suppose that radius R was one of the required final conditions y.. The error 6R in R
is compared with R; thus QJ =R and B] is the tolerance required, usually about

1. 0x10™%

The two convergence criteria ensure that the error in the desired final conditions
will be within the prescribed tolerance as well as ensuring that the effect of the accepted
error in final conditions on final payload will be within tolerance.

Equation (11) is also used to determine whether the iteration is cohverging. I the
value of 6m on an extrapolated trajectory is larger than the 6m on a previous trajec-
tory, éxr is halved successively until the dm for the new trajectory is less than that for
the reference. K the extrapolated trajectory does not improve over the reference after a
designated number of these operations, the problem is abandoned. The user may deter-
mine the number of halving or damping operations allowed.

After the iteration has proceeded to the point that convergence is close, the program
may dispense with the perturbations of a reference and just replace the worst trajectory
in the set with the new reference, calculate a new matrix M, and proceed in this manner
until convergence is obtained.

In addition to the problem of choosing initial guesses, there is the more difficult
problem of choosing the perturbation size in order to obtain the perturbed trajectories.
The principal source of the difficulty is the strong coupling of the partial derivatives to
the optimal phasing equations used to terminate phases in the internal iteration. It is not

9



unusual for the effect of a particular perturbation size to change quite significantly during
convergence because of the great nonlinearity of the optimal phasing effect on the partial
derivatives. There are at least two solutions to the difficulty. ¥From a mathematical
point of view, the preferable solution would be the integration of analytical partial deri-
vatives. However, this procedure presents very complicated programming problems
and significantly increases the complexity of the program. It would also reduce the flex-
ibility of the program in that it would reduce the possibility of the user altering the pro-
gram significantly. The more practical solution, and the one utilized, was an empirical
method of altering the perturbation size in the course of the iteration. In the first set of
perturbations, the perturbation size is modified by a simple iteration until

5x10~2 < AR _ 5¢10-4 (13)
R

where R is the final radius. This is obviously not entirely satisfactory; therefore, on
all subsequent interations, the perturbation size is adjusted such that

n 1/2

2

D (g
-5 i=1 %; -4

5x107° < Li= = 5x10 (14)

my

where Z is an n-vector of differences between the final conditions of the reference and
a perturbed trajectory, and the 9m/dy. components are acquired from the previous set
of perturbations. Equation (14) is comparable to the equation used to terminate the iter-
ation (eq. (11)), and empirically, provided a satisfactory measure of perturbation size.
Variational functions may be used to terminate some of the optimized phases in order
to reduce the iteration size. The functions are monotonic, and the phases are terminated
when the functions are equal to zero. The initial conditions affect these functions and
determine the values of the functions at the beginning of the phases that must be termin-
ated. If the initial value of the function is positive and the function is monotonically
increasing, the equation cannot be satisfied. An analogous situation would exist for a
monotonically decreasing function that is initially negative. The first set of initial con-
ditions must be chosen by the user, and the program provides no remedy for a set for
which the phasing equations cannot be satisfied. An error message containing the phase
number of the offending phase is printed to inform the user that this difficulty has been
encountered. This problem most frequently occurs when there is a coast between two
stages of a vehicle, or a coast is desired between the burns of a stage, and the user does
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not have a set of reasonable initial conditions. The most practical way of avoiding the
problem is to fix the duration of a potentially offending phase at a reasonable value, tar-
get the problem, then optimize the offending phase, all in one computer run.

I this problem occurs in the course of iteration, the program will reduce the changes
in initial conditions until it is possible to satisfy the phasing equation. I a perturbed
trajectory encounters the same difficulty, the perturbation size is reduced until the
phasing equation can be satisfied.

When the user encounters a new problem in which several phase durations must be
optimized and he has little idea of what the initial conditions should be, he may improve
the convergence characteristics of the problem by fixing all but one of theé phase dura-
tions, converge the problem, and free the remainder one by one, converging each time.
This is easily accomplished in a single computer submission. Although this procedure
would appear to require more time, it may actually save time. Even if the complete
problem would have converged without this technique, the number of iterations required
to converge the complete problem may exceed the total number reguired for the para-
metric procedure. More often, the parametric procedure will be the only way of obtain-
ing solutions in difficult problems because of the need for accurate guesses of initial con-
ditions. This procedure applies only when reasonable estimates of initial conditions are
not available.

For a problem that requires a booster table (as described in the BOOSTER section),
the kick angle spacing Aay is a factor in the final accuracy of the solution. The user
may check the accuracy of the interpolation scheme by causing the program to integrate
the booster with the exact o and boost-phase duration specified by the converged
initial conditions. At the end of the booster integration, the upper phases are integrated
using the converged initial conditions and the exact state variables obtained from the
integration. The error checks are performed as before, and, if this trajectory satisfies
the tests, the problem is complete. Otherwise, the kick angle spacing Aoy, is halved,
the convergence procedure is repeated, and the new exact oy and phase duration are
again integrated followed by the upper phases. The error checks are again performed.
This process continues until Aak is small enough to provide the desired accuracy.

FINAL BOUNDARY CONDITIONS

The final boundary conditions for optimizing a multistage launch vehicle are of two
types. The most easily understood are those which are dependent on the desired final
orbit. More complex are those that consist of equations which must be satisfied in order
to ensure optimum phasing. The second type is dependent on the variety of combinations
of powered and coast phases, zero and nonzero structure factors, and the order of the

11



fixed- and optimized-phase durations. These optimum phasing equations are similar and
are usually identical to some of those that may be used in the internal optimization of
phasing times. Some of these equations may be evaluated before the end of the trajectory,
and some of those that are evaluated at the end are dependent on parameters from inter-
mediate points. The program selects the proper equations for evaluation as thisisa
tedious task. Reference 1 contains the derivations for these equations. Appendix C
describes the selection process.

The final orbit is completely specified by any four independent orbit parameters such
as R (radius), R (radial velocity), w (angular velocity), and ¢ (travel angle or polar
angle). The variational solution provides means by which any of the orbital parameters
left unspecified may be optimized. As shown in reference 1, if the travel angle or polar
angle ¢ is unspecified, A 4= 0 for an optimum ¢. Because nonoptimum travel angles
are rarely desirable in the type of problem usually considered by this program and,
additionally, are difficult to converge, the travel angle ¢ may not be specified. If
necessary, nonoptimum travel angle trajectories may be obtained by loading X 4% 0 and
observing the change in travel angle.

The following sets of final orbit conditions are included in the program available to
the user.

(1) Energy per unit mass E, radius R, and flight path angle I'. (Travel angle ¢
is optimized.) This is equivalent to specifying the radius, radial velocity, and angular
velocity as shown by the following equations:

2 2,2

E-R +twR" p

2 R
r‘:tan-l_B'__
Rw

(2) Energy E. (Radius R, flight path angle T, and the travel angle ¢ are optimized).

(3) Energy E and flight path angle I'. (Radius R and travel angle ¢ are opti-
mized. )

(4) Energy E and perigee radius Rp. (True anomaly and flight path angle I" are
optimized.) This is equivalent to specifying eccentricity e and semilatus rectum p,
but letting true anomaly 6 and argument of pericenter € = ¢ - 6 be unspecified where
both ¢ and 6 are to be optimized:

ER
p=2R, P,
"
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The argument of pericenter ¢ is defined herein as the angle between the radius vector
at the beginning of the variationally steered portion of the trajectory and the pericenter
radius. The derivation of the final conditions required to optimize the unspecified orbit
parameters is given in appendix C of reference 1.

If the user requires a set of final boundary conditions which is not included, they
may be added with very minor revision to the program. The maximum iteration size
allowed by the program is five. (This limitation is somewhat arbitrary, -but convergence
problems increase with the number of iteration variables and five seems to be a prac-
tical limit.) A six-phase problem may always be solved with this limitation if it is pos-
sible to terminate the final phase on one of the final state conditions (such as energy).
The user should keep this in mind in adding any new set of final boundary conditions.

INPUT AND OUTPUT

There are two types of input into the program. Most of the data enter in decimal
form by an input routine. The binary booster table is introduced by a special routine
which inputs binary cards.

The input routine utilized by this program is described in reference 5. This routine
loads fixed- or floating-point numbers, octal numbers, and alphabetic words; it is capable
of performing simple arithmetic, as indicated on input cards. Arrays may be loaded
quickly in consecutive memory locations. The programming indicated in reference 5
has been made compatible with the IBM 7094 computer, but the capability and instructions
for use remain as in reference 5.

The routine for reading binary data and the complementary routine for punching
binary cards were developed at Lewis for use on the 7094 computer. They are included
with the program. Should these routines prove impossible to adapt to another computer
facility, it should be possible to replace these routines with others which perform the
same functions. The input routine just described may also be replaced by another of
similar capability without great difficulty.

The output from the program also is both binary and decimal. The binary output
consists of the information stored in the booster table and is punched out on cards by the
routine described previously.

Decimal output is derived from both the booster and upper-phase portions of the
code. Most of these data consist of information regarding the state conditions at the be-
ginning, end, and at intermediate points in the integration of the trajectory. Since the
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two parts of the trajectory are not integrated consecutively and since the booster is
integrated in three dimensions and the upper phases in two, the trajectory output data for
the booster and upper phases will be separated and are necessarily different.

A two-line and a five-line output format are available for the booster data. The two-
line form prints only those variables of most immediate interest to the user. The five-
line output prints most, if not all, of the variables that could interest the user. The list
and definitions of the variables printed are given in the comments printed at the begin-
ning of the subroutine OUTPT2.

The trajectory data for the upper phases plus auxiliary data useful in operating the
code are printed in a five-line output. The list and definitions of the variables are given
in the comments for OUTPTI.

At the beginning of the output for a problem, a synopsis of data for each phase is
printed. At the end of each trajectory, a compilation of data of possible interest to the
user is printed. These variables and their definitions are given in OUTPT1.

DIRECTIONS FOR UTILIZATION OF DECK

The decimal input data for this program are introduced through subroutine INPUT
(described in the section INPUT AND OUTPUT). The required data for utilizing this
code may be arbitrarily divided into six categories. In an attempt to provide a foolproof
method of loading the required data into the program, the instructions will be treated in
six categories and each category will be divided into necessary and optional sections
where applicable. Examples are provided where they may be helpful.

The constants in this program are preloaded in U.S, Customary Units. Any other
units of length, mass, and force may be used by changing the preloaded constants. This
process is explained in the section PROGRAM CONSTANTS. For convenience, the units
listed with the input variables described in this section are given in both the U.S. Cus-
tomary and SI Systems.

DRAG MODEL

Drag is calculated from the equation

drag = CDqAref

where CD is the drag coefficient, q is the dynamic pressure, and Ar of is the refer-
ence area. A curve fit of CD as function of Mach number is required. This is
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provided by dividing the curve into segments of arbitrary length which are approximated
by quadratic functions. The method of loading the quadratic coefficients is explained in
the description of the variable COEFN.

Necessary Data

Variable Description
AREA Reference area to be used in drag calculation, AREA = Aref
(e.g., AREA = 78.5), ft2; m?
COEFN COEFN is of the form X 215 by, €4, Xl’ ay, b2, Co, X,

ag, bg, C3, . . ., 2y, by, cpp X+ The Mach numbers
that designate the segmenting of the drag curve are XO’

X5 X9, . . ., Xy The coefficients in the quadratizc are
a;, by, and ¢; (i =1, N) where Cp =a; +bx +cx”. K
the coefficients are not available, they may be generated

by the code by loading the optional data.

Optional Data
The coefficients are generated by loading a set of point pairs in ascending order by
Mach number from the curve of CD as a function of Mach number. The following vari-
ables must be loaded.

Variable Description

NSETS Number of point pairs minus one divided by two. The num-
ber of point pairs must be odd.

VARIND The independent or first members of the point pairs loaded
consecutively (Mach number).

VARDEP The dependent or second member of the point pairs loaded
consecutively (drag coefficient).

Examples of coefficient generation: I the following point pairs (1, 2), (2,1), (3,2),

(4, 4), and (6, 5) are acquired from a curve, the variables would be assigned values as
follows: NSETS =2; VARIND =1, 2, 3, 4, 6; and VARDEP =2, 1, 2, 4, 5. I the coef-
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ficients are not available and must be generated by the COEFNT routine, the newly gen-
_ erated coefficients are punched out on cards. They are thus available for any subsequent
machine submission,

Output Control

The output frequency during a trajectory is controlled by a routine called STEP,
Because each trajectory is divided into a booster portion and an upper-phase portion and
each is integrated separately, the output frequency may be different for each section.

The STEP routine utilizes six internal variables to enable the user considerable flex-
ibility in the frequency and spacing of output during the course of a trajectory. The vari-
ables are MODOUT, MODS, STEPS, TMIN, DELMAX, and NOUT. MODOUT may assume
values from 1 to 7. These internal variables are set by loading variables mentioned in
later sections.

Variable Description

MODOUT =1 Output every Nth integration step (N = STEPS) until time
equals TMIN, then MODOUT is changed to 2

MODOUT = 2 Output every X seconds (X + DELMAX) for duration of that
portion of trajectory

MODOUT =3 Output every X seconds (X = DELMAX) until time equals
TMIN, then MODOUT is set equal to 4

MODOUT = 4 Output every Nth integration step (N = STEPS) until end of
that portion of trajectory

MODOUT =5 Qutput at beginning and end of that portion

MODOUT =6 No output

MODOUT =17 Allows user to obtain output at intervals of DELMAX begin-

ning at first time which is an integral multiple of the
DELMAX interval; useful in upper-phase portion of tra-
jectory, which frequently begins at some nonintegral time

MODS and NOUT (J,I), (J =1, 6; I =1,3) control the type and frequency of output
at the phasing points:
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Variable Description
MODS =1 No output at phasing points
MODS =2 Output before and after each phasing point
MODS =3 Output before but not after phasing
MODS = 4 Output after but not before phasing

NOUT is a subscripted variable which allows the user to suppress output at a parti-
cular phase. This option is useful when the user may wish to emphasize certain phases
by ignoring others, such as a desire to emphasize the staging points and to ignore the
trajectory phasing points, which are not vehicle significant.

In order to skip a phasing point J, NOUT (J,I) = 1. NOUT is not an input variable,
but is loaded indirectly by loading a similar variable (NPRNTB, NPRNTI, or NPRNTC)
which corresponds to an omission desired in either the booster or the upper-phase por-
tion.

BOOSTER DATA

Usually, the booster stage consists of a single segment (i.e., one flow rate and
vacuum thrust and no hardware weight to be discarded until the first variational phase).
However, the code will accommodate a more complicated booster. The booster in
the more complicated configuration may be divided into as many as six segments after
the initial vertical rise (which assumes the propulsion characteristics of the first seg-
ment), each phase of which may have an independent thrust, flow, and exit area. A fixed
weight may be jettisoned at the end of each segment. The necessary data assume a
single segment booster.

Necessary Data

Variable Description

LAT Latitude of launch site (positive North of equator), preloaded
as LAT = 28. 310293, deg

LONG Longitude of launch site (positive East of Greenwich), pre-
loaded as LONG = 279. 461759, deg
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Variable Description

AZMUTH Desired launch azimuth, measured positive clockwise from
North (e.g., AZMUTH = 90), deg

WTO Initial gross weight (e.g., WTO = 6.00 E + 06), 1b; kg

EXITS Total exit area of engines in booster portion, F = Fv - A eP,

where F is thrust, F is vacuum thrust, A = EXITS,
and P is atmospheric pressure ft2 2.

RERUN Variable determining whether to check kick-angle grid spac-
ing; if RERUN = 1, check booster; if RERUN = 0, no
booster check (preloaded)

MODEB(I) (I = 1,2) Array which determined output frequency for booster,
MODEB(I) = 61 is preloaded.
MODEB(1) Determines output frequency during vertical rise portion of
integration
MODEB(2) Determines output frequency for printout of converged booster

and will be utilized only if RERUN =1

MODEB(]) is a two digit number: the first digit corresponds to the desired value of
the internal variable MODOUT, and the second digit corresponds to the desired value of
the internal variable MODS. See the section OUTPUT CONTROL for a discussion of the
output options available., As may be noted from this section, certain choices of MODOUT
require additional input from the list of optional variables. These variables will be noted

in the discussion of the optional data.

Variable Description
MODEC Two types of output as well as no output are available for the

booster

MODEC =1 No booster output

MODEC = 2 Preloaded; two-line output option printing those variables
which are of immediate interest in generation of a booster
table

MODEC =3 A five-line output option which prints an extensive descrip-

tion of boost trajectory
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Variable

PERB(I)

PERB(1)

PERB(2)

Description

Array which determines beginning and final time points of
booster table

Decimal fraction of initial gross weight which must be
expended before table storage is begun; preloaded as 0.5

Decimal fraction of initial gross weight which must be
expended before table storage is ended; preloaded as 0.8

Optional Data

A multisegment booster requires separate data for each segment. These data are
supplied in the following class of data.

Variable

LAST

FORCES(I)

FLOWB(I)

EXITB(I)

HARDB(I)

TBOOST(I)

Description

Number of boost phases 1 = LAST = 6; LAST = 1is pre-
loaded; if LAST > 1, FORCES, FLOWB, EXITB, HARDB,
and TBOOST must be loaded

(I =1), LAST - 1) Vacuum thrust levels of multiphase
booster, preloaded to zero (e.g., FORCES = 8.6 E + 06,
5. 5E+06, ...), 1b; N

(I =1, LAST - 1) Flow rates of a multiphase booster, pre-
loaded to zero (e.g., FLOWB = 4.1 E + 04, 2,68 + 04,
. . .), Ib/sec; kg/sec

(I + 1, LAST - 1) Engine exit areas for a multiphase booster,
preloaded to zero (e.g., EXITB = 534.342), it2; m2

(I =1, LAST - 1) Jettison weights of a multiphase booster,
preloaded to zero (e.g., HARDB = 100000, 50000,
.. .), b; ke

(I =1, LAST - 1) Durations of segments multisegment
booster (e.g., TBOOST =60, 80, 20, . . .), sec

The thrust, flow rate, and hardware weight of the last segment of the booster (data
for the table are stored during this phase) are loaded with the upper-phase data.
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Variable

TKTIME

ASTART

TSTART

VSTART

Description

Time duration of vertical rise, TKTIME = 15 is preloaded,
sec

Altitude at beginning of vertical rise, ASTART = 0 is pre-
loaded, ft; m

Time at beginning of vertical rise, TSTART = 0 is preloaded,
sec

Relative velocity at beginning of vertical rise, VSTART = 0
is preloaded, ft/sec; m/sec

The remaining variables supply values to the internal variables, DELMAX, TMIN, and
STEPS at the appropriate time.

Variable

DELMXB(I)

TMINB(I)

STEPB(I)

Variable
TB(I)
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Description

(I = 1,2) DELMXB supplies appropriate time intervals to
DELMAX. (See section on OUTPUT CONTROL.) Sub-
scripts of DELMXB refer to rise time and converged tra-
jectory as in the MODEB discussion., DELMXB = 10 is
preloaded, sec

(I = 1,2) TMINB supplies appropriate time to TMIN. (See
section on OU TPUT CONTROL.) Subscripts of TMINB
refer to rise time and converged trajectory as in MODEB
discussion, sec

(I = 1,2) STEPB supplies appropriate value to STEPS. (See
section on OUTPUT CONTROL.) Subscripts of STEPB
refer to rise time and converged trajectory as in MODEB
discussion.

UPPER-PHASE DATA

Necessary Data

Description

(I = 1, 6) Durations for each phase, sec




Variable Description

TB(1) Refers to last booster phase. K TB(K + 1) = 0, total num-
ber of phases = K, 2 <K =6 (e.g., TB = 100, 150, 30).
Note that duration for each phase must be loaded whether
duration is fixed or optimized. If a phase is optimized,
duration serves as guess required for iteration procedure.

THRUST, FLOW, PROP, and NOPT are subscripted variables, the first member of
which refers to the last booster segment. The total loaded in a given preblem equals K,
the number of phase durations.

Variable Description
THRUST(I) (I = 1,K) Vacuum thrust levels, preloaded to zero, 1b; N
FLOW(I) (I = 1,K) Flow rates, preloaded to zero, lb/sec; kg/sec
PROP(I) : (I = 1,K) Hardware structure factors, where PROP(I) equals

k in equation

WS=W + kW

H p

where W is total structure weight of a phase, Wi, isa
fixed weight, k is propellant sensitive structure factor,
and Wp is propellant weight for phase. PROP is pre-
loaded to zero.

HARD(I) (I = 1,K) Fixed hardware weight where HARD(I) equals Wy
in preceding equation, HARD(I) is preloaded to zero, lb;
kg

NOPT(I) (@ = 1,K) NOPT(I) = 1 indicates that I'™* phase duration is to

be optimized. NOPT(I) = 0 indicates that I'? phase dura-
tion is fixed.

PSI Guess at initial thrust angle, measured upwards from local
horizontal, (e.g., PSI = 0.525), rad

PSID Guess at time rate of change of thrust angle, (e.g.,
PSID = 0.0014.), rad/sec

TKICK Guess at kick angle of booster, (e.g., TKICK = 88.6), deg
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Variable Description

ITERPD If fixed kick angle is desired, ITERPD = 1 must be loaded.
H kick angle is to be optimized, ITERPD = 0, which is pre-
loaded.

MODE(I) (I = 1, 3) Variable which determines output frequency for

upper-phase portion of trajectory.

MODE(1) Determines output frequency for printout during process of
iteration. MODE(1) = 61 is preloaded.

MODE (2) Determines output frequency for converged upper-phase
printout. MODE(2) = 51 is preloaded.

MODE(3) Determines output frequency for converged trajectory which
exceeds one of propellant constraints imposed by loading
WPMAX. MODE(3) = 61 is preloaded.

MODE is a two-digit number performing for the upper phases the function MODEB
does for the booster. (See MODEB and the section on OUTPUT CONTROL .)

Optional Data

Variable Description
DROP Weight dropped between integrated portion of trajectory and
impulse velocity increment, DROP = 0 is preloaded, lb;
kg
WPMAX(I) (I = 1,K) An upper bound may be placed on propellant loading

of any optimized phase. If that is exceeded, duration of
that phase will be fixed at time which will exactly consume
specified maximum allowed propellant and remaining
phases open to optimization will be reoptimized.

. WPMAX(I) = 0 is equivalent to not specifying maximum
propellant for i phase, and zero is preloaded, 1b; kg

I the last phase duration is optimized and the maximum propellant loading is spec-
ified, it is important to note that this maximum propellant loading refers only to the
propellant required to satisfy the specified final conditions and does not include any of the
propellant required for any additional impulsive velocity increment. X the propellant
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maximum is exceeded, the last phase duration will be fixed so that the specified propel-
lant will be used before the impulsive velocity increment is added.

DELMX, TMIN, and STEP supply values to the internal variables DELMAX, TMIN,
and STEPS, respectively, at the appropriate times.

Variable

DELMX(I)

TMIN(I)

STEP(I)

Description

(I = 1, 3) DELMX supplies appropriate time interval to
DELMAX. (See section on OUTPUT CONTROL.) Sub-
scripts of DELMX refer to unconverged, -converged, and
WPMAX exceeded printout as in MODE discussion, sec

(I = 1,3) TMIN supplies appropriate time to internal TMIN.
(See section on OUTPUT CONTROL.) Note that loaded
TMIN is subscripted and does not have same location as
TMIN in STEP. Subscripts of TMIN refer to unconverged,
converged, and WPMAX exceeded printout as in MODE
discussion, sec

(I = 1, 3) STEP supplies the appropriate value to STEPS.
(See section on OUTPUT CONTROL.) Subscripts of STEP
refer to unconverged, converged, and WPMAX exceeded
printout as in MODE discussion.

FINAL CONDITIONS

There are four sets of final conditions available in the program. These are listed
and explained in the section FINAL BOUNDARY CONDITIONS.

Variable

NFINAL
NFINAL =1

Necessary Data
Description

Determines which of final conditions will be used.

Preloaded; maximum payload to specified energy, radius,
and flight path angle; equivalent to specified radius,
radial velocity, and angular velocity. For convenience,
program may be loaded either way.
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Variable

FYD(I)

FYD(1)
FYD(2)
FYD(3)

Description

(I = 1, 3) X radius, radial velocity, and angular velocity are
desired final conditions, they are loaded as follows:

Radius, ft; m
Radial velocity (preloaded to zero), ft/ sec; m/sec

Angular velocity (preloaded to zero), rad/sec

It is very unusual to desire a final condition in which the angular velocity is equal to
zero. FYD(3) = 0 is therefore used as a trigger to inform the program that the user
wishes to specify energy, radius, andflight path angle in which case thefollowing are loaded:

Variable

ENERGY
FYD(1)
ANG

NFINAL = 2

ENERGY
NFINAL =3

ENERGY
ANG
NFINAL = 4

ENERGY
FYD(1)
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Description

Energy, ftz/ sec2; m2/ sec?
Radius, ft; m
Flight path anglé, preloaded to zero, rad

Maximum payload to a specified energy; energy must be
specified

Energy, ftz/ secz; m2/ sec?

Maximum payload to some specified energy and flight path
angle; energy and flight path angle are loaded

Energy, ft2/ secz; mz/ sec?
Flight path angle, rad

Maximum payload to some specified energy and perigee
radius; energy and perigee radius are loaded

Energy, ft2/ sec2; mz/ sec?

Perigee radius, ft; m




Optional Data
Variable Description

DELTAV After final conditions specified by selecting NFINAL are
reached, an additional impulsive velocity increment may
be added with final integrated phase. If DELTAYV is loaded,
propellant required for velocity increment will be consid-
ered in optimization of last phase propellant loading.
DELTAYV = 0 is preloaded, ft/sec; m/sec

RESERV ‘ Identical to DELTAYV except that additional propellant re-
quired in last phase for velocity increment is not included
in phase propellant optimization. RESERYV = 0 is pre-
loaded, ft/sec; m/sec

PROGRAM CONTROL VARIABLES

Variable Description
IMODE Used to control loading and generation of binary booster
tables (see section BINARY BOOSTER TABLE)
IMODE =3 Loaded when a binary booster table is to be loaded
IMODE = 2 Never loaded
IMODE =1 Never loaded
IMODE =0 Loaded when new booster is desired in course of machine

submission and no table is provided for new booster.
Note that IMODE is not loaded when there is no table
available for first problem in a submission and is not

loaded as long as same booster was used in problem pre-
ceding one under consideration,

NDUMP Controls production of binary cards
NDUMP =1 Binary cards punched, prelcaded
NDUMP =0 No binary cards punched
DELTB : Initial integration step size for booster, DELTB = 2.0 is

preloaded, sec
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Variable

DELTST

DELTK

DX(I)

CLEAR

CMAX

Description

Initial integration step size for upper phase, DELTST = 10.0
is preloaded, sec

Grid spacing for booster tabl.e kick angles (see section
BOOSTER)DELTK = 0.1/2', i=0,1,2, ..., DELTK = 0. 1
preloaded, deg

(I = 1, 5) Supplies initial perturbation sizes for finite-
difference scheme Xp = Xn + DX(J) - Xn’ where X is
reference value of initial condition and is perturbed
value. (DX()=1.0E-05, I =1,5)is preloaded.

If at beginning of new problem, user wishes to restore
initial values to DX array, load CLEAR = 1. K CLEAR
= 1 is not loaded, final values of DX from previous prob-
lem will be used, as is frequently desirable.

Each time new reference trajectory is integrated in course
of solving boundary value problem, internal variable
COUNT is incremented by 1. If convergence is not ob-
tained when COUNT equals CMAX, problem is abandoned
and program reads in next set of input data. CMAX = 20
is preloaded.

NDAMP, ERR, and ERROR are variables which rely either directly or indirectly on
equation (11) from the section ITERATION PROCEDURE.

1/2

J

2
om = <aﬁ 6y.> = bmy
i oy; 1

This equation is used to determine whether the iteration is converging, whether it
remains advantageous to perturb the reference trajectories, and also as one of the two
criteria for admitting convergence and checking the booster table grid spacing.
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Variable

NDAMP

ERR

ERROR(I)

ERROR(1)
ERROR(2)

TOL(L, J)

TOL({, 1)

TOL(I, 2)

NPRINT

Description

In ITERATION PROCEDURE, a procedure described as
damping is discussed in which changes in initial conditions
from one reference trajectory to the next are halved if
new trajectory is not an improvement over old. Number
of times this operation may be repeated before problem
is abandoned is limited by NDAMP., NDAMP =5 is pre-
loaded.

Perturbations of reference trajectories may be discontinued
when O0m =< ERR * my, where ERR is preloaded equal to
1.0 E-04,

(I = 1, 2) Constitutes variable factor in first convergence test
described in ITERATION PROCEDURE. Test is satisfied if
om < ERROR(1) * my

1.0 E-04 is preloaded.

Constitutes variable factor in second part of check on accept-
ability of grid spacing of kick angles in booster table. The
spacing is accepted if 6m < ERROR(2) % my. ERROR(2)
= 1.0 E-03 is preloaded.

(I=1,5;J =1, 2) Second convergence test described in
ITERATION PROCEDURE section (eq. (12)) requires that
(léyi.l = Q'B!) where i = 1,n. This test is used for both
convergence of Newton-Raphson scheme and as a check
on grid spacing of booster table. TOL is equivalent to
B-vector.

Constitutes variable factor in second convergence test. Test
is satisfied if y. = TOL(, 1) *Q" where i=1,N.
TOL(I, 1) = 1.0 E-04, I = 1,5 is preloaded.

Constitutes variable factor in first part of check on accept-
ability of grid spacing of kick angles in booster table.
Spacing satisfies test if y; = TOL(, 2) * Q! where
i=1,N. TOL(,2)=1,0E-03, I=1,5is preloaded.

User has option of seeing perturbed trajectories. NPRINT
= 1 causes the program to print these trajectories if the
unconverged trajectories are printed. NPRINT = 0 (pre-
loaded) omits the perturbed trajectories.
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Variable

OBLATN

NPRNTB(I)

NPRNTI(I)

NPRNTC(I)

Description

If OBLATN =1 (preloaded), the oblate earth model given in
reference 3 is used. A spherical model is used if
OBLATN = 0.

(I = 1,6) NPRNTB supplies NOUT values for boost trajectory
(for a multiphase booster). (See section on OUTPUT
CONTROL.) K user wishes to print some phasing points
but wishes to omit others, he may load NPRNTB(I) = 1
to omit phasing printout on Ith booster phase.

NPRNTB(I) =0, I = 1,6 is preloaded.

(I = 1,6) NPRNTI supplies NOUT values for unconverged
upper-phase trajectories. (See section on OUTPUT
CONTROL.) It is similar to NPRNTB and is similarly
preloaded.

(I = 1,6) Serves same purpose as NPRNTI except that it con-

trols printout for converged upper phases. NPRNTC(I)=0,
I =16 is preloaded.

EREF, ERLIMT, and STEPMX are the control variables for the integration scheme.
Appendix D of reference 3 contains a description of the integration method. An adequate
understanding of these variables would require a knowledge of the information in appen-
dix D of reference 3. Therefore, only the preloaded values of these variables are listed

here:

Variable

EREF
ERLIMT
STEPMX
ERRMXK
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Description

-5
-5

EREF = 1.0x107" is preloaded.

ERLIMT = 3x10 “ is preloaded.

STEPMX = 200 is preloaded.

Internal optimization requires that phases be terminated
when designated parameters reach certain values. This
is accomplished in a routine called COAST. The toler-
ance within which these must agree is equal to ERRMXK,
which is preloaded equal to 1,0 E-05.



PROGRAM CONSTANTS

The program requires a few constants which are all preloaded, but which may be
altered at execution.

As discussed at the beginning of the directions, the program is preloaded in U.S.
Customary units., SI units may be used. In the U.S, system, weight and force are loaded
in the same units. In the SI system, force may be loaded in newtons or in kilograms
force where there is a factor of g between the two when they represent the same force.
In order to accommodate either convention, if the weight (or mass) is loaded in the same
units as the force, then G must be loaded equal to the equivalent of 32,174. X force and
weight (or mass) are loaded in different units, G should be set equal to 1. This rule
would, of course, apply to any set of units. CONM and CONN are preloaded for the U.S.
system of units.

Variable Description Preloaded Units
value

FM Gravitational constant for Earth 1.4076539E+16  it>/sec?

RO Earth radius used in upper-phase por- 20.90989E+06 ft
tion of deck

A Semimajor axis of oblate earth model 20.925738E+06 ft

B Semiminor axis of oblate earth model 20. 855568E+06 ft

G Acceleration of gravity at Earth's sur- 32.174 ft/ sec2
face

REVOLV Angular velocity for Earth 7.29211512E-05 rad/sec

ROA Reference radius for use in interpola- 20.969890x10° it
tion scheme

CONM Conversion from meters to unit of 3.2808398 ft/m
length for problem

CONN Conversion from newtons to unit of 0.22481905 1b/N

force for problem

BINARY BOOSTER TABLE

After a booster table has been generated, the user has the option of punching the
table out on binary cards which may be read back into the program if the same booster
should be reconsidered. (See IMODE and NDUMP in the section PROGRAM CONTROL
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VARIABLES.) The subroutines which read and punch binary cards vary with the com-
puter installation and therefore are not described herein. Copies of the Lewis Research
Center routines will be provided with copies of the code, and the user must modify or
replace them with routines of similar capability.

CODING

Appendixes D to H contain aides to utilizing the code. A listing of the program is
provided in appendix H. All the required FORTRAN IV subroutines are arranged in
alphabetic order, BCDUMP, BCREAD, and INPUT are not in FORTRAN and are not
listed. Figure 1is a block diagram showing the major routines in the program. The

CJJ‘
MAINB

0

- 06

ey
@

OUTPT1

OBLATE

ORBEL

O

ORBEL2
0DDMOD

Figure 1. - Program block diagram.
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INPUT routine requires an input table which is placed just before the data, as described
in reference 5. A listing of this table is provided in appendix F.

There are three main common blocks in the code: RUNG, ATABLE, and CSTAR.
RUNG contains variables which are used in the integration and step size control. ATABLE
contains those variables which may be stored on cards at the end of a problem and read
into the computer later. The remaining program variables requiring common locations
are in the CSTAR block, This block common is available to loading from the INPUT
routine,

Two lists of the variables in the three common blocks are provided. A glossary of
variables in alphabetic order is provided in appendix D. A list of all the equivalence
entries in the program in numerical order is provided in appendix E giving the name,
subblock, location, dimension, and subroutine for each entry.

Variable names are sometimes duplicated and the same storage may be occupied by
unrelated variables or by the same variable appearing under another name. These dup-
lications result from the fact that the code is a combination of two codes and from the
difference in coordinate systems. The variables being integrated change depending on
whether a booster or upper phase is being integrated. The two lists of variables pro-
vided should clarify most, if not all, of the ambiguities introduced by the variable name
and location duplication,

SAMPLE PROBLEM

A sample problem has been provided to enable the user to observe the way in which
data are loaded into the program and some of the conveniences of the input routine, The
listing for the sample problem is given in appendix G. Examples of addition, multipli-
cation, and division are provided in the input data.

The sample problem consists of a three-stage booster to Earth escape passing
through a 121-nautical-mile (224 092-m) circular parking orbit. The maneuver from
orbit to escape is simulated by introducing an impulsive velocity increment at the end of
the last integrated phase. The vehicle consists of a hypothetical kerosene - liquid-oxygen
first stage, a hydrogen-oxygen second stage, and a nuclear third stage.

The data are listed in the order in which they are introduced in the set of directions.
All the necessary data are explicitly introduced, although some data might have been
skipped by utilizing the preloaded values. A few of the optional data entries are utilized.
The input data and vehicle parameters should be easily understood if an item by item
comparison is made between the data and the DIRECTIONS FOR UTILIZATION OF DECK.

The first example illustrates the case Wheré all the stages are optin;ized. The
booster output is an example of the abbreviated output. The initial kick angle spacing is
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also too large causing the program to cut the spacing and run another booster. The sec-
ond case fixes the first-stage duration and optimizes the last two. The third case fixes
the duration of the first two stages and optimizes the third. The full booster output is
used for the last two cases.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, May 1, 1968,
180-31-01-01-22,
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APPENDIX A

SYMBOLS
engine exit area, ftz; m2 Wy total structure weight for a phase,
vehicle reference area, ftz; m? 1b; ke
coefficient in interpolation equa- x problem variable
tion (eq. (4)) y problem variable
convergence tolerance n-vector of differences
convergence tolerance oy booster kick angle, deg
total drag coefficient T flight path angle, rad
energy, ft2/ secz; m2/ sec? € argument of perigee, rad
eccentricity 0 true anomaly, rad
thrust, 1b force; N A Lagrange multiplier
propellant sensitive structure 1 Earth force constant, ft3/ secz;
factor m3/ sec?
matrix relating changes in final T burning time, sec
and initial conditions ® polar angle, rad
mass, slugs; kg v thrust direction, rad
iteration size w angular velocity, rad/sec
atmospheric pressure, lb/ftz;
N/ m? Subscripts:
semilatus rectum, ft; m
I initial
comparison parameters for con-
. . T difference between reference
vergence determination .
2 2 and desired values
dynamic pressure, 1b/ft“; N/m
v vacuum
radius, ft; m
perigee radius, ft; m Superscripts:
booster phase duration, sec
i variable number
fixed structure weight for a . .
phase, 1b; kg j variable number
(") derivative with respect to time

propellant weight for a phase,

Ib; kg
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APPENDIX B

BOOSTER STEERING

As described in the section on the booster, the boost trajectory begins with a short
vertical rise of fixed time after which the vehicle is tilted or kicked over instantaneously
at some small predetermined angle in the desired azimuth direction. During the vertical
rise, the unit thrust vector f= ﬁ o’ where fto is a unit vector in the direction of the
radius vector at launch. At the end of the vertical rise, the relative velocity vector is
rotated to the desired kick angle (measured from the horizontal) in the desired azimuth
direction.

For the remainder of the boost trajectory, the unit thrust vector £ is constrained to
the launch azimuth plane. Hence,

~

f-N=0 (B1)

where N is a unit vector normal to the launch azimuth plane. The component of the
thrust vector that lies in the R - Vg (pitch) plane lies along the relative velocity vector;
that is,

f= K{Vp+ th (B2)
where VR is a unit vector in the direction of the relative velocity and h is the unit rela-
tive angular momentum vector given by

h=e R (B3)

The coefficients K; and K, are evaluated by using equations (B1) and (B2). Evaluating
K1 and K2 and substituting them into equation (B2) yields

. (- NVp+ (- Mh

(B4)

‘ﬁﬁ- N)2 + ({TR,. N)2

The equations for fI in an equatorial rectangular coordinate system where the X-Z
plane passes through Greenwich are
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Nx=sinAcosB-cosAsianinB
Ny=-sinAsianinB-cosAcos3 (B5)
NZ=cosLsinﬁ

where L and A are launch latitude and longitude, respectively, and B is launch
azimuth angle measured from North in the horizontal plane.
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APPENDIX C

SELECTION OF OPTIMIZING EQUATIONS

As described in the section UPPER PHASES, the Newton-Raphson iteration size is
decreased by resorting to internal optimization procedures. These are of two types. The
simplest to implement are those which require either satisfaction of a closed-form equa-
tion or a very simple iteration at the beginning of a trajectory. These are adequately
described in appendix B of reference 1. Of more complexity, both in selection and imple-
mentation, are those which require that phases of the trajectory be terminated by opti-
mizing equations. These are derived as explained in the section Boundary Value Problem
of reference 1. It will be assumed that the reader has both access to and some knowledge
of that report. The purpose of this appendix is to demonstrate how the optimization equa-
tions (eqs. (45) to (51)) found in the analysis report are implemented.

The optimization equations are evaluated at the beginning or end of the particular
phases with which they are associated. The first optimized phase (a phase of unspecified
duration) does not have an accompanying equation that may be evaluated during that phase.
The remaining optimized phases all supply an optimizing equation that must be satisfied
for optimum payload. K the structure factor for an optimized phase is nonzero, its opti-
mizing equation is evaluated at the end of the phase; if it is zero, the equations must be
evaluated at the beginning of the phase. As explained in reference 1 and noted herein,
optimized phases may be terminated by evaluating the optimizing equations during the
appropriate phases and terminating the phase when the equation reaches the desired
value. As also noted earlier, phases that may be terminated in this manner remove an
initial condition and a final condition from the Newton-Raphson scheme. Of course,
those optimizing equations that may not be satisfied by terminating a phase must be
satisfied in the Newton-Raphson iteration.

Two examples are provided to demonstrate how the choices are made as to which
equations are used to terminate phases and which phases are placed in the Newton-
Raphson iteration. These examples are for six-phase problems. Problems that require
fewer than six phases are t{reated in an identical manner.

The first example assumes that the kick angle is fixed.
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Phase 1 (2 3 4 5 6
Optimized (0), fixed (F) |0 [0 [ 0 0 0 0
Structure factor, k o|0 +0 0 0 +0
Evaluated beginning (B), | - | B E B B E

end (E)
Equation number from (51) | (47) | (48a) | (48a) | (50)
reference 1

From this chart, it may be seen that equation (51) must be satisfied between the
booster and the first upper phase. This equation is satisfied by choosing the initial
thrust angle ¥, such that the equation is satisfied, rather than by varying the booster
duration as might be done. The booster duration is part of the Newton-Raphson iteration.

There is no equation between the second and third phases; therefore, the second
phase duration must also be in the Newton-Raphson iteration. There are two available
equations between the third and fourth phases. Equation (47) may be used to terminate
phase three, and equation (48a) must be satisfied in the iteration, where equation (48a)
refers to phase four. Equation (48a) (referenced to phase five) must be satisfied be-
tween phases four and five and hence phase four may be terminated by using this equa-
tion. There is no equation between phases five and six; therefore, the duration of phase
five must be part of the iteration.

The sixth phase may be terminated by using equation (50) or it may be terminated
when the desired energy is acquired. Either of these considerations may be used success-
fully to terminate the phase, while the other must be placed in the iteration. Termination
on energy proved to be more satisfactory from a convergence standpoint. It is used to
terminate, leaving equation (50) to the iteration.

In the second example, the kick angle is optimized.

Phase 1 1213 4 5 6

Optimized (O), fixed (F) FIF}O0 0 0 F

Structure factor, k £0[0 |20 0 #0 =0
Evaluated beginning (B), B E

end (E)
Equation number from (48a) | (47)

reference 1
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The fixed phases provide no optimization equations. The first and second phases are
of fixed duration and therefore are terminated at the specified times. Note that, although
phase three is of optimized duration, it is the first optimized phase and therefore pro-
vides no optimization equation. Equation (48a) (referenced to phase four) may be used to
terminate phase three since it is evaluated at the beginning of phase four. There is no
equation to be evaluated between phases four and five. The duration of phase four must
be placed in the iteration. Between phases five and six there is an equation available for
terminating phase five. The sixth phase is of fixed duration and thus is terminated on
time.

Suppose that there is an equation that must be satisfied between a fixed phase and an
optimized phase. Obviously, the equation must be satisfied in the iteration since the
fixed phase would most conveniently be terminated on time.
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TENTIREE

APPENDIX D

GLOSSARY OF VARIABLES
/RUNG/

Common Block

Variable Common Definition
location
Al 101 Error control parameter in integration scheme (ref. 3)
A2 102 Error control parameter in integration scheme (ref. 3)
DEL1 103 Time interval to next DELMAX printout
DELSTO 104 Correction factor for DEL1
E2 105 Largest of relative errors between Runge-Kutta and a

second-order integration (ref. 3)
H2 106 Value of DELT for previous step

I 107 Control parameter to restart integration scheme at dis-
continuities and to override step size control

NSTAG1 115 Value of NSTAGE for previous step

NSTEP1 108 Control parameter for output control

NSTEP2 109 Control parameter for output control

NSTEP3 110 Control parameter for output control

RATIO 111 Ratio of adjacent step sizes (ref. 3)

RELERR(100) 1 Relative error array, array of quotients of absolute dif-

ferences between Runge-Kutta and second-order inte-
gration and some comparison parameter

SCRIBE . 114 Control parameter for printout at beginning of integration
and when scheme must be restarted

STEPGO 112 Total number of good integration steps

STEPNO 113 Total number of bad integration steps
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Variable

XINC (100)

Variable

ALT
ANGLEB (4)

APR

APT(3, 100)

DELTB
DELTK
FIRST(28)
FOURTH(7500)
FUELT

HARDBT
HSTORE
IKICK

40

Common Definition
location
1 Increments of integration variables per step (in RUNGEK),
before ERRORZ is called; absolute differences between
Runge-Kutta and second-order integration are placed in
this storage
[ATABLE/
Common Block
Common Definition
location
5 Altitude at end of vertical rise

25 Storage for latitude, longitude, azimuth at end of vertical
rise (similar to ANGLES)

4 Storage for semimajor axis for ellipsoidal planet model
or for radius of spherical planet model

201 APT(1,J) is storage for kick angles (note that this variable
occupies same storage as KPT)

16 Time interval between entries in table
199 Aoy for table in storage
1 General array of conditions at end of vertical rise
501 General array for state conditions stored in table

14 Propellant used prior to last phase (in which data in table
are stored)

15 Total hardware dropped before table storage begins
12 Heat integral to end of vertical rise )

200 Number of kick angles in table




Variable Common Definition

location
KPT(3,100) 201 KPT(2,J) index noting position of data in storage, KPT(3,J)
indicator for acceptability of data (indicates boost trajec-
tory may have been unable to complete specified time)
NKICK 20 Number of kick angles which may be stored in table
NKICKS 21 One of dimensions of VAR (see BOOST)
OBLATN 2 Control parameter for oblateness
RADIUS 13 Radius at end of vertical rise
SECOND(2) 199 General array for DELTK and IKICK
TBLAST 18 Time for end of table storage
TBO 17 Weight at beginning of table storage
THIRD(300) 201 General array for APT and KPT
TMINST 19 Storage for TMIN
TSPM 10 Time at beginning of last booster phase (table storage
phase)
UN(3) 22 Unit vector perpendicular to launch azimuth plane
VAR 501 Storage for state conditions stored in table
VEL 1 Velocity at end of vertical rise
WSTORE 11 Weight at end of vertical rise
XSTORO(4) 6 Radius vector (X-, Y-, and Z-components) and magnitude
at launch
ICSTAR/
Common Block
Variable Common Definition
location
A 813 Semimajor axis of ellipsoidal planet
ALT 805 Altitude above oblate planet
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Variable

ANGLES(4)

APTMAX(3)
AREA
ASTART
AZIMI
AZIMR
B
BETA
BETAI
BETAR
CAPPA
CD
CLEAR

CMAX
COEFN(500)
CONM
CONN
COMP(5)
COMPA (3)

CONST(5, 2)

CPA

CPsI
DELMAX
DELMX(3)

42

Common
location

786

1126
809
798
921
922
814
880
917
918
891
812
930

928
1501
717
718
1031
783

894

719

888
702
1163

Definition

Angles (1) latitude, Angles (2) longitude, Angles (3)
azimuth, and Angles (4) elevation

List of kick angles used in interpolation

Drag reference area

Altitude at lift-off

Inertial azimuth heading (see ORBEL?2)

Relative azimuth heading (see ORBELZ2)
Semiminor axis of ellipsoidal planet model
Desired final flight path angle

Inertial flight path angle, three-dimensional model
Relative flight path angle, three-dimensional model
General staging parameter (see COAST)

Drag coefficient

Control parameter to reload DX array (see PROGRAM
CONTROL VARIABLES

Total allowed iterations of Newton-Raphson scheme
Coefficient array for CD calculation (see QUAD)
Conversion from meters to unit of length for problem
Conversion from newtons to unit of force for problem
Comparison parameters for convergence test

Total nongravitational acceleration in X-, Y-, and Z-
directions, three dimensional

Constant defined in reference 1 (see CONEVL) equa-
tions (11) and (41c)

Factor for converting pressure to required units from
kilograms force per square meter

Cosine ¢
See section QOUTPUT CONTROL
See section UPPER-PHASE DATA




Variable Common Definition

location

DELMXB(2) 1174 See section BOOSTER DATA

DELT 701 Integration step size

DELTAV 861 See section FINAL CONDITIONS

DELTBT 803 Initial integration step size, booster

DELTKT 1058 See DELTK in section PROGRAM CONTROL VARIABLES

DELTST 931 Initial integration step size, upper phase

DOMEGA 505 w where w =OMEGA

DPHI 503 ¢ where ¢ = PHI

DR 502 R

DRAG(3) 71 Accelerations due to drag, X-, Y-, and Z-components

DRMASS 501 W, where W = weight

DROP 863 See section UPPER-PHASE DATA

DTIME 509 Derivative of time, equal to 1

DU 504 R

DX(5) 938 Perturbation parameter, see directions in section
PROGRAM CONTROL VARIABLES

DZLAM1 506 5‘1 (ref. 1)

DZ1L.AM2 507 5\2 (ref. 1)

DZLAM3 508 Ag (ref. 1)

E 905 Eccentricity

ELEV 790 Kick angle, internal variable

ENERGY 892 See section FINAL CONDITIONS

EREF 713 Reference error parameter (ref. 3)

ERLIMT 706 Max integration error parameter (ref. 3)

ERLOG ' 707 Natural logarithm of EREF

ERR 1041 Iteration control parameter (see section PROGRAM
CONTROL VARIABLES)

ERRMXK 1054 Tolerance on parameters which terminate phases internally
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Variable

ERROR(2)

ESTART
EXITS(6)
FDM
FIXDTK

FLOMX(6)

FLOW
FLOW

FM
FORCE(3)
FORCES(6)
FUEL(6)
FUELDV
FY(6, 6)

FYD(5)
G
H(5)

HARD(6)
HARDB(6)
HEAT
HORV
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Common
location

1042

795
27
886
1071

837

752
877
715
774
739
871
878
943

1036
716
769

843
721
401
1156

Definition

ERROR(1) convergence tolerance, ERROR(2) tolerance
for checking kick angle spacing

Initial elevation angle
Engine exit areas (see section BOOSTER DATA)
Acceleration during upper phases

FIXDTK =1, o and TB(1) fixed so only one booster
needs be run, FIXDTK = 2, no more boosters will be
integrated, and FIXDTK = 3, normal mode

Flow rates for upper phases (see section UPPER-PHASE
DATA)

Instantaneous flow rate during booster phase
Instantaneous flow rate during upper phases

Gravitational constant

Accelerations due to thrust in X-, Y-, and Z-directions
Thrusts during booster phase (see section BOOSTER DATA)
Weights of propellants expended during upper phases
Propellant required for impulsive maneuver

Array containing deviations from desired final conditions
for reference and perturbed trajectories (used in
Newton-Raphson scheme)

Array containing desired final conditions
Nominal acceleration of gravity at surface of Earth

Angular momentum vector H(1) X-component, H(2) Y-
component, H(3) Z-component, H(4) = H(1)2+H(2)2
+H3)%, and H(5) = \H®@)

Hardware weights for upper phases

Hardware weights for multiphase booster model

Instantaneous value of heat integral during booster

Horizontal velocity stored in table




i

13}
b

Variable

IBURN
ICC(20)

IDATA (6, 5)

IKCKST

IMODE

ITB(3)

ITK(3)

ITER
ITERAD

ITERP
ITERPD

JCOAST(6)

JCOST
JDATA

JFINAL(6)

Cammon
location

1072
1201

1086

1066

1061

1123

1120

1068
1067

1069
1060

1130

1129
925

1136

Definition

Counter for loading table

ICC(1) location in COEFN of coefficients used in CD inter-
polation (see subroutine COEFNT)

Array used to determine which phases are placed in iter-
ation and which are terminated internally (see appendix
C)

Temporary storage for IKICK, number of kick angles for
which trajectories have been integrated

IMODE = 0, integrating vertical rise; IMODE = 1, inte-
grating booster; IMODE = 2, integrating upper phases;
and IMODE = 3, table to be loaded

Counter to indicate discrete burning times to be used in
interpolation in BOOST

Counter used to determine kick angles used in interpola-
tion in BOOST

Number of phase durations in Newton-Raphson iteration

ITERAD = 1, kick angle in iteration, booster duration
optimized in START; ITERAD = 2, kick angle a, in
iteration; ITERAD = 3, kick angle o, fixed, PSIO
optimized in START

Size of Newton-Raphson iteration minus two

ITERPD = 0, kick angle optimized; ITERPD = 1, kick
angle fixed

Array for determining proper equations for terminating
phases in COAST

Control parameter for COAST

JDATA =1, Newton-Raphson unconverged; JDATA = 2,
Newton-Raphson converged; JDATA = 3, Newton-
Raphson converged, but a propellant limitation has
been exceeded

Array for determining proper equations for optimizing
phases in FINAL
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Variable

JKICK

LAST

LAST1
LAST2
MASH

MODE (3)
MODEB (2)
MODEC
MODOUT
MODS
NCUTE

NDAMP

NDUMP
NEQ

NFINAL
NOPT(6)

NOPTA
NOUT(S, 3)
NPRINT

NSAVE(20)
46

Common
location

1063
1182

711

753
890
1064

1160
1172
1180
714
712
893

926

1057
709
879
819

1070
1183
1181

1241

Definition

Index expediting selection of kick angles for interpolation

Used in STEP to indicate converged and nonconverger
output

Number of phases being integrated at a given time; may be
equal to 1, LAST1, or LAST2

Number of booster segments
Number of upper phases plus one

MASH = 0, problem proceeding normally; MASH = 1, if
set to one in MAIN, then spacing too large; if set to one
elsewhere, either the perturbation or change in initial
conditions is so large as to prevent internal optimization

See section UPPER-PHASE DATA
See section BOOSTER DATA

See section BOOSTER DATA

See section OUTPUT CONTROL
See section OUTPUT CONTROL

NCUTE = 0, last phase not terminated on energy;
NCUTE = 1, last phase terminated on energy

Number of damping operations allowed in iteration (see
section PROGRAM CONTROL VARIABLES)

See section PROGRAM CONTROL VARIABLES
Maximum index in integration loop
See section FINAL CONDITIONS

Indicates fixed or variable phase duration (see section
UPPER-PHASE DATA)

Number of first optimized phase
See section OUTPUT CONTROL

NPRINT = 0, perturbation omitted; NPRINT = 1, pertur-
bation printed

See subroutine COEFNT
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Variable

NSETS(20)
NSHOT
NST
NSTAGE
NTB(3)

NVAR
OBLAT(3)
OBLATD

OBLATH
OBLATJ

OBLATN

OMEGA

P
PA
PAR(6, 2)

PERB(2)
PERIOD
PHI

PHII
PHIR
PROP(6)
PSI

Common
location

1221
929
708
710

1116

1073
780
816

817
818

815

405
605

906
806
1142

1055
910

403
603

911
912
849
885

Definition

See section DRAG MODEL

NSHOT =+ 0, a single upper-stage trajectory is integrated
Minimum index in integration loop

Phase counter during integration

Phase numbers of phases to be optimized in Newton-
Raphson iteration

Number of parameters stored in each table entry
Acceleration due to oblateness in X-, Y-, Z-directions

Fourth spherical harmonic coefficient in oblate earth
model

Third spherical harmonic coefficient in oblate earth model

Second spherical harmonic coefficient in oblate earth
model

OBLATN = 0, spherical earth model; OBLATN = 1, oblate
model utilized

Angular velocity

Semilatus rectum
Pressure

Partials of booster burnout conditions as function of o
and booster burning time

See section BOOSTER DATA
Period of orbit

Polar angle traversed during upper phases

Inertial travel angle during booster
Relative travel angle during booster
Propellant sensitive structure factors

Thrust angle Y
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Variable

PSIDO
PSIO
PUSH
Q
QVAL
R

RANGE

RB(5)

RDOT
RE
RERUN
RESERV
REVOLYV
RMASS
RO

ROA

S(6, 2)
SINA (4)
SPSI
STEP(3)
STEPB(2)
STEPMX
STEPS

48

Common
location

882
881
751
807
808

402
602
914

754

1155
924
927
862
799
401
904

1062

1074
791
887

1166

1176
705
704

Definition

Initial z// at beginning of variational phase
Initial ¢ at beginning of variational phase
Thrust during booster

Dynamic pressure

QVAL = Q *AREA/W * G

Radius

Surface distance from launch site to projection of position
on planet

RB(1) X-component of radius vector; RB(2) Y-component
of radius vector; RB(3) Z-component of radius vector;
RB(4) = RB(1)**2 + RB(2)**2 + RB(3)**2; RB(5) = y/RB(9)
= radius

Vertical velocity stored in table

Radius of oblate earth

See section BOOSTER DATA

See section FINAL CONDITION

Angular rotation rate of planet
Instantaneous weight during upper phases

Reference radius for spherical earth, used for altitude
calculations

Reference radius used to improve interpolation accuracy
for radius

Parameters used in optimum staging equations
SINA(J) = SIN(ANGLES({J)), J = 1,4

Sin Y

See section UPPER-PHASE DATA

See section BOOSTER DATA

Maximum number of integration steps allowed

See section OUTPUT CONTROL




Variable

TB(6)
TBOOST(6)
TBURN
THETA
THRUST(6)
TIME

TKICK
TKTIME
TMIN
TMINB (2)
TMIN1(3)
TOL(5, 2)

TP
TPD
TRAVLI

TS(6)
TSTART
U

UT(3)
Vv
Vv(6)

V(100, 2)

Common
location

825
745
1065
909
831

409
609

1059
804
704

1178

1169

1044

907
908
913

932
796

404
604

800
889
1154

1301

Definition

Phase duration list (see section UPPER-PHASE DATA)
Phase durations for multiphase booster

Booster burning time

True anomaly

Thrusts (see section UPPER-PHASE DATA)

Time from launch

o, kKick angle

Vertical rise time

See section OUTPUT CONTROL
See section BOOSTER DATA

See section UPPER-PHASE DATA

Tolerances for iteration convergence and spacing (see
section PROGRAM CONTROL DATA

Time of perigee
Time of perigee departure

Inertial distance traveled over planet surface during
booster

Phasing times
Time at beginning of booster integration

R

Unit vector in direction of launch radius vector
Velocity in upper phases

Array containing altitude, vertical velocity, and horizontal
velocity (a) from interpolation, (b) information stored
in table

See section DRAG MODEL; V(1,1) = VARIND; V(1, 2)
= VARDEP
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Variable

VATM(5)

VELEX
VELEXP(6)
VELSD
VMACH
VSTART
VX(5)

WEIGHT
WPMAX(6)
WTFLOW(6)
WTO

X(100)
XDOT(100)
XINPT(100)

XO (6, 5)
XPRIM(100, 2)
ZINCLI
ZINCLR

ZL.AMO
ZLAM1
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Common
location

764

870
864
810
811
797
759

402
855
733
720
401
501
601

1001

001

919
920
883

406
606

Definition

Relative velocity vector VATM(1) = VRX; VATM(2) = V.
VATM(3) = VRZ; VATM(4) = VATM(1)**2 + VATM(2)**2
+ VATM (3)**2; VATM(5) = VVATM(4)

Jet velocity

Jet velocities for list of phases

Velocity of sound

Mach number

Initial velocity at lift-off

VX(1) = Vy; VX(2) = V; V(3) = V5 VX(4) = VX(1)**2
+ VX(2)*¥*2 + VX(3)¥*2; VX(5) = /VX(4)

Instantaneous weight during booster phase

Maximum propellants allowed in six phases

Flows during booster phase (see section BOOSTER DATA)
Initial gross weight

Working set of integration variables

Array of integration derivatives

Initial values of variables being integrated in variational
phases

Array containing initial conditions for reference and per-
turbed trajectories in Newton-Raphson iteration

Two 100-variable double-precision arrays; second is in-
tegrated and first contains values of integration vari-
ables for last good step (see table I)

Inertial inclination of trajectory
Relative inclination of trajectory
A, scale factor, (see ref. 1)

A4, Lagrange multiplier (see ref. 1)




Variable

ZLAM2

ZLAM3

Z1L.AM4
ZLAT
ZLONG
ZNODEI

Common

location

407
607

408
608

884
916
915
923

Definition

Ao, Lagrange multiplier (see ref. 1)
Ags Lagrange multiplier (see ref. 1)

Ay Lagrange multiplier

Latitude

Longitude

Longitude of ascending node (inertial)

TABLE I. - ELEMENTS OF INTEGRATION VARIABLE ARRAY XPRIM

[XPRIM 10 to 100 are left for expansion, ]

Integration

variables

1 3
Rectangular | Heat | Weight X
variables VX
Polar RMASS PHI
variables (weight) | (radius) | (polar
angle)

SRS R R

XPRIM
5 6 7 8 9
A X Y 7 Time
Vz Rx Ry RZ
OMEGA Ay Ay Ag Time
(angular | (Lagrange | (Lagrange | (Lagrange
velocity) | multiplier) | multiplier) { multiplier
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APPENDIX E

EQUIVALENCE TABLE

THERE ARE FIFTY-TWO FORTRAN IV ROUTINES IN THIS CODE. THESE

ARE LISTED IN ALPHABETIC ORDER.
OF THE EQUIVALENCED VARIABLES IN THE CODE BY LOCATION,

INTO THE THREE MAJOR COMMON BLOCKS.

VARIABLE BLOCK

RELERR
XINC
XINC
XINC
Al

Al

Al

A2

A2

A2
DEL1
DEL]
DELSTO

1.

3.
4.
5.
6.
[
8.
9.
10.
11.
12.
13.
14,
15.
16.

26,

suB

RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUM

AERO
ATMOS
ARCTAN
BOOST
CHECK
COAST
COEFNT
CONEVL
CONVT
DAMODE
DATAB
DATATM
DETERM
DOT
EQUAT1
EQUAT2
ERRORZ
FINAL
GUESS
INVERT
ITERAT
LOAD
MATIN
MATINA
MAINB
OBLATE

LOCATION

001
001
001
001
101
101
101
102
102
102
103
103
104

LIST OF ROUTINES

COMMON RUNG

DIMENSION

100
100
100

FOLLOWING THIS LIST IS A

27.
28,
29,
30.
31.
32.
33.
34,
35.
36.
37.
38,
39.
40.
41.
42.
43.
bb,
45.
46,
47,
48,
49,
50.
51.
52'

SEPARATED

0ODDMOD
ORBEL
ORBEL2
OUTPT1
QuUTPT2
PERDAT
PERTSB
QUAD
RENDER
RUNGEK
SADDA
SADDB
SCOMp
SETUP
SIMPRO
SORTXY
SSTAGE
STAGE
START
STDATA
STEP
STGSS
THRUST
TUDES
XoL0AD
ZMIN

SUBROUT I NE

ERRORZ
ERRORZ
RUNGEK
STEP
ERRDRZ
RUNGFK
STEP
ERRORZ
RUNGEK
STEP
RUNGEK
STEP
RUNGEK

COMPILATION



R

NDELSTO
E2

E2

E2

H2

H2

H2

I

I

I
NSTEP1
NSTEP1
NSTEP2
NSTEPZ2
NSTEP3
NSTEP3
RATIOD
RATIO
STEPGO
STEPNO
STEPGO
STEPGO
STEPGO
STEPNO
STEPNO
STEPND
SCRIBE
SCRIBE
NSTAG1
NSTAG1
NSTAG1
NSTAG1

VARTABLE BLOCK

VEL
FIRST
VEL
OBLATN
OBLATN
DBLATN
APR

A

A

ALT
ALT
XSTORO
XSTORO
TSPM
TSPM
TSPM
WS TORE

RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN

sSuB

CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME

104
105
105
105
106
106
106
107
107
107
108
108
109
109
110
110
111
111
112
112
112
112
112
113
113
113
114
114
115
115
115
115

LOCATION

0001
0001
0001
0002
0002
0002
0004
0004
0004
0005
0005
0006
0006
0010
0010
0010
0011

COMMON ATABLE

DIMENSION

28

STEP
ERRORZ
RUNGEK
STEP
COAST
RUNGEK
STEP
COAST
RUNGEK
STEP
RUNGEK
STEP
RUNGEK
STEP
RUNGEK
STEP
RUNGEK
STEP
ERRORZ
OUTPT1
OUTPT2
RUNGEK
STEP
QUTPT2
RUNGEK
STEP
RUNGEK
STEP
OUTPT1
RUNGEK
STAGE
STEP

SUBROUTINE

MAINB
RENDER
TUDES
ATMOS
EQUAT2
MATINB
ATMOS
MATNB
TUDES
MATNB
TUDES
MATINB
ORBEL2
MATINA
MAINB
START
MATINB
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HSTDRE
RADIUS
RADIUS
FUELT
FUELT
HARDBT
HARDBT
DELTB
DELTB
DELTB
T8O
TBLAST
TBLAST
TMINST
TMINST
TMINST
NKICK
NKICK
NKICKS
NKICKS
UN

UN
ANGLEB
ANGL EB
DELTK
DELTK
DELTK
SECOND
IKICK
IKICK
IKICK
IKICK
IKICK
IKICK
APT
KPT
THIRD
VAR
VAR
FOURTH

VARTABLE BLOCK

XPRIM
XPRIM
XPRIM
XPRIM
XPRIM
XPRIM
RMASS
TIME

CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME
CME

Sus

CMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA

0012
0013
0013
0014
0014
0015
0015
0016
0016
0016
0017
0018
0018
0019
0019
0019
0020
0020
0021
0021
0022
0022
0025
0025
0199
0199
0199
0199
0200
0200
0200
0200
0200
0200
0201
0201
0201
0501
0501
0501

LOCATION

0001
0001
0001
0001
0001
0001
0003
0017

HPOWW

3,100
3,100
300

7500

COMMON CSTAR

DIMENSION

100,2
100,42
100,2
100,2
100,2
100,42

MAINB
MAINB
TUDES
MATINB
START
MATINB
START
BOOST
MATINA
MATNB
MAINB
MATNA
MAINB
BOOST
MATINA
MATINB
MATINB
oUTPT2
MAINA
MAINS
THRUST
TUDES
MAINB
TUDES
BOOST
MAIN

MAINA
RENDER
DATARB
LOAD

MAINA
MAINB
RENDER
START
MATNA
MA INA
RENDER
MAINA
OUTPT2
RENDER

SUBROUT INE

MAIN
MAINB
RUNGEK
STAGE
STEP
TUDES
TUDES
MAINB

NO

23
25
36
44
47
50
50
25




WEIGHT
R

R

R

R
WEIGHT
R

R

R

R
WEIGHT
R

R

R

R
WEIGHT
PHI
PHI
PHI

U

U

u

U

U

U

U

U

U
OMEGA
OMEGA
OMEGA
OMEGA
OMEGA
OMEGA
OMEGA
OMEGA
OMEGA
ZLAM1
ZiAM1
ZLAM]
ZLAM]
ZLAM1
ZLAM]1
ZLAM]

CHMA
cMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CHMA
CMA
CMA
CMA
CHMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CHMA
CMA

0017
0201
0203
0401
0401
0401
0401
0401
0401
0401
0401
0401
0401
0401
0401
0401
0402
0402
0402
0402
0402
0402
0402
0402
0402
0402
0402
0402
0402
0402
0402
0402
0403
0403
0403
0404
0404
0404
0404
0404
0404
0404
0404
0404
0405
0405
0405
0405
0405
0405
0405
0405
0405
0406
0406
0406
0406
0406
0406
0406

100

100

100
100
100

SETUP
STAGE
STAGE
COAST
EQUAT1
EQUAT2
ERRORZ
FINAL
MATNB
ORBEL2
oUTPT1
OuUTPT2
RUNGEK
SCOMP
STAGE
STEP
AERO
COAST
CONEVL
EQUATI1
ERRORZ
ERRORZ
FINAL
MATN
ORBEL
DUTPTL
ouTPT2
PERTB
SComp
SSTAGE
STAGE
THRUST
EQUAT1
ORBEL
ouTPT1
COAST
CONEVL
EQUAT1
FINAL
ORBEL
QUTPTL
SCOMP
SSTAGE
STAGE
COAST
CONEVL
EQUATI1
FINAL
ORBEL
OUTPT1
Scomp
SSTAGE
STAGE
COAST
CONEVL
EQUAT1
ERRORZ
FINAL
OUTPT1
SCOMP
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ZLAM]
ZILAM2
ZLAMZ2
ZLAM2
ZLAM2
ZILAM2
ZLAM2
ZLAMZ2
ZLAMZ2
ZILAM3
ZLAM3
ZLAM3
ZLAM3
ZLAM3
ZLAM3
ZLLAM3
TIME
TIME
TIME
TIME
TIME
TIME
TIME
DRMASS
XDOT
XDOT
XDOT
DR
DPHI
DU
DOMEGA
DZLAM]
DZLAM1
DZLAMZ
DZLAM2
DZiL AM3
DTIME
XINPT
XINPT
XINPT
XINPT
R

U
OMEGA
ZLAM1
ZLAM2
ZLAM3
TIME
DELT
DELT
DELT
DELT
DELT
DELT
DELT
DELMAX
DELMAX
DELMAX
DELMAX
DELMAX

CHA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CHMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
CMA

0406
0407
0407
0407
0407
0407
0407
0407
0407
0408
0408
0408
0408
0408
0408
0408
0409
0409
0409
0409
0409
0409
0409
0501
0501
0501
0501
0502
0503
0504
0505
0506
0506
0507
0507
0508
0509
0601
0601
0601
0601
0602
0604
0605
0606
0607
0608
0609
0701
0701
0701
0701
0701
0701
0701
0702
0702
0702
0702
0702

100
100
100

100
100
100
100

SSTAGE
COAST
CONEVL
EQUATI
ERRORZ
FINAL
OUTPT1
SCOMP
SSTAGE
COAST
CONEVL
EQUAT1
ERRORZ
FINAL
SComp
SSTAGE
COAST
EQUAT1
ORBEL
ORBEL2
OUTPT1
ouTPT2
STEP
EQUAT1
EQUAT2
RUNGEK
STEP
EQUAT1
EQUAT1
EQUATI1
EQUAT1
EQUATI1
CUTPT1
EQUATL1
QUTPTL
EQUATI1
DATAB
MATN
PERDAT
PERTSB
START
START
START
START
START
START
START
DAMODE
COAST
DAMODE
ERRORZ
MAINB
RUNGEK
SETUP
STEP
DAMODE
MATINA
RUNGEK
SETUP
STEP




TMIN
T™IN
TMIN
TMIN
TMIN
STEPS
STEPS
STEPS
STEPS
STEPS
STEPMX
STEPMX
STEPMX
ERLIMT
ERLIMT
ERLIMT
ERLOG
FRLOG
ERLOG
NST
NST
NST
NST
NEQ
NEQ
NEQ
NEQ
NEQ
NEQ
NED
NSTAGE
NSTAGE
NSTAGE
NSTAGE
NSTAGE
NSTAGE
NSTAGE
NSTAGE
NSTAGE
NSTAGE
NSTAGE
NSTAGE
LAST
LAST
LAST
LAST
LAST
LAST
MONS
MODS
MODS
MODS
ERFF
EREF
MonouT
MODOUT
MODOUT
MONDOUT
MODOUT
MODOUT

CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CHMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CHMA
CMA
CHMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
CMA
cMa
CMA
CMA
CMA
cMA
CMA
cMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
CMA
CMA
CMA

0703
0703
0703
0703
0703
0704
0704
0704
0704
0704
0705
0705
0705
0706
0706
0706
0707
0707
0707
0708
0708
0708
0708
0709
0709
0709
0709
0709
0709
0709
0710
0710
0710
0710
0710
0710
0710
0710
0710
0710
0710
0710
0711
0711
0711
0711
0711
0711
0712
0712
0712
0712
0713
0713
0714
0714
0714
0714
0714
0714

DAMODE
MATNA
RUNGEK
SETUP
STEP
DAMODE
MAINA
RUNGEK
SETUP
STEP
DATAR
RUNGEK
STEP
DATAB
RUNGEK
STEP
MAIN
RUNGEK
STEP
DATAB
MATIN
RUNGEK
STEP
DATAB
ERRORZ
MATN
RUNGEK
STAGE
START
STEP
COASTY
DAMODE
EQUAT1
MAIN
MAINB
OUTPT1
RUNGEK
SETUP
SIMPRO
STAGE
START
STEP
DATAB
MATNA
MATINB
RUNGEK
START
STEP
DAMODE
RUNGEK
SETUP
STEP
DATABR
MATN
COAST
DAMODE
MAINA
RUNGEK
SETUP
STEP
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FM
FM
FM
FM
GM
FM
GM
FM
FM
FM
FM
FM
FM
FM
GM

CONM
CONM
CONM
CONN
CONN
CPA
CPA
WTO
WTO
HARDB
HARDB
HARDB
EXITS
EXITS
WTHFLOW
WTFLOW
WTFLOW
WTFLOW
FORCES
FORCES
FORCES
TBOOST
TBOOST
TBOOST
TBOOST
THRUST
PUSH
PUSH
FLOW
FLOW
FLOW
LAST1

CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
CMA
CMA
cMaA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CHMA
CMA
CMA
CMA
cMA
CMA
CHMA
CMA
CHMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cCMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
CMA

0715
0715
0715
0715
0715
0715
0715
0715
0715
0715
0715
0715
0715
0715
0715
0715
0716
0716
0716
0716
0716
0716
0716
0716
0716
0716
0716
0716
0717
0717
0717
0718
0718
0719
0719
0720
0720
0721
0721
0721
0727
0727
0733
0733
0733
0733
0739
0739
0739
0745
0745
0745
0745
0751
0751
0751
0752
0752
0752
0753

ol e e e As e k¢ e 2 NEe Ne Me o e s Nl N

COAST
CONEVL
DATARB
EQUAT1
EQUAT?
FINAL
OBLATE
ORBEL
ORBEL2
OUTPT2
SCOMP
SSTAGE
STAGE
START
TUDES
XOLOAD
AERO
COAST
CONEVL
DATASB
EQUATI1
MAIN
OUTPT1
QUTPT2
SSTAGE
STAGE
START
THRUST
ATMOS
DATAB
XOLOAD
DATAB
XOLODAD
ATMOS
XOLOAD
MAINB
START
MAINB
PERDAT
STAGE
PERDAT
SIMPRO
MAIN
MAINB
PERDAT
SIMPRO
MAIN
PERDAT
SIMPRO
MATNA
MATINR
PERDAT
START
OuUTPTZ2
SIMPRO
THRUST
EQUAT2
OUTPT2
SIMPRO
DATAB




LAST1
LAST1
LAST1
LAST1
RB

RB

RB

RB

RB

RB

RB

RB
RBSO

R

RBS
RADIUS
VX

VX

VX

VX

VX5
VATM
VATM
VATM
VATM
VATM
VATS

H

H
FORCE
FORCE
FORCE
DRAG
DRAG
DRAG
DRAG
OBLAT
OBLAT
OBLAT
OBLATY
COMPA
COMPA
COMPA
COMPA
ANGLES
ANGLES
ANGLES
ELEV
ELEV
ELEV
ELEV
SINA
SINA
ESTART
ESTART
TSTART
TSTART
VSTART
VSTART
ASTART

CHMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CHMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CHMA
CMA
CMA
CMA
CMA
CHMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA

0753
0753
0753
0753
0754
0754
0754
0754
0754
0754
0754
0754
0757
0758
0758
0758
0759
0759
0759
0759
0763
0764
0764
0764
0764
0764
0768
0769
0769
0774
0774
0774
0777
0777
0777
0777
0780
0780
0780
0780
0783
0783
0783
0783
0786
0786
0786
0790
0790
0790
0790
0791
0791
0795
0795
0796
0796
0797
0797
0798

IO g i

(S RS IRV N )|

LRV, IRV, T G |

FHEHPWULLWUWWLLRLWLWWLWLW LWL VN

MAIN
MATINA
MAINB
START
AEROD
ATMOS
EQUAT2
MAINB
OBLATE
ORBELZ2
OuUTPT2
THRUST
ATMOS
ATMOS
ERRORZ
ouUTPT2
AERD
EQUAT2
ORBEL2
ouTPT2
ERRORZ
AERD
EQUAT2
ORBEL2
OuUTPT2
THRUST
MATINB
ORBEL?2
QUTPT2
PERDAT
STAGE
THRUST
AERO
PERDAT
STAGE
THRUST
OBLATE
PERDAT
STAGE
THRUST
EQUATZ2
PERDAT
STAGE
THRUST
DATAB
MAINB
TUDES
MAINA
MAINB
START
TUDES
MATINB
TUDES
DATAB
MAINB
DATAB
MAINB
DATAB
MAINB
DATAB
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ASTART
REVOLV
REVOLV
REVOLV
REVOLYV
REVOLV
uT

ut
DELTBT
DELTBT
DELTBT
TKTIME
TKTIME
TKTIME
ALT
ALTE
ALTE
ALTE
ALT

PA

PA

PA

PA

PA

PA

Q

Q

Q

QVAL
OVAL
QOVAL
QvVAL
AREA
VELSD
VELSD
VMACH
VMACH
VMACH
VMACH
CcD

cn

cD

CD

STOA

[sxiiv v il o2 -

OBLATN
OBLATS
OBLATN
OBLATD
OBLATD
OBLATH
OBLATH
OBLATJ
OBLATJ
OBLATJ

CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
cMA
CMA
CMA
cMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMa
cMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMa
CMA
CMA
CMA
CMA
CMa
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cCMA
CMA
CMA

0798
0799
0799
0799
0799
0799
0800
0800
0803
0803
0803
0804
0804
0804
0805
0805
0805
0805
0805
0806
0806
0806
0806
0806
0806
0807
0807
0807
0808
0808
0808
0808
0809
0810
0810
0811
0811
0811
0811
0812
0812
0812
0812
0813
0813
0813
0814
0814
0814
0814
0815
0815
0815
0816
0816
0817
0817
0818
0818
0818

MATINB
AERO
DATAB
MATINB
ORBEL 2
TUDES
THRUST
TUDES
DATAB
MAINB
SETUP
DATAB
MAINB
TUDES
ATMOS
MAINB
ORBELZ2
OQUTPT2
STEP
AERO
ATMOS
OUTPT2
PERDAT
SIMPRO
STAGE
AERO
EQUAT?2
OUTPT2
AERD
OUTPT2
PERDAT
STAGE
AERO
AERD
ATMOS
AEROD
BUTPT2
PERDAT
STAGE
AERO
OuUTPT2
PERDAT
STAGE
DATARB
MATNB
OBLATE
ATMOS
DATAB
MATINB
TUDES
DATAB
MAINB
TUDES
DATAB
OBLATE
DATAB
OBLATE
DATAB
OBLATE
TUDES
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B——

8
THRUST
THRUST
THRUST
THRUST
THRUST
THRUST
THRUST
FLOMX
FLOMX
FLOMX
FLOMX
FLOMX
FLOMX
FLOMX
FLOMX
FLOMX
HARD
HARD
HARD
HARD
HARD
PROP
PROP
PROP
PROP
PROP
PROP
PROP
WPMAX
WPMAX
DELTAV
DELTAV
DELTAV
NELTAV
DELTAV
RESERV
RESERV
RESERYV
DROP
DROP
NDROP
VELEXP
VELEXP
VELEXP
VELEXP
VELEX
VELEX

cMa
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMa
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA

0819
0819
0819
0819
0819
0819
0825
0825
0825
0825
n825
0825
0825
0831
0831
0831
0831
0831
0831
0831
0837
0837
0837
0837
0837
0837
0837
0837
0837
0843
0843
0843
0843
0843
0849
0849
0849
0849
0849
0849
0849
0855
0855
0861
0861
0861
0861
0861
0862
0862
0862
0863
0863
0863
0864
0864
0864
0864
0870
0870

ccorCror>ror>rccorrocooro>roroorr>rcr>r0cror>rr0crcrocrr0r >0 000>

[o 3k e e

CHECK
COAST
MAIN
PERDAT
START
XOLOAD
CHECK
COAST
MATNA
OUTPT1
PERDAT
START
XOLOAD
COAST
MAIN
OUTPT1
PERDAT
STAGE
START
XQOLOAD
CHECK
COAST
FINAL
MATIN
OUTPT1
PERDAT
SCOMP
STAGE
START
COAST
OUTPT1
PERDAT
STAGE
START
COAST
FINAL
CUTPT1
PERDAT
STAGE
START
XOLOAD
CHECK
PERDAT
COAST
FINAL
OUTPT1
PERDAT
STAGE
OUTPT1
PERDAT
STAGE
OUTPT1
PERDAT
STAGE
MAIN
OUTPT1
STAGE
START
COAST
EQUAT1
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VELEX
VELEX
VELEX
VELEX
VELEX
FUEL
FUEL
FUEL
FUEL
FUEL
FUEL
FLOW
FLOW
FLOW
FLOW
FLOW
FUELDV
FUELDV
FUELDV
NFINAL
NFINAL
NFINAL
NFINAL
BETA
BETA
BETA
PSIO
PSIO
PSIDO
PSIDO
ZLAMO
ZLAMO
ZLAMG
ZLAMSG
ZLAMG
ZLAMS
ZLAMS
PSI
PSI
FDM
FDM
SPSI
SPSI
CPSI
CPSI

<< < << <<

LAST
LAST
LAST
LAST
LAST
LAST
LAST
LASTZ2

CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CcMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CHMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA

0870
0870
0870
0870
0870
0871
0871
0871
0871
0871
0871
0877
0877
0877
0877
0877
0878
0878
0878
0879
0879
0879
0879
0880
0880
0880
0881
0osgsl
0882
0882
0883
0883
0884
0884
0884
0884
0884
0885
0885
0886
0886
0887
0887
08ss
0888
0889
0889
0889
0889
0889
0889
0889
0890
0890
0890
0890
0890
0890
0890
0890

r>r>o0o00000

FINAL
MAIN
OUTPT1
STAGE
START
CHECK
COAST
OUTPT1
STAGE
START
XOLOAD
COAST
EQUAT1
OUTPT1
STAGE
START
CHECK
OUTPT1
STAGE
DATAB
FINAL
SCOMP
XOLOAD
FINAL
PERDAT
SCOMP
START
XOLODAD
START
XOLOAD
DATAB
START
COAST
CONEVL
DATAB
SSTAGE
START
EQUATI1
BUTPT1
EQUAT1
OUTPT1
EQUAT1
STAGE
EQUATI1
STAGE
COAST
EQUAT1
ERRORZ
FINAL
ORBEL
OUTPTL
SCOMP
CHECK
COAST
FINAL
MAIN
OUTPT1
SCOMP
STAGE
START
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LAST
CAPPA
CAPPA
CAPPA
ENERGY
ENERGY
ENERGY
ENERGY
ENERGY
NCUTE
NCUTE
NCUTE
NCUTE
CONST
CONST
CONST
CONST
RO

RO

E

Vv ooOommm

TP
TP

TP

TP

TPD
TPD
TPD
TPD
THETA
THETA
THETA
THETA
PERIOD
PERIOD
PERIOD
PERIOD
PERIOD
PHIT
PHII
PHIR
PHIR
TRAVLI
TRAVLI
RANGE
RANGE
ZLONG
ZLONG
ZLAT
ZLAT
BETAI
BETAI
BETAR
BETAR

CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
CcMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CHMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMAa
CMA
CMA

0890
0891
0891
0891
0892
0892
0892
0892
0892
0893
0893
0893
0893
0894
0894
0894
0894
0904
0904
0905
03905
0905
0905
0906
0906
0906
0906
0907
0907
0907
0907
0908
0908
0908
0908
0909
0909
0909
0909
0910
0910
0910
0910
0910
0911
0911
0912
0912
0913
0913
0914
0914
0915
0915
0916
0916
0917
0917
0918
0918

592
542
592
542

X0OLOAD
COAST

OUTPT1
PERDAT
COAST

FINAL

PERDAT
SCOMP

XOLOAD
COAST

FINAL

SCOMpP

XOLOAD
CONEVL
FINAL

MATIN

SCOMP
DATAB

OUTPT1
ORBEL

ORBEL2
OUTPT1
ouUTPT2
ORBEL

ORBEL 2
OUTPT1
ouTPT 2
ORBEL

ORBEL?Z2
DUTPT1
OUTPT2
ORBEL

ORBEL2
OUTPTL
OUTPT2
ORBEL

ORBELZ2
QuUTPT1
DUTPT2
DATAB

ORBEL

ORBELZ2
OUTPT1
ouTPT2
ORBEL?2
ouTPT2
ORBEL2
OUTPT2
ORBEL2
ouTePT2
ORBEL2
ouTPT2
ORBEL2
ouUTPT2
ORBELZ2
ouUTPT2
ORBEL2
ouTPT2
ORBELZ2
OUTPT2
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ZINCLI
ZINCLI
ZINCLR
ZINCLR
AZIMI
AZIMI
AZIMR
AZIMR
INODET
ZNODEI
RE

RE
JDATA
JDATA
JDATA
NDAMP
NDAMP
RERUN
RERUN
CMAX
CMAX
NSHOT
NSHOT
CLEAR
CLEAR
DELTST
DELTST
DELTST
TS

TS

TS

L)

TS

TS

TS

Ts

DX

DX

FY

FY

FY

X0

X0

X0
compP
COoMP
FYD
FYD
FYD
FYD
ERR
ERR
ERROR
ERROR
TOL
TOL
ERRMXK
ERRMXK
ERRMXK
PERB

CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
cMA
CMA
CMA
CMA
CMB
CcMB
cMB
CMB
cmB
CMB
CMB
CcMB
CcMB
CMB
cMB
cMB
cMB
CMB
CMB
CM8B
CMB
CMB
CcMB

0919
0919
0920
0920
0921
0921
0922
0922
0923
0923
0924
0924
0925
0925
0925
0926
0926
0927
0927
0928
0928
0929
0929
0930
0930
0931
0931
0931
0932
0932
0932
0932
0932
0932
0932
0932
0938
0938
0943
0943
0943
1001
1001
1001
1031
1031
1036
1036
1036
1036
1041
1041
1042
1042
1044
1044
1054
1054
1054
1055
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ORBEL2
OUTPT2
ORBEL?Z2
ouTPTZ2
ORBELZ2
QUTPT2
ORBELZ2
ouUTPT2
ORBELZ2
oUTPT2
ORBELZ2
OUTPT2
CHECK
MAIN
STAGE
DATAB
MATIN
DATAB
MATIN
DATAB
MAIN
DATAB
MAIN
DATAB
MATIN
DAMODE
DATAB
MATIN
COAST
DAMODE
EQUAT1
MAINB
OUTPT1
SETUP
START
STEP
MATN
STDATA
FINAL
MATIN
PERTB
MAIN
START
XOLOAD
MATN
SCOMP
FINAL
PERDAT
SCOMP
X0LO0AD
DATAB
MAIN
DATAR
MAIN
DATASB
MATIN
COAST
DATAB
MAIN
DATAB
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PERB
NDUMP
NDUMP
DELTKT
DELTKT
DELTKT
TKICK
TKICK
TKICK
TKICK
ITERPD
ITERPD
ITERPD
IMODE
IMODE
IMODE
IMODE
IMODE
IMODE
IMODE
IMODE
IMODE
IMODE
IMODE
IMODE
IMODE
IMODE
ROA
ROA
ROA
ROA
JKICK
JKICK
JKICK
JKICK
MASH
MASH
MASH
MASH
MASH
MASH
TBURN
TBURN
TBURN
IKCKST
IKCKST
ITERAD
ITERAD
ITER
ITER
ITERP
ITERP
NOPTA
NOPTA
NOPTA
NOPTA
FIXDTK
FIXDTK
FIXDTK
FIXDTK

CcMB
CMB
CMB
CcMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
cMB
CMB
cMB
CMB
CMB
CMB
cMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
cMmB
CMB
CMB
CMB
CMB
cMB
CMB
CMB
CM8
CMB
CMB
CMB
CMB
CMB
CMB

1055
1057
1057
1058
1058
1058
1059
1059
1059
1059
1060
1060
1060
1061
1061
1061
1061
1061
1061
1061
1061
1061
1061
1061
1061
1061
1061
1062
1062
1062
1062
1063
1063
1063
1063
1064
1064
1064
1064
1064
1064
1065
1065
1065
1066
1066
1067
1067
1068
1068
1069
1069
1070
1070
1070
1070
1071
1071
1071
1071

MAINB
DATAB
MAIN
DATAB
MATN
MATNA
MATNA
OUTPTL
START
XOLODAD
PERDAT
START
XOLOAD
DATAB
EQUAT1
ERRORZ
MATIN
MATINA
MATINB
ouTPT1
OUTPT2
SETUP
STAGE
START
STEP
THRUST
TUDES
BOOST
DATAB
OUTPT2
START
DATAB
MATIN
MATNA
MATINB
COAST
MATIN
MATNA
PERDAT
START
STEP
BOOST
MAINA
START
MATINB
RENDER
START
X0LoAD
START
X0LoAD
MAIN
X0LOAD
COAST
FINAL
SCOMP
XOLO0AD
MAIN
ouTPT2
START
XOLOAD
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IBURN
IBURN
IBURN
NVAR
NVAR
NVAR
NVAR
NV AR

nuvunmnoumoun

IDATA
IDATA
IDATA
IDATA
IDATA
NTB
NTB
1TK
1TK
178
178
APTMAX
APTMAX
JCOST
JCosT
JCosT
JcosT
JCOAST
JCOAST
JCOAST
JFINAL
JFINAL
JFINAL
PAR
PAR

v

v

ALTB

v

RDOT
RDOT
HORV
MODE
MODE
DELMX
DELMX
STEP
STEP
TMINL
TMINI
MODEB
MODEB
DELMXB
DELMXB
STEPB

CMB
cMB
cMB
CMB
cMB
CMB
CMB
CMB
CMB
CMB
CM8
cMB
CMB
CMB
CMB
CMB
CMB
cmMB
CMB
CMB
CMB
CMB
CMB
CMB
CcMB
cMB
CMB
CMB
CMB
CMB
CMB
cMB
CMB
cMB
CMB
cMB
cMB
cMB
CMB
cMB
CMB
CMB
CMB
CMB
CcMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
CMB
cMB
CMB
CMB
CMB
CMB
cMB

1072
1072
1072
1073
1073
1073
1073
1073
1074
1074
1074
1074
1074
1074
1074
1086
1086
1086
1086
1086
1116
1116
1120
1120
1123
1123
1126
1126
1129
1129
1129
1129
1130
1130
1130
1136
1136
1136
1142
1142
1154
1154
1154
1154
1155
1155
1156
1160
1160
1163
1163
1166
1166
1169
1169
1172
1172
1174
1174
1176

642
642
642
642
6,42
6492
642
6+5
645
645

645

WWwLwwwpp

ror0r0rr 000000
NN

>

NN NWWLWWWWW

LOAD
MATNA
STEP
DATAB
MAINA
MAINB
OUTPT2
RENDER
COAST
FINAL
SADDA
SADDB
Scomp
STAGE
START
COAST
FINAL
SCOMP
START
XOLOAD
START
XOLOAD
BOOST
MA INA
BOOST
MA INA
BOOST
MA INA
COAST
MATNB
STAGE
START
COAST
START
XOLOAD
FINAL
SCOMP
XOLOAD
BOOST
START
BODST
LOAD
OUTPT2
START
ORBEL2
OUTPT2
OUTPT2
DAMODE
DATAR
DAMODE
DATAR
DAMODE
DATAB
DAMODE
DATAB
DATAB
SETUP
DATASB
SETUP
DATAB



STEPB
TMINB
TMINB
MODEC
MODEC
MODEC
NPRINT
NPRINT

NOUT
NOUT
ICC
ICcC
NSETS
NSETS
NSAVE
NSAVE

COEFN
COEFN

cMB
cMB
CMB
cMB
CMB
CMB
cMB
CMB
cMB
cMB
cMB
cMB
cMB
CMB
CMB
cvB
cMB
cMB
CMB
CMB
CMB
cMB

1176
1178
1178
1180
1180
1180
1181
1181
1182
1182
1182
1183
1183
1201
1201
1221
1221
1241
1241
1301
1501
1501

NN

SETUP
DATAB
SETUP
DATAB
MATNA
ouTPT2
DAMODE
DATAB
DAMODE
SETUP
STEP
PERDAT
STEP
DATAB
QUAD
COEFNT
PERDAT
COEFNT
DATAB
COEENT
COEFNT
QUAD
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APPENDIX F

TABLE FOR INPUT ROUTINE

$TABLE,

813 =A + 8B0 =ANG y 809 =AREA , 798 =ASTART, 788 =AZMUTH,
814 =B s 930.=CLEAR , 928.=CMAX 41501 =COEFN , 717 =CONM ,
718 =CONN 4 861 =DELTAV, 803 =DELTB ,1058 =DFLTK 41163 =DELMX ,
1174 =DELMXB, 863 =DROP , 931 =DELTST, 938 =DX sy 892 =ENERGY,

713 =EREF 4 706 =ERLIMT,1041 =ERR 11054 =ERRMXK,1042 =ERROR ,
727 =EXITB , 727 =EXITS , 837 =FLOW 4 733 =FLOWB , 715 =FM ’
739 =FORCES,1036 =FYD y 716 =G s+ 843 =HARD , 721 =HARDB ,
1201.=1CC +1061.=IMODE ,1060.=ITERPD, 753,=LAST , 786 =LAT '
787 =LONG +1160.=MODE ,1172.=MODEB ,1180.,=MODEC 4 926.=NDAMP ,
1057.=NDUMP o, 879.,=NFINALy B19,=NOPT 41181.=NPRINT,1195,=NPRNTB,
1189.=NPRNTC31183.=NPRNTI,1241.=NSAVE ,1221.=NSETS 4 815 =0BLATN,
1055 =PERB , 849 =PROP , 881 =PSI y 882 =PSID 4 927.=RERUN ,
862 =RESERV, 799 =REVOLV, 904 =RO y 1062 =ROA 211664=STEP ,
1176.=STEPB , 705.,=STEPMX, 825 =T8B y 745 =TBOOST, 831 =THRUST,
1059 =TKICK 4 804 =TKTIME,1169 =TMIN 41178 =TMINB 41044 =TOL *
796 =TSTART,1401 =VARDEP,1301 =VARIND, 797 =VSTART, B55 =wWPMAX ,
720 =WTO v 884 =7LAM4& /




APPENDIX G

SAMPLE PROBLEM

AREA=855 »$3 REFERENCE AREA FOR DRAG
1ce=1 «$% DRAG COEFFICIENT LOCATION
NS AVE=L ¢$$ COEFFICIENT LOCATUN
NSFTS=10 313

VARIND=000.07s0.15+0.3000.5000.57+0.65+0.88+1.1241.17+1.25+1.50¢2.00:2.50,%8%
3.00¢3.5044.00+5.00+6.0007.00+8.00¢%%
VARDEP=1.15¢01215¢1415+0.8000.45+0.44¢0.46+0.70+0.90,0.92+0.90+0.76+10.56,0.%45+8%
0.40,0.38¢0.3600.34,0.3240.31+0.30,8$%

LAT=28.3 »$% LATITUDE
LONG=279.5 +$$ LONGITUDE
AZ MUTH=90 +$$ AZIMUTH HEADING

wi0=6.00E+06 »$$ INITIAL GROSS WEIGHT

EXITS=7.8964431E404/ 144 »$$ ENGINE EXIT AREA
RERUN=1 »$$ FLAG FOR CHECKING SPACING
MODEB=51+51 +»$$ BOOSTER OUTPUT INSTRJILTION
MODEC=2 +$$ BOOSTER OUTPUT TYPE
PERB=0.6,0.8 ¢$3$ TABLE DELT SPACING
TKTIME=15 +$$ VERTICAL RISE TIME
TR=142,250, 500 +$$ GUESS AT PHASE DURATIONS
THRUST=B.6647727E+06,1.5E+064+2. 5E+05 +$$ THRUSTS FOR THE PHASES
FLOW=THRUST /305, THRUST{ 2) /428,THRUST(3) /850 »$$ FLOW FOR THE PHASES
PROP=0.03,0.033,0.12 +$$ STRUCTURE FACTORS
HARD=2450004 70000, 35000 +8$% FIXED HAROWARE WEIGHTS
NOPT=14101 +$8$ PHASE OPTIMIZATION FLAGS
PS1=40/57.3 ¢$$ GUESS AT PSIOD
PSID=-0.05/57.3 +$$ GUESS AT PSI00
TKICK=B89.4 »$$ GUESS AT KICK ANGLE
ITERPD=0 +$$ KICK ANGLE IS OPTIMIZED
MODE=61,52 »$$ UPPER PHASE OUTPUT FLAGS
NF INAL=1 v$$ FINAL CONDITON TYPE FLAG
FYD=121%6076.1155¢A +$8 FINAL RAOIUS
ENERGY=—FM/FYD/ 2 +$3 FINAL ENERGY
ANG=0 »$$ FINAL FLIGHT PATH ANGLE
DELTAV=0.414%25492.311 +$$ DELTAV TO ESCAPE
COEFFICIENTS le 4l
o 1.1499999%8 0.3464T418E-06 -0 0.15000000 1.57499994
-3.08333337 1. 66666684 0.50000000 1.26785628 -2.94523606 2.61904451
0.65000000 =0.47401163 L.72756687 -0.44711671 1.11999999 -6.09991992
11.8498634 —4.99994445 1.25000000 2.00003006 -1.14666656 0.21333338
2.00000000 1.59999987 =0.75999999 0.11999399 3.00000000 0.52000010
~0.40000021£-01 - 4.00000000 0.43999397 -0.19999996E-01 -0.186264513-08
6.00000000 0.37999982 —0.99999458E ~02 -0.18626451E-08 80.0000000
1] + 1.1500000 » D0.3464742E-06,-0 38
0. 1500000 o 1.5749999 *=3.,0833334 v 1.6666668 55
0.5000000 v 1.2678563 =2.9452361 » 2.6190445 *$$
0.6500000 «—0.4740116 o 1.7275669 —0.4471167 58
L.1200000 ¢—6.0999199 v 11.849863 ¢—4.9999444 13
1.2500000 + 2.0000001 +=1.1466666 o 0.2133334 38
?.0000000 v 1.5999999 +—0.7600000 » 0.1200000 e$$
3.0000000 « 0.5200001 +—0.4000002€-01.,-0 X 13
4.0000000 ¢ 0.4400000 +—0.2000000E-01+-0.1862645E-08.+%%
6.0000000 » 0.3799998 +—0.9999946E~02+-0.1862645E-08,88%
80.000000 .
Al THRUST ONE THRUST FDUR FLOW ONE FLOW FDUR HARD ONE HARD FOJR PROP ONE 220P FOUR
A2 THRUST TWwO THRUST FIVE FLOW TwO FLOW FIVE HARD TWO HARD FIVE PRJ? TWI P0P FIVE
A3 THRUST THREE THRUST SIX FLOW THREE FLOW SIX HARD THREE HARD SIX PRIP THREE PROP SIX
uL TiIME WE IGHT PSI ALTITUOE ECCENTRICITY IN. GAMMA 2ERTID INR. VELOZLTYY
U2 FLOW ACCELLERATION PSIOD PERIGEE ALT TIME OF PERIGE OMEGA TRAVEL ANGLE RAD. VELODIITY
U3 STEPND CAPPA KICK ANGLE RADIUS TIME PER DEP SEY LAT REC TRUE ANIMALY 40R. VILIZITY
U4 BURN TIME ONE BURN TIME FOUR WP ONE WP FOUR HARD ONE HARD FDUR ¥ F ONE M F =0UR
US BURN TIME TwWO BURN TIME FIVE WP TWO WP FIVE HARD TWO HARD FIVE M F TWO 4 F FIVE
U6 BURN TIME THRE HURN TIME SIX WP THREE WP SIX HARD THREE HARD SIX 4 F THREE 4 F SIX
Al B664772.6 0 28409.090 ()] 245)00.00 ] 0.3000000E-01 0
A2 1500000.0 ] 3504.6729 [¢] 70000.000 4] 0.3300000E-01L o
A3 250000.00 ] 294.11765 o 35030.000 0 0.1200000 0
Bl T IME WE IGHT RAD. VELOCITY HOR. VELOCITY ALTITUDE INR. VE_ICITY INR. GAMMA SLOW
B2 STEPGO+ST EPNO RADIUS ORAG PRESSURE HEAT INTEGRAL MACH NUMBER 2 THRUST
81 0 6000000.0 o 1342.5289 -0.2500000 1342,.5289 0o 284339.030
B2 o o 0.2090990t 08 o 2124.1934 0 o [} 7499941.2
Bl 15.000000 5573863.6 144.40608 1342.1591 1023.0000 1349.9053 6.1409652 28409.090
B2 4 0.2091092E 08 ] o 11523.263 [} 23.286503 7540853.9
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Bl TIME

B2 STEPGO+#ST EPNO

KICK ANGLE =

81 15.000000
82 0

Bl 126.72000
B2 37

Bl 128 .48000
B2 38

81 130.24000
B2 a9

81 132.00000
B2 40

Bl 133.76000
B2 41

Bl 135.52000
B2 42

Bl 137.28000
82 43

81 139.04000
82 44

Bl 140.80000
B2 45

Bl 142.56000
82 46

Bl 144.32000
82 47

81 146.08000
B2 48

Bl 147.84000
B2 49

81 149.60000
B2 50

8l 151.36000
82 51

Bl 153.12000
B2 52

Bl 154.88000
B2 53

Bl 156.64000
B2 54

BL 158.40000
a2 55

8L 160.16000
B2 56

81 161.92000
B2 57

Bl 163.68000
82 58

81 165.44000
82 59

Bl 167.20000
82

81 168.96000

B2 61

Bl 168.96000
B2 61

KICK ANGLE =

BL 15.000000
82 0

Bl 126.72000
82 38

Bl 128.48000
82 39

8l 130.24000
B2 40

Bl 132.00000
82 41
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WEIGHT
RADIUS

89.299999

5573863.6
0 0.2091092E

2400000. 1
9 0.2102999¢

2350000.1
9 0.2103346E

2300000.1
9 0.2103698E

2250000.1
9 0.2104053t

2200000.1
9 0.2104414E

2150000.1
9 0.2104778E

2100000.1
9 0.2105147E

2050000.1
9 0.2105520E

2000000.1
9 0.2105898€

1950000. 1
9 0.2106281E

1900000.1
9 0.2106669E

1850000.1
9 0.2107061E

1800000. 1
9 0.2107459E

1750000.1
9 0.2107862E

1700000.1
9 0.2108271E

1650000.1
9 0.2108685E

1600000.1
9 0.2109105E

1550000, 1
9 0.2109532E

1500000.1
9 0.2109965E

1450000.1
9 0.2110405E

1400000. 1
9 0.2110852€

1350000. 1
9 0.2111307E

1300000.1
9 0.2111770€

1250000. 1
9 0.2112241E

1200000.0
9 0.2112722¢

1200000.0
9 0.2112722¢

89.400000

5573863.6
0 0.2091092€

2400000.1
8 0.2104337E

2350000.1
8 0.2104773€

2300000.1
8 0.2105218€

2250000.1
8 0.2105671E

o8

o8

o8

a8

o8

a8

o8

o8

08

08

o8

a8

o8

08

08

o8

o8

a8

08

o8

o8

o8

08

08

RAU. VELOCITY
DRAG

l44.40224
22896.708

1961.1498
50416.089

1985.1508
45830.513

2009.3107
41648,050

2033.6892
37841.519

2058.3493
34382.914

2083.3582
31241.105

2108.7867
28385.530

2134.7105
25824.189

2161.2089
23571.500

2188.3676
21500. 807

2216.2779
19533, 849

2245.0371
17973.468

2274.7486
16500.708

2305.5251
15114.208

2337.4876
13812.046

2370.7667
12659.563

2405.5023
11687.021

2441.8477
10730.371

2479.9703
9794.5067

252040529
8884. 3950

256242960
8004.6801

2606.9198
7159.5969

2654.1683
6353.2277

2704.3119
5589. 0754

2757.6522
4870.3175

2757.6522
0

144.40510
22896.708

2455.5039
26689.852

2502.0815
23608.688

2549.4236
20872.545

2597.6082
18439.001

HOR.
PRESSURE

1344.3592
2049.5845

6150.3975
9.9122334

6339.8041
8.5945016

6534.0762
7.4565729

6733.3775
6.4733821

6937.8853
5.6231947

7147.7925
4.8867957

7363.3087
4.2476648

7584.6611
3.6914306

7812.0947
3.2058692

8045,.8785
2.7804829

8286.3051
2.4001935

8533.6914
2.0819939

8788.3810
1.8027265

9050.7531
1.5580119

9321.2218
1.3439028

9600.2397
1.1561005

9888.,2931
0.9905260

10185.945
0.8439999

10493.780
0.7148964

10812.468
0.56016980

11142.7%5
0.5029601

11485.431
0.4173103

11841.434%
0.3434680

12211. 774
0.2802176

12597.598
0.2264254%

12597.598
[}

1344.1072
2049.58%5

5742 .0590
5.7926630

5921.0373
4.8953549

6104.7896
4.135251L1

6293.4732
3.%894729

VELOCIETY

ALTITUDE
HEAT INTEGRAL

1022.7500
11523.263

120)84.75
0.9333217€

123557.00
0.9487445E

127071.75
0.9633811€E

1305629.50
0.9772675E

134230.00
0.9904409E

137874.25
0.1302939E

141562.75
0.1014798E

145296.75
0.1026051E

149276.75
0.1036729E

152303.50
0.1046858BE

156779.00
0.1356453¢E

160734.50
V.1)65572E

164681.25
0.1274296E

168711.00
0.1)82626E

172736.00
0.1330563E

176938.50
0.1398118€

181140.75
0.1105389E

185405.25
0.1112390€

189735.50
0.1119096E

194134.50
0.1125489E

198605.75
0.1131549E

203153.50
0.1137262€

207781.75
0.1142614€

212495.75
0.1147594E

217301.00
0.1152195€

217301.00
0.1152195E

1022.7500
11523.263

133466.00
0.7379589E

137828.50
0.7%56439E

142273.50
0.7527338E

146802.25
0.7532710E

o8

INX. VELOCITY
MACH NUMBER

1352.0924
0.1274009

6455.5016
4.9994240

6643.3380
5.1403921

6B36.0428
5.2833019

7033.79%44
5.4286627

1236.7849
5.5770907

T445.2213
5.7292897

1659.3274
5.8860735

787943447
6.0483548

8105.5321
6.2171630

8338.1721
6.3936354

8577.5720
6.5784715

8824.0627
6.7992596

9078.0021
7.0268655

9339.7847
7.2616420

9609.8400
7.5039735

9888.6370
7.7810810

10176.684
8412306402

1047 4.545
8.4834207

12782.841
8.8638275

11102.258
9.2660542

11433.554
9.6921358

11777.570
10.144398

12135.245
10.625481

12507.627
11.138444

12895.895
11.686815

12895.895
0

1351.8421
0.1274009

6245.0573
4.7196608

6427.9931
4.8463988

6615.7401
4.9770542

6808,4780
5.1128572

INR. GAMMA

6.1308300
23.286762

17.685689
173.42412

17.386640
158.96856

17.093322
145.69618

16.805947
133.54111

L6.524702
122.43246

16.249753
112.28555

15.981246
103.01480

15.719310
94.529479

15.464057
86.741782

15.215588
79.563523

14.973992
72,710023

14.739348
67.375303

14.511724
62.309057

14.291184
57.509351

14.077786
52.972257

13.871583
48,997455

13.672622
45.751055

13.480951
42.518939

13.296617
39.317305

13.119667
36.163150

12.950148
33,072766

12.788111
30.061431

12.633610
27.144481

12.486703
24.335619

12.347454
21.647982

12.347454
21.647982

6.1320913
23.286762

23.153234
90.322901

22.907697
80.486032

22.665922
71.704212

22.428209
63.853572

=LOuW
THRUST

28409.090
7540854.0

28409.090
8659337.0

28439.099
8660059.5

28409.03)
8660683.6

28409. 090
8661222.7

28409.090
B8661689.0

28409. 090
8662092.9

28409.090
86624%3,2

28429.0902
8662748.4%

28439. 090
B663014.5

28409, 092
8663247.3

28409.030
8663456, %

28439.090
8663630.9

28433, 090
8663784,0

28409.090
8663918.2

28409.090
8664035.6

28409.090
8664138.6

28409. 090
8664229.4

28409. 090
8664309.7

284093.030
8664380.5

28409.090
8664442.5

28439.030
8664496.7

28409.092
8664543.,7

28409.090
8664584.2

28403.030
8664618.9

28409.090
8664648, %

28409.092
8664648, %

28409.090
754085%. 2

28409. 090
8661596.1

28409.090
8662088.1

28409. 090
8662505.0

28409.090
8662859.0




81  133.76000
82

81 135.52000
B2 43

Bl 137.28000
82 44

81 139.04000
B2 45

Bl  140.80000
B2 46

Bl  142.56000
82 47

8L  144.32000
B2 48

8l 146 .08000
B2 49

Bl 147.84000
82 50

Bl 149.60000
B2 51

Bl 151.36000
a2 52

Bl 153.12000
82 53

Bl 154.88000
B2 54

Bl 156.64000
B2 55

Bl  158.40000
B2 56

Bl 160.16000
B2 57

Bl  161.92000
82 58

Al 163 .68000
B2 59

Bl  165.44000
A2 60

BL 167.20000
82 61

Bl  168.96000
82 62

Bl 168.96000
B2 62

KICK ANGLE =
Bl  15.000000
B2 0

Bl 126.72000
B2 36

Bl 128.48000
82 37

BL 130.24000
[:1] 38

81 132.00000
B2 39

81 133.76000
[}¥] 40

8F 135.52000
B2 41

Bl 137.28000
82 42

Bl  139.04000
BZ 43

81 140.80000
B2 44

Bl  142.56000
82 45

2200000.1
8 0.2106132E
2150000, 1
8 0.2106602E
2100000.1
8 0.2107082E
2050000.1
a 0.2107570€
2000000.1
8 0.2108067E
1950000. 1
8 0.2108575E
1900000. 1
8 0.2109092E
1850000.1
8 0.2109619E
1800000. 1
8 0-.2110156E
1750000.1
8 0.2110705¢
1700000.1
8 0.2111264E
1650000. 1
8 0.2111836E
1600000.1
8 0.2112419€
155000041
8 0.2113014E
1500000. 1
8 0.2113623E
1450000. 1
8 0.2114245E
1400000.1
8 0.2114881E
1350000. 1
8 0.2115532E
1300000.1
8 0.2116198E
12500004 1
8 0.2116881E
1200000.0
8 0.2117581E
1200000.0
8 0.2117581E
89.499999
5573863.6
[s] 0.2091092€
2400000.0
3 0.2105624E
2350000.0
3 0.2106149E
2300000.0
3 0.2106688E
2250000.0
3 0.2107238€
2200000.1
3 0.2107802E
2150000.1
3 0.2108380E
2100000.1
3 0.2108971E
2050000. 1
3 0.2109577F
2000000. 1
3 0.2110196E
1950000. 1
3 0.2110831E

08

a8

a8

o8

08

o8

ca

o8

o8

08

o8

1]

o1

o8

o8

2646.7190
16266.456

2696. 8456
14249. 792

2748.0829
12673.906

2300.5317
11226.796

2854.3017
9904.3752

2909.5099
8758.9854

2966.2806
7868. 0894

3024.7484
7009.5377

3085.0595
6189.3086

3147.3711
5412.8564

3211.8533
4684.7665

3278.6899
4009.0534

3348.0809
3388.6408

3420.2439
2825.6840

3495.4170
2321.1644

3573.8610
1875.2396

3655.8628
1487.0989

3741.7397
1154.8419

3831.8430
875. 74802

3926.5642
646.32396

4026.3414
453,22121

402643414
0

144.40752
22896.708

2950.5878
146853.523

3021.2751
12803.705

3093.4461
10976.908

3167.1998
9538.8228

3242.6420
8244.3633

3319.8879
7086.3380

3399.0601
6149.8824

3480.2898
5313.7916

3563.7194
4537.9548

3649.5016
3857.4215

6487.2592
2.9385940

6686.3340
2.4582922

6890.8984
2.0665721

T101.16390
L.7316470

7317.38%6
l.4462331

7539.8038
1.2031971

7768.7050
0.9953663

8004.3931
0.8163745

8247.2031
0.6633697

8497.4993
0.53364%%

B8755.6798
0.4246129

9022.1794
0.3338618

9297.4747
0.2591069

9582 .0894
0.1982380

9876.5994%
0.1492897

10181.642
0.1104759

10497.921
0.8017585E-01

10826.221
0.5692589E-01

11167.4156
0.3943109E-2.

11522.483
0.2655784E-01

11892.522
0.1731022E-01

11892.522
0

1343,8552
2049.5846

5227.4019
3.5507188

5390.6908
2.9196109

5558.5358
2.3835090

5731.0843
1.9522803

5908.49562
1.5916721

6090.9469
1.2915150

6278.6254
1.0406715

6471.7361
0.8295351

6670.5027
0.6530060

6875.1675
0.50706%5

151416.75
0.7552933E

156119.00
0.7708284%E

160929.75
0.7753251E

165792.25
0.7806585E

170768.00
0.7350378E

175839.25
0.7830752E

181009.50
0.7928285E

186280.75
0.7363327E

L91656.50
0.7395783E

197140.00
3.8)25587¢€

202735.50
0.8252706E

208446.25
0.8)77138E

214277.00
0.8)38312E

220£31.75
0.8118293E

226316.50
0.8134775E

232536.50
0.8149078€

238897.00
3.8161152E

245405.50
0.8171169E

252069.25
0.8179318E

258894.75
0.8185803E

265891.50
0.8190816E

265891.50
0.8190816E

1022.7500
11523.253

146336.25
0.6383463E

151591.00
0.6123750E

156971.50
0.61599)0€

162480.50
0.6192452E

168120.50
0.6221935E

173395.00
0.624849BE

179807.25
0.6272464E

185860.50
0.629%4325E

192358.50
0.6314080E

198405.25
0.6331723E

08

08

08

o8

o8

7306.4009
5.2552059

7209.7183
5.4013765

T418.6549
5.5871594

7633.4514
5.7783476

7854.3719
5.9751767

8281.7010
6.1829611

8315.7440
6.4724038

8556.8342
6.7786284

8805.3365
7.1032056

9061 .6466
T.4479151

9326.1960
7.8148066

9599.4548
8.2062078

9881.9373
8.6248378

10174.208
9.0738319

10476.887
9.5569077

10790.658
12.078420

11116.280
13.643536

11454.592
11.258523

11806.532
11.930961

12173.147
12.670091

12555.617
13.311385

12555.617
[

1351.5918
0.1274009

6002.66411
444642369

6179.6158
405869120

6361,3465
4.7183731

6548.0137
4.8833768

6739.8112
5.0531233

6%36.9510
5.2278028

7139.6602
5.4640543

7348.1824
5.7362412

7562.7B41
6.0261805

7783.7518
6.3357854

22.194833
56. 808995

21.966041
50.206245

21.742061
45.157587

21.523094
40.472938

21.309329
36. 144135

21.100938
32.1971921

20.898073
29.188528

20.700879
26,258575

20. 509487
23.429470

20.324021
20.721414

20. 144594
18.152135

19.971312
15.738008

19.804277
13.492082

19.643584
11.425267

19.489327
9.5447098

19.341598
7.8550763

19, 200486
6.3578971

19.066083
5.0509226

18.938483
3.9290515

18.817783
2.9843530

L8.704083
2.1470740

18.704083
2.1470740

6.1333345
73.286762

29.442396
49.534614

29.268955
42.999542

29.096890
37.144917

28.926591
32.589723

28.758422
28.449290

28.592718
24.707903

28.429790
21.749124

28,269922
19.106784

28.113384
16.599670

27.960420
14.248271

28409. 090
8663161.1

28409.090
B663424.5

28409.090
8663639.4%

28409.090
8663823.0

28409, 090
B663979.5

28409.090
8664112.7

28409.030
866622647

28409, 090
8664324.9

28409. 090
8664408.7

28409. 090
8664479.9

28409, 090
8664539, 7

28409.090
8664589,5

28409. 090
8664630.5

28409. 090
B664653.9

28409. 090
B8664690.7

28409.090
8664712.0

28409.090
B664728.5

28409.090
8664761, &

28409. 090
B664751.0

28409.090
8664758.0

28409.090
8664763.1

28409.090
B664753.1

28409.090
7540854.90

28409. 090
8662825.5

28409. 090
B663171.5

28409.090
8663465.5

28409.090
8663702.0

28409. 090
8663899.7

28429.090
8664054.%

28409.090
8664201.9

28429.090
B664317.6

28409.09)
8664414.5

28409, 090
B664494.5
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Bl 144.32000 1900000.1

82 46 3 0.2111481€ 08
8l  146.08000 1850000.1

82 47 3 0.2112147 Q8
8l 147.84000 1800000.1

82 48 3 0.2112829€ 08
Bl 149.60000 1750000. 1

B2 49 3 0.2113528E 08
Bl 151.36000 1700000.1

B2 50 3 0.2114244E 08
81 153.12000 1650000. 1

B2 51 3 0.2114978E 08
Bl 154.88000 1600000.1

B2 52 3 0.2115731E 08
Bl 156.64000 1550000. 1

82 53 3 0.2116503E 08
BF 158.40000 1500000. 1

B2 54 3 0.2117295 08
Bl 160.16000 1450000. 1

B2 55 3 0.2118109 08
81 161.92000 147°0000. 1

B2 56 3 0.2118943E 08
Bl 163.68000 1350000.1

a2 57 3 0.2119801E 08
Bl 165.44000 1300000, %

B2 58 3 0.2120682E 08
Bl 167.20000 1250000.1

B2 59 3 0.2121588E 08
Bl 168.96000 1200000.0

82 60 3 0.2122520E 08
8l 168.96000 1200000.0

B2 60 3 0.2122520€ 08
Bl TIME WE IGHT

B2 STEPGO+STEPNO RADIUS

81 15.000000 5571863.6

B2 v o 0.2091092c OR
Bl 141.86617 1969711.2

82 43 10 0.2107685E 08
Ul 141.86617 1603802.7

U2 3504.6729 0.9352771

u3 ] 0.9336385E- 02
ul  395.58308 714607.88

U2 3504.6729 2.0990532

u3 19 -0

Ul 395.58308 615264.45

U2 294.11765 0.4063293

us 19 -0.1816063E 09
ul  999.28226 437705.86

U2 294.11765 0.5711598

u3 34 4.0000000

Ul 999.28226 224442.69

Uz 294.11765 0.5711598

u3 34 4.0000000

Ué 141.86617 ]

Us 253.71691 0

U6 603.69919 ]

Bl TIME WEIGHT

B2 STEPGO+STEPNO RADIUS

KICK ANGLE = 89.349999

81 15.000000 5573863.6

B2 [¢] 0 0.2091092E 08
81 126.72000 2400000.0

82 40 10 0.2103674E 08
Bl 128.48000 2350000.0

82 41 10 0.2104066E 08
Bl 130.24000 2300000.0

82 42 10 0.2104464E 08

72

3737.8004
3233.3705

3828.7931
2668.9806

3922.6705
2166.0240

4019.6394
1724.9980

4119.9237
1345.1083

4223.7669
1024.2496

4331.4341
759.15142

4443.2150
545.52353

4559.4274
376.13078

4680.4203
241.39282

4806.5789
152.87716

4938.3292
95.491111

5076.1445
58.790558

5220.5534
34. 776480

5372.1478
20.646622

5372.14178
[v]

AAD. VELOCITY

DRAG

144 .40427
22894-708

2666.5626
0

34.722583
- 0.4094846E-01
89.369293

27.269355
-0.1498558E~01
89.369293

27.269355
-0.1498558E-01
89.369293

19.518920
~0.1591849€-01
89.369293

19.518520
-0.1591849E-01
89.369293

4030288, 7
889194.77
317697.99

RAD. VELOCITY
DRAG

144.40372
22896.708

2208.0924
36450, 029

2243.1953
32666.899

2278.7472
29268.523

7085.9935
0.3878778

7303.2657
0.29185%3

7527.2981
0.2156309

T758.4255
0.1561138

7997.0225
0.1104895

8243.4906
0.7622665E-21

B498.274D
0.5108666E-01

8761.8608
0.3312232E-01

9034.7881
0.206053%E-21

9317.6492
0.1252986E-01

9611.1016
0.7521651E-02

9915.8762
0.4455010£~22

10232.788
0.2601811E-02

10562.751
0.1509280E-)2

10906.791
0.8908458E-03

10906.791
4]

HOR. VELOCITY
PRESSURE

1344.1845
2049.5846

7620.9010
o

166958.75
-0.1995205€ )8
0.2107685€ 08

636969.25
-0.1479273E 28
0.2154686E 28

636969.25
~0.1479273E 38
0.2154686E 08

741988.00
732543.25
0.21651B8E 08

741988.00
732543.25
0.2165188E€ 28

VELOCITY

0

[

0
HOR,
PRESSURE

1344.2332
2049.5845

5957.9770
7.5273920

6142.7394
6.4419537

6332.3339
545148927

204305.50
0.6347282€ 08

211563.25
3.6360814E 08

218383.75
0.6372405E 08

225372.25
0.6382169E 08

232534.00
0.6390242€ 08

239875.25
0.6396780E 08

247402.75
0.6401951& 08

255123.50
0.6405934€ 08

263344.25
0.6408%08E 08

271174.25
0.6410988E 08

279521.50
0.6412379E 08

288135.25
0.6413297E 08

296906.50
0.6413895E 08

305365.25
0.6414275E 08

315285.00
0.6414508E 08

315285.00
0.6414508E 08

ALT ITUDE
HEAT INTEGRAL

1022.7500
11523.263

166342.00
0.8525801E 08

0.9135463
-741.75146
883.61763

0.5597554
-853.48028
1243.0634

0.5537554
-853.48028
1243 .0634

0.8544922E-23
1873 .1456
-B79.86337

0.8544922E-03
1879.1456
-879.856337

365908.66
993643,427
73123.759

ALT ITUDE
HEAT INVEGRAL

1022.7500
11523.263

126336.00
0.8254204E 08

130753.00
0.8362368E 28

134731.75
0.8463519E 08

8)11.3954
6.6672870

8246.0513
7.0232744

8488.0835
7.4068170

8737.8879
7.8215533

8395.8959
8.2718366

9262.5776
8.7629544

9538.4478
9.3013892

9824.0708
9.8951820

10120.068
1J.538694

12427.124
13 .898293

10745.998
11.271343

11077.531
11.660637

11422.662
12.065480

11782.439
12.220481

12158.045
12.267275

12158.045
0

INR. VELICITY
MACH NUMBER

1351.9190
0.1274009

8073.9514
o

19.285004
0.2071683E-01
1832855.0

6.8998464
0.45227856~01
9541279.6

6.8998464
0.4522785E-01
9541279.6

-0.4157T721E-01
0.6748666E-01
0.2166093E 08

-0.4157721E-01
0.6748666E-01
0.2166093E 08

0
0
0

INR. VELOCITY
MACH NUMBER

1351.9673
0.1274009

6353.9879
4.8578877

6539.5086
4.9906117

6729.8693
5.1259624

27.811260
12.069554

27.666117
10.077288

27.525190
8.2808009

27.388665
6.6853700

27.256718
5.2920369

27.129513
4.,0973778

27.007210
3.0938638

26.889958
2.2702116

26.777904
1L.6019586

26.671189
1.0417447

26. 569954
0.6689733

26.474336
0.4240248

26.384474
0.2651325

26.300509
0.1577772

26,222586
0.9384190E-01

26.222586
0.9384190E-01
INR., GAMMA
3

6.1317059
23.286762

19.285004
44.056735

1952.9455
[}
178.09129

2742.9387
7.9106708
174.50667

2742.9387
7.9106708
174.50667

5$338.8527
41.171320
-60.072076

5338.8527
41.171320
-60.072076

0.9167670
0.8995047
0.8128974

INR. GAMMA
]

6.1314628
23,286762

20.335265
124.34763

20.061098
112.31123

19.791723
101.43452

28409, 090
8664559.9

28409. 090
8664612.5

28409. 090
B8664654.4

28409, 090
8664687.0

28409.090
8664712.0

28409. 090
8664730.7

28409, 090
8664744.5

28409.090
8664754. %

28439. 090
8664T61.2

28409.092
8664765.7

28409.092
8664768.5

28409. 090
B664770.1

28409.090
8664771.1

28409. 090
8664771.7

28409.090
B664772.1

28409, 090
866%772.1

FLOW
THARUST

28409.090
7540854.0

28409.092
B663861.7

8073.9511
2666.5625
7620.9009

17132.630
2058.21%%
17008.550

17132.630
2058.21%4%
17008. 550

25502.984
~18.505475
25502.978

25502.98%
~18.506475

25502.978

0

0

o

=LOW
THRUST

28409.090
7540854.0

28409, 090
8660644.7

28409.090
8661240.,0

28409.090
8661748.%




81 132.00000 2250000.0 2314.8167 6526.92)3 L38773.75 6925.2490 19.527396 28409, 090
43

82 10 0.2104868E 08 26217.521 4,7218099 3.8558089E 08 5.2647598 91.614383 B662183.2
Bl 133.76000 2200000.0 2351.4770 6726.6745 142379.75 7125.8400 19.268347 28409.090
8z 44 L0 0.2105278E 08 23477.232 4.0418899 0.8545487E 08 5.4079722 82.746840 8662556.1
Bl 135.52000 2150000. 1 2388.8057 6931.7850 147350.75 7331.8508 19.014783 28409.090
B2 w5 10 0.2105696€ 08 21011.155 3.4572631 0.8729093E 08 5.5567043 T4, 724849 8662876.7
Bl 137.£8000 2100000.1 2426.8858 7142.4579 151288.00 7543.5059 18.766888 28409.090
a2 46 10 0.2106119€ 08 14783.756 2.9526993 0.8826243E 08 5.7121996 67.441000 8663153.4
81 139.04000 2050000.1 2465.8062 7358.9184 155593.00 7761.0489 18.524829 28409. 090
82 47 i0 0.2106550E 08 16658.750 2.5056029 0.8878142E 08 5.8677334 60.388054 8663398.6
Bl 140.80000 2000000.1 2505.6609 7581 .4085 159367.50 T384.7414 18.288757 28409, 090
R2 48 10 0.2106987E 08 15044.213 2.138327% 3.8345199€ 08 6.0673344 55.102093 8663600.)
BL 142.56000 1950000. 1 2546.5485 7810.1877 164413.20 8214.8611 18.058802 28429.090
82 49 10 0.2107432E 08 13601.066 1.8203228 0.9)08376E 08 6.2728454 50.138992 B663774.%
Bl 144.32000 1900000.1 2588.5772 8045.5434 168931.25 8451.7159 17.835086 28409.090
B2 50 10 0.2107884E 08 12258.996 1.5456405 0.9067723E D8 6.4845409 45,495143 8663925.0
Bl 146.08000 1850000.1 2631.8634 8287.7896 173524.50 8695.6404 17.617722 28409. 090
B2 51 10 0.2108343E 08 11015.236 1.3089433 0.9123310E 08 6.,7027195 41.164321 8664054.7
Bl 147.84000 1800000C. 1 2676.5313 8537.26170 178195.25 8946.9967 17.406808 28409,090
B2 52 1o 0.2108810e 08 9969.4441 1.1042300 0.9175363E 08 6.9727106 37.580353 8664157.0
81 149.60000 175000041 2722.7137 8794.3440 182945.75 920641749 17.202435 28409. 090
-4 53 Lo 0.2109285 08 9046.0739 0.9260077 0.9224748E 28 7.2904415 34,452465 8664254.7
Bl 151.36000 1L700000.1 2770.5557 9059.4281 187778.75 9473.6063 17.004688 28409.090
B2 54 10 0.210976%E 08 8150.4319 0.7709303 0.9271393€E 08 7.6260566 31.384353 8664349.7
Bl  153.12000 1650000. 1 2820.2142 9332.9655 192597.75 9749.7616 16.813647 28409.090
B2 55 10 0.2110261E 08 1287.9609 0.6368161 0.9315160E 08 7.9811785 284395277 8664423. 4
8L 154.88000 1600000.1 2871.8592 9615.4443 197706.00 1J035.156 16.629386 28409. 090
B2 56 10 0.2110762E u8 6463,8030 0.5216078 0.9355939E 08 8.3576350 25.504038 8664486.5
81 156 .64000 1550000.1 2925.6759 9907.4022 202836.75 10330, 353 16.451977 28409.090
B2 57 10 0.2111272€ 08 5682.6287 0.4233603 0.9393648E 08 B.7574997 22.728378 8664540.4
Bl  158.40000 1500000.1 2981.8657 10209.429 208204.50 10635.975 16.281489 28409.090
B2 58 10 0.2LL1792E 08 4948.3115 0.3402214 0.9428239E 038 9.1831641 20.083731 B664586.0
81 160.16000 14500004 1 3040.6494 10522.177 213303.00 13952.705 16.117989 28409.090
82 59 i0 9.2112322€ 08 4264.3092 0.2704719 0.9459693E 08 9.6373506 17.584723 8664624.2
81 161.92000 1400000.1 3102.2696 10846.368 218707.75 11281.302 15.961547 28409.090
82 60 10 0.2112862€ 08 3633.1408 0.2124889 0.9488026E 08 1).123244 15.243111 8664656.0
Bl 163.68000 1350000.1 3166.9936 11182.804 224223.25 11622.606 15.812233 2840%, 090
B2 61 10 0.2113414E 08 3056.8286 0.1647825 0.9513285€ 08 10.644506 13.069535 8664682.2
Bl 165.44000 1300000.1 3235.1175 11532.381 229855.25 11977.554 15.670119 28409.090
B2 62 10 0.2113977E 08 2536.4853 0.1259688 0.9535552€ 08 11.205446 11.071830 8664703.5
B8l 167.20000 1250000.1 3306.9704 11896.098 235611.20 12347.194 15.535282 18409, 090
B2 63 10 0.2114553E 08 2072.3420 0.9477502E-J1 2.9554939E 08 11.811190 9.2550601 3664720.5
Bl  168.96000 1200000.0 3382.9203 12275.082 241496.5) 12732,705 15.407806 28409.090
B2 64 10 0.2115141E 08 1664.0305 0.7005370E-01 0.9571588E 08 12.467759 T.6226484 8664T734.1
Bl 168.96000 1200000.0 3382.9203 12275.082 241496.50 12732.705 15.407806 28409.090
B2 &4 10 0.2115141€ 08 Q 0 0.9571588E 08 [} 7.6226484 8664734.1
Bl TIME WE IGHT RAD. VELOCETY HOR. VELOCITY ALT ITUDE INR. VELJICITY INR. GAMMA ZLOW

B2 STEPGD+STEPNO RADIUS ORAG PRESSURE HEAT INTEGRAL MACH NUMBER 3 THRUST

Bl 15.000000 5573863.6 144.40433 1344,.1793 1022.7500 1351.9137 6.1317322 28409.090
82 o ] 0.2091092E 08 22896.708 2049.5846 11523,.253 0.1274009 23,286762 7540854.0
8l 141.86232 1969820.4 2681.4959 7609.2579 167403.00 8067.9135 19.412413 28409. 090
:¥4 42 9 0.2107731E 08 4] ] J.8477190E 08 4] 43.265638 B663876.7
Ul 141.86232 1603915.1 34.643657 167419.75 0.9138139 19.412413 1952.7882 8067.9132
U2 3504.6729 0.9352116 -0.4095543E-01 -0.1995507E 38 -741.17240 0.2068473E-01 0 2681.4959
u3i 0 0.9350344E- 02 89.371392 0.2107731€ 08 883.03473 1827338.7 178.08405 7609.2578
Ul 395.70713 714272.10 27.202741 639B58.75 0.5596458 6.9077446 2743.8466 17134.0%0
U2 3504.6729 2.1000400 ~0.148426BE-01 -0.1476985E 0B -853.60007 0.4522475€E~01 7.9094726 2060.7285
u3 i9 ~0.1164153E~09 89.371392 0.2154975€ 28 1243 .,3072 9545090.6 174. 49775 17009. 665
Ul  395.70713 614913,88 27.202741 639858.75 0.5596458 6.9077446 2T43.8466 17134.040
Uz 294.11765 0.4065610 -0.1484268E-0F -0.1478985c )8 -853.60007 0.4522475E-01 7.9094726 2060.7285
u3 19 -0.1814946E 09 89.371392 0.2154975E 08 1249.3072 9545090.6 174.49775 17009. 655
Ui 998.86699 437513.93 19.701302 748787.25 0.2441406E-03 -~0.9717724E-02 5338.8527 25494. 980
U2 294.11765 0.5714104 -0.1515999E-01 T45763.75 1768.0430 0.6744432E~01 41.131941 ~4.3241039
u3 34 8.0000000 89.371392 0.216586BE 28 -769.17620 0.2166094E 08 -58.359989 25494.980
Ul  998.86699 224338.62 19.701302 748787.25 0.2441406E-03 -0.9717724E-02 5338.,8527 25494. 980
U2 294.11765 0.5714104 -0.1515999€E-01 745763.75 1763.0430 0.6744432E-01 41.131941 ~4.324109)
u3 34 8.0000000 89.371392 0.2165868E 28 —769.17600 0.2166094E 08 -~58.359989 25494.980
U4 141.86232 1] 4030179.6 ] 365905.38 0 0.9167656 [}

us 253.84481 o 889643.02 0 99358.219 0 0.8995368 0

Us 603.15985 [} 317477.91 1] 73037.349 o 0.8128470 o
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TB=144
$s
NOPT=0s1c1
MODEC=3

THRUST ONE
THRUST TW0D
THRUST THREE

TIME
FLOW
STEPNO

BURN T IME ONE
BURN TIME TwWO
BURN TIME THRE

8664772.6
1500000.0
250000.00

T IME
STEPGO+STEPNO
PSI

PSID

DRAG

15.000000
0

89.362491
—1.3528310
22896 .708

144 .00000
42

22.112170
-0.1837770
0

144 .00000
3504.6729
[}

380.10155
3504.6729
15

380.10155
294 .11765
15

989.37902
294.11765
30

989.37902
294.11765
30

144 .00000
236.10155
609 .277417

TB=144,250
NOPT=0,0, 1
s

THRUST ONE
THRUST TWO
THRUST THREE

TIME
FLOW
STEPND

BURN TIME ONE
BURN TIME TWO

‘BURN TIME THRE

THRUST FOWR
THRUST FIVE
THRUST SIX

WE IGHT
ACCELLERATION
CAPPA

BURN TIME FOUR
BURN TIME FIVE
BURN TIME SIX

[¢]
o

LATITUDE
LONGITUDE
INR. AZIMUTH
REL. AZIMUTH
PRESSURE

28.299972
279.49999
90.000000
89.999966
2049.5846

28.292814
280.24094
90.666348
90.803360
o

1541363.8
0.9731641
—4.0000000

713905.12
2.1011195
—4.0000000

616598.98
0.4054499
~0.1828609E 09

437399.73
0.5715596
-0

224049.45
0.5715596
-0

0
0
0

NOTE THAT THE FIRST AND

THRUST FOUR
THRUST FIVE
THRUST SIX

WE IGHT
ACCELLERATION
CAPPA

BURN TIME FOUR
BURN TIME FIVE
BURN TIMNE SIX

FLOW ONE
FLOW TwWO
FLOW THREE

PSI
PSID
KICK ANGLE

WP ONE
WP TWo
WP THREE

28409.090
3504.6729
294.11765

RADEUS
ALTITUDE
RANGE

ALPHA

HEAT INTEGR.

0.2091092E 08
1022.7500
0.8181382E-10
[}

11523.263

0.2108103E 08
171119.50

0. 1874056E-05
0

0.8742585E 08

33.483757
-0.3997838E-01
89.362491

26.753526
~0.1445424E-01
89.362491

26.753526
- 0.1445424E-01
89.362491

20.320702
-0.1124348€-01
89.362491

20.320702
-0.1124348E-01
89.362491

4090909.0
827458.69
319240.65

»$$ FLIRST STAGE DURATION

NODTE THAT THE FIRST STAGE IS FIXED IN DURATION

+»$$ PHASE OPTIMIZATION FLAGS
+$$ BOOSTER OUTPJT TYPE

FLOW FOUR
FLOW FIVE
FLOW SIX

ALTITUDE
PERIGEE ALT
RADIUS

WP FOUR
WP FIVE
WP SIX

0
0
[

INR.
INR.
REL.
REL.
MACH

GAMMA

GAMMA
NO

1351.9360
6.1316203
l44.41302
89.362491
0.1274005%

8375.0155
18.624490
7105.5584
22.112170
0

171137.00
-0.1986670E
0.2108103E

631864.75
-0.1485619E
0.2154175E

631864.75
-0.1486619E
0.2154175E

751615.50
747313.00
0.2166151E

751615.50
747313.20
0.2166151E

o
0
0

VELDCITY

VELOCITY

28
o8

8
08

08
08

1]

HARD ONE
HARD TWO
HARD THREE

ECCENTRICITY
TIME OF PERIGE
TIME PER DEP

HARD ONE
HARD TwWO
HARD THREE

245)00.00
70000.000
35000.000

PERIOD

TRUE ANOMALY
NODE

TIME PER DEP
DRAG COEFF

1794.0381
179.98343
189.56266
831.56180
1.1530000

19::5.0361
177.98967
189.43693
888.57816
0

0.9262285
-744.57870
888.57870

0.5539655
-859.60535
1239 .7069

0.5639655
-859. 60535
1233.7069

0.1726335E£-03
653.79829
335.58073

0.1726335E-03
653.79829
335.58073

367727.27
97306.136
73308.877

HARD FOUR
HARD FIVE
HARD SIX

INR. GAMMA
OMEGA
SEM LAT REC

HARD FOUR
HARD FIVE
HARD SIX

ooo

SEM LAT REC
ECCENTRICITY
INR. INCLIN.
REL. INCLIN.
DYNAM. PRES.

55127.982
0.9973159
28.299972
28.299971
23.286763

1988558.2
0.9062285
28.300011
28.303274
41.217055

18.624490
0.2157030E-01
1988558.2

7.2217565
0.4503740E-01
9452133.0

T7.2217565
0.4503740E-01
9452133.0

0.1681029€E-02
0.6742671E-01
0. 2166094E 08

0.1681029E-02

0.6742671E-01
0.2166094E 08

0
o
0

+»$$ FIRST TWO STAGE DURAT IONS

+»$$ PHASE OPTIMIZATION FLAGS

SECOND STAGES ARE FIXED IN DURATION

FLOW ONE
FLOW TWO
FLOW THREE

PSI
PSID
KICK ANGLE

WP ONE
WP TWO
WP THREE

FLOW FOUR
FLOW FIVE
FLOW SIX

ALTiTUDE
PERIGEE ALT
RADIVUS

WP FOUR
WP FIVE
WP SIX

HARD DNE
HARD THWO
HARD THREE

ECCENTRICITY
TIME OF PERIGE
TIME PER DEP

HARD
HARD
HARD

ONE
TwWO
THREE

HARD FDUR
HARD FIVE
HARD S1IX

INR.
OMEGA
SEM LAY REC

GAMMA

HARD FOUR
HARD FIVE
HARD SIX

PROP ONE
POP TWOD
PROP THREE

PERIJD
TRAVEL ANGLE
TRUE ANJIMALY

M F ONE
M F TWO
¥ F THREE

0.3000000E-01
0.3300000E-01
0.1200000

WEIGHT

FLOW

RAD. VELITITY
HOR VELJCITY
TIME OF PERISE

5573863.6
28409.090
144.40408
1344.2018
-876.56180

1909090.9
28409.090
2674.6817
7936.4326
-744.57816

1965.0360
0
177.98967

2732.7799
7.4804338
174.34212

2732.7799
7.4804338
174.34212

5338.8527
40.964771
131.58272

5338.8527
40.964TT1
131.58272

0.9175247
0.8947774
0.8132494

PROP ONE
PROP TWO
PROP THREE

PERIJD
TRAVEL ANGLE
TRUE ANJMALY

M F ONE
M F TWO
M F THREE

FOUR
FIVE
SI X

VELOCITYY
VELOZITY
VELOZITY

ACCELLERATION
THRUST

INR TRVL ANGL
REL TRVL ANSL
INR.TRAVEL

1.3487874%
7540854.0
0.2638724E£-03
0.13621%5E-11
0.1584883E-05

4.5382801
8663989.5
0.5553225E-27
0.3120175E-07
0.3395469€-05

8375.0154
26T4.5817
7936.4325

17068.319
2145.5577
16932.917

17068.319
2145.6577
16932.917

25491.652
0.7479122
25491.652

25491.652
0.7473122
25491.652

0
0
0

pROP
PROP
PROP

FDUR
FIVE
SIX

INR.
RAD.
40R.

VILOZITYY
VELOCITY
VILOZITY




Al Bb664T72.6 0 28409.0%0 0 245000.00 0 0.3000000E-01 0

A2 1500000.0 1] 3504.6729 o 70000.000 [ 0.3300000£-01 1]

A3 250000.00 ] 294.11765 0 35037.000 o 0.1200000 [+]

Bl T IME LATITUDE RADEUS INR. VELOCITY PERIOD SEY LAT REC WEIGHT AZCELLERATION

82 STEPGD+STEPNO LONGITUDE ALTITUDE INR. GAMMA TRUE ANOMALY ECCENTRICITY FLOW THRUST

B3 PSI INR. AZIMUTH RANGE REL. VELODCITY NODE INR. INCLIN. RAD, VELICITY INR TRVL ANGL

84 PSID REL. AZIMUTH ALPHA REL. GAMMA TIME PER DEP REL. INCLIN. HOR VELOCITY REL TRVL ANGL

B5 DRAG PRESSURE HEAT INTEGR. MACH NO DRAG COEFF DYNAM, PRES. TIME DF PERI3ZZ [NR.TRAVEL

Bl 15.000000 28.299972 0.2091092E 08 1351.9882 1794.0355 56132.374 5573863.6 1.348787%

82 4] o 279.49999 1022.7500 6.1313572 179.98343 0.9973157 28409.090 7540854.0

B3 89.341623 90.000000 0.8181382E-10 144.41302 189.56266 28.299971 144.40348 0.2638724E-03
B84 -1.3527791 89.999977 0 89.341623 831.96212 28.299976 1344,2543 0.1362145E-11
B5 22896.708 2049.5846 11523.263 0.1274009 1.1500000 23.286763 -876.96212 0.1584883E-0%5
Bl 144.00000 28.292661 0.2107600€ 08 8429.8875 1966.4421 2242321.7 1909090.9 4.5381982

B2 b4 11 280.25666 166087.75 17.3821%5 178.07620 0.9036066 28409.090 8663833,1

B3 20.623329 90.673302 0.1913838E-05 TL49.9452 189.43799 28.300010 2518.3734 0.5719453E-07
B4 -0.1836811 90.809464 0 20.623329 894.53690 28.303282 8044.9237 0.3186410E-07
85 © o 0.9277741E 08 4] [} 50.070842 -750.63690 0.3435245E-25
Ul 144.00000 1541363.8 31.884728 166105.25 0.9036066 17.382145 1966.4421 8429.8872

U2 3504.6729 0.9731641 -0.4634934E-01 -0.1983702E 08 -750.63630 0.2187039E-01 [} 2518.3734

u3 0 -0 89.341623 0.2107600E 28 894.63630 2342321.6 1768.07520 8044.9236

Ul 394.00000 665195.59 22.830292 578776.25 0.4977920 5.5167568 2898.4415 18265.592

U2 3504.6729 2.2549758 ~0.2312308E-01 -0.1367041E 08 -938.58022 0.4847643E-01 8.2840270 1755.9968

u3 16 ~0 89.341623 0.2148867E 28 1332.5802 0.1084321E 08 174.38141 18180.938

Ul 394.00000 566282.04 22.830292 578776.25 0.4977900 5.5167568 2898.4415 18265.592

U2 294.11765 0.4414761 -0.2312308E-0F -0.13670%1E 0B -938.58022 0.4847643E-01 8.2840270 1755.9968

u3 L6 -0.1633231E 09 89.341623 0.2148857€ 38 1332.5802 0.1084321E 08 174.38141 18180. 988

Ul 872.02884 425685, 32 10.830313 750975.50 0.1726335E-03 -0.9653395E-04 5338, 8524 25492.405

U2 294.11765 0.5872883 -0.2821767E-01 747312.25 888.28274 0.6743069E-01 35.552577 -0.4295052=~-01
u3 29 -0 89.341623 0.2166087E 08 -16.253904 0.2166094E 08 -25.885881 25492.405

Ul 872.0cd884 221168.00 10.830313 750975.50 0.1726335E-03 -0.9653395E-04 5338.8524 25492.405

U2 294.11765 0.5872883 ~0.2821767E-01 T47312.25 888.28274 0.6743069E-01 35.552577 -0.4295050E-01
u3 29 -0 89.341623 0.2166087E 0B -—-16.253904 0.2166094E 08 -25.885881 25492. 405

4  144.00000 0o 4090909.0 J 367727.21 [ 0.9175247 0

Us 250.0000v o 876168.22 [+] 38913.551 4] J.8985587 0

U6 478.02884 0 276887.54 Qo 68226.504 o 0.8023074 o

5
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APPENDIX H

PROGRAM LISTING

SUBROUTINE AEROD

SUBROUTINE AERD COMPUTES MACH NUMBER, DYNAMIC PRESSURE, AND
DRAG ACCELERATIONS. ACCELERATION VECTORS ARE REFERENCED TO THE
RELATIVE WIND VELOCITY.

THE DRAG COEFFICIENT IS ASSUMED TO BE A FUNCTION OF MACH
NUMBER AND A TABLE OF CD VS MACH NUMBER IS ASSUMED AS A FITTED
OUADRATIC EQUATION IN THE COEFFICIENT ARRAY.

THE CONSTANT IN THE Q EQUATION IS 0,5%1.4. THE RATIO OF
SPECIFIC HEATS OF AIR IS ASSUMED TO BE A CONSTANT = l.4.

PA HAS UNITS OF LB/FT/FT AND VELSD FT/SEC.

COMMON /CSTAR/ CMA(1000),CMB(1000}

DIMENSION DRAG (3 }sRB (5 )+ VATM (5 )
DIMENSION VX (5 )

EQUIVALENCE (AREA ,CMA(809)),(CD +CMA(B12) ), (DRAG HCMA(T7T))
EQUIVALENCE (G +CMA(T716))4(PA yCMA(806)),(Q +CMA(807))
EQUIVALENCE (QVAL LCMA{808)),(RB 2CMA(754) ), (REVOLV,CMA(T799))
EQUIVALENCE (VATM 4CMA(764)),(VELSD 4CMA(810)),(VMACH ,CMA(811))
EQUIVALENCE (VX ,CMA(75§)),(NEIGHT,CMA(4OZ))

COMPUTE RELATIVE VELOCITY
VATM(1)=VX(1)+REVOLV*RB(2)
VATM(2)=VX(2)-REVOLV*RB(1)
VATM(3)=VX(3)
VATM(4)=DOT{VATM,VATM)
VATM(5)=SQRT(VATM(4))

COMPUTE MACH NUMBER
VMACH=VATM(5)/VELSD

COMPUTE DYNAMIC PRESSURE
Q=VMACH**2%PA*0,7

QVAL=Q*AREA/WEIGHT*G

FIND DRAG COEFFICIENT
CD=QUAD(VMACH,1)

COMPUTE DRAG ACCELERATIONS
IF(VATM(5).EQ.0,0) RETURN

DO 1 K=1,3
DRAG(K)=—CD*QVAL*VATM{K)/VATM(S5)

RETURN
END

ZAER0001
ZAER0002
ZAER0003
ZAER0004
ZAER0005
ZAER0006
ZAER0007
ZAER0008
ZAER0009
ZAER0010
ZAEROO11
ZAEROO12
ZAER0O013
ZAEROO14
ZAER0015
ZAEROO16
ZAER0O017
ZAER0OO18
ZAER0019
ZAER0020
ZAER0021
ZAER0022
ZAER0023
ZAERO024
ZAER0025
ZAER0026
ZAER0027
ZAER0028
ZAER0029
ZAER0030
ZAER0031
ZAER0032
ZAER0033
ZAER0034
ZAER0035
ZAER0036
ZAER0037
ZAERO038
ZAER0039
ZAER0040
ZAER0041
ZAER0042
ZAER0043
ZAEROO44
ZAERO045
ZAERO046
ZAER0047
ZAER0048
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SUBROUTINE ATMOS ZATM0001

ZATM0002

SUBROUTINE ATMOS SUPPLIES ATMOSPHERIC PRESSURE AND VELOCITY ZATMOOO3

OF SOUND AS A FUNCTION OF ALTITUDE. ZATM0004
ZATM000S

COMMON /SCAMOO/ A,AL,HARDC,PARDCyDENARD, TARDCyYPAT,ALTPAT, ZATMO006
1GMOR ,ONEBYR4P1 ,DENS1 ZATMQO007
COMMON /CSTAR/ CMA(1000),CMB(1000) ZATM0O008
COMMON /ATABLE/ CME(8000) ZATM0009
ZATMOO10

DIMENSION A (69493 )AL (10 )  DENARD(10 ) ZATMOO11
DIMENSION HARDC (10 )+ PARDC (10 ) s POWER (3 ) ZATMOO12
DIMENSION RB (5 }»TARDC (10 ) YPAT (4 ) ZATMOO13
EQUIVALENCE (ALT +CMA(805) ), (APR +CME(004) )4 (B +CMA(814)) ZATMOO14
EQUIVALENCE (CONM L,CMA(T717)),(CPA +CMA(719)),(OBLATN,CME(0QO2)) ZATMOO15
EQUIVALENCE (PA yCMA(806) )4 (R +CMA(758) ), (RB +CMA(754)) ZATMOO16
EQUIVALENCE (RBSQ LCMA(757)),(VELSD ,CMA(810)) ZATM0017
ZATMOO18

DATA AMOL1/28.966/ ZATMO0O019
DATA AMOR/.3478B119E-2/ ZATMO0020
ZATM0021

ZATM0022

DETERMINE 1F OBLATE SPHEROIDAL OR SPHERICAL EARTH IS MODEL ZATM0023
IF(OBLATNJNE.O.0V GO TO 1 ZATM0024
ZATM0025

ALT=R-APR ZATM0026
60 TO 2 ZATM0027

1 ALT=R-APR*B/ SQRT(B**2+(APR*%*2-B*%2)*RB(3)*%2/RBSY) ZATM0028
CONVERT TO METERS FOR INTERNAL COMPUTATIONS ZATM0029

2 ALTM=ALT/CONM ZATM003C
BELOW ALTPAT.+++.USE PATRICK AFB MODEL FIT ZATM0031
ABOVE ALTPAT....USE ARDC 1959 MODEL FIT ZATM0032
IF(ALTM=ALTPAT.GT.0.0) GO TO 6 ZATM0033

N =1 ZATM0034
DETERMINE ALTTABIE INTERVAL,YPAT. [INCREMENT N UNTIL LEVEL 1S ZATM0035
FOUND . ZATM0036

3 IF(ALTM,LT.YPAT(N)) GD TO 4 ZATMOO37
N =N+1 ZATM0038
GO 70 3 ZATM0039
POLYNOMIAL IN ALTITUDE DETERMINED ZATM0040

4 DO 5 JU=1,3 ZATM0041
5 POWER(J) = ((((A(6yNsJI*ALTM + A(S5yNyJ))*ALTM + A(4,N,J))*ALTM + ZATMOO42
1 A(3yNyJ))I*ALTM + A{(2,NyJ))*ALTM + A{1,N,J) ZATM0043
PRESS = PLl*EXP(POWER(1)) ZATM0044
DENSE = DENS1*EXP(POWER(2)) ZATM0045
TEMP = POWERI(3) ZATMO046
GD T0 16 ZATMOO047
GEOPOTENTIAL ALTITUDE COMPUTED ZATM0048

6 HALT = 6339260.0%ALTM/(ALTM + 6344520,0) ZATM0049
N =1 ZATMOO50
DETERMINE ALTITUDE TABLE INTERVAL, HARDC., [INCREMENT N UNTIL ZATM0051
LEVEL IS FOUND ZATM00S52

7 IF(HALT.LT.HARDC(N+1)) GO TO 8 ZATM0053
N = N +1 ZATMO054
GO 10 7 ZATM0055
IF AL (TEMPERATURE GRADIENT) IS NOT CONSTANT (INDICATED BY ZATM0OO056

(X
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10

11

12

14

15
16

ZERO)y COMPUTE PARAMETERS AS FUNCTIONS OF MOLECULAR WEIGHT
RATIO.

IF(AL(N).EQ.0.,0) GO TO 9

IF AL IS CONSTANT (NON-ZERO) COMPUTE WITH SIMPLIFIED
RELATIONSHIP.

TEMP = TARDC(N) + AL{(N)*(HALT~HARDC(N))

AMULT = TARDC(N)/TEMP

PRESS = PARDC{N)*AMULT#**{GMOR/AL(N))

GO T0 15

CONVERT TO KILOMETERS, FIND REGION BY HALTKM IN (0,90),
(90,180)y OR (180,INF).

HALTKM = HALT/1000.0

K =1

IF(HALTKM.GT.90.0) K = 2

IF(HALTKM.GT.180.0) K = 3

GO TO (104911412),K

TEMP = TARDC(N)

GO TO 14

AMOLE = 22.0 - 5.,04483574%ATAN2 (HALTKM-220.0,225.0)
GO 70 13

AMOLE = 27,106 — 7.9356971%ATAN2(HALTKM-180.0,140,0)
TEMP = TARDC(N)*AMOL1/AMOLE

AMULT = EXP(~GMOR*(HALT-HARDC(N))/TARDC(N))
PRESS = PARDC (N)}*AMULT

DENSITY, VELSD, PA COMPUTED FOR PROGRAM USE.
VELSD = (FPS), PA = (PSI).

DENSE =AMOR*PRESS/TEMP

VELSD = SORT(1.40%PRESS/DENSE)=*CONM
PA = CPA*PRESS

RETURN

END

FUNCTICN ARCTAN (Y,4X)

ZATMOOS57
ZATMOO58
ZATM0059
ZATMO060
ZATMQ061
ZATMO0062
ZATMOQO063
ZATMO064
ZATMO065
ZATMO066
ZATM0067
ZATMO068
ZATM0O069
ZATMO070
ZATMOOT71
ZATMOO072
ZATMO0073
ZATMOOT74
ZATMOO75
ZATMOO76
ZATMOOT7
ZATMOO78
ZATMO079
ZATM0080
ZATMO0081
ZATM0082
ZATM0083
ZATM0084
ZATM0085
ZATM0O086
ZATMO0087

ZARCO0001
ZARCQO002
ZARCO003

THE FORTRAN IV LIBRARY ATAN(+ OR - Z=TAN(THETA))USES A SINGLEZARCO004

ARGUMENT WITH ITS SIGN TO GIVE THETA IN THE FIRST (+Z) OR FOURTH
(-Z) QUADRANT, THE ARCTAN FUNCTION MAY BE USED IF + OR - 7 IS

DERIVED FROM A FRACTION SO THAT ARCTAN (Y/X) = TAN-1

((+OR-Y=SIN(THETA))/(+0OR-X=COS(THETA))). THUS THE ARCTAN(Y/X)
GIVES THETA IN ITS PROPER QUADRANT FROM -180 DEGREES TO +180

DEGREES,

IF (X} 2,1,2
ARCTAN=SIGN(1,57079632,Y)

GO TO 4

ARCTAN=ATAN(Y/X)

IF (X) 3,144
ARCTAN=ARCTAN+SIGN(3.14159265,Y)
RETURN

END

ZARCO005
ZARCO006
ZARCO007
ZARC0008
ZARC0O009
ZARCO010
ZARCOO11
ZARCO012
ZARCO013
ZARCO014
ZARCO015
ZARCO016
ZARCO017
ZARCO018
ZARCO019
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SUBROUTINE BOOST(VAR,NVAR,NKICKS)

SUBROUTINE BOOST PROVIDES A TWO-DIMENSIONAL SECOND ORDER
CURVE FIT OF BOOSTER BURNOUT CONDITIONS. THE INTERPOLATION
EQUATION 1S

Z = A+ BX + CY + DXY + EXX + FYY
THE PARTIAL DERIVATIVES OF THE ALTITUDE, RADIAL VELOCITY,
AND ANGULAR VELOCITY WITH RESPECT TO KICK ANGLE AND BOOSTER
BURNING TIME ARE DOBTAINED BY DIFFERENTIATING THE INTERPOLATLON
EQUATION,
THE COEFFICIENTS ARE CALCULATED BY DETERMINANTS.

COMMON /CSTAR/ CMA(1000),CMB(1000)
COMMON /ATABLE/ CME(8000)
DIMENSION VAR(NVAR,NKICKS)

DIMENSION A (6 )y APTMAX(3 )yB (6 46 )
DIMENSION CON (6 96 )yl (6 ),ITB (3 )
DIMENSION ITK (3 ) +KS (3 )y PAR (6 42 )
DIMENSION ST78 (6 )V (6 )

EQUIVALENCE (APTMAX,CMB(126)),(DELTB 4CME(016)),(DELTK ,CME(199))
EQUIVALENCE (1ITB yCMB(123)),(ITK yCMB(120) ), (PAR yCMB(142))
EQUIVALENCE (ROA +yCMB(062) )4 (TBURN 4CMB(065) )4 (TMINST,CME(O19))
EQUIVALENCE (V yCMB(154))

DATA (KS(I),I=193)/17496/

SET UP DETERMINANT FOR COMPUTING D. NOTE THAT THE KICK ANGLE
TERMS ARE NORMALIZED TO THE DESIRED KICK ANGLE (SEE MAINA) AND
THE BURNOUT TIME TERMS TO THE DESIRED BURNING TIME

DO 1 J = 1,3

K = KS{J)

B(Ky2)=APTMAX(J)/DELTK
B(Jy3)=(TMINST+FLOAT(ITB{J)—~1)%*DELTB-TBURN)/DELTB
B(2,2)=B(1,2)

B(3,2)=8(1,2)

B(5,2)=B(4,2)

B{443)=B(1,3)

B(6,3)=B(1,3)

B(5y3)=B(293)

KA=0

DO 2 J = 1,3
JA=4-]

DO 2 K=1,JA
KA=KA+1

T(KA)=25%({ITK{(J)=-1)+ITB(K)
B(KA,1)=1.0
B(KAy4)=B(KA,2)*B(KA,3)
B{KA+5)=B(KA,2)%*%x2
B(KA,6)=B(KA,3)*%*2

LALL DETERM TO COMPUTE D
CALL DETERM(ByDy646)

COMPUTE COEFFICIENTS (CON) OF INTERPOLATION EQUATION,

J1=1(1)
DO 5 K = 1,NVAR
DO 3 M = 1,6

28000001
Z2B000002
28000003
28000004
28000005
28000006
ZBDO00OO7
28000008
28000009
8000010
ZB000011
28000012
Z2B000013
728000014
78000015
Z2B000O016
728000017
28000018
28000019
ZB0DD0020
28000021
28000022
8000023
28000024
28000025
ZB000026
28000027
Z2B000028
Z2B000029
ZB000030
ZB000031
Z2B000032
ZB0000O33
78000034
7B000035
Z8000036
ZB0O00O37
28000038
28000039
28000040
28000041
2B000042
ZB000043
ZB000044
28000045
ZB000046
28000047
28000048
ZB000049
ZB0D0O0O050
28000051
ZBD00052
ZB000053
ZB000054
ZB0OD0OO0OSS
ZB0O00056
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J2=1(M)
A(M)=VAR(K,J2)=VAR(K,J1)

DO 5L = 1,6

DO 4 J = 1,46

STB(J)=B(JyL)

B(JyL)=A(J)

CALL DETERM(B,CON(L4K)4646)
DO 5 J=1,6

B(J,L)=STB(J)

DO 6 K = 14NVAR

v(l) ALTITUDE

V(2) RADIAL VELOCITY

V(3) HORIZONTAL VELOCITY
VIK)=CON(14K)/D+VAR(K,yJ1)

PAR CONTAINS DERIVATIVES

PAR(Ks1) WITH RESPECT TO BURNING TIME,
PAR(K¢2) WITH RESPECT TO KICK ANGLE,

PAR(K,1)=CON{(3,K)/D/DELTH
PAR(Ky2)=CON(24K)/D/DELTK
RAD = RODA+VI(1l)

DO 7 K = 1,2

PAR(3,K})=PAR(34K)/RAD-V(3)/RAD**2*PAR(1,K)

RETURN
END

ZB00D00S7
ZB0000S58
ZB000059
ZB000060
2B000061
2B000062
ZB000063
28000064
28000065
ZB000066
ZB000067
ZB000068
ZBD00069
ZBB00070
ZB000071
ZB000072
ZB000073
ZB000074
ZB0D0O075
28000076
8000077
8000078
28000079
28000080
8000081
78000082
8000083
ZB0D00084
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SUBROUTINE CHECK ZCHEOOQO1

ZCHEO0002
SUBROUTINE CHECK COMPARES THE PROPELLANT LOADINGS OF THE ZCHEOO0O3
OPTIMIZED CASE WITH PRELOADED VALUES. IF A PROPELLANT LOADING ZCHEO00O4

(FUEL) EXCEEDS ITS LIMIT (WPMAX), THE BURNING TIME IS SHORTENED TOZCHEO0O005
THE TIME SUCH THAT EXACTLY THE SPECIFIED AMOUNT OF PROPELLANT IS ZCHEOOO6

UTILIZED AND PHASE TIME IS FIXED. ZCHEOO007

ZCHEQOO8
COMMON /CSTAR/ CMA(1000),CMB(1000) ZCHEOOO9
DIMENSION FLOMX (6 ) FUEL (6 }yJEND (20 ) ZCHEOO1O0
DIMENSION NOPT (6 )oT8B (6 )y TK (6 ) ZCHEOO11
DIMENSION WPMAX (6 ) ZCHEOO012

EQUIVALENCE (FLOMX oCMA(837)),(FUEL LCMA(871)),(FUELDV,CMA(878)) ZCHEQO13
EQUIVALENCE (JDATA 4,CMA(925)),(LAST LCMA(890)),(NOPT LCMA(B19)) ZCHEOOl4

EQUIVALENCE (T8 +CMA(825)) » (WPMAX ,CMA(855)) ZCHEOO15
DATA (TK(I)y1=146)/6H FIRSTH6HSECOND,6H THIRDy6HFOURTHy6H FIFTHy6HZCHEOOL16

1 SIXTH/ ZCHEOO17
DO 2 J = 1,4LAST ZCHEOO18
ZCHEOO019

CHECK FDR EXCESS PROPELLANT UTILIZATION BY EACH PHASE 2CHEO0020
TF{WPMAX(J)eEQ.0.,0.0R.FUEL(J)JLELWPMAX(J)) GO TO 2 ZCHEQO21
ZCHEOQO22

IF JDATA EQUALS THREE, THE CASE WITH THE EXCESS PROPELLANT ZCHEODO023
HAS BEEN PRINTED. ZCHEOO24
IF(JDATAJNE.3) GO 70 1 ZCHEODO025
ZCHEDOQ26

FIX BURNING TIME OF OFFENDING PHASE ZCHEOOQ27
TB(J)=WPMAX{J)/FLOMX(J) ZCHEQO28
ZCHEO0029

WRITE (643 )} TK{J)TB(J) ZCHEO0O030
ZCHEOO031

SET NOPT TO ZERO FOR OFFENDING PHASE ZCHEOO032

1 NOPT(J)=0 ZCHEOO33
ZCHEOO34

2 CONTINUE ZCHEOQO35
3 FORMAT (1HO,1X,1A6,37H STAGE BURNING TIME HAS BEEN FIXED AT, ZCHEODO36
11X9yGl4,79y9H SECONDS,) ZCHEDO37
RETURN ZCHE0O38
END ZCHEO0O39

81
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SUBRUGUTINE COAST

SUBROUTINE COAST TERMINATES A PHASE WHEN SOME DESIGNATED

PARAMETER REACHES A DESIRED VALUE.

TO ENABLE THE USER

T0

FAMILIARIZE HIMSELF WITH THE ORIGIN AND UTILITY OF THESE

TERMINATING EQUATIONS,

THE EQUATION NUMBERS FROM PAYLOAD

OPTIMIZATION OF MULTISTAGE LAUNCH VEHICLES (NASA TN-3121)

BY THE AUTHORS IS PROVIDED.
WHICH CAPPIN MUST EQUAL FOR STAGE TERMINATION.
SEEN THAT IN THE AFOREMENTIONED REPORT,

THE CAPPAD S

CAPPAD IS THE DESIRED VALUE
IT MAY BE

APPEAR ON THE RIGHT SIDE OF THE EQUAL SIGNS AND [IHE CAPPIN »

ON THE LEFT SIDE.
THIS ROUTINE CHECKS AT EACH INTEGRATION STEP FOR A CHANGE

IN SIGN IN CAPPA WHERE CAPPA = CAPPIN - CAPPAD AND WHEN CAPPA
CHANGES SIGNy COAST CONTROLS THE INTEGRATION STEP SIZE TO

ZERD CAPPA,

COMMDON /CSTAR/ CMA(1000),CMB(1000)

COMMON /RUNG/RUN(125)

DIMENSION FLOMX (6 }oFUEL (6 )yHARD (6 )
DIMENSION IDATA (6 +5 ),JCOAST(6 ) o NOPT (6 )
DIMENSION PROP (6 )yS (6 ,2 ),78 (6 )
DIMENSION THRUST(6 )y TS (6 )

EQUIVALENCE (CAPPA ,CMA(891)),(DELT LCMA(T701)),(DELTAV,CMA(861))
EQUIVALENCE (ENERGY,CMA(892) ), (ERRMXK,CMB(054)),(FLOMX ,CMA(837))
EQUIVALENCE (FLOW LCMA(877)),(FM +CMA(T715) ), (FUEL LCMA(871))
EQUIVALENCE (G +CMA(716)) s (HARD LCMA(843)),4(H2 +RUN(106))
EQUIVALENCE (I +RUN(107)), (IDATA ,CMB(086)),(JCOAST,CMB(130))
EQUIVALENCE (JCOST 4CMB(129)),(LAST ,LCMA(890)),(MASH LCMB(064))
EQUIVALENCE (MODDUT,CMA(714)),4(NCUTE oCMA(B893)),(NOPT LCMA(819))
EQUIVALENCE (NOPTA ,CMB(O70)),(NSTAGE,CMA(T10)),{0OMEGA ,CMA(405))
EQUIVALENCE (PROP LCMA(849)),I(R +CMA(402) ), (RMASS ,CMA(401))
EQUIVALENCE (S sCMB(074))4(THB yCMA(825) )5 (THRUST,CMA(831))
EQUIVALENCE (TIME LCMA(409)),(TS +CMA(932) ), (U 1CMA(404))
EQUIVALENCE (V +CMA(889) )4 (VELEX 4CMA(8T70))4(ZLAM]1 L4CMA(406))
EQUIVALENCE (ZLAM2 LCMA{407))+{ZLAM3 LCMA(408)),(ZLAM4 ,CMA(884))

DETERMINE PROPER EQUATION FOR TERMINATING PHASE USING

COLLECTED IN XOLOAD.

EQUATION,

GO TO (28411911912414451415416413),4JCOST
1 KA=JCOAST(NSTAGE)

K =20

IF(KA.NE.O) GO TO 3
IF(NSTAGE.EQ.LAST.AND.NCUTE.ER.1) GO TO 2
JCOST=1

RETURN

SET CAPPAD EQUAL TO THE DESIRED ENERGY
2 CAPPAD=ENERGY

JCOST=7 :

TSINSTAGE)=TS(NSTAGE-1)+10000.0

GO T0 10
3 GO TO (4,6),KA
4 TF(NSTAGE.EOQ.LAST) GO TO 5

INFORMATION
EVALUATE CONSTANT TERMS IN THE PROPER

ZCBA0001
ZCOA0002
ZCOA0003
ZCOA0004
ZCDAOOOS
ZCOAO0006
ZCDAOOO7
ZCOA0008
ZCOAQQ0S
ZCDAOO10
ZC0A001)
ZC0A0012
ZC0AQ013
ZCOAODO014
ZCDA0O015
2C0A0016
ZCBA0017
ZC0A0018
2C0A0019
ZCOA0020
ZC0A0021
2C0A0022
ZCDOA0023
ZCOAQ024
ZCBA0D025
ZCOA0026
ZC0A0027
ZCDAO0Z28
ZC0A0029
ZCOA0030
ZIC0OA0031
2C0A0032
ZC0A0033
ZCOA0034
ZCOAO0035
ZCOAQO036
ZCOA0037
ZCOAQO038
ZCDA0039
ZC0A0040
ZC0A0041
1COA0042
2L0A0043
ZCOAQ044
ZCDA0045
ZCDA0046
ZCDAOO47
ZC0A0048
ZC0A0049
ZC0A0050
ZC0A0051
ZCOAQ0052
ZCDADOS3
ZCOADO54
ZCDAOOS5
ZCOA0O056
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5 CAPPAD=—={(1.0+PROP(LAST))}*EXP(~-DELTAV/VELEX))/PROP(LAST)*(S(NOPTA,

7

10

11

12

13 CAPPIN=-SSTAGE(THRUST(NSTAGE+1),FLOMX(NSTAGE+1),RMASS—HARD(NSTAGE

RIGHT HAND SIDE OF EQUATION 47

CAPPAD=(1.0+PROP(NSTAGE))/PROP(NSTAGE)*{SINSTAGE,1)~-S(NOPTA,2)/

1{1.0+PROP(NOPTA))=SADDA(NOPTA+1 ,NSTAGE-1))
JCOST=2

GO 10 10
RIGHT HAND SIDE OF EQUATION 50

12 1/(1.0+PROP(NOPTA))-S(LAST,1)+SADDA(NOPTA+1,4LAST~1))
JCOST=3

GO 70 10
IF{IDATA(NSTAGE+1,5).EQ.1) GOTO 9
IF(NSTAGE.GT.NOPTA+1) GO TO 7

RIGHT HAND SIDE OF EQUATION 488
CAPPAD=0.0

JCOST=8

GO0 TO 10

RIGHT HAND SIDE OF EQUATION 48A
CAPPAD=SADDB(14NOPTA+1,NSTAGE)—-SADDB(24NOPTA+1,NSTAGE=-1)
1-S(NOPTA,2)/(1.0+PROP{(NOPTA))
IF{FLOMX(NSTAGE) .EQ.0,0) GO TO 8
JCOST=4

GO TO 10

JCOST=9

GO 70 10

RIGHT HAND SIDE OF EQUATION 41C
CAPPAD=0.0

JCOST=5
GO TO (11411,411,12414,15,15,16,13),JC0OST

LEFT HAND SIDE OF EQUATION 50
CAPPIN=SSTAGE(THRUST(NSTAGE) FLOW,RMASS)

GO 70 17

LEFT HAND SIDE OF EQUATION 48A

CAPPIN=( (FM/R*%%2-0OMEGA*%2%R)*ZLAML1+2 ,0*U*OMEGA*ZLAM2-U*ZLAM3
1-OMEGA*ZLAM4)/(1.,0/FLOMX(NSTAGE)-1,0/FLOMX(NSTAGE+1))-G*SQRT
L(ZLAML#*#24+ZLAM2%%2) % { THRUST(NSTAGE ) /RMASS/FLOMX(NSTAGE)+THRUST
1{NSTAGE+1)/{RMASS—-HARD{(NSTAGE)—PROP(NSTAGE)*(TIME~-TS{NSTAGE~1)}*

1FLOW) /FLOMX(NSTAGE+11})

GO 70O 17

LEFT HAND SIDE OF EQUATION 48A WHEN FLOW = O
1))

GO TO 17

ZC0A0057
ZC0OAQ058
ZCOA0059
ZC0AQ060
ZC0A0061
2COAQ062
2C0AQ063
ZCOAQ064
2C0DAQ065
ZCOAQ066
ZCOAQ067
ZCOA0068
ZCDAQ069
2C0AQ070
ZCOA0071
ZCOA00T72
ZCOA0O073
Z1COAQ074
ZCOA0075
ZC0OAQ076
ZCDAQOT7
2C0A0078
2C0A0079
2C0A0080
2C0A0081
2C0A0082
2C0A0083
ZCOA0Q084
ZCDA0O085
ZCBOAQO086
2C0A0087
ZC0OA0088
ZCDA0O089
ZCOA0090
ZCOA0091
ZCOA0092
ZCDAQO093
ZCOA0094
ZCDADO95
2C0AQ096
ZCDAQO097
ZC0A0098
ZCOA0099
2COAQ100
ZCOAO0101
2C0A0102
ZCDAO0103
ZCOA0104
ZCDAO0105
ZCDOAO106
ZCDAO0107
ZC0OA0108
ZCOAO0109
ZCOAO0110
ZCOAD111
2CDA0112
ZC0AO0113
ZCDAO114
2C0A0115
ZCOAO0116
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LEFT HAND SIDE OF EQUATION 41C

ZC0AO0117

14 CAPPIN={(FM/R*¥%2-0OMEGA®*2%R)%ZLAML+2 ,0%U*OMEGAXZLAM2-U*ZLAM3~0MEGA ZC0AOl118

15

1*ZLAMSG

G0 70 17

CALCULATE ENERGY
CAPPIN=V*%2/2,0-FM/R

GO TO 17

LEFT HAND SIDE OF EQUATION 488

ZC0OA0119
ZCOAO120
2C0A0121
ZCOAQ122
ZC0A0123
ICDAO124
ZCOA0125
21CDA0126
ZCOA0127
ZC0A0128

16 CAPPIN=SSTAGE(THRUST(NSTAGE+1)yFLDMX(NSTAGE+1)9RMASS—HARD(NSTAGE)-ZCUA0129

17

18

19

20

21

IPRDP(NSTAGE)*(TIME—TS(NSTAGE—I))*FLDN)-SSTAGE(THRUST(NSTAGE)y
1FLOW,RMASS)/(1.0+PROP(NOPTA))

COMPUTE CAPPA AND DCAPPA
CAPPA=CAPPIN-CAPPAD
DCAPPA=(CAPPA-CAPPAI)/DELT
IF(K.NE.O) GOTO 18
CAPPAI=CAPPA

K=1

GO TO (19420,28,28),1

CHECK FOR CAPPA SIGN CHANGE
IF(CAPPA*CAPPAI.LT.0.0) GOTO 24

CHECK FOR DIVERGING CAPPA
IF(ABS(CAPPA) .LE.ABS(CAPPAI)) GO TO 27

DELT = 0 TERMINATES INTEGRATION

DELT=0.0

I = 2 CAUSES CONTROL TO BYPASS STEP-SIZE CONTROL IN STEP

1 =2

MASH = 1 IS A FLAG TO MAIN THAT THE PROPOSED CASE IS IMPOSSIBLE.
MASH=1

RETURN

CHECK FOR CAPPA WITHIN CONVERGENCE TOLERANCE
DELCAP=DELT3%DCAPPA

IF (DELCAP.EN.0.0) GO TO 21
PERRK=CAPPA/DELCAP

IF(ABS(PERRK).GE.ERRMXK)} GD TO 25

CAPPA WITHIN TOLERANCE. SET UP FOR CONTINUING THE PROBLEM.
K=0

I EQUAL TO FOUR CAUSES CONTROL QF STEP-SIZE TO REVERT TO STEP
1=4

SEE RUNGEK FOR DESCRIPTION OF H2
H2=TIME-TSTO

RESET DELT
DELT=DELT3

ZCDAO0130
ZC0AO131
ZCOAO0132
ZCOAO0133
ZCOAO0134
ZCOA0135
ZCDAO136
ZC0A0137
ZCOAO138
ZC0AO0139
ZCDA0140
ZC0AO0141
ZCOAO142
ZCOAO0143
IC0AO0l44
ZCOAO145
ZCDAOD146
ZICOAO0147
ICOAOL148
ZC0OA0149
Z2C0A0150
ZC0A0151
ZCOAO0152
ZC0A0153
ZCOAO154
ZCOA0155
ZCDAOL156
ZCOA0157
ZC0A0158
ZCOAO159
ZCOA0160
ZC0AO0161
ZC0AO0162
ZCDAO163
ZC0A0164
ZCOA0165
ZCOAO1l66
ZCOAO167
Z1C0AO168
ZC0A0169
ZCOA0170
ZC0A0171
ZCDAO172
ZC0A0173
ZCOA0174
ZC0A0175
ZCOA0176
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22

23

24

25

26

27

28

RESET JCDST FOR NEXT PHASE

JCOST=6

SET TS TO ENABLE STEP TO INCREMENT NSTAGE
TSINSTAGE)=TIME

COMPUTE PHASE BURNING TIME
TB{NSTAGE)=TS(NSTAGE)-TS(NSTAGE~1)

JA=NSTAGE+1

COMPUTE PROPELLANT LOADING FOR PHASE
FUEL (NSTAGE)=TB(NSTAGE )*FLOW
IF(NSTAGE.EQ.LAST) RETURN

DO 22 J = JA,LAST

JCOAST(J) NOT EQUAL TO ZERDO IMPLIES THAT ANOTHER PHASE WILL BE

TERMINATED BY COAST.
IF(JCOAST(J)NE.O) GO TO 23

COMPUTE PROPELLANT LOADINGS FOR REMAINING PHASES

FUEL(J)=TB(J)*FLOMX(J)

SET TS S FOR REMAINING PHASES
TS(J)I=TS(I-1)+TB(J)
RETURN

SET TS VERY LARGE FOR NEXT PHASE TERMINATED BY COAST

TS(J)=TS(J-1)+10000.0
RETURN

I EQUAL TO TWO CAUSES STEP TO RELINQUISH CONTROL OF STEP-SIZE

I =2

STORE DATA FOR COMPUTING H2 WHEN CAPPA 1S ZEROED.

TSTO=TIME-H2

STURE DELT
DELT3=H2

COMPUTE DELT TO ZERO CAPPA
DELT=CAPPA/(CAPPAI-CAPPA}*DELT

IF(ABS(DELT).LT. ABS(DELT3)) GO 70O 27
DELT=DELT/2.0
GO TO 27

STORE CAPPA FOR LAST INTEGRATION STEP.
CAPPAT=CAPPA

RETURN
END

ZCOA0177
ZCOAQ178
2C0A0179
ZCOA0180
ZC0AOQ181
Z2C0A0182
ZC0AO183
ZCOAOD184
ZC0AQ0185
ZCD0AQ186
ZCOAQ187
ZCDOAD188
ZCDAO189
ZCOA0190
2C0A0191
ZCDA0Q192
ZC0A0Q193
ICOAO0194
ZCOA0195
ZC0AQ196
ZCDA0197
ZC0A0198
ZCOAO0199
ZCDAQ200
2C0A0201
ZCOA0202
ZCDAQ203
ZCOAD204
ZCD0A0205
ZC0A0206
ZCOAO0207
ZCDOA0208
ZCDA0D209
2C0OA0210
ZCDAO0211
I1CDAQ212
ZC0OA0213
ZCOADQ214
ZCOAO215
ZCDAOQ216
ZC0A0217
ZC0A0218
ZC0AD219
ZC0A0220
ZCOAQ221
2C0AD222
ZCBA0223
ZCOA0224
ZC0A0225
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SUBROUTINE COEFNT

THIS SUBROUTINE COMPUTES COEFFICIENTS OF SECOND ORDER
POLYNOMIALS USED TO FIT VARIOUS FUNCTION CURVES SUCH AS CD VS
MACH NUMBER. DATA IS INPUT AS A TWO COLUMN ARRAY. THE FIRST
COLUMN IS THE INDEPENDENT VARIABLE (MACH) AND THE SECOND
COLUMN THE CORRESPONNDING DEPENDENT VALUE (CD). ALL SETS OF
DATA POINTS ARE LOADED SEQUENTIALLY AND IDENTIFIED BY NSETS(K)
WHICH IS THE NUMBER OF SETS OF THREE DATA POINTS NEEDED
TO SOLVE AN EQUATION OF THE FORM CD = A + BM + CMM,

NUMBER OF POINTS MUST BE 0DD
ICC HAS POSITIONS OF BEGINNING OF ARRAY IN COEFN.
NSETS REFERS TO THE NUMBER OF SETS AND IT EQUALS
(NUMBER OF POINTS -0ONE)}/2.0.
NSAVE = POSITIONS IN COEFN FOR THE SETS.
VARIND AND VARDEP ARE LOADED CONSECUTIVELY.
STORAGE IN COEFN MUST ALLOT FOUR*®NSFTS(N)+1 FOR EACH SET.

COMMDN /CSTAR/ CMA(1000),CMB(1000)

DIMENSION CGEFN (500 Y9 JEND (20 )y NSAVE (20 }
DIMENSION NSETS (20 )V (100,2 )

EQUIVALENCE (COEFN ,CMB(501)),(NSAVE ,CMB(241))},(NSETS ,CMB(221))
EQUIVALENCE (V +yCMB(301))

DATA JS/0/

NSETS (K)

F(1.EQ.O0) GO TO 3
N=NSAVE (K)
DD 1 L=1,1
SEVIJ+L91)XVI(J+241)¥%2-V{J+241 )%V (J+141)%%x2
T=V(J+251 )%V IJy L) FF2=V Iy 1)V J+2,41) %*%2
UsV{Jde1)XV(J+191 )52V IJ+191 )3V (Jel)*3k2
N=S+T+U
COEFN(N)=V(J,1)
COEFN(N+1)=({V(Jy42)*S+V(J+1,42)%T+V(JI+2,2)%U)/D

J=

DO 2 K=1,20
I=

i

COEFN(N+2}=(V(J42)F(VJ+1,1)%%2-V(J+2,1)%%2)+V(J+]1,2) % (V(I+2,]1 ) %%

12-VI{J 1) #%2 )4V (J+2,2) % (V{Jy 1) %%2-V(J+1,1)*%%2))/D

ZCDEOOO1
ZCDOEO0O2
ZCOEQO03
ZCOEOO004
ZCOEOOO0S5
ZCOEOOO06
ZCOEODOO7
ZCOEOOOS8
ZCOE0009
ZC0OE0O010
ZCOEOO11
ZCDEOO12
ZCOEO0O013
ZCOEODO14
ZCOEOO15
ZC0OE0QO016
ZCOEOO017
ZCOEQO1l8
ZCOEOO19
ZCONEO020
ZCOEO0021
ZC0E0022
ZCOE0023
ZCOEO0O024
ZC0OEO0O025
ZCDEO0OR26
ZCOEOO27
ZCOEDO028
ZCOE0O29
ZCOEOO30
ZCOE0031
ZCOEO0032
ZCOE0033
ZCOE0034
ZCOE0QO035
ZCOEOO36
ZCOE0037
ZCOE0038
ZCOEO0039
ZCOE0040
ZCOEOO41
ZCOEQO42
ZCOE0043

COEFN(N+3)=(V(J42)%(V(J+2,1)-V(I+141))+V(J+142)%(V(Jy1)=-V(I+2,1))+ZCOE0044

IV(J+2,42)%(V(J+1,1)=-V(J,y1)))/D
J=J+2

N=N+4
COEFN(N)=V(Jy1)%*10.0
J=J+1

JEND(K) =N

JE = N-1

PO 4 K=1,20
TF(NSETS(K).EQ.0) RETURN
JS=NSAVE(K)

JE=JEND(K)

NSETS(K)=0

ICOEO045
ZCOE0046
ZCOE0047
ZCOEO0O048
ZCOE0049
ZCOEOO50
ZCOEQOS1
ZCBE0052
ZCDEOO53
ZCOEQ054
ZCDEOOS55
ZCDEO0056




2
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A OO0 0

WRITE (646) JS,JE

WRITE (647 )(COEFN(M),M=JS,JE)

WRITE(645 ){COEFN(M)yM=JS,JE)

FORMAT (2H%0G14e791lHy 9GlbaeTslHy9GlaeT9ylHy9Glbao793H,88)
FORMAT (13HOCOEFFICIENTSI4,1H,13)

FORMAT(6G20.8)

RETURN

END

~ oV

SUBROUTINE CONEVL (FLOW,N)

SUBROUTINE CONEVL COMPUTES THE CONSTANT IN EQUATION

11 WHEN THE THRUST IS EQUAL TO ZERO. THE EQUATION APPEARS

AGAIN IN 41C. CONST(N,1) IS USED IN FINAL AS A FINAL

CONDITION FOR AN OPTIMUM COAST. CONST(N,2) IS THE SQUARE

ROOT OF THE SUM OF THE SQUARES OF THE TERMS IN CONST(N,1)

AND IS USED IN SCOMP.

COMMON /CSTAR/ CMA(1000),CMB(1000)

DIMENSION CONST (5 42 )

EQUIVALENCE (CONST oCMA{(894)),(FM yCMALTLID) ) (G sCMA(T716))
EQUIVALENCE (OMEGA ,CMA{405)),(R sCMA(402) ), (U yCMA(404))
EQUIVALENCE (ZLAM1 L,CMA(406)),(ZLAM2 ,CMA(407)),(ZLAM3 ,CMA(408))
EQUIVALENCE (ZLAM4 ,CMA(884))

IF (FLOW.EQ.0.,0) GO TO 1

CONST(Ns1)=0.0

CONST(N,2)=0,0

GO TO 2

1 CONST(Nyl)= (FM/R¥%2~-0OMEGA**2%R)*ZLAM1+2.0%U%0OMEGA*ZLAM2-U*

1ZLAM3-0OMEGA*ZLAMS

CONST(Ny2)=SORT (((FM/R*%2-0OMEGA®*2%R}*ZLAM]L)**2+(2,0%U%OMEGA*
1ZLAM2) #%2+ (URZLAM3 ) %%2+ (DMEGAXZLAMSL ) %%2)

2 RETURN
END

SUBROUTINE CONVT(A+B,C)

CONVT TAKES THE VECTOR PRODUCT OF VECTORS A AND B AND PLACES
THE RESULT IN C.

DIMENSION A(5),8(5),C(5),IND(3)

DATA(IND(I)s1=143)/243,41/
DO 1 Jl=1,3

J2=IND(J1)

J3=IND(J42)

1 CI=A(II*B(I2)-A(J2)%B(JI])
Cl4)=C(1)*C(1)+C(2)*C(2)+C(3)*C(3)
C(5)=SORT(C(4))

RETURN
END

ZCOEO0057
ZCOE0058
ZCOE0059
ZCNDEOO060
ZCOEQ061
ZCOE0062
ZCOE0063
ZCDECO64

ZCONOOO1
ZCONOOGO2
2CONOO0O3
ZCONOOO4
ZCONOOOS
ZCONO0OO6
ZCONOO0O7
ZCONOOOS8
ZCONOOOS9
ZCONOQO1L10
ZCONOO11
ZCONOO12
ZCONOO13
ZCONOO14
ZCONOO15
ZCONOO1l6
ZCONQOO17
ZCONOO18
ZCONOO19
ZCONOO20
ZCONOO21
ZCONOO22
ZCONOO23
ZCONOO24

ZCONOOO1
ZCONOOO2
ZCONOOO3
ZCONOOO4
ZCONOOOS
ZCONOOO6
ZCONOOO7
ZCONOOOS8
ZCONO0O09
ZCONOO10
ZCONOO11
ZCONOO12
ZCONQOO13
ZCONOO14
ZCONOO15
ZCONOO Y6
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SUBROUTINE DAMODE (N,DMIT)

SUBROUTINE DAMODE CONVERTS THE MODE INFORMATION WH

ICH

ENTERS THROUGH THE INPUT ROUTINE INTO MODOUT AND MODS WHICH
ARE USED IN STEP (SEE STEP). ALSO TMIN AND STEPS ACQUIRE
PROPER VALUES FROM INPUT DATA. THE INITIAL DELT IS COMPUTED
IN THIS ROUTINE. THIS ROUTINE IS APPLICABLE TO THE UPPER

PHASES ONLY.

COMMON /CSTAR/ CMA{1000),CMB{(1000)

DIMENSION DELMX (3 )»MODE (3 }oSTEP (3
DIMENSION TMIN1 (3 )9 TS (6 )

EQUIVALENCE (DELMAX,CMA(702)),(DELMX 4CMB(163)),(DELT
EQUIVALENCE (DELTST,CMA(931)),(K +CMB(182)), (MODE

EQUIVALENCE (MODOUT,CMA(T714)),{MDODS LCMA(712)),(NPRINT
EQUIVALENCE (NSTAGE,CMA(T710)})4+(STEP 4CMB(166)),(STEPS
EQUIVALENCE (TIME JCMA(609)),(TMIN LCMA(703)),(TMIN]
EQUIVALENCE (TS yCMA(932))

INTEGER STEPS,STEP,OMIT

K IS USED IN STEP AS AN INDEX OF NOUT
K = MINO(N,2)

NPRINT NOT EQUAL TO ZERO CAUSES THE PERTURBATIONS TO BE
PRINTED. OMIT ASSUMES VALUES FROM ONE TO SIX.
IF{NPRINT,EQ.0.AND.,OMIT.NE.1) GO TO 2

SET MODOUT
MODOUT = MODE(N)}/10

SET MODS
MODS=MOD(MODE(N) 410)

SET DELMAX
DELMAX = DELMX(N)

SET MODDUT, TMIN, AND STEPS FOR MODE = 71,72,73,0R 74
IF(MODOUT.NE.7) GO TO 1

MODOUT=1

TMIN=DELMAX-AMOD(TIME+DELMAX,,DELMAX)
IF(TMINGEQeDeOeDRJTMING LT (41 )*DELMAX) TMIN=TMIN+DELMAX
TMIN=TIME+TMIN

STEPS=1000

Go 10 3

SET STEPS
STEPS = STEP(N)

SET TMIN
TMIN = TMINL(N)

GO 70 3

)

+CMA(T701))
+CMB(160))
+CMB(181))
sCMA(T704))
+CMB(169))

ZDAMOO0O1
ZDAMO0O02
ZDAMOO0OO3
ZDAMOOO4
ZDAMOO0OS5
ZDAMOOO06
ZDAMOOO7
ZDAMO0OS8
ZDAMOOO09
ZDAMOO10
ZDAMOO11}
ZDAM0OO12
ZDAMO0OO13
ZDAMOO14
ZDAMOO15
ZDAM0OO16
ZDAM0OQ17
ZDAMOOL8
ZDAMOO19
ZDAMOO20
ZDAMOO021
ZDAMOO22
ZDAMO0O023
ZDAMO024
ZDAMOO25
ZDAMOG26
ZDAMOO27
ZDAM0028
ZDAMOO0O29
ZDAMOO30
ZDAMO0OO0O31
ZDAMOO032
ZDAMOO033
ZDAMOO34
ZDAMOO35
Z2DAMO0O36
ZDAM0OO037
ZDAM0OO0O38
ZDAMO039
ZDAMO0O40O
ZDAMOO41
ZDAMO042
ZDAMOO043
ZDAMOO4 4
ZDAMOD4S
ZDAMOO046
ZDAMOO4T
ZDAMO048
ZDAMOO49
ZDAMOO0OS0
ZDAMOOS1
ZDAMOO52
ZDAMOOS3
ZDAMOO0O54
ZDAMOO0OS5
ZDAMOO0OS6
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ZDAMOOS7
MODOUT SET EQUAL TO SIX WHEN THE PERTURBATIONS ARE NOT PRINTED., ZDAMOOS8
MODOUT=6 ZDAMOO0S9

ZDAMOO6G0O
SET DELT ZDAMOO61
DELT=AMINL(DELTST,TS(NSTAGE)-TIME) ZDAMO062
IF(MODOUT eEOQO.l ANDDELToGT o ( TMIN-TIME)) DELT = (TMIN-TIME) ZDAMOO063
IF((MODOUT.EQe20RMODOUTLEOQ.3) AND.DELT.GT.DELMAX) DELT = DELMAX ZDAMOOQ64

ZDAMOO65
RETURN ZDAM0O66
END ZDAMOOG67
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DATATM ZGDAO0OO1
BLOCK DATA ZGDA0O0O2
Z2GDA0003

DATATM CONTAINS THE CONSTANTS ATMOS USES TO COMPUTE PRESSURE ZGDAOOO4

AND VELOCITY OF SOUND. ZGDA0OOOS
ZGDAOOO6

A POLYNOMIAL COEFFICIENTS (PAFB FIT) ZGDAOOO7
AL TEMPERATURE GRADIENTS AND/OR FLAGS (ARDC) ZGDAOOOS8
TARDC TEMP. AND BASE OF INTERVAL (ARDC) ZGDA0OO9
HARDC ALT. AT BASE OF INTERVAL (ARDC) ZGDAOO10
DENARD DENSITY AT BASE OF INTERVAL (ARDC) ZGDAOO11
YPAT ALT AT BASE OF INTERVAL (PAFB) ZGDAQO12
ALTPAT SWITCH ALT PAFB TO ARDC ZGDAQO13
GMOR GRAV. CONST (GM) DIV BY GAS CONST (R} ZGDAOO14
ONEBYR RATIO 1.0 AND R ZGDAOO15
P1 TEN NEWTONS/CM*%*2, REF PAFB PA ZGDAOO16
DENS1 1000 NEWT/CM*%x3, REF PAFB DENSITY ZGDAOO117
PARDC PRESSURE AT BASE.... ZGDAOO18
ZGDAOO19

COMMON /SCHMOO/ A,AL.HARDC,PARDC yDENARD,TARDC,YPAT,ALTPAT, ZGDA0O20
1GMORyONEBYR,P14DENS] ZGDACO21
ZGDAQCO22

ATMOSPHERIC COEFFICIENTS USED BY GD/A IN SIMULATING ZGDAOO23
PATRICK REFERENCE ATMOSPHERE (BELOW 47.3904KM.) AND THE 1959 ZGDAOOZ24
ARDC MODEL (ABOVE 47.3904). REF. GDA63-0439-1 AC-4 HDBK. ZGDA0OO25
ZGDA0O026

DIMENSION ZGDAOO27
1A(64443)y HARDC(10), AL(10), TARDC(10), DENARD{10), PARDC(10) ZGDA0QO28
DIMENSION YPAT (4) ZGDAQOZ29
ZGDAOO30

DATA ZGDAOO31
4A/).68T1582E-24~1.1425176E-44-1.3612327E~9,7.3624145E~14, ZGDA0032

5-1,0800315E-1793,3046432E-224~-7.9910777E-2+-8.1046438E-5,-5.5522387GDA0033
63E~993,1116969E-13,~1.6687827E-17,3.8319351E-22,9.8414277E-14-2.692GDA0034
77691 TE-4,8,5527541E-9,-3.9620263F-13,1.0146471E-174-1.0264318E-22,ZGDA0035
B-5,0773833E-14-9.8961948E-5,-9.2758563E-11,-1.0270700E~13,3,172489ZGNDA0036
92E-184-2.6699639E-23, ZGDAOO37
11e3302117E-24-8.8502064E~54-4.2143056E-9,5.,9517557E-13,-3.9744789EZGNA0038
2-1797e87TT1273E-2241.2667122E-14-143373147E-442.0667371E-9,2.339610ZGDA0039
39E-13,4-3.2562503E~17,7+9035209E-22+9.2751266E~14-1.4349679E~4,-2.8ZGNA0040
42T71736E=944,7480092E-14+91.8863246E~18,-4,2702411E-23,8.3777777E-5,Z2GDA0041
5-1¢5345007E-444,5202979E-9,-2.,6563772E-13,5.5558369E-18,-3.8876587ZGDA0042
6E-23, ZGDAOO43
72.96678TTE29y~6.7731001E-3,8,4619805E-79y—1,7004049E~-1041,1451454E-12GDA0044
B849=2.4898TB8E-1942.6892151E2+443075352E-3,-849159672E-74-2.8929791ZGDA0045
9E=1195.07248B56E-15,-1,1490372E~19,3,7064557E2,-3.2858965E-2,2.06452GDA0046
1636E-69=4.3283944E-114-5.7507242E-174842924583-2145.8825814E2,-2.2GDA0047
27515685E-241.6593611FE-7,3.0416388E-11,-8.0264768E-16,6.010202E-21/ZGDA0048

DATA ZGDAOO4S
1AL/0.09=¢004540.049,00404.0200,5.0100,.0050,3%,0050/, ZGDAOOS0
2TARDC/282.6643282.669165,669165.669225.6691325.6641425.,66,1575.66, ZGDAOOS1
3 2%0.0/, ZGNA0052
4HARDC/470004953000497900049900004910500044160000445170000,45200000.492GDA0053
5 2.0EQ0641.0E07/, ZGNDAOOS4
6DENARD/144851E-347e1944E~4420122E-5424194E~6916141E~749.522E~6, ZGDAOOS55
7 64906E-693.153E-1042%0.0/ ZGDAOOS6




OO0

1YPAT/10832.1417853.3428561.8947390.4/+ALTPAT/47390.4/,
2GMOR yONEBYR/ +34141626E~1,.,1202734 E-3/,
5P1yDENS1/10197.162,0.1190934/,
8PARDC/142283E01954947791.029E~1,1.066E-2,7.,618E-4,3,691E-5,
9 2.8B0E—-541,454E-5,2%0.0/

END

SUBROUTINE GUESS

SUBROUTINE GUESS IS A DUMMY ROUTINE CALLED AT THE
BEGINNING OF EACH PROBLEM AND WAS PLACED THERE FOR
PREPARING GUESSES FOR THE INITIAL CONDITIONS BASED ON
PREVIOUSLY CONVERGED CASES.

RETURN
END

ZGDAOOS7
ZGDAOOS8
ZGDADOOS9
ZGDAOO60O
ZGDAOO61
ZGDAQO62

ZGUEOOO1L
ZGUEO0OO02
ZGUEQO003
ZGUEOO0O4
ZGUEOO005
ZGUEODOOD6
ZGUEOOO7
ZGUEDOOS8
ZGUEQOO9
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DATAB ZDATO0001
DATAB IS A BLOCK DATA ROUTINE CONTAINING THE CONSTANTS FOR ZDAT0002

THE PROGRAM, ZDATO003
ZDATOO004

BLOCK DATA ZDAT0OO00S5
DATAB ZDATO006
COMMON/ATABLE/CME(8000) ZDATO0007
COMMON /CSTAR/ CMA(1000),CMB(1000) ZDATOO0O08
DIMENSION ANGLES (4 Yo DELMX (3 ) s DELMXB( 2 ) ZDATO009
DIMENSION ERROR (2 )y 1CC (20 )+ MODE (3 ) ZDATOO010
DIMENSTON MODEB (2 ) ¢+NSAVE (20 )y PERB (2 ) ZDATOO11
DIMENSION STEP (3 )+ STEPB (2 )y TMINB (2 ) ZDATO012
DIMENSION TMINL (3 ), TOL (5 4,2 ) ZDATOO013
EQUIVALENCE (A +CMA(813) )4, (ANGLES,CMA(T786) ), (ASTART,CMA(798)) ZDATO0014
EQUIVALENCE (B +CMA(B14)) 4 (CLEAR L,CMA(930)),(CMAX LCMA(928)) ZDATOO015

EQUIVALENCE (CONM ,,CMA(717)),(CONN LCMA(718)),(DELMX ,CMB(163)) ZIDATOO016
EQUIVALENCE (DELMXB,CMB(174)),(DELTBRT,CMA(803)),(DELTKT,CMB(058)) ZDAT0017
EQUIVALENCE (DELTST,CMA(931)),(DTIME ,CMA(509)),(EREF LCMA(713)) ZDATOO018
EQUIVALENCE (ERLIMT,CMA(706)),{ERR +yCMB(041) ), (ERRMXK,CMB(054)) ZDATO0019
EQUIVALENCE (ERRDR ,CMB{042))4(ESTARTHCMA(T795)),(FM +CMA(715)) ZDAT0020
EQUIVALENCE (G +CMA(T716)),(ICC +CMB(201)),(IKICK LCME(200)) ZDATO0021
EQUIVALENCE (IMODE 4CMB(061))s(JKICK 4CMB(063)),(LAST LCMA(711)) ZDAT0022
EQUIVALENCE (LAST1 ,CMA(753)),(MODE LCMB(160)),{MODEB ,CMB(172)) ZDAT0023
EQUIVALENCE (MODEC ,CMB(180)),(NDAMP ,CMA(926)),{NDUMP LCMB(057)) ZDAT0024
EQUIVALENCE (NEQ sCMA(T709)) 4 (NFINAL,CMA(879)),(NPRINT,CMB(181)) ZDAT0025
EQUIVALENCE (NSAVE ,CMB(241)),{(NSHOT 4CMA(929) )}, (NST +yCMA(708)) ZDATO0026
EQUIVALENCE (NVAR ,CMB(073)),(0BLATD,CMA(816)),(0OBLATH,CMA(BL17)) ZDAT0027
EQUIVALENCE (0OBLATJ,CMA(B18)),(DOBLATN,CMA(815)),(PERB LCMB(055)) ZDAT0028
EQUIVALENCE (PERIOD,CMA(910)),(RERUN 4,CMA(927)),(REVOLV,CMA(799)) ZDATO0029
EQUIVALENCE (RO +CMA(904) ), (ROA sCMB(062)) 4 (STEP LCMB(166)) ZDATO030
EQUIVALENCE (STEPB yCMB{176)) 4 (STEPMX,CMA(705)),(TKTIME,CMA(B804)) ZDATO031
EQUIVALENCE (TMINB LCMB(178)),(TMINL ,CMB(169)),{(TOL +CMB(044)) ZDATO0032
EQUIVALENCE (TSTART,CMA(T796)) 4+ (VSTART,CMA(797)),(ZLAMO ,CMA(883)) ZDATO0033

EQUIVALENCE (ZLAM4 4,CMA(884)) ZDAT0034
INTEGER CMAX o STEPoSTEPMX,CLEAR,STEPB,RERUN ZDATO035
DATA ZDAT0036
1A/20925732.0/, ZDAT0037
L(ANGLES(T)41=1,2)/28.310293,279.461759/, ZDAT0038
1ASTART/0,0/, ZDATO039
1B/20855568.0/, ZDAT0040
1CLEAR/1/, ZDATO0041
1CMAX/20/ ZDAT0042
1CONM/3.,2808398/, ZDATO0043
1CONN/0.22481905/ ZDATO0044
DATA ZDATO0045
1{DELMX(I)4I=1,3)/3%10,0/, ZDAT0046
1(DELMXB(1)9y1=142)/10.0510.0/, ZDATO0047
1DELTBT/2.0/, ZDAT0048
1DELTKT/ 1/, ZDATO0049 "
1NELTST/10.0/, ZDATO050
IDTIME /1.0/, ZDATO0051
1EREF/1.E~05/, ZDAT0052
1ERLIMT/3.0E-05/, ZDATO0053
1ERR/1.E~04/, ZDAT0054
1ERRMXK/1.0E-06/, ZDAT0O055

1(ERROR(T)4I=142)/14E~0441.E-03/, ZDAT0056



1ESTART/90.0/

DATA

1FM/1.,4076539E+16/,
1G/32.174/

1ICC(1)/1/,

1IKICK/0/,

1IMODE/ 2/,

1JKICK/1/

1LAST/5/,

1LAST1/1/,
1(MODE(I)91=143)/61,51461/,
1(MODEB(I),1=142)/61461/,
1MODEC/ 2/ »

INDAMP/5/ o

INDUMP/1/,

INFINAL/1/,

INEQ/9/,

INPRINT/0/,

INSAVE(1)/1/,

INSHOT/0/,

INST/1/

DATA

INVAR/3/,
10BLATD/7.875E~6/,
10BLATH/~5.75E-6/,
10BLATJ/1.62345E-3/,
10BLATN/1.0/,

1(PERB(J) 9J=142)/e5408/,
1PERIOD/0.0/,

1RERUN/O/
1REVOLV/T7.29211512E-05/,
1R0/20.30989E+6/
1ROA/20969890.,0/7
1(STEP(1),4,1=143)/3%1/,
L(STEPB(I)4I=1492)/141/,
1STEPMX/200/,
1TKTIME/15.0/,
L{TMINB(I)31=142)/2.0+2.0/»
LUTMINLILT) o1=1,3)/3%0.0/
DATA
L(TOL(TI41)yI=195)/5%1.E~04/,
1{TOL(T142)41=145)/5%1.E~03/,
1TSTART/0.0/,
1VSTART/0.0/,
1ZLAMO/1.0/,

1ZLAM4/0.0/

END

IDATO057
ZDAT0058
ZDAT0059
ZDAT0060
ZDAT0061
ZDAT0062
ZDAT0063
ZDAT0064
ZDATO0065
ZDAT0066
ZDATO0067
ZDAT0068
ZDAT0069
ZDAT0070
ZDATOO071
ZDATOO0T72
ZDATO0073
ZDATOO74
ZDAT0O075
ZDATOO076
ZDAT0077
ZDATO0O078
ZDATOO079
ZDAT0080
ZDATO081
ZDAT0082
ZDAT0083
ZDAT0084
ZDAT0085
LDATO086
ZDATO087
ZDATOO88
ZDATO0089
ZDAT0090
ZDATO0091
ZDATO0092
ZDATO0093
ZDAT0094
ZDATO0095
ZDAT0096
ZDATO0097
ZDATO098
ZDAT0099
ZDATO100
ZDATO101
ZDATO0102
ZDATO0103
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SUBROUTINE DETERM(A4DyN,M)

DETERM COMPUTES THE VALUE OF DETERMINANTS,

COMMON/INVDET/F(10410)
DIMENSION A(M,M)
NA=N-1

LA=L+1
TF(F(LsL)eNELOL.O) GO TO &
NO 3 T = LAsGN
IF(F(I4L).EQ.0.0)G0 TO 3
N0 2 J=L,N

2=F(LsJ)

FILyJ)=F(1,J)
F{I,J)=-2Z

GO TO 4

CONTINUE

D=0.0

RETURN

DO 5 1 = LA,N
G=F(I,L)/F(L7L)

DO 5 J = LA,N
FIIyJ)=F(I4J)=G*F(LyJ)
D=1.0

DO 6 1T = 1,N
D=D*F(I,1)

RETURN

END

FUNCTION DOT(A,B)
DOT COMPUTES THE DOT PRODUCT OF VECTORS A AND B.

DIMENSION A(3),8(3)

D01 J = 1,3
DOT=A(1)*B(1)+A(2)%*B(2)+A(3)*B(3)
RETURN

END

ZDETO0001
ZDET0002
ZDETO003
IDETO004
ZDET0005
ZDETO006
ZDETO0O7
ZDETO0008
ZDET0009
ZDETO0O010
ZDETO0O011
IDETOO012
ZDETOO013
ZDETOO014
ZDETOO015
ZDETO0O16
ZDETO0117
ZDETOO18
ZDETOO19
ZDET0020
ZDET0021
ZDET0022
ZDET0023
IDET0024
ZDET0025
ZDET0026
ZDET0027
ZDET0028
IDET0029
ZDET0030
ZDET0031
ZDET0032

ZD0T0001
ZDDT0002
ZD0T0003
ZD0T0004
ZD0T0005
ZD0T0006
ZboT0007
ZD0T0008
ZD0T0009
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SUBROUUTINE EQUATL

SUBROUTINE EQUAT1 CUNTAINS THE EOUATIONS FOR THE
NERIVATIVES WHICH MUST BE EVALUATED IN ORDER TO INTEGRATE
THE EQUATIONS OF MDTION AND THE VARTATIONAL EQUATIONS FOR THE
IJPPER PHASE PORTION DF THE DECK. NOTE PAGES FOUR THROUGH SIX
IN PAYLOAD OPTIMIZATION OF MULTISTAGE LAUNCH VEHICLES '
{NASA TN-3121).

COMMON /CSTAR/ CMA(1000),CMB(1000)

DIMENSION TS (6 )

FQUIVALENCE (CPSTI LCMA(888)),(DOMEGA,CMA(505)),(NDPHI H,LMA(S503))
EQUIVALENCE (DR +CMA(502)) 4 (DRMASS,CMA(501)), (DU +CMA(504))
EQUIVALENCE (DZLAM1L,CMA(506)),({DZLAM2,CMA(S507)),(DZLAM3,CMA(508))
FOQUIVALENCE (FDM sCMA(886))y (FLOW LCMA(B8TT) ), (FM yCMA(T715))
EQUIVALENCE (G yCMA(T716)), (IMDDE 4CMB(061))4{(NSTAGE,CMA(710))
EQUIVALENCF (TIME JCMA(409)),(TS +CMA(332)),(U yCMA(404))
EQUIVALENCE (V yCMA(BRI) )4 (VFLEX 4CMA(870))y(ZLAM]1 L,CMA(406))

EQUIVALENCE (ZLAM2 LCMA(407)),(Z2LAM3 ,CMA(408))

CALCULATE THE SINF AND COSINE 0OF THF THRUST ANGLE
TF(ZLAM2 (NEL.OLD) GO TO 1

CPST=0,0

SPSI=SIGN(1.04ZLAM]1)

GO TO 2

TPSI=ZLAM1/ZLAM?

TPSISOQO = TPST*x%2

PDENOM=SORT(1.,0+TPSISQ)
SPSI=SIGN(TPSI/DENOM,ZLAM])}

CPST = SIGN(140/NDENOM,ZLAMZ)

PSI=ARCTAN(SPSI,CPST)
RSO=R#%2
FDM=VELFX*FLNW/RMASS

NERIVATIVE OF WEIGHT
NRMASS = —FLOW

DERIVATIVES OF THE EQUATIONS OF MOTION,
NR=U

DPHI = OMEGA
DU=0MEGA#**%2*R~FM/RSQ+FDM%SPST

NOMEGA = =2 ,0%UXOMEGA/R+FDM%CPSI/R

NDERIVATIVES 0OF VARIATIONAL EQUATIONS,

NZLAMI=2 JO*NMEGA®ZLAM2~-ZLAM3

DZLAMZ2==2 0*DOMEGAXZLAMI+U*ZLAM2/R=ZLAM4G/R
NDZLAM3=DOMEGA®ZLAM2—(2 O*FM/RSO+NOMEGA*%:2%R }*ZLAM]L /R

COMPUTE TOTAL VELOCITY
V=SORT (Un*k2+RSQ*¥OMEGA*2)
RETURN

END

ZEQAOO0O1
ZEQAOOQ2
ZEQAOO0O03
ZEQAO004
ZEQA0OO0O0OS5
ZEQAQOQO06
ZEQA0007
ZEQAOQQOS8
ZEQADOQ09
ZEQAQO10
ZEQAQOL1L
ZEQAOO12
ZEQAOO13
ZEQAQQO14
ZEQAQO15
ZEQAD016
ZFQADOQ19
ZEQAO0020
ZEQADO21
ZEQADO22
ZEQA0023
ZEQAOO24
ZEQAOO25
LEQAOO026
ZEQAOOD27
ZEQA0Q028
ZEQAO0029
ZEQAOO030
ZEQAQ031
ZEQAQO032
ZEQADO33
ZFQAD034
ZEQA0035
ZEQA0036
ZEQAQO037
ZEQAOO38
ZEQA0039
ZEQAO040
ZEQAQO41]
ZEQAOQ42
ZEQAQ043
ZEQAQO44
ZEQAQO45
ZEQAQO46
ZEQAOQO4T
ZEQAOO4R
ZEQAQ049
ZENAQO050
ZEQAQO0S51
LEQAQ052
ZEQA0053
ZEQAQOL4
ZEQAQO55
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SUBROUTINE EQUAT?

SUBROUTINE EQUATZ2 CONTAINS THE EQUATIUNS FOR THE DFRIVATIVES
OF THE EQUATIONS OF

COMMON

MOTION FOR THE BOOSTER PHASE AND ALSO CALLS
THE SUBROUTINES WHICH COMPUTE AFRODYNAMIC AND PROPULSION
CHARACTERISTICS OF THE BOOSTFR SFTMENTS,

COMMON /ATABLE/ CME(ROOO)
NDIMENSION COMPA (3

DIMENSTON VX
EQUIVALENCE
FOUIVALENCE
EQUIVALENCE
FOUITVALENCE

(5
({COMPA

(VATM
(XDOT

) +RR
) s X

yCMA(T783)), (HLOW
(OBLATN,CME(002)),(0Q
sCMA(T764)),(VX

+CMA(501) )

/CSTAR/ CMA(1000),CMB(1000)

(5 ) VATM (5
(100 )+ XDOT (100
1CMA(T52)),(GM
yCMA(ROT)) 4 (RB
1CMA(T59) ), (X

COMPUTE TOTAL VELDCITY AND RADIUS

NO 1 K=1,3

VX{K)=X(K+2)
RB{K)=X(K+5)

VX(4)=D0T(VX,VX)
YX{5)=SORT(VX(4&))
RB(4)=DOT(RB4+KRB)
RB{5)=SORT(RB(4))

TEST FOR OBLATENESS PERTURBATINMN
CALL OBLATE

IF(ORLATNGNELOLO)

CALL
CALL
CALL

ATMOS
AERD)

CALL
CALL

AERODYNAMIC ROUTINES

NDFRIVATIVE 0OF WHIGHT
XDOT(2)=—FLOW

NERIVATIVES 0OF EQUATIONS OF MOTION IN

DO 2 K=1,3

XDOT(K+5)=VX(K)
XDOT(K+2)=COMPA{K)-GM*RB(K)/RB(5)/RB(4)

DERIVATIVE OF TOTAL HEATING

XDOT(1)=0%xVATM(5)

RETURN
END

COMPUTATIUN,

STMPR(O FOR THRUST AND FLOW DATA
SIMPRO

PARAMETER,

)

)
+CMA(T715))
+CMA(T54))
1CMA(401))

RECTANGULAR COORDINATES,

ZEQAQOO1L
ZEQAQ002
ZEQAOO0O03
ZEQAO004
ZEQAOQOOS
ZEQAQOO6
ZEQAQOOT
ZEQAQO008
ZEQAQOO09
ZEQADNO010
ZEQAOQO1L1
ZEQAOO012
ZENAOOL13
ZEOAOOL4
ZEQAOO15
ZEQAQ016
ZEQAO0O017
ZEQACOLS8
ZEQAQO19
ZEQA0020
ZEQAQO21
ZEQAQO022
ZEQAQO023
ZEQAQ024
ZEQAQ025
ZEQAOO026
LEQAQO27
ZFQAQ028
ZEDAOO29
ZEQADO030
ZEQA0031
ZFOANQ32
ZEQAQO33
ZEQAQO34
ZEQAN035
ZEQAO0036
ZEQAD03Y
ZENANO38
LEQAQO39
ZEQAOQO40
ZEQAQO41
ZENDAD042
ZEQAQ043
ZEQAQO44
ZEQAQ045
LEDADO46
ZEQANO4T
ZEQA0048
ZEQAQ0049
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SUBROUTINE ERRURZ

SUBROUTINE ERRORZ IS PART OF THE INTEGRATION ERR(OR AND
STEPSIZE CONTROL PACKAGE. SINCE A TRAJECTORY USES BOTH
RECTANGULAR AND POLAR COORDINATES, PROVISION TS MADE FOR
COMPARING THE NIFFERENCES BETWEEN THE FOURTH ORDER RUNGE~KUTTA
AND STMPSON SCHEMES WITH SOME MEASURE OF THE IMPORTANCE OF THE
NIFFERENCE FDR BOTH OF THESE SYSTEMS, FOR A DISCUSSION OF THE
INTEGRATION METHOD AND £ERROR AND STEPSIZE CONTROL, SEE THE
N-BODY CODE - A GENERAL FORTRAN CODE FOR SOLUTION OF PROBLEMS
IN SPACF MECHANCIS BY NUMERICAL MFTHODS, BY WILLIAM C. STRACK,
WILBUR Fo. DOBRSON, AND VEARL M. HUFF, NASA TN D-1455,

COMMON /CSTAR/ CMA(1000),CMB(1000)
COMMON /RUNG/RUN(125)

DIMENSION CHECK (10 Y+ RELERR(100 )+ XINC (100 )

EQUIVALENCE (A} +RUN(101)) 4 (A2 yRUN(102) )4 (DELT L,CMA(701))
EQUIVALENCE (E2 sRUN(105) ), (IMODE ,CMB(0O61)) 4 (NEO +CMA(T709))
EQUIVALENCE (R +CMA(402)) 4 (RBS sCMA(T758) )y (RELERR,RUN(0O01))
FOQUIVALENCE (RMASS 2CMA(401) ) (STEPGO,RUN(L12)),4(V yCMA(R89))

EQUIVALENCE (VX5 yCMA(T63) )y (WEIGHTCMA(402) )5 (XINC LRUN(OO1})
EQUIVALENCE (ZLAML oCMA(406)),(ZLAMZ 4CMA(407)),{ZLAM3 ,CMA(408))
INTEGER STEPGO

DATA CHFCKI(9)/1.0E+10/

E2=0.,0

IF(IMODE.EQ.2) GO TO 1

COMPARISON ARRAY FOR BOOSTER INTEGRATED VARIABLES
CHECK (2)=WEIGHT

VX5A = VX5 + 100.0

CHECK (3)=VX5A

CHECK (4)=VX5A

CHECK{5}=VX5A

CHECK{6)=RB5

CHECK (7)=RBb5

CHECK{R)=RB5

NST=2

GO 70 3

COMPARISON ARRAY FOR UPPER PHASE INTEGRATED VARIABLES
1 TF(STEPGOLED.O) HOLD = 1.0
IF{ABS(ZLAM3) ,LT.ABS(HOLD)) GO TO 2
HOLD=7LAM3
2 DENOM=SQRT{(ZLAMI*ZLAMI+ZL AM2%ZL AMZ)
CHECK (1) =RMASS
CHECK(2)=R
CHECK(3)=6.2831853
CHECK (4)=V
CHECK(5)=V=R
CHECK {6 )=DENOM
CHECK(7)=DENOM
CHECK (8)=HOLD
CHECK(10)=DENOM
NST=1
3 DO 5 J = NST,LNEQ

ZERROOO1
ZERROQO2
ZERROOGO3
ZERROOO4
ZERROQO05
ZERROOO6
ZERRDOO7
ZERRQOOS8
ZERRQOOO9
ZERROO10
ZERROO11
ZERROO12
ZERROO13
ZERROOL14
ZERROO15
ZERROOL6
ZERROO17
ZERROO18
ZERROO19
ZERROO20
ZERR0QO21
ZERRQO22
ZERRO0O23
ZERROO24
ZERROO25
ZERROQO26
ZERROO27
ZERRQOO28
ZERROO0Z29
ZERROO30
ZERROO31
ZERR0O032
ZERRDOD33
ZERROO34
ZERRQOO35
7ERRO036
ZERRNOO37
ZERROO38
ZERROO39
ZFRRO040
ZERROO41
ZERROO42
ZERROO43
ZERROO44
ZERROO4S
ZERRQO46
7ERROO47
ZERROO48
ZERROO49
ZERROQOO50
ZFRR0OO5]
ZERROO52
ZERROO53
ZERROOS4
ZERROQOS55
ZERRDOS56
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DIVIDF DIFFERENCES IN TWO INTEGRATION SCHEMES BY COMPARISON
ARRAY AND FIND LARGEST ABSOLUTE FRROR.
RELERR(J)=XINC(J)/CHECK(JI)

TF(ABS(RELERR{J))-E2) 54544
E2=ABS(RELERR(J))

CONTINUE

COMPUTE FACTOR IN STEP-SIZE CONTROL EQUATION,
E2=E2+2.E~-08

Al=A2

A2=ALOG(E2)-5.0%ALOG(ABS(DELT))

RETURN

END

ZERRQOS7
ZERROO58
ZERRQOO59
ZERROO60
ZERROO61
ZFRRO0O62
ZERROO63
ZERRQOO64
ZERROO6S
ZERROO66
ZERRQO67
ZERRQO68
ZERR0O069
ZERROOTO
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SUBROUTINE FINAL(N)

SUBROUTINE FINAL COMPUITES THF DIFFFRENCES BETWEEN THE
ACTUAL FINAL CONDITIONS ACHIEVED IN THE INTEGRATED TRAJECTRY
AND THE ODESIRED FINAL CONDITIONS,
COMMUN /CSTAR/ CMA(1000),CMB(1000)
COMMON /FINCMP/ FNCP(6,5)
DIMENSTON CONST (5 42 ) ,FLOMX (6 ) o FY (6 6 )
DIMENSTION FYD (5 Y2 IDATA (6 +5 ) ,JFINAL(G )
DIMENSION PRCP (6 )eS (6 +2 )
FOUIVALENCE (BETA ,LCMA(880)),(CONST ,CMA{(894)),(NELTAV,CMA(R61))
EQUIVALENCE (ENERGY,CMA(892)) 4 (FLOMX ,CHMA(837)),(FM sCMA(T15))
FQUIVALENCE (FY sCMA{943) ), (FYD 1CMB(036) )4, (IDATA 4,CMB(0OB6))

EQUIVALENCE (JFIMAL,CMB(136)),(LAST LCMA{890)),(NCUTE ,CMA(893))
EQUIVALENCE (NFINALLCMA(RT9)),(MOPTA ,CMB(O70)),(0MEGA 4,CMA(405))
EQUIVALENCE (PROP oCHMA{849)),(R +CMA(402) ), (RMASS ,CMA(401))
EQUIVALENCE (S yCMB(074)),(1) yCMA(404) )4 (V +CMA(88R9))
FQUIVALENCE (VELEX 4CMA(B70}),(ZLAMLE 4CMA(406)),(Z2LAMZ JCMA(407))
EOUIVALENCE (ZLAM3 ,CMA(408))

1 =0

IF(NCUTELEQ.O0) T =1

GO TO (14293+4) ¢NFINAL

FINAL CONDITIONS FOR SPECIFIED RADIUS, RADIAL VELOCITY, AND
ANGULAR VELOCITY,

FY{Ny1)=R-FYD(1)

FY(N,2)=U=-FYD(2)

FY{Ny3)=0MEGA-FYDI(3)

GO TO 5

FINAL CONDITIONS FOR SPECIFIED ENERGY, WITH OPTIMIZED RADIUS AND
VELOCITY.

FY{Ny1)=ZLAM3RUY=-ZLAML%(R*¥OMEGA%*2+FM/R*%2)
FY{N42)=ZLAM2%U-ZLAML*0OMFGA*R
FY{Ny3)=({Ux*24+ (R*OMFGA) *%2) /2 ,0-FM/R~ENFRGY

GO TO 5

FINAL CONDITIONS FOR SPECIFIED ENERGY AND FLIGHT PATH AMGLE WITH
OPTIMIZED RADIUS,

FY{N,1)=U/R/OMEGA-SIN(BFTA)/COS(BETA)

VEL=Ux%2+ (R*IMEGA ) x3%2

FY{Ny2)=ZLAM3=71 AM2::OMEGA/VEL*(FM/R+VEL)—-ZLAMI*=FM*U/VEL /R**2
FY(Ns3)=VEL/2.0-FM/R-ENERGY

GO TO 5

FINAL CONDITONS FOR SPECIFIED ENERGY AND PERIGEE RADIUS WITH
NPTIMIZED INJECTION TRUE ANOMALY.

RSO=R¥*%2

P={RSQ*OMEGA)* (RSQO*OMEGA) /FM

E=SORT(140-P*(2.0/R-V**2/FM))

FY{Ny1)=P/(1.0+E)-FYD(1)
FY{N,2)=ZLAML#(R*OMEGA*¥2~-FM/RSQ)+U=(ZLAM3~2 ,0%0OMEGA®*ZLAM2)
FY(Ny3)=0.5%V%%2~-FM/R-ENERGY

ZFINOOO1
ZFINOOO2
ZFINQOO3
ZFINOOO4
ZFINOOOS
ZFINOOO6
ZFINOOO7
ZFINOOOS8
ZFINOOO9
ZFINOOLO
ZFINOOL1
ZFINOO12
ZFINOO13
ZFINOOL4
ZFINOO15
ZFINOOL16
ZFINOO17
ZFINOO18
ZFINGO19
ZFINOO20
ZFINOO21
ZFINOO22
ZF1INOO23
ZFINOO24
ZFINOQO25
ZFINOO26
ZFINOO27
ZFINOO28
ZFINOO29
ZFINOO30
ZFINOO31Y
ZFINOO32
ZFINOO33
ZFINOO34
ZFINOO35
ZFINOO36
ZFINDO37
ZFINOO38
ZFINOO39
ZFINQO4O
ZFINOO4]L
ZFINQO42
ZFINOO43
ZFINOO44
ZFINOO45
ZFINOO46
ZFINOO4T
ZFINOO48
ZFINOO49
ZFINOOS50
ZFINOOS1
ZFINOOS52
ZFINOOS3
ZFINOOS54
ZFINOO55
ZFINOOS6
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c ZFINOOS7
C THIS SECFION CONTAINS THE FINAL CONDITIONS FOR OPTIMIZING STAGE ZFINOO58
c SIZE. THE EQUATION NUMBERS FROM PAYLOAD OPTIMIZATION OF ZFINOO59
c MULTISTAGE LAUNCH VEHICLES ARFE LISTED WITH THE EQUATION. ZFINOO60O
5 DO 11 J = 1,LAST ZFINOO61]
TF(JFINAL(J).EN.O) GO TO 11 ZFINQO6?2

K = JFINAL (J) ZFINOO63

I =1 +1 ZFINOOG64

GO TO (649),4K ZFINOO6S

6 TF(IDATA(JI+1,5).EQ.0) GO TO 7 ZFINOO66

c ZFINOO6T
C EQUATION 41C ZFINOO68
FY{N,1+2)=CONST(J,1) ZFINOO69

C ZFINOOTO
GO TO 11 ZFINOOT71

7 IF(J.GT.NOPTA) GO TO 8 ZFINOOT2

C ZFINOO73
C EQUATION 488 ZFINOOT4
FNCP(J,1)=S(J+1,1) ZFINOOT5
FNCP{J42)=S5(J+2)/(1.0+PROP(J)) ZFINOO76
FY(NyT+2)=FNCP(Js1)}-FNCP(J,2) ZFINOO77

GO TO 11 ZFINOOTS8

C ZFINOOT9
c EQUATINN 48A ZFINOOS8O
8 FNCP(J,1)1=SADDB(1,NOPTA+1,J) ZFINOOB81
FNCP(J,2)=SANDB(2,NOPTA+1,J-1) ZFINQOO82
FNCP(J43)=S(NOPTA,2)/(1.0+PRNOP(NOPTA)) ZFINOO83
FNCP{Js4)=S{J+1,1) ZFINOO84
FNCP(J45)=S5(J,2) ZFINOO85

FY(Ng I+2)=FNCP(Jy1)=FNCP(Js2)-FNCP({Jy3)+FNCP(Jy4)-FNCP(.s5) ZFINOO86

GO TO 11 ZFINOO87

C ZFINOO8S
9 IF (JJEQ.LAST) GO TO 10 ZFINOO89

C FQUATION 47 ZFINOO90
FNCP(J,1)=(1.,0+PROP(J))/PROP(I) ZFINOO91
FNCP(Js2)=5{(Js1) ZFINO092
FNCP(J53)=S(NOPTA,2)}/(1.0+PROPINOPTA)) ZFINOOG93
FNCP(Jy4)=SANDA(NOPTA+1,4J-1) ZFINOO94
FNCP(+5)=5(J,2) ZFINOO95
FY(NyI+2)=FNCP(Jy )% (FNCP(Jy2)—FNCP({Jy3)-FNCP{Js4))-FNCP(J4,5) ZFINOO96

GO 70 11 ZFINOO97

C EQUATINON 50 ZFINOO98
10 FNCP(J41)=S(LAST,?) ZFINQOO99
FNCP(J92)=(1,0+PROP(LAST))*EXP(-DELTAV/VELEX) /PROP(LAST) ZFINO10O
FNCP(J43)=S(NUPTA,2)/(1.0+PROP(NOPTA)) ZFINO101
FNCP{Js4)=S(LAST,1) ZFINQOL10O2
FNCP(J,y5)=SADDA(NOPTA+]1,LAST~1) ZFINO103
FY{NyI+2)=FNCP(Jy1)+FNCP(J+2)*{FNCP{Js3)-FNCP(Jy&)+FNCP(J,5)) ZFINO10O4

11 CONTINUE ZFINO105

c ZFINO1O6
C THE FINAL WEIGHT IS STORED IN FY(N,6) ZFINO1O7
FY{Ny6)=RMASS ZFINO108

C ZFINO109
RETURN ZFINOL10

END ZFINOL11
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SUBROUTINE INVERT (A,B4N,SIZE)

THIS SURROUTINE INVERTS A NONSINGULAR NXN MATRIX.

INTEGER SIZE
DIMENSTION A(SIZELSTZE)B(SIZE,SIZE)

COMMON /INVDET/F(10,10)

CALL DETERM(ALE,N,SIZE)

IF (FE.NE.0.0) GO TO 2

WRITE (641)

FORMAT (1LARHODETERMINANT = 0.0)
RETURN

DO 4 1 14N

DU 4 J 14N
IF(T.FOLJ) GO TO 3
B(I1,4)=0.,0

GO 7O 4

B(I,4)=1.0
FIT,J)=A(1,J)

DO B8 K=2,N

L=K=-1

IM=L

DO 5 I = LyN
IF(ABS{F{I4L))aGTLABS{F(IM,L)))IM=]
IF(IM,EQ.L) GO TO 7
ICOUNT=ICOUNT+1

NO 6 J = 14N

G=F(IMeJ)}

H=B(IM,.J)
FOIMyJ)=F(LyJ)
R{IMyJ)=B(L4J)
FOL,J)=0G

B{LyJ)=H

NO 8 I=K,4N
C=F(14,L}/F(L,L)

N 8 J = 14N
BlI4J)=B(I4J)=CxB(LsJ)
FOlaJ)=F(I4J)-CxF(LyJ)
IM=N-1

NO 9 K=l,y1IM

L=N-K+1

M=N-K

N 9 I=1,M
C=F(I4L)/F(LyL)

DO 9 J=14yN
B{I4J)=(B(I4J)-C%B(LyJ))

DO 10 T = 14N

DO 10 J = 1,N
BlIod)=B(I4J)/F(I,41)
RETURN

END

ZINVOO0O1
ZINVOOO2
ZINVOOO3
ZINVOOO4
ZINVOOOS
ZINVOOO06
ZINVOOOT
ZINV0OO0O8
ZINVOO0O09
ZINVOO10
ZINVOOLl1l
ZINVOO1l2
ZINV0OO13
ZINVOO1l4
ZINVOO15
ZINVOO1l6
ZINVOOl7
ZINVOO18
Z1INVOO19
ZINV0O020
ZINVO0OO021
ZINVO022
ZINV0023
ZINVOO24
ZINVOO0O25
ZINVOO026
ZINVOO27
Z1NV0028
ZINV0O029
ZINVOO30
ZINV0OO031
ZINV0O0O32
ZINVOO033
ZINVOO34
ZINVOO35
ZINVOO36
ZINV0OO37
ZINVOO038
ZINV0O39
ZINV0OO040
7 INV0O0O41
ZINVO042
ZINV0OO043
ZINVOO4&4
ZINV0O0O45S
ZINVO0O46
ZINV0OO4T
ZINVOO48
ZINVOO49
ZINVOO50
ZINVOO51
ZINV0O052
ZINV0OO053
ZINVOO54
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SUBROUTINE ITERAT(XoeXINCyYyDESIRE.TOLsI,4IMAX,ICOM, IFUNC,TEMP,ERR) ZITROOO1

C ZITR0O002
c SURROUTINE ITERAT IS A GENERAL ITERATING ROUTINE. ZITR0OOO3
C Z1ITRO0O4
c THE FOLLOWING PARAMETERS ARE NECESSARY TO OPERATE THE ZITROOOS
C ROUTINE. ZITROO06
C X INDEPENDENT VARTABLF ZITROOO7
C Z1TROOO08
C XINC NDELTAX = X*XINC FOR SECOND PASS ZITRO0O09
C ZITROO10
c Y DEPENDENT VARTABLE ZITROOL1
C ZITROO12
c NESIRE DESIRED VALUE 0OF Y ZITROO13

FQUIVALENCE (OMEGA ,CMA(405)),(PHI sCMA(403)) 4 (PSI +CMA(885)) ZEQAOQO017

EQUIVALENCE (R +CMA(4072) )4 (RMASS 4CMA(401)),(SPST ,LCMA(BB7)) ZEQAOO1S8
c Z1TROO1 4
c TOL TOLERANCE IN Y FOR CONVERGENCE. IF ZERO,DATA IS ZITROO15
C STORED BUT NO ITERATINN OCCURS. Z1TROO16
C ZITROOL7
C I COUNTER INCREMENTED FOR EACH PASS THROUGH ROUTIME, I ZITROO18
C MUST BE ZEROED EXTERNALLY BEFORE FIRST PASS. Z1TROO19
C ZITR0OO20
C IMAX TOTAL PASSES ALLOWED Z1TR0O021
C ZITR0O022
C ICOM FLAG FUR EXTERNAL USE TO INDICATE CONVERGENCF OR IMAX ZITR0O023
C EXCEEDEDN, (SEFE BELOW) Z1TROO24
C Z1TRO025
C IFUNC FLAG TO INDICATE CHOICF OF CONVERGENCE TECHNIQUES. ZI1TR0OO26
C (SFE BELUOW) ZITROO27
C Z1TR0O0O28
C TEMP STORAGE PROVIDED BY CALLING PROGRAM, ZITROO29
C ZITROO30
C ERR VALUE AGAINST WHICH DEVIATION OF Y FROM DESIRE IS ZITROO31
C COMPARFD, (COMPARISON FUNCTION) ZITROO32
C ZITROO33
C ICOM = 1} ITERATING. Z1TROO34
C = 2 CONVERGED, ZITROO35
C = 3 IMAX EXCFEDED. : ZITROO36
C ZI1TRO037
C ZITROO3R
o NAMPING MODES. ZITROO39
C IFUNC = 1 LINEAR. Z1TRO040
C = 2 Y=AXXxE2+BX+C Z1TROO41
C = 3  X=AY*®%¥2+4BY+( ZITROO42
C ZITRO0O43
C ELIMINATES WORST VALUE OF X. Z1ITROO44
C = 4 LINFRAR, Z1TROO45
C = 5 Y=AXFR2+4BX+C ZITROO46
C = 6 X=AY¥*%2+BY+C 21TRO04T
C ZITROO4R

DIMENSION TEMP(5,2) Z1TROO49
C ZITR0OO50
C INCRFMENT 1 ZITROOS1

IT=f+1 ZITROOS52
C ZITROO53
C COMPARF DIFFFRENCE WITH COMPARISON FUNCTION ZITROO54
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11

N=Y-DESIRE
ERROR=ABS (N/ERR})

PREVIOUS ERROR STORED IN TEMP(5,1)
CHECK=ERROR-TEMP(5,1)

IF(TOL.FQ.0.0) GO TO 12
ITF(ERROR.LT.TOL) GO TO 24
IF(T.LTLIMAX) IF(I-2) 142,3
G0 10 23

COMPUTE INCREMENT IN X FOR SECOND PASS
TEMP (542 ) =X%XINC
1COM=1

GO TH 12

LINEAR INTERPOLATION
TEMP(542)=D%(X-TEMP(1,1))/(TEMP(2,1)-D)

GO TO 12

GO TO(4479792+4858,5,1),41FUNC
IF(CHECK.GE.0.0) GO TO 6

GO TD(2+8,10), IFUNC
IF(TEMP(1,1).EQ.X) GO TO 23

EXECUTION COMES HERE IF ERROR INCREASES, DAMPS
TEMP(542)=(TEMP(1,1)-X}/2.0

GO TO 12

IF(1.GT.3) GO TO 4
D13=TEMP(2,1)=D

N23=TEMP(2,2)-D

F1=TEMP(1,1)-X

F2=TEMP({1,2)-X

GO TO (10410411410410411)4IFUNC

QUADRATIC INTERPOLATION, Y = AX*%2+BX+(C
F12=TEMP(1,1)})-TEMP(1,2)
BOVERA=(F1%F1%D23-F2%F2%D13)/(D13%F2-D23%F1)

RADCAL=ROVERA®#2 /4 ,0-F1%F2%F12/(D13%F2-D23%F1)*D

IF(RADCAL.LT.0.0) GO TO 26
A=(D13%F2-D23%F1)/ (F1*¥%2%F2—F1%F2%%2)

TEMP(5,4,2)=-BOVERA/2.0+SIGN(SQORT{(RADCAL) 4 (D-TEMP(2,1))x=A/({X=TEMP(1,

11)))
GO TO 12

QUADRATIC INTERPOLATION, X = AY*%2+BY+C
D12=TEMP(2,1)-TEMP(2,2)

TEMP(542)=(=TEMP {241 ) %%2%F2%D+N*x*x2% (TEMP (2,1 )%*F2-F1*xTEMP(2,2))+
LTEMP(242)%%2%F1%D)/(TEMP (2,1 )%%2%D23~TEMP (2,2)%%2%D13+Dx*2%D12)

TEMP(1l,1) HAS THE BEST VALUE OF X
TEMP(1,2) HAS THE BEST VALUE OF Y
TEMP(2,1) HAS THE NEXT BEST VALUE OF X
TEMP(2,2) HAS THE NEXT BEST VALUE OF Y

ZITROOS55
ZITROO56
ZI1TROO57
Z1TROOL8
ZITROO59
Z1TROO060
ZITROO61
ZITROQ62
Z1TROO63
Z1TROO64
ZITROO6S
ZITROO66
ZITROO67
Z1TROO68
ZITROO&9
ZITROOT70
ZITROOT71
ZITROO72
ZITROO73
ZITROO74
ZITROOT7S
ZITROOT6
ZITROOT77
Z1TROO78
Z1TROO79
ZI1ITRO0O80O
ZI1TROO81
Z1TRO082
Z1TROO83
Z1TROOB4
ZI1TROO85
ZI1ITROO86
ZITROO87
Z1TROOB8
Z1TROO8S9
Z1TROO0S0
ZITROO91
Z1TRO092
ZI1TRO093
Z1TR0O094
Z1TRO095
ZITROO96
ZITROO97
ZITRO0O98
ZITRO099
ZITRO100
ZITRO101
Z1TRO102
Z1TRO103
Z1ITRO104
ZITRO105
ZITRO106
Z1TRO107
Z1TR0O108
Z1TROL109
ZITRO110
ZITRO111
ZITRC112
ZITRO113
ZITRCl14
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12
13
14
15
19

20

21

23

24
25

26

27

IF(I-2) 20,13,15
IF(CHECK,LT.0.,0) GO TO 19
TEMP(1,2¥=X

TEMP(2,2)=D

GO TO 22

IF(IFUNC.LT.4) IF(CHECK) 19422,22
IF(CHECK GE.0.0) IF(ABS(D)-ABS{TEMP(2,2))) 14,22,22
TEMP(192)=TEMP(171)
TEMP(2,2)=TEMP(2,1)

TEMP (1,1) =X

TEMP(2,1)=D

TEMP(5,1) STORES THE LEAST VALUF 0OF ERROR.
TEMP(5,1)=ERROR

IF{TOL.EQ.,0.0) RETURN

TEMP(5,2) CONTAINS THE CHANGE IN X,
X=X+TEMP{5,2)

RETURN

I1COM=3

GO TOQ 25

ICOM=2

=0

RETURN

WRITE (6427)

GO TO 23

FORMAT (31HONEGATIVE SQUARE ROOT IN ITERAT)

END

SUBROUTINE LOAD (VARSNVAR,NKICK)

SURROUTINE LOAD TRANSFERS THE ALTITUDE, RADIAL VELOCITY,

AND HORIZONTAL VELOCITY INTO THE VAR ARRAY,
COMMON /CSTAR/ CMA{1000).CMB(1000)
COMMON/ATABLE/CME(8000)

DIMENSTION VAR(NVAR$25,NKICK)

NDIMENSION V (6 )

EQUIVALENCE (IBURN 4CMB(072)),(IKICK 4CME(200)),(V
IF(IBURNJEDLIBURNTLOR,IBURN,EQ.O) RETURN
IBURNT=TBURN

PO 1 J = 1,4NVAR

VAR(Js IBURN, IKICK )=V (J)

RETURN

END

yCMB(154))

ZITRO115
ZITRQOL116
ZITRO117
ZITRO118
ZITRO119
ZITRO120
ZI1TRO121
ZITRO122
Z1TRO123
ZITRO124
Z1TRO125
Z1TRO126
ZITRO127
ZITRO128
Z1TRO129
ZITRO130
ZITRO131
ZITRO132
ZITRO133
Z1TRO134
ZITRO135
Z1TRC136
Z1TRO137
ZITR0O138
ZITRO139
Z1TRO140
Z1TROL141
ZITRO142
Z1TRO143
Z1TRO144

ZLOA00O1L
ZLOAOOO2
ZLOAOOO03
ZLOAOOO4
ZLOAO00S
ZLOAQO06
ZLDA0007
ZL.0A0008
ZLLOAOOQO9
ZL0A0Q010
ZL0OA0OL1
ZL0A0012
ZLDAOOL3
ZLOAQO14
ZLOAOO1LS5
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MAIN

MAIN IS THE CONTROLLING ROUTINFE FOR THE DYNAMIC TABLE

PROGRAM,

IT IS RASICALLY A GENFRAL NXN NEWTON-RAPHSON SCHEME,

COMMON /CSTAR/ CMA(1000),CMB{(1000)
COMMON /ATABLE/ CMF(8000)
COMMON /PERB/NA4ZNoSF{5),COUNT,RSTO

DIMENSION COMP (5 )9CONST (5 4,2 ),DELFY (6 L5 )
NIMENSION DELFYD(S JoyDELTEM(5 45 )H,DELX (5 45 )
DIMENSTON DELXD (5 JoDELXIN(S 45 ),DELXD (6 45 )
DIMENSTION DFYIN (5 45 ),DX (5 ) DYDXIN(S L5 )
DIMENSION ERROR (2 )+EVSQ (6 ) FLOMX (6 )
DIMENSION FORCES(6 }oFY (6 46 )4NOPT (6 )
DIMENSTON NOPTSTI(6 JoSDEL (5 45 )}4SDELN (5 L5 )
NDIMENSTION TABLE (300 )+ THRUST (6 ), TOL (5 2 )
DIMENSTION VELEXP(6 )+ WTFLOW(6 )¢ XINPT (100 )
DIMENSION XO (6 45 ) 4XPRIM (100,42 )

FOUIVALENCE (CLEAR ,CMA(930)),(CMAX LCMA(928)),{COMP LCMB(031))
EQUIVALENCE (CONST ,CMA(894)),(NDELTK 4CME(199))4(DELTKT,CMB(058))

EQUIVALENCE
EQUIVALENCE
FOQUIVALENCE
EQUIVALENCE
FOUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
FOQUIVALENCE
EQUIVALENCE

(DELTST,CMA(931)),(DX

(ERLOG
(ERROR

(FORCES,CMA(739)),(FY

(IMODE
(JKICK
(MASH
(NEQ
(NST
(RERUN
(VELEX
(XINPT

yCMA(938) ), (EREF 4CMA(713))
sCMA(T707) ), (ERR +CMB(041) )y (ERRMXK,CMB(054))
»CMBLO42) )y (FIXDTK,CMB(OT71) ), (FLOMX LCMA(B37))
sCMA(943) ), (6 +CMA(T16))
yCMB(069) ), (JDATA L,CMA(925))
¢+ CMA(BI0) ) (LAST1 LCMA(753))
yCHMB(064)) 4 (NDAMP (CMA(926) ), {NDUMP ,CMR(057))
+CMA(709) ), (NOPT LCMA(B19)),{(NSHOT ,CMA(929))
yCMA(T708) )y (NSTAGE,CMA(T10)),(R +CMA(402))
yCMA(927) ) s (THRUSTZCMA(831)),(TOL +CMB(044))
1CMA(870)) 3y (VELEXPCMA(B64)) 4 (WTFLOW,CMA(733))
yCMA(601)),4(X0O sCMB(001) )y (XPRIM ,CMA(O01))

+CMB(061)) 4 (ITERP
yCMB(063) ), (LAST

DOUBLE PRECISION XPRIM
INTEGER COUNT,CMAX,FIXDTK,RERUNLCLEAR
EXTERNAL EQUAT1,0UTPT1

WRITE
FORMAT
JDATA=1
MCOUNT=0

(642)
(1H1)

IF(CLEARLEQ.1)

(1)

ALL DATA EXCEPT BINARY DATA IS

INPUT ROUTINE.

CALL INPUT

(2)
CALL COEFNT

(3)

PRINT OUT HEADINGS ARE PRINTED OQOUT FOR THE

CALL OUTPT1(O)

(4) DELTK
INPUT VALUE.
DELTK=DELTKT

(GRID SPACING

CALL STDATA

INTRODUCED THROUGH THE

(01,CMA,TABLE)

COEFNT GENERATES ANY NEEDED CURVE FITS,

UPPER PHASES.

FOR KICK ANGLES) IS SET EQUAL TO AN

ZMAT0001
ZMATIO0002
ZMATO0003
IZMATO0004
ZMAT0005
ZMATI0006
ZMATOO007
ZMATIO0008
ZMATO0009
ZMAI0OO010
ZMATO0O011
IMATO0012
ZMATI0013
IMAT0014
ZMAIO0O015
ZMATQOLl6
ZMATO0017
ZMATIOO18
ZMATO0019
ZMATI0020
ZMATO0021
ZMAT0022
ZMATO0023
IMATI0024
ZMATOO025
ZMATI0026
IMATIOQ027
ZMAT0028
ZMAT0029
ZMAT0030
ZMATI0031
ZMATI0032
ZMAT0033
ZMATIO0034
ZMATO0035
ZMATO0036
ZMATOO037
ZMAI0038
ZMAT0039
ZMAT0040
ZMATO0041
ZMAT0042
IMAT0043
IMATO044
ZMAT0045
IMATI0046
ZMATO0047
IMATIO048
ZMAT 0049
ZMATO050
ZMATI0051
ZMAT0052
ZMATIO0053
ZMATO0054
ZMATO0055
ZMAT0056
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(5) TAKE LOG OF FREF FOR USE IN STEP.
FRLOG = ALOG(EREF)

(6) SET THRSUT AND WTFLOW OF LAST SEGMENT OF BOOSTER
FORCES(LAST1)=THRUST(1)
WTFLOW(LAST1)=FLOMX(1)

(7) COMPUTE JET VELOCITIES

DO 4 J = 1,46

IF(FLOMX(J) «NE.O.O) GO TO 3
VELEXP(J)=0,0

GO T0 4
VELEXP(J)=G*THRUST(J)/FLOMX(J)
CONTINUE

(8) IF IMODE = 3, A BINARY BOOSTER TABLE IS IN THE DATA

AND MUST BE READ IN., RENDFR(1) CALLS BCREAD. OQUTPT1 PRINTS
A GLOSSARY OF THE PROPULSINDN CHARACTERISTICS AND HARDWARE
RELATED DATA FOR EACH PHASFE.

IF(IMODE.NEL3) GO TO 5

IMODE=2

JKICK =1

CALL RENDER (1)

CALL OUTPT1(2)

(9) GUESS IS A DUMMY ROUTINE AVAILABLF FOR ANY PURPOSE
REQUIRFD AT THE BEGINNING OF A PROBLEM.,
CALL GUESS

(10) XOLUOAD SETS UP THE XO LIST AND DETERMINES ITERP (THE
VARTABLE DETERMINING THE SIZE OF THE ITERATION LOOP).
CALL XOGLOAD

(11) ASSIGN 43 TO NGO SETS NGO FUR THE STATEMENTS AT OR
NEAR STATEMENT 38,
ASSIGN 43 TO NGO

(12) SEE COMMENT 35.
COUNT=0

(13) NA AND NB ARE RELATED TO ITERATION LQOP SIZE. SEE
COMMENT 10,
NA=ITERP+2
NB = NA + 1

{14) ND AND NREP ARE INITIALIZED, SEE COMMENT 46,
ND=0
NREP=1

(15) SCOMP COMPUTES VALUES AGAINST WHICH DEVIATIONS FROM THE
DESIRED FINAL CONDITIONS ARE COMPARED.
CALL SCOMP(1)

(16) IF NSHOT IS NON-ZER(O, THEN THE NUMBER 0OF TRAJECTORIFS
INTEGRATED WILL BE LIMITED TO THE VALUF OF NSHOT. IF NSHOT
IS NON-ZER(O, IT IS USUALLY EQUAL TO ONE.

IF(NSHOTLEQ.OQ) GO TO 7

NC=NSHOT
GO TO 8

IMAT10057
ZMAT0058
ZMAT10059
ZMAT0060
IMATO0061
ZMAT0062
IMAT0063
ZMATI0064
ZMATI0065
ZMAT0066
IMATIO0067
IZMA10068
IMAT0069
ZMATIOQO070
IMATO0071
ZMATI0072
IMATI0073
ZMATIO0074
IMATIO0O075
ZMATIO0076
IMATO077
ZMATO0078
ZMAI0CO079
ZMATO0080
IMATO081
ZMAT0082
ZMATI0083
IMATI0084
IMATI0085
ZMAT0086
IMATOQO087
ZMATO0088
IMATI0089
ZMATIO0090
IMATIO0091
ZMAT0092
ZMAT0093
IMAT0094
ZMATI0095
IMAT0096
ZMATQ097
IMAT0098
ZMAT0099
ZMATIO100
ZMATO0101
ZMATI0102
ZMAT0103
ZMAI0104
IMAIC105
IMAT0106
ZMATIQL107
ZMAIOC108
IZMATIQ109
ZMAIO110
ZMATO111
ZMATIOL112
IMATO113
IMAIOLl1l4
ZMATIO0115
IMATOL16
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NC=NB
DO 9 J=1,.NA
DO 9 N=2,NB

(17) THE XO LIST CONTAINS THE INITIAL CONDITIONS WHICH ARE
VARTED TO SATISFY THE FINAL CONDITIONS, THE XO(J+1,J),

J = 1,NA CONTAINS THE PERTURBATION MADE ON EACH INITIAL
CONDITION,

XO(N,J)=X0(144)

DO 10 J = 1,NA

X0(J+14J)=X0(1,0)+XD(1,0)*DX(J)

(18) ICHECK IS A COUNTER WHICH IS INCREMENTED IN PERTB AND
INDICATES THE NUMBER OF ATTEMPTS TO MODIFY THE PERTURBATION
SIZE. SEE PERTB.

ICHECK=0

DO 18 N=NREP4NC

(19) START INITIALIZES THE NECESSARY VARIABLES FOR THE IN-
TEGRATION AND CALLS MAINA WHICH ACQUIRFS THE PERTINENT BOOSTER
NDATA,

CALL START(N)

(20) MASH = O INDICATES THAT THE DESIRED TRAJECTORY HAS NOT
VIOLATED ANY 0OF THE INITIAL CONSTRAINTS, IF THE FIRST
TRAJECTORY VIOLATES ANY CONSTRAINTS (N = 1), THEN A NEW CASE
IS CONSIDEREN. [F THE FIRST CASE IS ACCEPTABLE AND A PERT-
URBATION IS UNACCEPTARLE, THE PERTURBATIOM SIZE IS HALVED
AND THE TRAJECTUORY IS ATTEMPTED AGAIN,

TF(MASH.EQ,0) GO TO 13

MASH=0

IF(N.EQ.1) GO TO 1

DX{N-1)=DX{(N-1)/2.0

GO 10 17

(21) XINPT CONTAINS THE INITIAL CONDITIONS. THESE ARE
TRANSFERED TO THE XPRIM LIST TO BE INTEGRATED,

DO 14 J = NST,NEQ

XPRIM(J,1)=DRLE(XINPT(J))

(22) DAMODE CHOOSES THE INITIAL STEPSIZE AND INITIALIZES THE
OUTPUT CONTROL VARIARLES UTILIZED IN STEP.
CALL DAMODE(1,4N)

(23) RUNGEK INTEGRATES THE XINPT LIST WITH RESPECT TO TIME.
CALL RUNGEK (EQUAT1,0UTPTL1)

SEE COMMENT 20
IF{(MASH.EQ.0) GO TO 15
MASH = O

IF {(N.EQ.1) GO TO 57
NX(N-1)=DX(N-1}/2.0
ICHECK = 0

GO 70 17

ZMATO117
ZMAIO118
ZMATIC119
ZMATIO120
ZMATO121
ZMATIO122
ZMATO0123
IMATIO124
IMATIO125
ZMAIO126
IMATIG127
ZMAIO128
ZMAIO0129
ZMAI0130
ZMAIO0131
ZMAIO0132
ZMAT0133
ZMAIO134
ZMAT0135
ZMAIO136
ZMATIO0137
ZMAT0138
ZMATO0139
ZMAT0140
IMATIO141
IMATIO142
ZMATO0143
ZMAIO144
ZMAIO0145
IMAIO146
IMATIOL147
ZMAIO0148
ZMAI0149
ZMATIO0150
ZMATO151
ZMATO0152
ZMATI0153
ZMATIO0154
ZMATOL155
ZMATIO156
IMATI0157
ZMAI0158
ZMAI0159
IMATO160
ZMATIO0161
ZMAIO0162
ZMATIO163
ZMAIOl 64
ZMATI0165
ZMAIO166
IMATIO0167
ZMA10168
ZMAT0169
ZMAIO170
ZMAIO1T71
IMAIO172
ZMATIO173
ZMAIO0174

(24) FINAL COMPUTES THE DIFFERENCES (FY) BETWEEN THE DESIRED FINALZMAIO175

CONDITIONS AND THE OMES ACHIEVED IN THE INTEGRATED TRAJECTORY,

IZMATIOLT76
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15

16

17

18

19

20

21

22

23

24

CALL FINAL(N)

IF(N.GT.1) GO TO 16
RSTO=R
GO TO 18

(25) PERTB CHECKS THE PERTURBATION SIZE. IF ICHECK = 0, THEN

THE PERTURBATION SIZE IS WITHIN THE REQUIRED BOUNDARIES.
CALL PERTB(DX(N-1),ICHECK)

SEE COMMENT 20
IF(ICHECK.EQ.O0}) GO TO 18
XO(NyN=1)=XO{1yN~1)+X0(14N=1)*DX(N=-1)

GO TO 12
CONTINUE
IF(NB.NE.NC) GO TO 51

(26) CALCULATE THE MATRIX OF DIFFERENCES IN FINAL CONDITIONS AND

ITS INVERSE.

NO 20 N = 1,4NA

NO 20 K = 14NA
DELX(N,K)=FY(N+14K)=FY(1,K)
CALL INVERT(DELX,DELXINsNA,45)

(27) CALCULATE ERROR INDICATOR FOR EACH TRAJECTORY. SFE EQUATION

64 ON PAGE 26 OF PAYLOAD OPTIMIZATION OF MULTISTAGE LAUNCH
VEHICLES, (NASA TN-3191).

DO 21 TI=1,NA

SF(I)=0.0

DO 21 J = 1,NA

SFII)=DFLXIN(IyJ)}*=(FY(J+146)-FY(1,6))+SF (1)

DO 22 N=14NB

EVSQ(N)=0.0

DO 22 J=1,NA

EVSOQO(N)=EVSQ(N)}+(FY(NyJ)*SF(J}))*%2
(28) DETERMINE TRAJECTORIES WITH LARGEST AND SMALLEST ERROR
FMIN ERROR FUOR BEST TRAJECTORY
KMIN NUMBER OF BEST TRAJECTURY
FMAX ERROR FOR WORST TRAJECTORY
KMAX NUMBER OF WORST TRAJECTORY
FMIN=FVSQ(1)

KMIN=1

DO 23 N=2,NB
TF(EVSO(N)«GT.EVSQ(KMIN)) GO TO 23
FMIN=EVSQ(N)

KMIN=N

CONTINUE

FMAX=EVSOQ(1)

KMAX=1

DO 24 N=24.NB
TF{EVSQ(N).LTLEVSQ(KMAX)) GO TO 24
FMAX=EVSQ(N)

KMAX=N

CONT INUE

(29) THE KMIN TRAJECTORY IS USED AS A REFERENCE TO GENERATE
A SET OF PARTIAL DNDERIVATIVES AND INITIAL CONDITIONS ARF
CUOMPUTED FOR A NEW REFFRENCE TRAJECTORY.

IMATIO177
ZMATIOL178
IMATI01T79
ZMAIQ180
ZMATI0181
ZMATIO182
ZMATI0183
ZMAIO184
IMAT0185
IMATO186
ZMATI0187
ZMATIO0188
ZMATIO189
IMATIO0190
ZMAIO191
ZMATIO0192
ZMA10193
IMATO0194
ZMATI0195
IMATIOL196
IMAIO0197
ZMAT0198
IZMAT0199
ZMAT0200
ZMATI0201
IMATI0202
IZMAT0203
IMAT0204
ZMATIO0205
IMATI0206
IMATIO0207
ZMAI0208
ZMAT0209
ZMAJ0210
IMATO0211
IMATO0212
ZMATO0213
IMATO0214
ZMATI0215
ZMAIO216
IMATIO217
ZMAIO218
IMATOD219
ZMAT0220
ZMAT10221
IMATI0Q222
ZMAT0223
IMAI0224
IMAT0225
IMAT0226
IMATO227
IMATO0228
IMATO0229
ZMAT0230
ZMATIO0231
IZMAT0232
IZMATO0233
IMAT0234
ZMATO0235
ZMAT0236




o0 [aNel OO0 O0

e NaNe] o0 o0 o0 g Nl

O000

25

26

27

28

29

30

32

33

34

SEE SECTION ON PROCEDURE AND IMPLEMENTATION ON

PAGE 25 OF PAYLOAD

OPTIMIZATION OF MULTISTAGE LAUNCH VEHICLES, (NASA TN-3191).

NGO 25 N=1,NB

NO 25 M=1,NA
DELXO(NyMI=XD(N,M)=XO(KMIN,M)
DELFY{N,M)=FY(NyM)-FY(KMIN,4M)
DO 26 I=1,NA

N0 26 J=1,NA
DELTEM(T+J)=DELFY(I,J)

DO 27 N=KMIN,NA

DO 27 M=]1,NA
NELXO(NyM)=DELXO(N+14M)
DELTEM(N,M)=DELFY(N+1,M)

CALL INVERT (DELTEM,DFYIN,NA,5)
DO 28 N=)1,NA

DO 28 J=1,NA

DYDXIN(N,J)=0.0

PO 28 M=1,NA
DYDXIN({NyJ)=DFYIN(NyM)*DELXO(MyJ)+DYDXIN(N,J)
DO 29 N=1,NA
DELFYD(N)==FY(KMIN,N)

DO 30 J=1,NA

NELXD(J)=0.0

DO 30 L=1,NA
DELXD(J)=DELFYD(L)*DYDXIN(L,J)+DELXD(J)
DO 32 N=1,NA

XO(KMAX 4N)=XD(KMIN,N)+DELXD(N)

(30) THE NEW REFERENCE TRAJECTORY IS INTEGRATED, ITS INITIAL

AND FINAL CONDITIONS ARE PLACED IN THE XO AND FY LIST PREVIOUSLY
OCCUPIED BY THE KMAX TRAJFCTORY. SEE EQUATION 63 ON PAGE 26 OF
PAYLOAD OPTIMIZATION OF MULTISTAGE LAUNCH VEHICLES,

(NASA TN-3191).
ND=0

SEE COMMENT 19
CALL START(KMAX)

SEE COMMENT 20
IF(MASH.EQ.1) GO TO 52

SEE COMMENT 21

DO 34 J=NST,NEQ
XPRIM(Jy1)}=DBLE(XINPT(J))
K=0

SEE COMMENT 22
CALL DAMODE (JDATA,1)

SEE COMMENT 23
CALL RUNGEK (EQUAT1,0UTPT1)

SEE COMMENT 20
IF (MASH.EQ.1) GO TO 52

(31) JDATA = 1 WHEN CONVERGENCE HAS NOT BEEN OBTAINED. JDATA =

2 TMPLIES THAT THE CASE IN CONVERGED, JDATA =

3 IS USED WHEN

A PRESCRIBED PROPELLANT LOADING HAS BEEN EXCEEDED AND THE

'— 10— 08 1 A

ZMATIO0237
ZIMAI0238
ZMATO0239
IMAI0240
ZMAT0241
IMA10242
ZMA10243
IMAIO244
IMATO0245
IZMATI0246
IMATO247
ZMA10248
IMAT0249
ZMA10250
ZMAT0251
IMAI0252
ZMAT0253
ZMATO0254
ZMA10255
ZMAI0256
ZMATO257
ZMAI0258
ZMAT0259
ZMATIO0260
IMAT0261
ZMAIO262
ZMAIO0263
IMAIO264
ZMATO0265
ZMAI0266
ZMATIO267
IMAT0268
ZMA10269
ZMATO270
IMAIO271
IMATO0272
ZMAT0273
IMAIQ274
IMATIO275
ZMAIO276
IMATO0277
IZMAT0278
ZMATO0279
ZMA10280
ZMA10281
ZMAT0282
ZMAT0283
ZMAT0284
ZMA10285
ZMAT0286
IMATO287
ZMATI0288
ZMAT0289
ZMAT10290
ZMA10291
ZMATI0292
ZMAT0293
ZMAI0294
ZMATIO0295
ZMATID296
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c CONVERGED CASE WITH THE EXCESS PROPELLANT IS PRINTED BEFORE IZMAT0297
c THE DFFENDING PROPELLANT LOADING IS FIXED AT MAXIMUM PROPELLANT IMAT0298
C AND RECONVERGED., ZMAT0299
IF(JDATALNEL.2) GO TO 35 ZMAT0300

c IMATIO0301
C (32) IF RERUN = 1, THE BODSTER WITH THE CONVERGED KICK ANGLE AND ZMAI0302
c BURNING TIME IS INTEGRATED AND ITS ERROR COMPUTED. IF THE ERROR ZMAIO0303
C IS EXCEEDEDy CONTROL PASSES TO STATEMENT 54 WHERE MCOUNT IS IZMAIO0304
c INCREMENTER, MASH IS SET EQUAL TO ONE WHICH CAUSES DELTK TO BE ZMAT10305
c HALVED IN MAINA., SEE COMMENT 49, ZMATI0306
IF(RERUNLEQ.O0) GO TO 51 ZMATO307
ASSIGN 54 TO NGO ZMAIO308

GO TO 36 ZMAT10309

c ZMAI0310
35 IF(JDATAL.EQ.Y) GO TO 36 ZMATO311

C (33) CHECK IS CALLED HERE FOR THE SECOND TIME. THE CONVERGED IMAIO312
c CASE WITH THE EXCEEDED PROPELLANMT LOADING HAS BEEN PRINTED, ZMAIO0313
C CHECK COMPUTES THE FIXED PHASE TIMES FOR THE OFFENDING PRO- ZMATIO314
C PELLANT LOADINGS AND SETS NOPT FOR THOSE PHASES TO ZERO. ZMATO315
CALL CHECK ZMATO316
JDATA=] ZMAIO0317

GO TO 6 ZMAJ0318

C ZMATI0319
c (34) SFFE COMMENTS 24, 26, AND 27. ZMATIO0320
36 CALL FINAL (KMAX) ZMAT0321
CALL SCOMP(2) ZMATI0322
EVP=0,0 ZMAT0323

DO 37 J=1,.NA ZMATI0324

37 EVP=EVP+({FY(KMAX,J)}=*SF(J))**2 ZMAT0325

c ZMAT0326
c (35) COUNT IS INCREMENTED WHEN A NEW RFFERENCE TRAJECTORY IS ZMATO0327
c INTFGRATED. IF COUNT EXCEEDS CMAX, THE ITERATION IS ABANDONED ZMAT0328
C AND NFW DATA IS CALLFD 1IN, ZMATI0329
COUNT=COUNT+1 IMAT0330
IF(COUNT.GT.CMAX) GO TO 51 ZMATO331

c ZMATO0332
c (36) FIRST CONVERGENCE TEST . SORT (FVSQ) IS A MEASURE OF THE ZMAI0333
c CHANGF IN FINAL WEIGHT REQUIRED TO SATISFY THE FINAL CONDITIONS ZMAI0334
C BASED ON THE PARTIALS ALRFADY OBTAINED., IF THE ERROR IS LESS THANZMAIQ335
C SOME DECIMAL FRACTION OF THE INITIAL WEIGHT, THE CONTROL PASSES TOZMAIO336
C THE NEXT CONVERGENCE TEST. OTHERWISE ITERATION PROUCEEDS UNTIL 7MAT0337
C COUNT EXCEEDS CMAX, SEFE FQUATION 64 0ON PAGE 26 OF PAYLOAD ZMATO33R
c OPTIMIZATION OF MULTISTAGE LAUNCH VEHICLFS, (NASA TN-3191). IF IMAT0O339
c RERUN = 14THEN AFTER CONVERGENCE THE EXACT BOOSTER IS INTEGRATED ZMAIO340
c AND THE UPPER PHASES ARE REINTEGRATED MAINTAINING THE SAME BURNINGZMAIO341
c TIMES AND INITIAL THRUST ANGLFS AND RATE, THF ERROR FOR THAT IMAT0342
c TRAJECTORY IS EXAMINFD UTILIZING THESE EOQUATIONS, ZMAT0343
EVSQ(KMAX)=EVP ZMAI0344
EVPSRT=SQRT(EVP) ZMAT10345
IF(SOQRT(EVSO(KMAX) ) oGT.ERRUR(JIDATA)IRXINPT(1)) GO TO NGO, (43,54) IMATIOD346

c IMATO0347
c (37) SFCOND CONVERGENCE TEST. [IF THF ERROR IN DESIRED FINAL IZMATO0348
C CONDITIONS IS LESS THAN SOME DECIMAL FRACTION SPECIFIED IN TOL, IMATI0349
C THE CONVERGENCE IS RECOGMIZED AND THE CONVERGFD CASE IS PRINTED. ZMAIQ350
DO 38 J=1,NA ZMAT0351

38 TF(ABS(FY(KMAX,J)*COMP(J)).GT.TOL(J,JDATA)) GO TO NGO, (43,54) ZMAT0352

c ZMAT0353
c (38) AT THIS POINT, IF JDATA ALREADY EQUALS Tw0O, THFN THE GRID IMAT0O354
c SPACING FOR THE TABLE HAS PROVED SUFFICIENTLY FINE AND A NEW ZMAT(Q355
c CASE WILL BE READ IN. [IF JDATA = 1, THEN JDATA IS SET TO TwWD ZMATIO356
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c AND THFE CONVERGFD CASE WILL BRE PRINTED 0OUT. ZMATO357

IF(JDATA.EQ.2) GO TO 51 IMAI0358
JDATA=2 . ZIMAI0359

C ’ IMATI0360
c (39) CHECK IS CALLED HERF FOR THE FIRST TIME IN A CASE. IF THE ZMATO0361
C PROPELLANT LOADING FOR ANY PHASE EXCEFDFD THE PRESCRIBED VALUE, ZIMATIO362
c JDATA IS SET EQUAL T0O THREE AND THE NFFENDING CASE IS PRINTED FOR ZMAI0363
c REFERENCE. 7MATO364
DO 39 J = 1,LAST ZMATIO365

39 NOPTST(J)I=NOPT(J) ZMAI0366
CALL CHECK IMATO367

DO 40 J=1,LAST ZMAI0368

40 TF(NOPT(J).NEJNOPTST(J)) GO TO 41 IMAT0369

C IMAIO370
c (40) RERUN = 1 INDICATES A CHECK ON THE TKICK GRID SPACING. IMATO371
o FIXDT = 1 IS A FLAG WHICH INDICATES TO START THAT A NON- IMAIO372
C GRID KICK ANGLFE AND SPECIFIC BURNING TIME WILL 3k INTEGRATED, ZMATIO0373
IF(RERUNL.EQ.1) FIXDTK=1 IMAIO374

GO TO 33 ZMAIO0375

c (41) SEE COMMENT 39, IMAI0376
41 JDATA=3 IMATO377

D0 42 J = 1,LAST ZMATIO378

42 NOPT(J)=NOPTST(J) ZMATO379

GO 7O 33 ZMAT10380

c IMATO0381
o (42) EVSQ(KMAX) IS THF ERROR FOR THE NEW REFERENCkK(SEE COMMENT ZMATI0382
c 30). IF THE NEW REFERENCE IS NOT BETTER THAN THE PREVIOUS IMATIO383
C ONE (KMIN), THEN IT IS DESIRABLF TO CUT THE CHANGES IN THE IMAI038¢4
c IMITIAL CONDITIONS. SEE COMMENT 46. ZMAT0385
43 TF({EVSO(KMAX).GF.EVSQIKMIN))Y GO TO 48 ZMAI0386
EMAX=AMAX1 (EVSO(1),EVSQ{2),EVSQ(3),EVSN(4),EVSQ(5),EVSQL6)) ZMATO0387
IF(SORT(ZMIN(EVSQ4NB) ) eGTLERR®XINPT{1)) GO TO 44 ZMAI0388

C IMATO389
c (43) [F THE ERROR DF THE NEW REFERENCF INDICATES THAT ZMAIO0390
c CONVERGENCF 1S CLOSE, THE NEW RFFERENCE MAY RFPLACE THE WDRST ZMAIO391
c CASE AND A NEW REFERENCE COMPUTED WITHOUT REPERTURBING. IMAI0392
GD TO 19 IMATO0393

C IMAI0394
C (44) IF PERTURBATIUNS ON THE NEW REFERENCE ARE DESIRED, IMATI0395
c THE XO LIST IS SET UP AND CONTROL IS RETURNED TO STATEMENT ZMATI0396
(o 11. IMATO0397
44 DO 4%  J=1,NA ZMAT0398

DO 45 N=1,NB IMAI0399

45 XO({N,J)=XO(KMAX,J) IMAT0400

DO 46 J=1,NA ZMATI0401

46 XO(J+14J)=X0014JI)+X0(1,J)%DX(J) ZMAT10402
NREP=2 ZMAI10403

DO 47 K = 14NA IMATI0404

47 FY(1,K)=FY{KMAX,K) IMAT0405
FY(146) = FY{KMAX,6) IMATI0406
EVSQ(1)=EVP IMATI0407

GO TO 11 ZMA10408

c ZMAT0409
c (45) IF THE FIRST REFERENCE TRAJECTNRY IS BETTER THAN THF SECOND, ZMAIO410
c THE ERROR ON THE FIRST IS CHFCKED TN DETERMINE IF IT IS WITHIN IMATIO411
c THE CONVERGENCE TOLERANCE. IF IT IS NOT WITHIN TOLERANCE, THE ZMATO0412
c CHANGES IN INITIAL CONDITIONS FROM THE FIRST REFERENCE TO THE ZMATIO413
c SECOND ARE HALVED AND A NEW REFFRENCE IS CUNSIDERED, IMATIO4L 4
48 TF(COUNTeFEQeleAND.SORT{ZMIN(EVSO4NB) ) GTLERRXXINPT(1)) GO TO 44 IMATI0D415

C (46) SEF COMMENT 42, IF THE ERROR FOR THE NEW REFERENCE 1S IMATO416
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50

51

52

53

54

55

56

57

58

GREATER THAN THF ERROR FOR THE OLD REFFRENCE, THE CHANGES
FROM THE OLD TO THE NEW ARE HALVED UNTIL ND IS GREATER THAN
NDAMP OR THE NEW REFFRENCE ERROR IS LESS THAN THE OLD.
ND=ND+1

IF(ND.GT.NDAMP) GO TO 51

IF(COUNT,NELY) GO TO 49

KMAX=KMIN

GO TO 44

NO 50 N=1,NA

XO(KMAXyN)=XD(KMINSN)+DELXD(N) /2 0%%ND

GO TO 33

(47) A DUMMY ROUTINE AVAILABLE FOR USE AT THE END OF A
PROBLEM,
CALL STGSS(KMAX)

RENDER PUNCHES OUT BINARY BOOSTER DATA,
IF(NDUMP,FOL.1) CALL RENDER (2)

GO 70 1

(48) IF MASH IS SET TO ONE IN SOME ROUTINE OTHER THAN MAIN,
THE CHANGE FROM NEW REFERENCE TO OLD IS HALVED AND A NEW
REFERENCE IS CONSIDERED.

MASH=0

NO 53 J = 1,4NA

DELXD{J)=DFLXD(JI) /2.0

GO TO 31

(49) IF MASH IS SET EQUAL TO ONE IN MAIN, IT IS A FLAG TO
MAINA TO HALVE DELTK, THE TKICK GRID SPACING., IF AFTER THE

GRID SPACING IS CUT IN HALF THE NEW ERROR IS NOT LESS THAN 75
PERCENT OF THE OLD ERROR, THE PROGRAM TERMINATES THE PROBLEM AND

CALLS IN NEW DATA,

MASH=1

MCOUNT=MCOUNT+1

IF(MCOUNT . EQel1 ORLEVSO(KMAX) LTL.0L,75%EVSQST) GO TO 56
WRITE (6455)

FORMAT (48HONG IMPROVEMENT WITH COT IN KICK ANGLE INCREMENT)
MASH = 0

GO TO 51

EVSQST=EVSQ (KMAX)

JDATA=]

GO TO 6

SEE COMMENT 20
WRITE (6,58) NSTAGF

GO TO 1
FORMAT (42HOINITIAL CONDITIONS PROHIBIT USF NF STAGE 12)

FiND

IMATO417
ZMAIO41R
IMATO419
IMAT0420
ZMAT0421
IMATI0422
IMAT0423
ZMATIO424
ZMA10425
IMATO426
IMATO427
ZMAT10428
IMAI0429
IMATI0430
IMATO043]
ZMAT0432
ZMAT0433
IMAT0434
IMATO0435
ZMATIO0436
ZMATO0437
ZMAT0438
ZMAT10439
IMAI0440
IMATQ44]
IMATO442
IMATO443
IMATO444
IMAT0445
IMATO446
IMATO447
IMATO448
IMATO449
IMATO0450
IMATO0451
IMATO0452
ZMAT0453
IMATI0454
ZMAT0455
IMATIQ456
IMATO457
ZMAT0458
ZMAT0459
IZMAT10460
IMATO0461
IMATIO462
ZMAT0463
IMATO464
ZMAT0465
IMATID466
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SUBROUTINE MAINA ZMATO001
ZMATO002

SUBROUTINE MAINA CONTROLS THE CHOICE OF KICK ANGLES AND ZMAT0003
RNOOSTER BURNING TIMES UTILIZED IM THE ROOST SUBROUTINE ZMATIO004
INTERPOLATION SCHEME TOQ ACQUIRE BOOSTER BURNOUT CONDITIONS ZMAT0005
FOR A SPECIFIC KICK ANGLE AND BOUOSTER BURNING TIME. ZMATO006
ZMAT0007

COMMON /CSTAR/ CMA(1000),CMB(1000) IMATINO008
COMMON/ATABLE/CME(B000) ZMAT0009
DIMENSION APT (3 ,100),APTMAX(3 YoBRUN (3 ) ZMATIO0010
DIMENSION ITH (3 Yo ITK (3 Y oKPT (3 ,100) ZMATOO11
DIMENSION RK (5 ) s RKA (5 ), T8 (6 ) ZMATOQOL12
DIMENSION TROGST(6 ) ZMATO013

EQUIVALENCE (APT +CME(201) ), (APTMAX,CMB(126)) 4 {DELMAX,CMA(702)) ZMAIQO14
EQUIVALENCE (DELTB L,CME(O016)) 4 (DELTK 4CME(199)),(DELTKT,CMB(058)) ZMAIQO15
EQUIVALENCE (ELEV +CMA{(790) ), (IBURN ,CMB(0O72)),(IKICK L,CME(200)) ZMAIQOl6
EQUIVALENCE (IMODE ,CMB(061)),(ITR yCMB(123) ), (ITK sCMB(120)) ZMAIOQO1LT
EQUIVALENCE (JKICK ,CMB(063)),(KPT yCME(201)),(LAST LCMA(711)) ZMAIOO18
EQUIVALENCE (LAST1 LCMA{(753)),(MASH ,,CMB(064)),(MUODEC LCMB(180)) ZMATICOL19
EQUIVALFNCE (MODODUT,CMA(714)), (NKICKS,CME(021))(NVAR LCMB(073)) ZMAIO020
EQUIVALENCE (STEPS 4CMA(T704)),(T8 yCMA(825) )4 (TBLAST,CME(O18)) ZMATIQO021
EQUIVALENCE (TBOOST,CMA(745)) s (T3URN ,CMB(065) ), [TKICK 4CMB{059)) ZMAT0022
EQUIVALENCE (TMIN JCMA(T703)),(THMINST,CME(OL19)},{(TSPM LCME(010)) ZMAI0023

EQUIVALFNCE (VAR yCME(5011)) IMATO024
LOGICAL ALOG ZMATO0025
INTEGER STEPS ZMAT0026
IMATQO27

IKICK EQUALS THE NUMBER OF DIFFERENT KICK ANGLFS WHOSE ZMATO028
TRAJECTORIES HAVE BEEN RUN, THESE ARE ARRANGED IN ASCEMNDING ZMATIQ0029
ORDER IN APT(1l,J)}. IF NEW KICK ANGLES ARE TO BE RUN, THESE ZMAT0030
ARE PLACED IN BRUN(J) IN ASCENDING DRDER. DELTK 1S THE SPACING ZMATO0031
FOR THE KICK ANGLE GRID. NRUN FQUALS THFE NUMBER OF NEW ZMATIO0032
TRAJECTORIES REQUIREDN IN ANY GIVEN PASS THROUGH THFE RUOUTINE, ZMAT0033
ZMATI0NO034

IF THE KICK ANGLE PREDNDICTED IN THE COURSE OF ITERATION IS ZMATO0035
GREATER THAN 90 DEGREES (WHICH IS AN UNACCEPTABLF KICK ANGLE BY ZMATIQ036
DEFINITION)y MAINA SETS MASH = 1, AND CONTROL EVENTUALLY BUT ZMATIO037
RAPIDLY RETURNS TO MAIN WHERE THE PREDICTED KICK ANGLF IS ZMATIO0038
DECREASED T0 UNDER 90 DNEGREES. ZMATO0039
IF{TKICK.GE.90,0) GO TO 33 ZMATO040
ZMAT0041

ITF(MASH,EN.O0) GO TO 2 ZMATIO0042
ZMATO0043

MASH NOT EQUAL TO ONE IMPLIES THAT THE GRID SPACING HAS HFEEN LMATIOO44
FOUND TO BE TOO LARGE IN MAIN AND DELTK IS HALVED, ZMATO045
MASH=0 IZMATO0046
NRUN=1 ZMATQ047
NELTK=DELTK/2.0 ZMATO0048
ZMATO0049

CHOOSE NEW KICK ANGLE ZMATIOO050
TF{JKICKeEDelsOR (JKICKEQeIKICKeANDTKICKGTeAPT(14JKICK)}) IMATOO0S51
160 TO0 1 ZMATI0052
BRUN(L)=(APT(1,JKICK)+APT(1,4JKICK=-1}})/2.0 ZMAT0053
GO TO0 17 IMATID054
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BRUN(1)=APT(1,JKICK)+SIGN(DELTKFLOAT(JKICK)=FLOAT(IKICK)/2.0) ZMAT0055

GO TO 17 ZMATIO0056
ZMAT0057

IF(IKICK.NE.O.AND.IMODFE.NE,O) GO TO 7 ZMAT0058
ZMAT0059

INTEGRATE VERTICAL RISE AND INITIALIZE IMODE ZMATO0060
IMODE = O ZMAT0061
CALL MAINB IMATO0062
IMAT0063

CHOOSE THREE GRID KICK ANGLES CLOSEST TO TKICK IMAIO0064
TK=FLOAT(IFIX({TKICK+.05)*10.0))/10.0 IZMAT0065
IF(ABS(TK-TKICK).LE.DELTK) GO TO 5 IMATIOQ066
TK=TK+SIGM(DELTK, TKICK~TK) IMATO0067
GO T0 4 ZMAT0068
NRUN=3 ZMAT0069
DO 64 = 1,NRUN ZMATIOO070
BRUN(J)=TK+FLOAT(J-2)*DELTK ZMATIO071
IMAIO0T2

IF(IMODELNE.O) GO TOL17 ZMATI0073
I =3 IMATOO0T74
GO TO 25 IMATOO075
ZMAIOO076

THIS SECTION (THROUGH STATEMENT NUMBER 18) INTERROGATES THE LIST ZMAIOOT7
OF KICK ANGLES FOR WHICH TRAJECTORIES HAVE BEEN RUN AND DETERMINESZMAIOOTS
WHICH OF THESE ARE SATISFACTORY FOR USE IN THE INTERPULATION ZMAT0079
SCHEME AND ON THE BASIS OF THOSE ALREADY AVAILABLE, CHOOSES NEW ZMAT0080
KICK ANGLES TO BE RUN TO COMPLETF A SATISFACTORY SET UF THREE KICKZMAIOOS81

ANGLES FOR USE BY THE BOOST SUBRDUTINE. ZMAT0082
ZMATI0083

FIND INTERVAL IN GRID INTO WHICH TKICK FALLS. ZMATIO084
TF(TKICKLLTLAPT(1,JKICK)) GO TO 8 IMATO0085
IF(JKICKLEQ.IKICK) GO TO 9 IMATO086
JKICK=JKICK+1 ZMATO0087
GO TO 7 ZMAIO088
IF(JKICK.EQe1sORTKICK4GELAPT{1,4JKICK=1)}) GO TO 9 IMAT0089
JKICK=JKICK-1 ZMAT0090
G0 TO 8 IMATI0091
ZMATI0092

FIND THREE CLOSEST GRID KICK ANGLES TO TKICK ZMATIO0093
JA= MAXO(1l,JKICK-2) IMATO094
JB= MINO(IKICK,JKICK+2) ZMAT0095
JC=JR=JA+1 IZMATI0096
DO 10 I=1,JC IMATIO097
JD=JA+1I-1 ZMATIO0098
RKA(I)=FLOAT(JND) ZMAT10099
RK(T)=ABS(APT(14JD)=TKICK) ZMAIOL100
CALL SORTXY(RK,RKA,JC) ZMATIO101
ZMATIO102

KK = RKA{(1) ZMATIO0L103
ZMAIOLO4

RKA(1) CONTAINS THE NUMBER OF THE CLOSFST KICK ANGLE. IZMATIO105
ZMATO0106

DETERMINE KICK ANGLE TO BF USED FROM THF EXISTENT KICK ANGLFS TN ZMAIO107
THE GRID AND CHOOSE ANY NEW KICK ANGLES WHICH MUST BE INTEGRATED. ZMAIO10S8

ITF{RK(1)eGF42.0%DELTK) GO TO 3 IMATIO109
TF(RK(1)LT.NELTK) GO TO 12 ZMAIO110
DELTKP=SIGN(DELTK 3 TKICK=APT(1,KK)}) ZMATIOL111
NRUN=2 ZMATIOLL2
DO 11 K = 1,2 ZMATOY13
KA=K IMAIOLl14
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IFI(NDELTKP.LT.0.0) KA=3-K
BRUN(KA)}=APT(14KK)+FLOAT(K)*NELTKP
GO 10 17

PICK KICK ANGLES FROM EXISTING GRID FOR INTERPOLATION USE,

IF{RK(3),LE.3.0%DELTK) GO TO 13
IF(RK{2).6T.2.0*%DELTK) GO TO 15
NRUN=1

BRUN(1)=APT(14KK) + SIGN(DELTK,TKICK=-APT(1,KK))

GO TO 17

DD 14 J = 1,3

KA=RKA(J)}
APTMAX(J)=APT(1,KA)~TKICK
ITK(J)=KPT(2,KA)

GO Th 29

NRUN=2

DO 16 J = 1,2
BRUN{(J)=APT(1,KK)+(-1.0)**J*DELTK
TF{BRUN(NRUN) (LF.90.0-DELTK) GO TO
NRUN=3

TK=90.0-4.0%DELTK

DO 18  JA=1,3
BRUN{JA)=TK+FLOAT(JA)*DELTK

COMPARE LIST OF NEW KICK ANGLES TO

19

BE RUN (BRUN(J)) WITH EXISTENT

KICK ANGLES AND ELIMINATE ANY DUPLICATION,

I = NRUN

DO 24 J = 1,IKICK
K = TKICK=J+1
KA=K+1]

IF(ABS(BRUN(T)—=APT(1,K)).GT+0.000001*NDELTK) GO TO 22

NRUN=NRUN=-1
IF({T1.EQ.NRUN+1) GO TO 19
IF(NRUN.EQLO) GO TOU 13
DO 21  JA=1,NRUN
BRUN{JA)=BRUN(JA+1)

GO TO 19

ALSD PUT NEW KICK ANGLES IN PROPER
IN APT(1l4J).

IF (BRUN(I).LT.APT(1,K)) GO TO 23
APT(1,KA) = BRUN(TI)

KPT(2,KA) = IKICK+I

1 = 1-1

IF(1.EQ.0) GO TO 27

KA=KA=-1

GO TO 20

APT(1,KA) = APT(1,K)
KPT(2,KA)=KPT(2,K)

CONT INUE

DO 26 J = 1,1
APT(1,J)=BRUN(J)
KPT(2,J)=IKICK+J

INTEGRATION OF MEW KICK ANGLES

TMODE EQUAL TO ONE FOR INTEGRATING
IMODE=1

POSITION (ASCENDING ORDER)

BOOSTFR AFTER VERTICAL RISE

ZMATO115
ZMAIOL116
ZMATIO0117
ZMATO118
ZMATO0119
ZMAIO0120
ZMATO0121
ZMATIO122
ZMATO0123
ZMATO124
IMATO125
IMAIOL126
ZMATIO127
ZMATIO128
ZMAI10129
ZMAI0130
ZMATO0131
ZMATIO132
ZMATO0133
ZMATIO134
ZMAIO0135
ZMATO0136
ZMATIO137
ZMAIO138
ZMAT0139
ZMAIO140
IMATO141
IMATIO0142
ZMATO143
ZMATIO144
ZMATIO145
ZMATIOL146
IMATIOL14T
IMATO148
ZMATO149
ZMATI0O150
ZMAIO0151
ZMATO152
ZMATO0153
ZMATO154
ZMATQ15%
IMATIOLlb6
IMATO157
ZMATO0158
ZMAID159
ZMATO160
ZMATO161
IMATIOL162
ZMATO163
ZMATIOl64
ZMATO165
ZMATO0166
ZMATO167
ZMAI(QL168
ZMATIO169
ZMATO170
ZMATO171
ZMAIO172
IMATO173
ZMATIO174
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C TBLAST EQUALS MAXIMUM TIME IN BOOST TABLEF ZMATO175

TBOUST(LAST1)=TBLAST IMAIOLT76

C ZMATIOLTT7
c CONTRAOLS FOR PRINT OUT (SEE STEP) ZMATIOL178
STEPS=1000 ZMATO179
TMIN=TMINST Z/MATI0180
DELMAX=DELTHB ZMATO181

C ZMATO0182
C PRINT HEADINGS /MATO0183
CALL OUTPT2{0) IMATIO184

DO 28 J = 14NRUN IMAT0185

c IMATO186
c SET MODOUT FOR INTEGRATING TABLE TRAJECTORY ZMAT0187
MODOUT=1 ZMATIO188

C ZMATI0189
IBURN=0 ZMAT0190
ELEV=BRUNI(J) ZMATI0191
IF(MODEC.NEJ.1) WRITE (6434) ELFV IMAI0192

c ZMA10193
c INCREMENT IKICK BY ONE FOR EACH NEW TRAJECTORY ZMAIO194
IKICK=IKICK+1 ZMATIO0195

C IZMATIG196
C INTEGRATION DOF NEW KICK ANGLES CONTROLLED BY MAINB ZMATI0197
CALL MAINB ZMAT0198

C ZMATO01939
28 KPT(3,IKICK)=IBURN ZMATO0200

C ZMAT10201
c RESFT LAST ZMATI0202
LAST=5 IMAT0203

C ZMAT0204
C SET IMODE EQUAL TO TWO FOR UPPER STAGE OPERATION, IMAT0205
IMODE=2 ZMATI0206

GO TOQ 7 IMATI0207

29 KK=1TK(1) IMAT0208

C ZMATI0209
C DETERMINE BOOSTER BURNING TIMES TO BE USED IN INTERPOLATION IZMATIO0210
c SCHEME., ITB(J) S CORRESPOND TO THE TIMES OF BOOSTER BURNOUT ZMATIO211
C POINTS., /MATO212
TBURN=TB(1)+TSPM IMATO0213
ITBIL)=TFIX((TBURN+DELTB/2.0-TMINST)}/DELTB)+1 ZMATIO214
TFCITB(1) elLTelaORSITB(1)GTKPT(3,KK)) GU TO 33 ZMATIO215
ALOG=TTR(1).GT.1 IMATO216
TF(ALDGANDGTITR(1) JLT.KPT(3,KK})} GO TO 31 IMATIO217
IF{ALOG) GD TOU 30 ZMATI0218
ITB(2)=KPT(3,KK)-1 ZMAIQ219
ITB(3)=1TB(2)})-1 ZMAT0220

GO TO 32 IMATO0221

30 1TB(2)=2 IMATI0222
17T8(3)=3 IMAI0223

GO TD 32 IMAT0224

31 ITB(2)=ITB(1)~IFIX(SIGN(1.0,FLOAT(ITR(1))*DFLTRB~TBURN+TMINST)) IMATIO225
ITB(3)=TTB(L1)+ISIGN(L1,ITB(1)-1TR(2)) IMATIQ226

C IMATIO227
C IMAT0228
C BOOST PERFORMS INTERPOLATION, IMATI0229
37 CALL BOOST(VAR,NVAR,NKICKS) ZMAT0230

C IMATO0231
RETURN IMAT0232

33 MASH=1 ZMAT0233
RETURN IMATO234

34 FORMAT(14HOKICK ANGLF = ,Gl4.7) ZMAIO0?35
END IMATIO0236
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SUBROUTINE MAINB IZMATQOO001
C IMATIO002
C SUBROUTINE MAINB PERFORMS THE INITIALIZATION NECESSARY ZMAT0Q003
C FOR INTEGRATING THF BOOSTER PHASE INCLUDING THE VERTICAL ZMATIO004
C RISE PORTION, THE TiIME INTERVAL (DELTB) BETWEEN TABLE STORAGE IZMAT0Q005
C POINTS IS CALCULATED IN THIS ROUTINE. ZMATO0006
C IMATIQO0O07
COMMON /CSTAR/ CMA(1000),CMB(1000) ZMATI0008
COMMON /ATABLE/ CME(8000) ZMAT0009
DIMENSTON ANGLEB(4 )y ANGLES( 4 ) yHARDB (6 ) ZMATIOO10
DIMENSION PERB {2 )+ RB (5 )+ SINA (4 ) IZMATQO11
DIMENSTION TBOQST (6 )+ TS (6 )y WTFLOW(A ) ZMAT0012
DIMENSION X (100 Yo XPRIM (100,42 Y« XSTORO( 4 } ZMATI0Q013
EQUIVALENCE (A +CME(004) ), (ALT +CMF(0Q05) ), (ALTE +CMA{BOS5)) ZMAIQOl4
EQUIVALENCE (ANGLEB,CME(025)) 4 (ANGLES,CMA(786)),4,(ASTART,,CMA(T798)) ZMAIOO15
EFQUIVALENCE (8 +CMA(814)),(DELT sCMA(701)),(DELTB 4CME(O16)) ZMAIOO1l6
EQUIVALENCE (DELTRT,CMA(803)),(ELEV yCMA(790) ), (ESTART,CMA(T795)) ZMAIOO17
EQUIVALENCE (FUELT oCME{014))4(HARDR H4CMA(721))+(HARDBT,CME(OQ15)) ZMAIOQO1l8
EQUIVALENCE (HSTOREZCME(Q12)) 4 (IKCKSTsCMB(O66)),(IKICK L,CME(200)) ZMAIOO19
EQUIVALENCE (IMODE 4CMB{O061)),{JCOST ,CMR({129) )4 (JKICK LCMB(0K3)) ZMAIO020
EQUIVALENCE (LAST yCMA{TLL)Y) 4, (LASTY LZCMA(TS3)),(NKICK ,CME(D20)) ZMATOQO021
EQUIVALFNCE (NKICKSsCME(021))4{NSTAGE,CMA(T7101)), (NVAR ¢yCMB(0O73)) ZIMATO0022
EQUIVALFNCE (OBLATN,ZCME(002)),(0ORLATS,CMA(B15)),({PERSB yCMB{055)) ZMAIQ0U23
EQUIVALFNCE (RADIUSL,CME(O013)),(RB s CMA(T54)) s (REVOLV,CMA(799) ) ZMAIOO024
EQUIVALENCE (SINA JCMA{791)),(STDA LCMA(813)),(TBLAST,CME(O18)) ZMAIOQO25
EQUIVALFENCE (7BO0 +CME(O17)) 4 ({TBODSTHCMA(T745)) 4 (TIME yCMA{O17)) ZMATOO026
EQUIVALENCE (TKTIMELCMA{B04)),(TMINST,CME(O19))},(TS yCMA(G32)) ZIMATIO027
EQUIVALENCE (TSPM yCME(OL10)) 4 (TSTART,CMA(T796)),4,(VATS +CMA(T768)) ZMATIQO28
EQUIVALENCE (VEL sCMELODL)) y {VSTARTHCMA(TO7) )y {WSTORELCME(D11)) ZMATIOQ029
EQUIVALENCE (WTFLOWsCMA(733)),4,(WTO +CMA(T720) )4 (X ¢+CMA(401)) ZMAIOO30
EQUIVALENCE (XPRIM LCMA(001)),{(XSTORO,CME(0Q06)) IMATIQO31
DOUBLE PRECISION XPRIM,TIMF IMAT0032
EXTERNAL EQUATZ2,0UTPT? ZMATI0033
NDATA RADDEG/57.2957795/ IMAT0034
SINA(L)=SIN(ANGLES(1)/RADDEG) ZMATQ035
NSTAGE=1 ZMATI0036
C IMATOO37
C SET JCOST TO BYPASS COAST ROUTINE ZMATOOD3R
JCOST =1 IMATO039
C ZMATIO0040
C ZMATI0041
IF(IMODE.NE.O) GO TO 7 ZMA10042
C IMODE EQUAL TO ZERO IMPLIES THAT A VERTICAL RISE IS TO BRE IMATQ043
C INTEGRATED. IMONDE NOT EQUAL TO ZERD IMPLIFES THAT THE ZERO ANGLE IMATO0044
C OF ATTACK PORTION IS TO BE INTEGRATED. IMATI0045
C IMAIOO46
C INITIALIZE IKICK AND JKICK IMATO04T
IKICK=0 IMATO0048
JKICK=1 ZIMAT10049
C ZMATOQ050
NKICK=7500/25/NVAR ZMATIOQO051
NKICKS=25%NKICK IMATQO52
FUELT=0.0 ZMATOO053
TSPM=TSTART IMATQO54
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HARDRT=0,.,0 ZMATO0055
IKCKST = 0 ZMAT0056

C IMATI0057
c TRO EQUALS WEIGHT AT BEGINNING 0OF TABLF STORAGE. ZMAIO0O058
TRO=PERB(1)*WTO ZMAT0059

C IMATIO060
C LAST1 GREATER THAN ONE IMPLIES THAT A MULTI-SEGMENT BOOSTER IS ZMAT0061
C DESIRED, ZMA10062
IF(LASTI.NEL1) GO TO 1 ZMATI0063

c ZMATO0064
c ZMATQ065
o TBLAST EQUALS TIME AT END OF TABLE STORAGE. ZMATI0066
TBLAST=PERB(2})*WTO/WTFLOW(L1)}+TSTART IMAT0067

c ZMAT0068
C TMINST EQUALS TIME AT BFGINNING OF TABLE STORAGE. ZMAT0069
TMINST=TBO/WTFLOW(1)+TSTART ZMATOO0T70

c ZMATI0QO071
c DELTB FQUALS TIME INTEFRVAL BETWEFN STORAGES. IZMATO072
DELTR=(TBLAST-TMINST)/24.0 ZMAT0073

C ZMATIOO074
GO TO 3 ZMAIO0O075

c ZMATO0O076
C THE BEGINNING, END, AND INTERVAL 0OF TABLE STORAGFE ARE CALCULATED ZMAIOOT7
c FOR A MULTI-SEGMENT ROOSTER. ZMATO078
1 LAST1A=LAST1-1 ZMAI0QO079

DO 2 J = 14LAST1A ZMAT0080
TSPM=TSPM+TBOOST(J) ZMATIOO081
HARDBT=HARDBT+HARDB(.}) ZMAI0082

2 FUELT=FUELT+WTFLOW(J)=TBROOST(J) ZMATO0083
TMINST=(TBO-FUELT—HARDBT)/WTFLOW(LASTL)+TSPM ZMAT0084
TBLAST=(PERB(2)*WTO-FUELT-HARDBT ) /WTFLOW(LASTL) ZMATO0085
DELTR=(TSPM+TBLAST-TMINST)/24.0 IMATO0086

c ZMAT0087
C THIS SECTION PREPARES THE INITIAL STATE CONDITIONS WHICH ARE ZMAT0088
C CONVERTED INTO RECTANGULAR CODORDINATES IN TUDES. ZMATO0089
C ESTART ELEVATION ANGLE AND EQUALS 90 DEGRFES ZMAT0090
C TSTART INITIAL TIME ZMAT0091
C ASTART INITIAL ALTITUDE IMAT0092
c OBLATN ONE IF OBLATENESS IS USED, ZERO IF NOT ZMATO0093
3 ANGLES(4)=£START IMATI0094
TIME=DBLE(TSTART) ZMATO095
VEL=VSTART ZMATO0096
ALT=ASTART ZMAT0097
DBLATN=0BLATS IMATIO098

A = STNDA IZMATO0099
IF(DRLATNGSNE.O.O) G TO 4 ZMATIO0100
A=A%B/SORT (B*%2+(A%x%2-B%x%2)*SINA{(1)*%2) ZMATI0101
RADIUS=A+ALT IMAICL102

G TO 5 ZMATO0103

4 RADIUS=A%B/SORT (B*%2+ (A%%2-B**2)*SINA(1)*%2)+ALT IMATI0104

5 CALL TUDES ZMATIO0105

C ZMATIO0106
c XSTOROD STORES THE INITIAL X, Y, Z COMPONENTS OF RADIUS FOR USE ZMATO0107
c IN CALCULATING TRAVEL ANGLEs ETC. ZMATO108
XSTOROD(1)=SNGL{XPRIM(6,1)) ZMATI0109
XSTORD(2)=SNGL (XPRIM(741)) ZMAIO110
XSTORO(3)=SNGL (XPRIM(8,1)) ZMATIO111
XSTORO(4)=NOT(XSTORO,XSTORD) ZMATIOL12

C ZMATO0113
LAST=1 IMATOL114
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TKTIME IS THE LENGTH OF VERTICAL RISE
TS(1)=TKTIME+TSTART

HEAT INTEGRAL POSITION IN XPRIM (SEE RUNGEK) IS ZEROED,
XPRIM(1,1)=0,0D0

WTO IS THE INITIAL GROSS WEFIGHT.
XPRIM(2,1)=DBLE(WTO)

OUTPT2{(0) PRINTS HEADINGS
CALL OUTPT2(0)

SETUP PREPARES THE CONTROL PARAMETERS (MODDUT, MODS, ETC.) FOR
STEP
CALL SETUP

RUNGEK INTEGRATES THE REQUIRED TRAJECTQORY,.
CALL RUNGEK (EQUAT2,0UTPT2)

X(1) IS THE HEAT INTEGRAL AT THE END OF THE VERTICAL RISE.
HSTORE=X(1)

WSTORE STORES THE WEIGHT AT THE END OF THE VERTICAL RISE.
WSTORE=X(2)

ANGLEB STORES THE INERTIAL LATITUDE, LONGITUDE, AND AZIMUTH
AT THE END OF THE VERTICAL RISE,
ANGLEB(1)=ARSIN(RB(3)/RB(5))*RANDNEG
ANGLEB(2)=ARCTAN(RB(2),4RB{1))%RADDEG

ANGLEB(3)=ANGLES(3)

ALT IS A STORAGE FOR ALTITUDE AT THE END OF THE VERTICAL RISF
ALT=ALTE

VEL IS A STORAGE FOR VELOCITY AT THE END OF THE VERTICAL RISE
VEL=VATS

RADIUS IS A STORAGE FOR THE RADIUS AT THF END OF THE VERTICAL
RISE. IT IS COMPUTED DIFFFRENTLY DFPENDING ON WHETHER THE
OBLATE EARTH MODEL IS UTILIZED.

IF(DBLATN.EN.D.O0) GO TO 6
RADIUS=A*B/SOQRT (B*%2+ ( A%%E2-B4&2) xSINA(1)*%x2)+ALT

RETURN

RADIUS=A+ALT

RETURN

THE REMAINING PORTION OF THIS ROUTINE CONTROLS THE INTEGRATIUN
OF THE PORTION OF THE BUOOSTER AFTER THE VERTICAL RISE,

ELEV EQUALS THE KICK ANGLE AND IS SET IN MAINA
ANGLER(4)=FELEV

TUDES CONVERTS LATITUDE, LONGITUDE, AZIMUTH, ELFVATION ANGLE,

ZMATIO0115
ZMATOL116
IMATO117
ZMAIOL118
/MATO119
ZMATO120
IMATO121
IMATIOL122
ZMATO123
IMATO124
ZMATO0125
IMAIO126
IMATO127
ZMATOL128
IMATO129
ZMAI0130
ZMATO0131
ZMATO0132
ZMATO0133
ZMAIO134
ZMATO0135
IMAIQ136
IMATOL137
ZMATIO0138
IMAT0139
ZMATO0140
IMAIO141
ZMATOLl42
ZMATIO143
IMATOLl44
IZMATO0145
IMATO146
ZMATCL147
IMATIOL148
IMAT0149
IMATIOL150
IMATIO0151
IMATOL152
ZMAT0O153
IMATOL154
IMATO0155
IMATO156
ZMATIOL157
ZMAI0158
ZMATO0159
IZMATIOL160
IMATO0161
IMATO0162
ZMAT0163
IMATOL164
ZMATOL6S
IMATIOL166
ZMATO167
IMATIO168
IMATO169
ZMATIOLT70
IZMATIOL1T71
IMATOL172
ZMATO0173
IMAIOL174
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AND VELOCITY TO RECTANGULAR COORDINATES.
CALL TUDES

TIME=DBLE(TKTIME+TSTART)
LAST=LAST1

SET HEAT TO VALUE AT END OF VERTICAL RISF.
XPRIM(1,41)=NBLE(HSTORF)

SET WEIGHT TO WEIGHT AT END OF VERTICAL RISE.
XPRIM(2,1)=DRLF(WSTORE)

THE TS ARRAY CONTAINS THF TIMFS AT WHICH PHASE CHANGES OCCUR
DURING THE BOOSTER.,

TS(1)=TSTART+TBOOST(1)

IF (LAST1.EQ.1) GO TO 9

DO 8 T = 2,LAST1

TS(I) = TS(I-1)+TBOOST(TI)

DELT=AMINL(DELTBT,7S(1)-TIME)

RUNGEK INTEGRATES THF TRAJECTORY.
CALL RUNGEK (EQUATZ2,0UTPT2)

RETURN
END

ZMAIOLITS
ZMATIOL176
ZMATOLT77
ZMAIOL178
ZMATIOLT9
ZMATIO0180
ZMATO181
ZMATO182
ZMATO0183
ZMATIO184
ZMAT0185
ZMAI0186
ZMAT0187
ZMAIO0188
ZMATI0189
ZMATO190
ZMATO191
IMATIO192
ZMAT0O193
IMATIO194
ZMATO0195
ZMATIO0L196
IMATO197
ZMATI0198
ZMAT0199
IMATI0200
ZMAT0201
IMAT0202
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SUBRNDUTINE (BLATE

THIS SUBROUTINE COMPUTES THE OBLATENESS ACCELERATIONS

(OBLAT) DUE TO AN AXTALLY SYMMETRIC FARTH,
SPHERICAL HARMONIC COEFFICIENTS ARE OBLATJ,

RESPECTIVELY. THFSE CONSTANTS ARFE LOADED IN DATAB.

COMMON /CSTAR/ CMA(1000),CMB(1000)

Z0OBLOOO1L
Z0BLO002

AND 4TH Z0BLO00O03
AND OBLATD Z0BLO0O4

Z0OBLOOOS
Z0BLO006
Z0BLOOO7

sCMA(YB0)) ZOBLOOOS

FOQUIVALENCE (OBLATD,CMA(B16)),(ORLATH,CMA(BLT7)),(DBLATJ,CMA(8B18)) ZOBLOOOY9

DIMENSION OBLAT (3 ) o RB (5 )

EQUIVALENCE (A +CMA(B13)),(GM sCMACTLS) )y (NDBLAT
EQUIVALENCE (RB yCMA(T754))

AA = RB(3)/RBI(5)

AB = RB(3)*%x2/RB(4)

AC = A %*%2/RB(4&)

AD = GM/RB(4)/RB(5)*xAC

AE = ORLATJ*AD

AF = OBLATH*AD* A/RB(5)

AG = OBLATD#AD®AC

ZORLOOL10O
Z0BLOO11
Z0BLOO12
Z0BLOO13
Z0BLOO14
ZOBLOO1S
ZUBLOO16
ZDBLOOL17
20BLOO18
Z0BLOOLS
Z0ORLOO20
Z20BLO021

AH = AEF{5,0%AB-1.0)+AF%(T7.0%AB=-3,0)*AA+AG*(6,0%AB-9,0%AB*%2—-,428570BL0O022

171428E+00)

OBLAT(1) = AH®RB(1)
OBLAT{2) = AHxRB(2)

Z0)BL0OO23
Z0BLO024
Z08LO0O25

OBLAT(3)=(AH-2.0%AE+AG* (4 ,0%AB—.171428571E+01 ) )*RB(3)-AF*(3.,0%AB-0Z0RL0026

1l.6)%RB(5)

RETURN
END

FUNCTION ODDMOD IS SIMPLY AN IMPROVEMENT OF
LIBRARY MOD BY MAKING ALGEBRAIC SIGN OF
ARGUMENT 1 AND ARGUMENT 2 IDENTICAL BEFORE
PERFORMING MOD.,.

FUNCTION ODDMOD(AL,A2)
Al=A1+A2
IF(A1/A2)100,101,101
0DDMOD=AMOD (Al ,A2)
RETURN

END

ZOBLOO27
Z0OBLOO28
Z0BLO029

Z0DMOO0O01
Z0DM0002
ZDM0O003
20NM0O004
Z20DMO005
ZODMOO006
Z0DMO0007
Z(DM0008
20DM0009
ZOPMO010
Z0DM0OO011
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SUBROUTINE ODRBEL Z0RBOOO1

C Z0ORBOOO2
c SUBROUTINE ORREL COMPUTES ORBIT ELEMENTS FROM THE POLAR ZORBO0OO3
C COORDINATFS IN WHICH THE UPPER PHASFES ARF INTEGRATEDN, ZORBOOO4
c ZORBOOOS
COMMON /CSTAR/ CMA(1000).,CMB(1000) ZORBOOO6
EQUIVALENCE (E s CMA{905) ), (FM yCMA(T715) ), (0OMEGA L,CMA(405)) ZORBOOO7
EQUIVALENCE (P sCHA(906) )y (PERIONZCHMA(910) )y (PHI yCMA(403)) ZORBOOGOS8
FOQUIVALENCE (R sCMA(402)) o (THETA HCMA(909) ), (TIME LCMA(409)}) ZORBOOO9
EQUIVALENCE (TP +CMA(G07)),(TPD s CMA(908) ), (U yCMA(404)) ZORBOOLO
EQUIVALENCF (V 2CMA(8839)) ZORROO11

C ZORBOO12
C DEFINITIUNS AND UNITS FOR VARTABLES APPEARING IN THIS ROUTINE. Z0RROO1L3
C FM GRAVITATIONAL CONSTANT FOR THE EARTH FTx%3/SEC*x* ZORBOO14
c (OMEGA ANGULAR VELOCITY RAD/SEC ZUORBOO1L1S5
C E FCCENTRICITY ZORBOO16
C P SEMILATUS RECTUM FT ZORBOOY7
C PERTOD PERTOD OF THE ELLIPSE SEC ZORBOO18
C PHI TRAVEL ANGLE RAD ZORBOO19
C THETA TRUE ANOMALY DEG ZORBOO20
C TP TIME OF PERIGFE SEC Z0ORBOO21
C TPD TIME OF PERIGEE DEPARTURE SEC ZORBOO22
C \Y VELOCITY FT1/SEC ZORBO023
C 1 RADIAL VELOCITY FT/SEC ZORBO024
C R RADIUS, MEASURED FROM THE CENTER OF FT Z0RBOG25
C THE EARTH ZORBOOZ26
C ZORBOOZ27
RSQ = R*R Z0ORBOO0O28

C Z0RB0O0O29
C CALCULATE SEMILATUS RECTUM ZORBOO30
P = (RSOQO*OMEGA)*{RSO*OMEGA) /FM ZURBOO31

C Z0ORBOO32
VSO = URU+RSOROMEGA*UMEGA Z0RB0033

V = SORT(VSQ) ZORBOO34
IF(U.NE.,0.0) GO TU 2 ZORBOO35

C ZORBOO36
C ORBIT FLEMENTS FOR CIRCULAR ORBIT Z(IRBOO37
TP = 0.0 ZURB0OO0O38

£=0.0 ZORB0OO39

TPD = 0.0 ZORBO0O4O

SINT = 0.0 ZURBOO41

CUST = 1.0 ZURBO0O42

THETA = 0.0 Z0ORBO043

C ZORBOO44
C CALCULATE PERIOD 0OF CIRCULAR ORBIT ZDRBOO4S
1 PERIOD = 642R831853%R*SORT(R/FM) ZORBO0O46

C ZORBOO4T
RETURN ZORBOO48

C ZUORBOO49
C CALCULATE ECCFNTRICITY ZORBOOS0
2 E = SORT(1.0-P*(2.0/R=-VSQ/FM}) ZORBOOS1

C ZORBOOS52
IF(E.EQ0.0) G TO 1 Z0ORB0O0O53

C ZORBOO54
C CALCULATE TRUE ANOMALY ZDRBOO5S5
COST = (P/R-1.0)/F ZORBOOS56
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SINT = U*SORT(P/FM)/E
THETA = ARCTAM(SINT,COST)*57,2957795

CALCULATE TIME OF PERIGEE DEPARTURE
£ECOST 1.0+E*COST
EPAR1 ABS(1l.0-E*E)
EPARZ2 = SORT(EPARL)
IF(COST.NE.(-1.0))GO TO 3
TPDPAR = ,314159265F+01/(EPAR1*FEPAR2)
GO TO 7
3 TANPAR = SINT/(1.,0+COST)
IF(E-1.0) 6,4,5
4 TPDPAR = (ECOST+1.0)*TANPAR/(3,0%FCOST)
GO TO 7
5 TPDPAR= E*SINT/({EPARY*ECOST)-ALOG((E+1,0+FPAR2*TANPAR)/(E+1.,0-
1PAR2*TANPAR) )/ (EPARLI*EPAR2)
GO T0 7
6 TPDPAR = —E*SINT/(EPARLI*ECOST)+2.0%ATAN(EPARZ2#*TANPAR/(1.,0+E))/
1EPARI*EPAR2)

CALCULATE PERIOD OF ELLIPSE

PERION = 6.2831853%P%*SQORT(P/FM)}/(EPARL*EPAR2)
7 TP = TPDPAR®P*SQRT(P/FM)

CALCULATE TIME OF PERIGEE
TP = TIME-TPD

RETURN
END OF FORTRAN STATEMENTS
END

ZIIRBOOS7
ZIJRBOOSA
ZORB0O0O59
ZORBOO6O
ZORBOOGL
Z0ORBO0O62
ZORBOO63
ZORBOO64
ZORBOO6S
ZORBO0O66
ZORRO067
ZORBOOG6S
ZORBOO69
ZORBOOTO
EZORBOOT71
ZURBOO72
ZORBOO73
(ZORBOO74
Z0ORBOO75
ZORBOOT6
ZORBOOTY
ZURBOOT78
ZORBOO79
ZORBOO8BO
Z0RBOO81
Z0RB0OO82
ZURBOO8B3
ZORBO0B4
ZORBOOYS
ZORBOO8G
ZORRBROO87
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SUBROUTINE NRBEL2

SUBROUTINE ORBELZ CALCULATES ORBIT FLEMENTS AND RELATED
INFORMATION FROM THE RECTANGULAR COORDINATES IN WHICH THE

ROOSTFR IS INTEGRAT
COMMON /ATABLE/ CME
COMMON /CSTAR/ CMA(
NDIMENSION H (5
NIMENSION RIC (5
DIMENSION XSTORE(4
EQUIVALENCE (ALTE
EQUIVALENCE (BETAI
EQUIVALENCE (FM
EQUIVALENCE (PERIDD
EQUIVALENCE (RANGE
EQUIVALENCE (RE
FOQUIVALENCE (TIME
EQUIVALENCE (TRAVLI
EQUIVALENCE (X
EOQUIVALENCE (ZINCLR
EQUIVALENCE (ZNODETI

t’).

(8000)

1000) 4CMB(1000)
) o HATM (5 ) 9 RB (s
Y2 VATM (5 YoVX (5
)9 XSTORO (4 )

sCMA(921) ), (AZIMR
yCMA(SL1R) ), (E
1CMA(TE9) ), (P

+1CMA(8B05)) 4 (AZIMI
+CMA(917)),(BETAR
sCMALT15)) 4 (H
+CMA(910) )4 (PHIT LCMA(911)),(PHIR
yCMA(914)),(RB yCMA(754) ), (RDOT
yCMA(924) ) 4 (REVOLV,CMA(T799) ), (THFTA
2CMA(409) ), (TP sCMA(907) ), (TPD
yCMA(913))4(VATM L,CMA(T764))4(VX

)
)

yCHMA(922))
+CMA(905))
1CMA(906) )
yCMA(Q12))
'CMB(155))
+CMA(909))
+CMA(90R))
yCMA(T759))

yCMA(401) ), (XSTORO,CME(OO06) )y (ZINCLI CMA(919}))

yCMA(920) )4 (ZLAT
+CMA(923))

1CMA(916)) 4 (ZLONG

+CMA(915))

DEFINTTTIONS

ALTE
AZIMI
AZ IMR
BETAR
E

FM

H
PERION
PHIR
PHII
p
RANGE

RB
RDOT
REVOLV
RE
THETA
TPD

TP
TRAVLI

VX
XSTORO
ZINCLT
ZINCLR
ZLAT
ZLONG

AND UNITS FOR VARIABLFS APPEARING
ALTITUDE ABOVE OBLATF EARTH

InN

THIS ROUTINE
FT

INERTIAL AZIMUTH HFEADING DEG
RELATIVE AZIMUTH HEADING DEG
RELATIVE FLIGHT PATH ANGLE DEG

ECCENTRICITY
GRAVITATIONAL CONSTANT FOR EARTH

FT%x%3/SEC*%2

ANGULAR MOMENTUM VECTOR FTxx2/SEC
PERIOUD DF ELLIPSE SEC
RELATIVE TRAVEL ANGLE NEG
INERTIAL TRAVEL ANGLE DFG
SEMILATUS RECTUM FT
DISTANCE TO LAUNCH SITE ASSUMING NM
SPHERICAL EARTH WITH RADIUS FQUAL TD

RADIUS AT INSTANTANEDOUS POSTTION DF

THE VEHICLE

POSITION VECTOR FT
RADIAL VELOCITY FT/SEC
ANGULAR VELOCITY DF THE FARTH RAD/SEC

INSTANTANFOUS RADIUS OF THF OBLAIE EARTH FT

TRUE ANOMALY DEG
TIME OF PERIGEE DEPARTURE SEC
TIME 0OF PERIGEE SEC
TOTAL INFRTIAL DISTANCE TRAVELED DVER NM
A SPHERICAL EARTH WITH RADIUS EQUAL T0O THF
RADIUS OF THE EARTH AT THF INSTANTANEOUS
POSITION.

INERTIAL VELOCITY VECTOR FT/SEC
POSTTION VECTOR MF LAUNCH SITE FT
INERTIAL INCLINATION NEG
RELATIVE INCLINATION NEG
LATITUDE NEG
LONGITUDE DEG

ZORBOOO1
Z0RB0O002
ZORBO0OO3
ZORBOOO4
ZORBOOOS
ZORBOOO6
ZORRBOOO7
ZORBOOOS
Z0RB0O0OO9
ZO0RROO10
ZORBOO11
Z70RBOO0O1L2
Z0RB0OO13
ZORBOO14
ZORBOO1S
ZORBOO16
ZORBOOL7
ZORBOO18
ZURBOO19
ZORBOO20
Z0RRO0O21
ZORB0O0O22
ZORB0O0O23
ZDRBOO24
ZORBOO25
ZORB0OO26
Z0RB0OO27
ZOORBOO28
ZORB0OO29
Z0ORB0O0O30
Z0ORBOO31
/0RBO0O32
ZORB0O0O33
ZORB0O0O34
ZORBOO35
ZORBOO36
ZORBOO37
Z0RBO0O38
ZORB0OO039
ZORB0O0O4O
Z0RB0O0O41
ZDRBOD42
ZORBO0O43
Z0RB0O044
Z0RB0O0O4S5
ZORBOO46
ZORBOO4T
ZO0RB0OO48
ZORBO0O49
ZORBOO50
Z0RB0OOS1
ZORB0OO52
Z0RB0OO0O53
ZDRBOOS4
ZORBOOS5
ZO0RBOOS56
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INODEL ASCENNDING NODE NFG
VATM RELATIVE VFLOCITY VECTOR FT/SEC

NDATA RANDDEG /57.2957795/

CALCULATE SEMILATUS RECTUM
P=H(4)/FM

IF(RDOTJ.NF.0.0) GO TO 1

ORBIT ELEMENTS FOR CIRCULAR ORBIT

TP = 0.0
SINT = 0.0
COST = 1.0
£=0.0

TPD = 0.0
THETA = 0.0

CALCULATE PERIOD OF CIRCULAR ORBIT
PERIOD=6.2831853%RB(5)}*SORT(RB(5)/FM)

GO TO 8

CALCULATE ECCENTRICITY
E=SQRT(ABS{1.0+P*(VX(4)/FM=-2.0/RR(5)1}))

IF(ENF.0L0)Y GO TO 2
PERIND=642831853%P*SORT(P/FM)
GO TO 8

CALCULATE TRUE ANOMALY

COST (P/RB(5)-1.0)/E

SINT RDOT*SORT(P/FM)/E

THETA =ARCTAN(SINT,COST)*RANDEG

CALCULATE TIME OF PERIGEE DEPARTURE

ECOST = 1.0+E*COST
EPAR1 = ABS({1.0-E*E)
EPAR2 = SORT(EPAR1)

IF(COST.NEL(-1.0)) GO TO 3

IF{EPAR1.EN.0.N) GO TO 8

TPDPAR = ,314159265E+01/(FPAR1*FPAR?Z)

GO TO 7

TANPAR = SINT/(1.0+C0OST)

IF(E-1.0) 64445

TPDPAR = (ECOST+1.0)*TANPAR/(3.0%ECOST)

GO TO 7

TPDPAR= E*SINT/{EPAR1*ECOST)I-ALOG((E+1.0+EPAR2*TANPAR)/(E+1.0~-
1PAR2*TANPAR) )/ (EPAR1*EPAR2)

GO TO 7

TPDPAR = —E%SINT/(EPARLI*FCOST)+2.0%ATAN(EPARZ2*TANPAR/(1.0+E))/
1EPAR1*EPARZ)

CALCULATE PERIOD OF ELLIPSE
PERIOND = 6.2831853%P*SQRT(P/FM)/(EPARLI*EPARZ)

TPD = TPDPAR*P*SQRT(P/FM)

ZORBOOS7
ZORB0O0OS5S8
Z7URBO0OL9
Z0O0RBO0O60
ZORBOO6L
ZORBOO62
ZORBOO63
ZORBOO64
ZORBOO6S
ZORBO066
ZORBOO6T
ZORBO0O68
Z0RB0O0O69
ZORBOOTO
ZORBOO71
ZORBOO72
ZNRBOO73
ZORBOOT74
ZORBOOT75
Z0ORROOT76
ZORBOO77
ZORBOOT78
ZORBOOT9
ZORBOO8AO
Z0RB0O0O81
/NDRB0O0O82
Z0ORB0O0O83
Z0ORBOO84
ZURB0OO8BS5
7ZDRBOO8BE
Z0RBOO8KT
Z0RBOO8SA
ZORB0OOB9
Z0RBOO0O9S0
ZORBOO9I1
ZURB0O0O92
ZORBOOG3
ZORBOO94
70RBOOIS
ZORBO0O96
ZORBOO97
ZDRBOOS98
ZURBOO99
Z0ORBO10O
ZORBOL101
Z0RB0O102Z
ZORBOLO3
Z0RBOL0O4
ZORBOL10OS
EZORBOL106
ZORBO107
ZORBO10O8
(ZORBO109
Z0RBO110
ZORBO111
ZORBO112
ZORBO113
ZORROLY4A
ZORRO115
Z0RBO116
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10

TP = TIME-TPD

COSINC = H{3)/H(5)
SINLAT = RB(3)/RB(5)
COSLAT = SORT(1.0-SINLAT*%2)

RXYSQ=RB{1)*%2+RB(?)*x*

RXYRT=SORT(RXYSO)

SINLON = RB(2)/RXYRT

COSLON = RB(1)/RXYRT
HROOT=SORT(H(1)}%*%*2+H(2)*%2)

SINNOD = H(1)/HROOT

COSNOD=-H(2)/HROOT
COSPHI=COSLAT*(COSLON*COSNOD+SINLONXSTNNOD)

CALCULATE ASCENDING NODE
ZNODET=0NDMOD (ARCTAN(H(1),-H(2))*RADDEG,360.0)

CALCULATE INFRTIAL INCLINATION
ZINCLI = ARCOS(COSINC)*RADDEG

CALCHULATE LONGITUDE
ZLONG=0ODDMOD( (ARCTAN(RB(2)4RB(1))-REVOLVX*TIME)*RADDEG,360.0)

CALCULATE LATITUDE
ZLAT = ARSIN(SINLAT)*RADDEG

CALCULATE TNFRTIAL AZIMUTH
AZIMI=0ODDMOD(ARCTAN(H(3)/HRODT4COSPHI )*RADDEG,360.,0)

CALL CONVT(RB{1) VATM(1),HATM(1))
HROOT=SORT (HATM (1) #*x2+HATM(2)*%2)

CALCULATE RELATIVE FLIGHT PATH ANGLE
BETAR = ARCTAN(RDOT,HATM(5}/RB(5))*RADDFG

IF RELATIVE ANGULAR MOMENTUM EQUALS ZERD, SET RELATIVE
INCLINATION AND AZIMUTH TO ZEROD.

IF(HATM(5) NE.OL.0O) GO TO 9

ZINCLR=0.0

AZIMR=0.0

GO TO 10

CALCULATE RELATIVE INCLINATIOCN
COSINC = HATM(3)/HATM(5)
ZINCLR = ARCOS{COSINC)*RADDEG

[F(HROOT.EQ.0.0) GO TO 10
SINNOD=HATM(1)/HROOT

COSNOND==HATM (2} /HRODT
COSPHI=COSLAT*(COSLONXCOSNOD+SINLON=STNNOD)

CALCULATE RFLATIVE AZIMUTH ANGLF

AZ IMR=DDNDMOD (ARCTAN(HATM(3)/HRODT,,COSPHI )*RADDFG +360.0)
SLIP = REVOLV*TIME

COSLIP = COS(SLIP)

SINLIP = SIN(SLIP)
RIC(1)=XSTNRO(1)*COSLIP-XSTORD(2)*SINLIP
RIC(2)=XSTOROD(2)*COSLIP+XSTOROD(1)*SINLIP

RIC{(3)=XxSTDORO(3)

CALL CONVT(RIC+RByXSTORE)

ZORBO117
Z0ORRBRO118
Z0ORBO119
Z0ORBO120
Z0RBO121
Z0RRO0O122
Z0RBO123
Z0RBO124
ZORBO125
Z0RBO126
ZORBO127
ZORB0O128
ZORBO129
Z0RBO130
Z0RBO131
Z0RBO132
ZORBO133
Z0RBO134
ZORBO135
Z0RBO136
ZORBO137
Z0RBO138
ZORBO139
Z0RBO140
ZORBO141
Z0RBO142
ZORBO143
ZO0RBO144
ZORBO145
ZORBO1 46
ZORBO1147
ZORBO148
ZORBO149
ZORBO150
ZORBO151
ZORBO152
ZORBO153
ZORBO154
ZORBO155
ZORBO156
ZORBOLST
ZORBO158
ZORBO159
Z0RB0O160
Z0RBO161
Z0RBO162
ZORBO163
ZORBO1 64
ZORBO165
ZO0RBO166
ZORRO167
ZORBOL168
ZORBO169
ZORBO170
ZURBO171
Z0RBO172
ZORBO173
ZORBO174
ZORBOL175
ZODRBO176
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CALCULATE INSTANTANEOUS RADIUS OF THE EARTH

RE=RB(5)—-ALTE

CALCULATE THE RELATIVE TRAVEL ANGLE
PHIR=ABS{ARSIN(XSTORE(5)/XSTORO(4)/RB(51)))

CALCULATE RELATIVE DISTANCE TRAVERSED
RANGE=RE*PHIR/6076.1155

PHIR=PHIR*RADDEG

CALL CONVT(XSTORO,RB,XSTORE)

CALCULATE THE INERTIAL TRAVEL ANGLE
PHIT=ABS(ARSIN(XSTORE(5)/XSTNRO(4)/RB(5)))

CALCULATE INERTIAL DISTANCE TRAVERSED
TRAVLI=RE*PHII/6076.1155

PHIT=PHII*RADDEG

RETURN
END

ZORBO177
ZORRBO178
ZORBO179
Z0RB0O180
ZUORBO181
ZORR0O182
Z0RR0O183
Z0RBO184
Z0ORBO185
ZDRBO186
ZORBO187
Z0RB0O188
Z0RB0O189
ZDRB0O190
ZORBO191
Z0RBO192
ZORBO193
Z0RBO194
ZORB0O195
ZORBO196
ZORBO197
ZORBO198
ZO0RBO199

127



SUBROUTINE DUTPTL(N) ' ZOTP0O0OO1

C Z0TPO0O2
C SUBROUTINE QUTPTL AND OUTPT2 PRINT THE DATA AND CONTAIN 70TP00OO3
c MOST OF THE WRITE STATEMENTS IN THE PROGRAM. OQUTPTL HANDLES Z0TPOOOS
C THE QUTPUT FOR THE UPPER PHASE PORTION OF THE PROGRAM, IT IS 20TPO0OOS
c DIVIDEND INTO TWO SECTIONS, ONE WHICH PRINTS HEADINGS AND THE 20TPO0O06
C OTHER WHICH PRINTS THE NUMERICAL DATA ZOTPO0OO7
o Z0TP00O0S8
COMMIIN /CSTAR/ CMA(1000),CMR(1000) Z0TP0O0O09
COMMON /RUNG/RUN(L25) ZOTPOOLO
DIMENSION AMF (6 ) s FLUMX (6 },FUEL (6 ) Z0TPOO11
NIMENSION HARD (6 ) yHARD1 (6 ), PROP (6 ) Z207P0012
DIMENSION TB (6 } » THRUST (6 ), TS {6 ) Z0TPOO13
DIMENSTION VELEXP(6 ) Z70TPOO14
EQUIVALENCE (CAPPA +CMA(89L) ), (DELTAV,CMA(BKL)),(DROP ,CMA(863)) ZOTPOOL5
EQUIVALENCE (DZLAML,CMA(506)), (DZLAM2,CMA(507) ), (F +CMA(905)) ZOTPOO16
EQUIVALENCE (FDM SCMA(886) ),y (FLOMX 4CMA(B37)),(FLOW LCMA(877)) ZOTPOO17
EQUIVALENCE (FUEL ,CMA(G71) ), (FUELDV,CMA(8T8)), (G +CMA{T716A)) Z0TPOO18
EOUIVALFNCE (HARD oCMA(B43))4{IMODE ,CMB(061)),(LAST LCMA(890)) ZOTPOO19
FOUIVALENCE (NSTAGESCMA(710)),(NSTAGL,RUN{115)), (0OMEGA ,CMA(405)) ZOTP00O20
EQUIVALENCE (P +CMA{906) )y (PERION,CMA(9L10) ), (PHI +CMA(403)) ZDTP0OQ21
EQUIVALENCE (PROP oCMA(B49)),(PSI »CMA(BB5) ), (R »CMA(402)) Z0TP0O022
EQUIVALENCE (RESFRVCMA{862)), (RMASS ,CMA(401)}, (RO ,CMA(904)) Z0TPO023
EQUIVALENCE (STEPNO,RUN(L1?2) ), (TR SJCMA(B825) ), (THETA ,CMA(909)) ZO0TPOO24
EQUIVALENCE (THRUST,CMA(831)),(TIME ,CMA(409)),(TKICK ,CMB(059)) ZOTPO025
EQUIVALENCE (TP +CMA(S07)),(TPD  ,CMA(908)}),(TS »CMA({932)) ZOTPOO26
EQUIVALENCE (U JCMA(G04) ), (V L,CMA(889)),{VELEX ,CMA(870)) ZOTPOO27
EQUIVALENCE (VELEXP,CMA(864) )y (ZLAML 4CMA(406)),(ZLAM2 4CMA(407)) Z0OTPOO28
INTEGER STEPNO Z0TP0O029

NATA CUNRTD /57.2957795/ 70TP0030

c Z0TPQO31
C N EQUAL TO ZERND IMPLIES THAT HEADINGS ARE TO BE PRINTED, N Z0TPOO32
C EQUAL TO ONE CALLS FUR NUMERICAL OQUTPIT, 70TP0O033
IF(N.NE.O) GO TO 5 Z0TP0034

DO 1 J = 1,46 Z0TP0O35

HARDI (J)=0,0 ZUTPOO36

1 AMF(J)=0,0 Z0TPOO37

C Z0TPO0O38
c THESE HEADINGS IDENTIFY THE THRUST, FLOW, FIXED HARDWARE, Z0TPOO39
C AND THE PROPELLANT SENSITIVE MASS FRACTION FUOR EACH PHASE. Z0TPO0O4O
WRITE (642) Z0TP0041

2 FORMAT (4HOAL Z0TP0042
114HTHRUST ONE 22Xy 14HTHRUST FOUR 22X s L4HFLOW ONE 22X Z0TPO0O43
L14HFLUW FOUR 22Xy 14HHARD ONF 22Xy 14HHARD FOUR 92Xy 70TPO044
114HPROP ONF ,2X 9 14HPROP FOUR J4H A2 70TP0045
114HTHRIST Twn 32X 9 14HTHRUST FIVE 22Xy L4HFLOW TWO 22Xy Z0TP0046
T14HELOW FIVE 12X 9 L4HHARD TWO 22Xy L&HHARD FIVE 22Xy 20TP0047
114HPROP TWO 22X, L4HPROP FIVE J4H A3, Z0TPOO4S8
114HTHRUST THREE 42Xy 14HTHRUST SIX 12X s 14HFLOW THREE $2Xsy 70TP0O04S
114HFLOW SIX 22Xy 14HHARD THREF 22Xy 14HHARD STX 12Xy 70TP0O0O50
114HPROP THREF 22Xy 14HPROP STX ) Z0TPOOS1

C Z0TPO0O52
c THESE HFADINGS IDENTIFY THE OQUTPUT WHICH IS DFRIVED FROM Z0TPOOS3
c THE TRAJECTORY. THE VARIABLFS ARF I0TPODS4
c TIME TIME FROM LAUNCH SEC 70TP0OO55
c WFEIGHT INSTANTANEDUS WEIGHT LR Z0TPOO56
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STEPNO

CAPPA

KICK ANGLE
RADIUS

TIME PER DEP
SEM LAT REC
TRUE ANOMALY
HOR. VELOCITY
PSI

ALTITUDF
ECCENTRICITY
INR. GAMMA
PERTIOD

INR., VELDCITY
FLOW
ACCELLERATIUN
PSID

PERIGEE ALT

TIME OF PERIGEE

OMEGA
TRAVEL ANGLE

RAD VELOCITY
WRITE (643)
FORMAT (4HOUL
114HTIME
T14HALTITUDE
114HPERICD
114HFLOW

114HPERIGEE ALT
114HTRAVFL ANGLE

114HSTEPNO
114HRADIUS

114HTRUF ANOMALY

THIS DUTPUT SECTION SUPPLIES
FROM A TRAJECTORY,
END OF A TRAJECTORY,.

THE NUMBER (OF GOOD INTEGRATION STEPS
TAKEN UP TU AND IMCLUDING THE STEP
PRINTED

SEE COAST FOR USE QOF CAPPA

ROOSTER KICK ANGLE

DISTANCE TO THE CENTER OF EARTH
TIME OF PERIGEE DEPARTURE

SEMILATUS RECTUM

TRUE ANOMALY

HORTZONTAL VELOCITY

ANGLE BETWEEN THRUST VFCTOR AND
LOCAL HORTZUNTAL, MEASURED POSITIVE
CLOCKWISF

ALTITUDE ABOVE SPHERICAL EARTH
ECCENTRICITY OF CONIC

INERTIAL FLIGHT PATH ANGLE

PERIOD OF FELLIPSE

TOTAL INERTIAL VELOCITY

FLOW RATE

THRUST~-TO-WEIGHT

DERIVATIVFE OF THRUST ANGLE WITH
RESPECT TO TIME

ALTITUDE OF PERIGEE POINT

TIME OF PERIGEE REFERENCED TO TIME
OF PRINTOUT

ANGULAR VELOCITY

INERTIAL TRAVEL ANGLE MEASURED FROM

THE BEGINNING OF THE UPPER PHASE PDR-

TION OF THE PROBLEM
RADIAL VELOCITY

92X L4HWEIGHT

12Xy 14HECCENTRICITY
22X 14HINRS. VELOCITYY/4H U2

92X s V4HACCELLERATION 42X, 14HPSID
12X 14HTIME OF PERIGE.2X,14HOMEGA
22X+ 4HRAD, VELOCITY /4H U3 ,
92Xy L4HCAPPA

92X9 L4HTIME PER DEP
22Xy 14HHOR. VELOCITY )

92X 9 14HPST

92Xe14HINR, GAMMA

92Xy 14HKICK ANGLE
22X9L4HSFM LAT REC

DEG

FT

SEC

FT

DEG

FT/SEC

0FG

FT

DEG

SEC

FT/SEC

LB/SEC

G S

DEG/SEC

FT

SEC

DEG/SEC

DEG

FT/SEC
v 2 Xy
92Xy
12Xy
12Xy
2 X,
12Xy

INFORMATION WHICH COULD BE COMPUTED
BUT FOR CONVENIENCE IS TARBULATED AT THE
THE ITEMS LISTED FOR EACH PHASE ARE

ZOTPOOST
20TP0O058
Z0TP0O0O59
ZO0TPOOGO
Z0TPO0O61
20TP0062
Z0TPO063
Z0TPO0O64
ZO0TPOO6S
ZOTPOO66
20TP0O06T
Z20TP0O0O68
Z0TP0O069
Z0TPOOT0
Z0TPOO71
Z0TPOOT72
ZOTPOOT73
ZO0TPOOT4
Z0TPOOT75
Z0TPOOT76
ZO0TPOOT77
Z0TPOOT78
ZO0TPOOT9
Z0TpPO0O8O
Z0TPOO81
Z0TPO0O8B2
Z07P0083
Z0TPOOB4
Z0TpP0OOBS
Z0TPOO86
Z0TP0O0O8T
Z0TPO0OSS8
20TP0O0O89
ZOTPOOSO
Z0TPO0O91
Z0TP0O092
20TP0O093
70TP0094
ZOTPOOSS
Z0TP0O096
ZOTPO0O97
Z0TPOO98
Z0TPO0O99
Z0TPOLI0O
Z07P0O101
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C SURNING TIME, PROPELLANT LDADING, TOTAL HARDWARE WEIGHT, AND ZOTPO102
c MASS FRACTION Z0TPO103
WRITF (644) ZOTPO104

4 FORMAT (4HOU4G Z0TPO105
114HBURN TIME ONE 42X414HBURN TIME FOUR,2X,14HWP ONE 22X 20TPO106
114HWP FOUR s 2X s 14HHARD (ONE 22Xy 14HHARD FOUR 22X, 20TP0O107
114HM F ONE 22Xy 14HM F FOUR /&H U5 Z0TP0O108
114HBURN TIME TWO 92Xe14HBURN TIME FIVE,2X,14HWP TWO 12X, Z0TP0O109
114HWP FIVE 22X 9 L4HHARD TWO 22X 9 L4HHARD FIVE 22Xy ZUTPOL1O
114HM F TWO 92Xy 14HM F FIVF 74H Ub Z0TPO111
114HBURN TIME THRE,2X914HBURN TIMFE SIX 52Xs14HWP THREE 22Xy Z0TPO112
114HWP SIX 22Xy L4HHARD THREF 22Xy L4HHARD SIX 12X J0TPO113
114HM F THREE 22X 914HM F SIX ) Z0TPOL14
"RETURN Z0TPO115

c Z0TPOL16
C IF N EQUAL 2, WRITE DATA CORRESPONDING TO FIRST HEADING I0TPOLLT
5 GO TN (746) 4N Z0TPO118

6 WRITE (64510 ) THRUST{1),THRUST(4) FLOMX{1),FLOMX(4),HARD(1),HARD(4ZOTPO119

1) 9PRUP (1) 4PROP(4) 3 THRUST(2) 3 THRUSTI(5) 4 FLOMX(2) 4 FLOMX(5)4HARD(2), Z0TPO120
LHARD(5) 4PROP(2) 4 PROP(5) 3 THRUST(3) 3 THRUST(6) 4 FLOMX(3), FLOMX(6) , 10TPO121
1HARD(3) yHARD(6) s PROP(3),PROP(6) Z0TPO122
RETURN Z0TPO123

C I0TPO124
C CALL DRBEL TD CALCULATE ORBIT ELEMENTS Z0TPO125
7 CALL URBEL Z0TPO126

C Z0TPOL27
C CALCULATE DATA TO BF PRINTED FROWM RAW DATA 20TP0128
C Z0TP0O129
C EXPRESS THRUST ANGLF IN DEGREES ZOTPO130
SID = PSI * CONRTD Z0TPO131

C 70TPO132
C CUMPUTE DERIVATIVE 0OF THRUST ANGLE Z0TP0O133
PSID=(ZLAM2HDZLAML=ZLAML%DZLAM2) / (ZLAML%%24+Z L AM2%%2 ) *CONRTH Z0TPO134

C Z0TPO135
C COMPUTE PERTGEFE ALTITUDNE Z0TPO136
PFRALT=P/(1.0+E)-RD Z0TPO137

C Z0TPO138
C COMPUTF ALTITUDE Z0OTPO139
ALT=R-RO ZOTPO140

C Z0TPO141
OMEGAD=0OMEGA*CONRTN Z0TPO142

C Z0TPO143
o COMPUTE FINAL BURNOUT WEIGHT WHEN AN IDEAL DFLTAV IS ADDED TO THE Z0TPO144
C LAST PHASE Z0TP0O145
7MASS=RMASS Z0TPO146
IF(NSTAGL NELLAST+1) GO TO 8 Z0TPOL47

ZMASS =RMASS—(1.,0+PROP(LAST) )*FUELDV-HARD(LAST)=PROP(LAST )*FUFL Z0TP0O148
1(LAST)~DROP 70TPO149

C ZOTPO150
C Z0TPO151
o CALCULATE THRUST-TO-WEIGHT ZOTPO152
8 TTOW=FDM/G 70TPO153

C Z0TPO154
o CALCULATE INERTIAL TRAVEL ANGLE FOR UPPFR PHASE PORTION OF FLIGHT 2Z0OTPO155
FID=PHI*CONRTD Z0TPO156

C Z0TPO157
C CALCULATE HORIZUNAL VELOCITY Z0TPO158
HORYV = OMEGA # R Z0TPO159

C Z0TPO160
C CALCULATE INERTIAL FLIGHT PATH ANGLF 70TPO161
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BETAD=ARCTAN(UsHORV)®*CONRTD

WRITF (6411 J)TIMEZZMASS,SID,ALTHWEZBFETADZPERIONDGVLFLOW 4TTOW,
1PSIDYPERALT TP OMEGAN4FIDsUsSTEPNO,CAPPA, TKICK4RsTPD4P,THETA,
1HORYV

IF NSTAGL EQUALS NSTAGE, THEN THE TRAJECTORY IS COMPLETE
AND THE INFORMATION TO BE TABULATEDN AT THE END OF A
TRAJECTORY IS COMPUTED AND PRINTED,

CALCULATE TOTAL HARNWARE WEIGHT AND MASS FRACTION
TF{NSTAGL JNELLAST+1)} RETURN

LAST1 = LAST ~ 1

NG 9 J = 1,LAST1

COMPUTE TOTAL HARDWARE WEIGHT FOR ALL BUT LAST PHASE
AMF(J)=0.0
HARDY (J)=HARD(JI+FUEL (J)*PROP(J)

9 TF(FUEL(J)+HARDL(J)NE.OLO)

COMPUTE MASS FRACTION FOR ALL BUT LAST PHASE
TAMF(J)=FUEL(J)/(FUEL(J)+HARD1(J))

COMPUTE FUEL FOR LAST PHASE
FUEL{LAST)=FUEL{LAST}+FUELDV

COMPUTE HARDWARE WEIGHT FOR LAST PHASE
HARDL(LAST)=HARD(LAST)+PROP(LAST)*FUEL(LAST)

COMPUTF MASS FRACTION FOR LAST PHASE
IF(FUEL(LAST).NE.0,0)
1AMF(LAST)=FUEL(LAST)/(FUEL(LAST)+HARDL(LAST))

PRINT OUT SUMMARY OF TRAJECTORY DATA

ZOTPO162
Z0TP0O163
L0TPO164
ZO0TPO165
Z0TP0O166
Z0TPO167
Z0TPO168
Z0TP0O169
Z0TPO170
Z0TPO171
Z0TPO172
Z0TPO173
Z0TPOL74
Z0TPO175
ZUTPO176
Z0TP0OYT7
ZUTPO178
Z0TPO179
ZUTPO18O
Z0TP0O181
20TP0182
Z0TPO183
Z0TPO184
Z0TPO185
Z0TPO186
Z0TPO187
Z0TP0O188
Z0TP0189
Z0TPO190
Z07P0O191
20TP0192
Z0TP0O193
Z0TP0O194
ZO0TPO195
Z0TPO196

WRITE (6,412 )TB(1),TB(4),FUEL(1),FUFL(4),HARD1(1),HARDL(4),AMF(1)},Z20TP0197
VTAMF({4),TB(2),TB(5),FUEL(2),FUEL(5)+HARDL(2),HARDL(5),AMF(2),AMF(5)Z0TP0O198

1,TB(3),TB(6) 4FUFL(3),FUEL(6),HARDL(3),HARD1(6)4AMF(3),AMF(6)

10 FORMAT(4HOAL 27(6Gl4.742X)4Grba7/

14H A2 7(GlbeT92X) yGlbs7/
14H A3 ,7(Gl4.742X)3Gl4.7)

11 FORMAT(4HOUL 97(Gl4e742X)4Gl4aT7/

14H U2 4 7(Gl4e792X)4Glaa7/
14H U3 3 15411X46(GLlbeT92X)9Glaa7)

12 FORMAT(4HOUSG +7(Glae742X)sGlbeT/

14H US ,7(G14eT742X)4Glb.T7/
14H U6 ,7(Gl4e7492X)43Gl4.7)
RETURN

END

Z0TP0O199
Z0TP0O200
207P0201
Z0TP0202
ZoTP0203
Z0TP0204
Z0TP0205
Z0TP0O206
Z0TP0207
Z0TP0O208
Z0TPO209
Z07P0O210
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SUBROUTINE OUTPT2(N)

SUBRDUTINE OUTPT2 CONTAINS THE WRITE STATEMENTS WHICH
PRINT DATA FROM THE BOOSTER PORTION OF THE PROGRAM,

HAS HIS CHOICE OF A FIVE LINE

PRINTOUT

PRINTOUT OR A TWO LINE

COMMON /RUNG/RUN(125)
COMMON /CSTAR/ CMA(1000),CMB(1000)
COMMON /ATABLE/ CME(E000)

DIMENSION H (5 ) ¢+RB (5 )y VATM (5
DIMENSION VX (5 )
EQUIVALFENCE (ALTB 4CMB(154)),(ALTE LCMA(B05)),(AZIMI

THE USER

)

+CMA(G21))
yCMA(S318))

EOUIVALENCE (AZIMR 4CMA(G922))4(BETAT ,CMA(917))4(BFTAR
EQUIVALENCE (CD +CMA(RLI2)) L (F sCMA(905)) s (FIXDTK,CMB(071))
EQUIVALENCF (FLOW JCMA(752)),(FM +CMA(T1IS) )y (6

EQUIVALENCE (H
EQUIVALENCE
EQUIVALENCE
FQUIVALENCE
EQUIVALENCE (Q

( IMODE
(MVAR
(PERTIOD,CMA(910)) 4 (PHII

+CMA(T769)) 4 (HFAT
+CMB(061) ), (MDODEC
yCMB(OT73) )4 (P yCMA(906) ), (PA

yCMA(RDT) ), (QVAL

+CMA(401)) 4 (HORYV
+CMB{180} ),y (NKICK

yCMA(911) ), (PHIR
yCMA(808) ), (RADIUS,CMA(T758))

1CMA(T16))
»CMB(156))
+CME(020))
+CMA(BO6))
+CMA(312))

FOUIVALFENCE (RANGE 4CMA(914)),(RB s CMALT54) ), (RDOT  4,CMB(155))
FOQUIVALFNCE (RE yCMA(924)) 4 (ROA +CMB(062) ), (STEPGD,L,RUN(112))
FOQUIVALFNCE (STEPNOJRUN(113))4(THETA 4,CMA(9U9)) 4 (THRUST,CMA({T51))
FOQUIVALENCE (TIME LCMA(409)),(TP +CMA(GOT7) ), (TPD +CMA(908))
FOUIVALENCE (TRAVLILZCMA(G13)),{(VAR yCMF(501)),(VATM  LCMA(T764))
FQUIVALENCE (VMACH LCMA(811)),(VX 2CMA(T59) ) 4 (WEIGHT 4CMA({402))
FOUTVALENCE (ZINCLIZCMA(S19))4(7INCLR,CMA(920})4(ZLAT LCMA{916]})
FOUIVALFNCE (ZLONG 4CMA(915)),{ZNODFI,CMA(923))
INTFGER STEPGO,STEPNO,FIXDTK
DATA PALPHA/O.0/
NATA RADNDEG/57.2957795/
IF{N.NE.O) GO TO 6
GO TO (94143),MONEC
THE SHORT PRINTOUT CONTAINS THE FOLLOWING VARIABLES.
TIME TIME FROM LAUNCH SEC
WETGHT INSTANTANEOUS WHIGHT LB
RAD VELOCITY RADIAL VFLOCITY FT/SFC
HOR VFLOCITY HORTZONAL VELOCITY
ALTITUDF ALTITUDE ABOVE UBLATE EARTH FT
INRe VELOCITY INERTTAL VELOCITY F1/SEC
INR, GAMMA INERTIAL FLIGHT PATH ANGLE DEG
FLOW FLOW RATE LB/SEC
STEPGO NUMBER OF GOOD INTEGRATION STEPS
UP TO AND TNCLUDING PRINTOUT
STEPND NUMBER OF BAD INTEGRATION STEPS
UpP T PRINTOUT
RADIUS DISTANCE 70 CENTER OF EARTH FT
NDRAG AFRODYNAMIC FORCE ALNDNG THE VEHICLF LR
LONGITUDINAL AXIS
PRESSHRF ATMOSPHERIC PRESSURFE LB/FT#x2
TIME INTEGRAL FROM LIFTOFF OF THE LR/FT

HEAT INTEGRAL

PRODUCT OF DYNAMIC PRESSURE AND
VELOCTITY RFLATIVE TO AM FARTH FIXED
COORDINATE SYSTEM,

ZO0TPOOO1
Z0TP0O0O0O2
20TP0O003
Z0TPO0O0O4
Z0TPO0OOS
ZO0TPOOOS6
ZOTPOOO7
Z0TPO0OOS8
Z0TPOOO9
ZOTPOO1O
20TP0OO11
Z0TPOOL2
Z07TPO0OL3
ZOTPOOL14
Z0TPOOLS
Z0TPOO16
Z0TPOOL7
Z207TP0O0O18
Z0TPOO19
Z0TP0OO20
Z0TP0O0O21
Z0TP0O0O22
Z07P0O0V23
Z0TPO024
Z0TP0O025
Z0TPOO26
Z0TPO027
ZQTPO028
Z0TP0029
Z0TPOO30
Z0TPOO31
Z0TPOO32
Z0TPO0O33
ZOTPOO34
ZOTPOO35
Z0TPO0O36
Z0TP0OO37
Z0TPO0O38
Z0TP0OO39
Z0TPO0O4O
Z0TPOO41L
Z0TPO042
ZOTP0O0O43
ZO0TPO044
Z0TP0045
Z0TPOO46
Z0TPOO4T
Z0TPOO48
Z0TPO049
ZOTPOO50
Z0TPO0OS1
Z0TPOO52
Z0TPOO53
Z0TPOOS4
Z0TPOO55
Z0TPOOS56
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MACH NUMRER

RELATIVE VFLOCITY DIVINDFD BY TRE

SPEED NF SOUND

0 DYNAMIC PRESSUREF LB/FT%%2
THRUST THRUST LB
WRITE (642)
FORMAT ( 4HOR1
114HTIME ¢2Xy L4HWEIGHT +2Xe L4HRAD. VELOCITY ,2X,
214HHOR, VELOCITY ,2X,14HALTITUDE 32X 9 14HINR, VELUCITY 42X,
314HINR. GAMMA 22Xy L4HFLOW /4H B2
414HSTEPGN+STEPND 42X, 14HRADIUS 22Xy 14HDRAG 22Xy
514HPRESSURE 22Xy 14HHEAT INTEGRAL 52Xy 14HMACH NUMBER 22Xy
614HQ 2+ 2X s 14HTHRUST ) ’
GO 10 9
THE LONG PRINTDUT CONTAINS THE FOLLOWING VARIABLES
TIME TIME FROM LAUNCH SEC
LATITUDE GEOCENTRIC LATITUDE,POSITIVE NORTH OF DEG
EQUATOR
RADIUS NDISTANCE TO THE GFOCENTRIC CENTER OF FT
THE EARTH
INR. VELOCITY INERTIAL VELOCITY FT/SEC
PERIOD PERIOD OF ELLIPTICAL ORBIT SFC
SEM LAT REC SEMILATUS RECTUM FT
WEIGHT INSTANTAMEDUS WEIGHT OF CONFIGURATION LB
ACCFLLERATION AXTAL ACCFLLFRATION, THRUST LESS G S
PDRAG DIVINED BY WFIGHT
STEPGO NUMBER OF 6GOOD INTFGRATION STEPS
UP TO AND INCLUNDING PRINTOUT
STEPNO NUMRER OF BAD INTEGRATION STEPS
UP TO PRINTOUT
LONGITUDE LONGITUDE, POSITIVE EAST OF DEG
GREENWICH
ALTITUDE ALTITUDE ABOVE THE OBLATE EARTH FT
INR GAMMA INERTIAL FLIGHT PATH ANGLF NEG
TRUF ANDMALY TRUE ANDMALY DEG
ECCENTRICITY ECCENTRICITY
FLOW FLOW RATE LBR/SEC
THRUST THRUST LB
PSI ANGLE BETWFEN THRUST VECTNR AND LOCAL DFG
HORTZONTAL y MEASURED PUOSITIVE FOR
THRUST ORIENTED ABOVE THE HORIZONTAL
INR. AZIMUTH AZIMUTH OF INERTIAL VFLOCITY VECTOR, DEG
THE ANGLE RFTWEEN PROJFCTION OF THE
INERTIAL VELNCITY VECTUOR INTO THE
AZIMUTH PLANE (PLAME PERPENDICULAR TO
RADIUS VECTOR) AND MORTH DIRECTION,
POSITIVE CLOCKWISE FROM NORTH
RANGE SURFACE RANGE FROM LAUNCH PAD NM
REL. VELOCITY RFLATIVE VELOCITY, REFERENCED TO A FT/SEC
CUORNDINATE SYSTEM FIXED WITH
THE ROTATING EARTH,
NODE THE LONGITUDE OF THE POINT AT WHICH DEG
PLANE OF THE ORBIT CROSSES THE
EQUATORIAL PLANE FROM SOUTH TO NORTH
INR INCLINATION INERTIAL INCLINATION, THE ANGLE DEG
MEASURED FROM THE FOUATORIAL PLANE
TO THE ORBIT PLANE, COUNTERCLOCK-
WISE AT THE ASCEMNDING NODF.
RAD. VEL RADIAL VELOCITY FT/SEC

20TP0O0O57
Z0TPOOS8
Z0TPOOS59
Z0TP0O060
Z0TPO061
ZOTPOO62
Z0TP0OO63
I0TPOO64
ZOTPOO6S
Z0TPO0O66
ZOTPOOGT
20TPO0O68
20TP0OO069
Z0TPOOT0
Z0TPOOT1

aTrOO72
Z0TPOOT3
ZO0TPOOT4
Z0TPO0O75
Z20TPOO76
Z0TPOOT7
Z0TPOO78
Z0TPOOT9
Z0TP0OO8O
Z0TP0O0O81
Z0TP0O0O82
Z0TP0O0O8B3
Z0TP0O084
20TP0O0O8B5
Z0TPO0O86
ZOTPOOS8Y
Z0TPOOSS
Z0TP0O0O8B9
ZUTPOOSO
Z0TPO0O91
Z0TPOO92
Z0TPO0OS3
Z0TPOO94
Z0TPO095
Z0TPO0O96
20TP0097
Z0TPOO98
Z0TPO0O99
ZOTPO100
Z0TPO101
Z07P0O102
Z0TP0O103
Z0TPO104
Z0TPO105
ZO0TPO106
Z07P0O107
Z0TPO108
20TP0109
Z0TPO110
Z0TPO111
20TP0O112
Z0TPO113
Z0TPO114
Z0TPO115
Z07P0116
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INR. TRVIL ANGL
PSIN

RELe AXIMUTH

ALPHA

REL GAMMA
TIME PER DEP
RFLe. INCLIN.

HOR. VELOCITY
REL TRVL ANGL

DRAG

PRESSURE
HEAT INTEGR.

MACH NUMBFR

NRAG COFEFF
NYNAMIC PRES
TIME OF PERIGE
INR. TRAVEL

3 WRITE
WRITFE
4 FORMAT |
114HTIME
214HINR. VELOCITY
314HWEIGHT
414HSTEPGO+STEPNO
H14HINR. GAMMA
614HFLOW
7T14HPST
R14HREL «
G14HRAD,
5 FORMAT
114HPSID
214HREL . GAMMA
314HHOR VELOCTTY
414HDRAG
514HMACH NO
614HTIME OF PERIG

(6.4)
(6,5)
4HORY

VELOCITY
VELOCITY
(4H B4

RETURN

COMPUTE RADIAL V
6 RDOT = DOT(RB,VX

COMPUTE ANGULAR

THE ANGLE BETWEEN THE LAUNCH RADIUS

DEG

VECTOR AND THE POSITION VECTOR

TIME RATE OF CHANGE OF PSI
AZIMUTH OF RELATIVE VELDCITY VECTOR,

DEG

THE ANGLF BETWEEN PROJECTION OF THE
RELATIVE VELOCITY VECTOR INTO THE

AZTMUTH PLANE
RADIUS VECTOR)

POSTITIVE CLOCKWISF FROM
THE ANGLE 0OF ATTACK IN THF PITCH

PLANE

RELATIVE FLIGHT PATH ANGLE
NDEPARTURE

TIME OF PERIGEFR

RELATIVE INCLINATIONM,

(PLANE PERPENDICULAR TO
AND NORTH DIRECTION,

NORTH
DFG

DEG
SEC

ANGLE MEASURED DEG

FROM THE EFQUATURTAL PLANE TO THE

ORBIT PLANE,
ASCENDING NODE
HORTZONTAL VELOCITY

THE CENTRAL ANGLE BETWEEN THE VEHICLE

AND THE LAUNCH SITE
AERODYNAMIC
LONGITUDINAL AXIS

FORCE ALONG

COUNTER CLOCKWISE AT THE

DEG/SEC

FT/SEC

DEG

THE VEHICLE B

ATMOSPHERIC PRESSURE LB/FT#%2
TIME INTEGRAL FROM LIFTOFF OF THE LB/FT
PRODUCT OF DYNAMIC PRESSURE AND
VELOCITY RELATIVE TO AN FARTH FIXED
CUOORDINATE SYSTEM,
MACH NUMBER, RELATIVE VELOCITY DIVIDED
BY THFE SPEED OF SOUND
DRAG COEFFICIENT
DYNAMIC PRESSURE LB/FTx%2
TIME UF PERIGEE SEC
SURFACE DISTANCF TRAVERSED OVER A NM
NON-ROTATING EARTH
12Xy L&4HLATI TUDFE 22Xy 14HRADIUS 12Xy
22Xy L4HPERIND 92Xy 14HSEM LAT REC 22Xy
12Xy 14HACCELLERATION /4H B2 ,
92Xy 1A4HLODMNGI TUDF 72Xy L4HALTITUDE 12Xy
22Xy 14HTRUE ANDMALY 42X, 14HFCCENTRICITY 42X,
22X LA4HTHRUST /4H B3
92Xy Y4HINR, AZIMUTH 42X414HRANGE 92Xy
2 X9 L4HNGDE 92Xy Y4HINR, INCLIN, 92X,
92Xy L4HINR TRVI. ANGL )
92Xy 14HREL . AZIMUTH 42X, 14HALPHA 92Xy
12Xy 14HTIME PER DEP 42Xy, 14HREL. INCLIN., 42X,
12X 14HREL TRVL ANGL /4H 85 ,
92 X9 14HPRESSURF 22Xy L4HHEAT INTEGR. 42X,
22Xy 14HNDRAG COFFF 12Xy 14HDYNAM, PRES., 42X,

Ey2Xy14HINR.TRAVEL

FLOCITY
J/REA(5)

MOMENTUM VECTOR

)

ZOTPOLLTY
Z0TPO118
Z07P0O119
Z0TP0O120
Z07P0O121
Z20TPO122
20TP0O123
Z0TP0O124
Z0TPO125
Z0TPO126
Z0TPOl127
Z07pP0128
Z0TPO129
Z0TPO130
Z0TPO131
Z20TPO132
207P0O133
Z0TPO134
Z0TPO135
Z0TPO136
Z0TPO137
Z0TPO138
Z0TPO139
Z0TPO140
Z0TPO141
Z0TPO142
Z0TP0O143
Z0TPO144
Z0TPO145
Z0TPO146
Z0TP0O147
Z0TPO148
Z0TPO149
Z0TPO150
Z0TPO151
Z0TPO152
Z0TPO153
LO0TPO154
ZOTPO155
Z0TPO156
ZO0TPO157
207P0158
Z0TP0O159
ZOTPO160
Z0TPO161
Z0TPO162
Z0TPO163
Z0TPO164
Z0TPO165
20TPO166
Z0TPO167
Z0TPO16R
ZO0TPO169
ZOTPO170
Z07TPOL1T71
Z0TPO172
Z0TP0173
ZOTPO174
Z0TPOL175
Z0TPO176




i

[aEel

[N el ao [aNel [eXelNe! OO0

O (e Rel

(e Nal

e XeRel

e

8

9
10

11

CALL CONVT (RByVX,yH)

COMPUTE INERTIAL FLIGHT PATH ANGLE
BETAT = ARCTAN(RDOT,H(5)/RB(5))*RADDFG

COMPUTE NDRAG
NRAG=CD*QVAL*WEIGHT/G

COMPUTE HORIZONTAL VELOCITY
HORV = H(5)/RB(5)

COMPUTF ALTITUDE TO RE STORED
ALTB=RADIUS =-ROA

CALL LOAD TO STORE DATA IF DESIRED
IF(FIXDTK 4EQe3 ANDGIMODNDEGEQ,L) CALL LOAD(VARZNVARZNKICK)

CHONSE OUTPUT FUORM DFSIRED, SEE ABOVE

GO T (948,7)4,MODEC

FIVE LINE OUTPUT

CALL ORBEL TO ACQUIRE ORBIT ELEMENT DATA
CALL DRBEL?

COMPUTE THRUST-TO-WEIGHT
TTW=(THRUST-DRAG)/WEIGHT
COMPUTE PERIGEE ALTITUDE
PERALT = P/(1.0+E)}-RE

COMPUTE PSIND
PSID = H(5)/RADIUS/RADIUSH(1.,0-FM/RADINIS/VX(4))*RADDEG

SINCE ANGLE-OF-ATTACK EQUALS ZERDO, PSI = RELATIVE FLIGHT
ANGLE
QOST=BETAR

WRITE(64,10) TIME,ZZLATRADIUS,VX(5)43PERINDDP4WEIGHT,TTW,STEPGO,

PATH

LOTPOLTY
ZUTPO178
Z0TPOLTY
Z0TP0O180
70TPOL81
Z0TP0182
20TP0183
ZUTPO184
70TP0O185
Z0TPO186
20TP0OY8T
Z20TP0O188
Z20TP0O189
Z0TPO190
Z0TPO191
Z0TPO192
Z0TP0O193
Z0TPO194
Z07TP0195
Z0TPO196
Z0TPO197
Z20TP0O198
Z0TP0O199
ZOTPO200
ZUTP0O201
Z0TP0O202
ZOTPO203
Z0TPO204
Z0TP0O205
Z0TP0O206
Z0TP0207
20TP0208
20TP0209
Z0TP0O210
Z0TPO211
Z0TPO212
Z07P0O213

LISTEPNO 4 ZLONGyALTE 4BETAT g THETAZF 3 FLOW, THRUSTOST 4 AZTMI L RANGF,VATM({5Z0TP0214
?) 4+ ZNODPFTIyZINCLIRDOT,PHITPSTIDGAZIMR,PALPHALBETAR,TPND,ZINCLR,HORV,Z0OTPO215

3PHIRyDRAGyPA,HEAT ,VMACH L4CH,0,TP,TRAVLI
GO TO @

WRITE (6411) TIME,WEIGHT,RDOT4HORV4ALTELVX(5)4BETATIWFLOW,STFPGQO,

LSTEPNDSRANDIUSyDRAG,PA,HEAT 4VMACH 4Q,4THRUST

RETURN

FORMAT ( 4HOR1 , T(GLl4a742X)46Grle,T7/
14H B2 o 15494Xs1542X96(G14eT42X)4Glba7/
24H B3 4 7(Gl4.742X),Gla.7/
34H B4 47(Gl4.742X)4Gla.7/
44H BS +7(GlbaT792X)4G1r4.7)

FORMAT ( 4HOBL T(GL4eT42X)y6Gla.7/
14H B2 51594XeI1542X96(Gl4a742X),4G14.7)

END

ZOTPO216
Z0TP0217
Z07P0218
Z0TP0219
Z07TP0O220
Z0TPOZ221
Z0TP0222
ZUTPO223
Z0TP0224
Z0TP0O225
70TP0O226
Z0TP0227
Z07TP0228
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THIS ROUTINE ZERUS THE DATA WHICH MUST BE ZER(OED BFFORE

PROGRAM EXECUTION.

BLNCK DATA

PERDAT

DIMENSTON COMPA (3 ) 4DRAG (3
DIMENSION FLOMX (6 )+ FORCE (3
COMMON/CSTAR/CMA(1000),CMB(1000)
DIMENSION FYD (5 } s HARD (6
DIMENSION NOPT (6 ) o NOUT (6
NDIMENSTON OBLAT (3 ) 4 PROP (6
DIMENSTON TBOOST(6 ) s THRUST (6
NIMENSINN WTFLOW(6 ) o XINPT (100
FOUIVALENCE (BETA LCMA{BB0)),(CAPPA
EQUIVALENCE (COMPA

EQUIVALENCE (DROP

EQUIVALENCE (FLOMX ,CMA(R37)),(FORCFE
EQUIVALENCE (FYD 1CM3(036)) 4 (HARD

EOUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
NATA
1BETA/0.0/,
1CAPPA/0.0Q/,
1CD/0.0/
1(COMPA(J) yJ=143)/3%0.0/,
1DELTAV/0.0/,

1(DRAG (J),4=1,3)/3%0,0/,
1DROP/0.0/

1ENERGY/040/,

T{EXTITS (J),40=1,5)/5%0.0/,
LEFLOMX (J)4J=1,6)/6%0.0/,
1(FORCE(J) +J=143)/3%0.0/,
L(FORCES(J) 4J=1,5)/5%0.0/,
1(FYD(I)1=1,45)/5%0.0/,

(NOUT
(PA

TIHARD  (J) 4J=146)/6%0.0/,
1(HARDRB (J),J=1,5)/5%0.0/
NATA

1ITERPD/O/,

IMASH/O/,

LINOPT(J)ed=146)/76%0/,

1CINDUT(I4d)eI1=146)93=1,43)/18%0/,

INSETS/20%0/,

T(OBLAT(J) 9d=14+3)/3%0.0/,

1PA/0L.0/,

1 (PROP (J)9d=146)/6%0.0/
DATA

10VAL/0.0/,

1RESERV/0.0/,

1(TB(J)+J=1,6)/6%0.0/,

1(TROODST(J) 9J=145)/5%0.0/,

LITHRUST(J) yU=146)/76%0.0/,
1IVMACH/ 0.0/,

LIWPMAX(J) yU=146)/6%0.0/,
T(WTFLOW(Y) yJ=1,45)/5%0.0/,

LIXINPT(I)e1I=1,10)/10%0.0/
END

(ITERPD,CMB(060)),4(MASH
+CMB(183)) 4 (NSETS
yCMA(R06) )4 (PROP
(RESERV,CMA(862)),(TB
(THRUST,CMA(&31) ), (VMACH
(WTFLOW,CMA(733)), (XINPT

'3

YJLEXITS (6
o FOIRCES (6

)+ HARDB (6
Yy NSETS (20
), T8 (6
Yo WPMAX (6
)

yCMA(B91)),(CD

yCMA(T783)) 4 (DELTAV,CMA(861)),{DRAG
sCMA(B63) ), (ENFRGY,CMA(892)} ) ,(EXITS

—_— o —

sCMA(8B12))
sCMA(TTT))
JCMA(T2T7))

2 CMA(T7T74)) s (FORCES,CMA(T739))

»CMA(843)), (HARDB
sCMB(064) )4 (NOPT
+CMB(221)) 4, (OBLAT
sCMA(849)),(QVAL

+CMA(T721))
sCMA(819))
+CMA(T7801))
+CMA(808))

+CMA(825)),(TBOOST,CMA(T745))

+CMA(BL1)),y (WPMAX

+CMA(60L))

+CMA(855))

ZPRDOO0OO1
ZPRDO0OO2
ZPRDO0O0O3
ZPRDOOO4
ZPRDOO0OS
ZPRDOO0OO0O6
ZPRDOOO7
ZPRDO0OOS
ZPRDOOO9
ZPRD0OO10O
ZPRDOO11
ZPRDOO12
ZPRDOO13
ZPRDOO14
ZPRDOO15
ZPRDOO16
ZPRDOO1L7
ZPRDOO18
ZPRDOO19
ZPRDOO20
ZPRD0021
ZPRDO0O22
ZPRDOO23
ZPRDO024
ZPRD0O025
ZPRD0026
ZPRDOO27
ZPRD0O0O28
ZPRD0O0O29
ZPRDOO0O30
ZPRD0O031
ZPRD0OO0O32
ZPRDOO0O33
ZPRNDO0O34
ZPRDOO35
ZPRDOO36
ZPRDOO37
ZPRDOO38
ZPRDOO39
ZPRDO0O4O
ZPRDOO0O41
ZPRDO0O42
ZPRDO043
ZPRDO0O44
ZPRD0OO4&S
ZPRDO0O46
ZPRDOO47
ZPROOO48
ZPRDO049
ZPRDOOS0
ZPRDOO0OS5S1
ZPRDO0O52
ZPRDOO0O53
ZPRDOO54
ZPRDO0OS5
ZPRNDOOS6
ZPRDOOS7
ZPRDOOS58
ZPRDOO59
ZPRDO0O6O
ZPRDO061
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SUBROUTINE PERTB (DX, ICHECK) ZPEROOOL

ZPERODOO2

SUBRDUTINE PERTB COMPUTES THE PERTURBATION SIZE REQUIRFD ZPER0OOO3

TO OBTAIN MEANINGFUL FINITE DIFFERENCES FOR USE IN THE ZPEROOO4
ITERATION SCHEME, ZPEROOOS
IF A SET UF PRERTURBATIUNS HAS BEEN RUN, THE PERTURBATION ZPEROOQOS6

SIZE FOR THE NEXT SET OF PERTURBATIONS IS ADJUSTED SUCH THAT ZPEROOOY
THE DIFFERENCE INDICATOR (COMPUTED IN THE SAME MANNER AS THE ZPEROOO8
ERROR INDICATUR IN MAIN) IS NOMINALLY EQUAL TO 1.0E-04 AND ZPERDOO9
IS ACCEPTABLE IF IT IS BETWEEN 5,0E-04 AND 5,0E-05. ZPEROO1O
IF NO SET UOF PERTURBATIONS IS AVAILABLE, (CHANGE IN THE ZPEROO11
RADIUS)/RADINS 1S TREATED IN THE SAME MANNER AS THE DIFFERENCE ZPER0OO12
INDICATOR AS DESCRIBED ABOVE. ZPEROO13
X PERTURBATION FACTOR {SEE MAIN) ZPEROOLl4
ICHECK FLAG INDICATING ACCEPTABILITY OF PERTURBATION. ZPERQO15
ZPEROO16

COMMON /CSTAR/ CMA(1000),CMB(1000) ZPEROOL7
COMMON /PERB/NA,N,SF{5) ,COUNT,RSTD ZPEROO18
DIMENSTION FY (6 46 ) oXINPT (100 ) ZPEROO19
EQUIVALENCE (FY yCMA(943) ), (R +CMA(402) ), (XINPT ,CMA(601)) ZPEROOZ20
INTEGER COUNT ZPEROO21
ZPER0OO22

IF COUNT EQUALS ZERO, NO PERTURRATION SET IS AVAILABLE ZPEROULZ23
IF(COUNT.EQ.0) GO TO 2 ZPERQOO24
NIFRAD=0.0 ZPEROO25
ZPEROO26

COMPUTE DIFFERENCE INDICATOR AS IN MAIN ZPEROO27
NO 1 J = 14NA ZPER0OO28
DIFRAD=DIFRAD+{ (FY(NyJ)}=FY(14J))}*SF(J))*x2 ZPEROO29
DIFRAD=SORT{(DIFRAD)/XINPT(1) ZPEROO30
ZPEROO31

GO TO 3 ZPER0OO32
COMPUTE INDICATOR BASED ON RADIUS CHANGE ZPEROO33
DIFRAD=ABS( (R-RSTO)/RSTO) ZPEROO34
IF(ICHECK.NE.OQO) GO 7O 4 ZPEROO35
ZPEROO36

LINEAR INTERPOLATION TO ADJUST PERTURBATION FACTOR ZPEROO37
DX=DX/DIFRAD*1,0E-04 ZPEROO38
ZPEROO39

CHECK ACCEPTARILITY OF PERTURBATION SIZFE ZPEROQ4O
IF({DIFRAD.LT+5.0FE~4,AND.DIFRAD.GT.5.0E-5)O0RICHECK.EQ.4) GO TO 6ZPERCO41L
ZPEROO42

IF(ICHECK.EQ.0) GO TO 5 ZPEROO43
ZPEROO44

QUADRATIC INTERPOLATION TO ADJUST PERTURBATION FACTOR ZPEROO4S
DX=( (DX*DIFSTO-DIFRAD*DXSTO)*1.0E—04+ (DIFRADH%2%DXSTO-DIFSTO**2 ZPEROO46
#DX) ) %1 ,0E-04/(DIFRAD*DIFSTO*(DIFRAD-DIFSTO)) ZPEROO4T
ZPEROO48

STORE INFORMATION FOR QUADRATIC INTERPULATION ZPEROO49
NXSTO=DX ZPEROOS50
DIFSTO=DIFRAD ZPEROOS51
ICHECK=ICHECK+1 ZPER0OOS52
ZPEROO53

RETURN ZPEROOS54
ZPEROOSS

1F PERTURBATION SIZE IS ACCEPTABLE, SET ICHECK TO ZERD ZPEROQOS56
AND RETURN. ZPEROOS7
ICHECK=0 ZPERQO58
ZPEROOL9

RETURN ZPEROO60O
END ZPEROOG61
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FUNCTION QUAD (X,1IC) ZOUAQO001

C ZQUAQ002
c FUNCTION QUAD COMPUTES ANY VARIABLE, QUAD, AS A QUADRATIC ZQUA0O003
C FUNCTION OF X. OQUAD = A + BX +CxX, THERE MAY BE SEVERAL ZQUAOO004
C SETS OF COEFFICIENTS, EACH SET BELONGING TO A PARTICULAR ZQUAOO0O0S5
c REGION OF X. THE COEFN ARRAY IS ARRANGED AS~ ZQUAOO006
c Xl= Al, Bl, Cl, X2, A2, B2, C2y X3, A3, B3, C3y Xbyeeo ZQUAO0007
C WHFRF Al, Bl, €1 ARE THE COFFFICIENTS TO BE USED FOR X ZQUAO0008
C BETWEEN X1 AND X2, ETCe AND X1 IS LESS THAN X2, X2 IS LESS ZQUAQ009
C THANM X3, X3 IS LESS THAN X4, ETC. ZOUAOO10
C IC IDENTIFIES WHICH DEPENDENT VARIABLE IS BEING ZQUAOO11
C SOUGHT,., ICC(IC) NEFINE THE STARTING LOCATIONS IN THE COEFN ZQUAQO012
c ARRAY FOR VARTABLE X ZQUAOO13
C Z0UAQOL4
COMMON /CSTAR/ CMA{1000),CMB(10C0) ZOUAOO15
DIMENSTON COEFN (500 }»ICC (20 ) ZNOUAQOO16
EQUIVALENCE (COEFN 4CMB(501)),(ICC sCMB(201)) ZQUAOO17

C ZQUAOO18
I=I1CC(IC) ZQUAOO019

1 TF(X=CNFFN(TI)} 243,3 ZQUA0020

21 = 1-4 ZOUAOO21

GO TO 1 ZQUAQ022

3 IF(X=COFFN(I+4)) 5,45,4 ZOUAQCO23

4 1 = I+4 Z0UADO24

GO TO 3 ZQUAQO025

5 QUAD = COEFN(I+1)+X*(COEFN{(I+2)}+X*COEFN(I+3)) ZOUAQ026
ICC(IC)=1 Z0UA0027
RETURN ZQUAQ028

END ZQUA0029
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SUBROUTINE RENDER (N}

SUBROUTINE RENDER CONTAINS THE CALLING SEQUENCES FOR

THE ROUTINES WHICH READ AND PUNCH BINARY DATA,

IF N IS EQUAL Trn ONE, BINARY DATA IS PRFSENT AND MUST RE
READ. IF N IS TWO, A NEW BOOSTER TABLE IS TO BE GENERATFD,

COMMON/ATABLE/CME(B000)

COMMON /CSTAR/ CMA(1000),CMB(1000)

NDIMENSION FIRST (28 } s FOURTH( 7500 ) »SECOND(2
NIMENSTION THIRD (300 )

EQUIVALENCE (FIRST ,CME(0QOL1)),(FOURTH,CMF(501)),(IKCKST,CMB({066})
EQUIVALENCE (IKICK L,CME(200)),(NMVAR LCMB{0O73)),{SECOND,CME(199))

EQUIVALENCE (THIRD LCME{(201))
IF(N.EQ.2) GO TO 2

RINARY READ PORTION

READ VERTICAL KICK DATA

READ (5,1) FIRST(1)

FORMAT (A6)

CALL BCREAD (FIRST(1),FIRST(28))

READ DELTK (KICK ANGLE SPACING) AND IKICK (NUMBER OF KICK ANGLES)

CALL BCREAD (SECOND(1),SECOND(2)})

READ LIST OF KICK ANGLES IN TABLE
IKCKST = IKICK

K = 3%IKICK

L = 25%NVAR*IKICK

CALL BCREAD (THIRD(1),THIRD(K))

READ BOOSTER BURNOUT CONDITIONS
CALL BCREAD (FOURTH(1),FOURTH(L))

RETURN
BINARY WRITE PORTION

)

IF IKICK EQUALS IKCKST, THEN NO NEW KICK ANGLES HAVE BEFEN

RUN TO ADD TO THE TABLE.
IF (IKICK .EQe. IKCKST) RETURN

IF IKCKST IS EQUAL T0O ZERO, A NEW BODSTER HAS BEEN RUN

AND THE VERTICAL RISE DATA MUST BE PUNCHED.
IF(IKCKST.NF.,0) GO TO 4

WRITE (6,3)

CALL BCDUMP (FIRST(1),FIRST(28)})

FORMAT (32H$DUMMY CARD INDICATING NEW TABLE,40X,8H
IKCKST = IKICK

PUNCH DELTK AND IKICK
CALL RCDUMP (SECOND(1),SECOND(2))

PUNCH LIST OF KICK ANGLES

DUMMY )

ZRNDOOO1
ZRNDOOQO2
ZRNDOOO3
ZRNDOOO4
ZRNDOOOS
ZRNDOOO6
ZRNDOOO7
ZRNDOOOS8
ZRNDOOO9
ZRNDOO1LO
ZRNDOO11
ZRNDOO12
ZRNDOO13
ZRNDOO14
ZRNDOO15
ZRNDOO16
ZRNDOOL17
ZRNDOO18
ZRNDOO19
ZRNDOO20
ZRNDOO21
ZRNDOO22
ZRNDOO23
ZRNDOO24
ZRND00O25
ZRNNDOO26
ZRNDOO27
ZRNDOO28
ZRNDOO29
ZRNDOO30
ZRNDOO31
ZRNDOO32
ZRNDOO33
ZRNDOO34
ZRNDOO35
ZRNDOO36
ZRNDOO37
ZRNDOO38
ZRNDOO39
ZRNDOO4O
ZRNDOO4 Y
ZRNDOO42
ZRNDOO43
ZRNDOO44
ZRNDOO4S
ZRNDOO46
ZRNDOO4T
ZRNDOO48
ZRNDOO49
ZRNDOOS0
ZRNDOOS1
ZRNDQO52
ZRNDOO53
ZRNDOOS4
ZRNDOO55
ZRNDOOS6
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K = 3*IKICK
L = 25%NVAR*IKICK
CALL BCDUMP (THIRD(1),THIRD(K)})

PUNCH BOOSTER BURNOUT CONDITIONS
CALL BCDUMP (FOURTHI(1),FOURTH(L))

RETURN
END

ZRNDOOST
ZRNDOOS58
ZRND0O59
ZRNDOO60O
ZRNDOO61
ZRNDOO62
ZRNDOO63
ZRNDOO64
ZRNDOO6S
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SUBROUTINE RUNGEK (EQUATE,OUTPUT)

SUBROUTINE RUNGEK CONTROLS THE

COMMON /RUNG/RIN(125)

COMMON /CSTAR/ CMA(1000),CMB(1000)

DIMENSTON AK (3 ) o AW (4
DIMENSTON X (100 )y XPOT (100
NDIMENSTON XINC (100 )9 XK (100
FQUIVALENCE (Al »RUN(1IO0L)) 4 (A2

FOUIVALENCE (DELSTO,RUN(LI04)),(DELT

EQUIVALENCE (ERLIMT,CMA(T706)),(FRLOG
EQOUIVALENCE (H2 »RUMCL06)),(1
EQUIVALENCE (MODOUT,CMA(714)), (MODS
EQUIVALENCE (NST yCMA(T708) ) (NSTAGE,CMA(T710) ), (NSTAGL,RUN(115)) ZRUNOO15
EQUIVALENCE (NSTEP1,RUN(108)),(NSTEP2,RUN(109)),(NSTEP3,RUN(110)) ZRUNOOC16
FOUIVALENCE (RATIO LJRUM(111)),(SCRIBE4RUN{(114)),(STEPGO,RUN(L12)) ZRUNOO17
FOUIVALENCE (STEPMX,CMA(705)),(STEPNC,RUN(L13)),(STEPS L,CMA(704)) ZRUNOOI1SB

EQUIVALENCE (TMIN ,CMA(T703)),(X
FQUIVALENCE (XINC LRUN(OO1)),(XPRIM

DOURLE PRECISION XPRIM

INTEGRATION SCH

)y OLDINC(10
)+ XDOTPM(10
)s XPRIM (10
+RUN(102) ), (DE
yCMA(T701)),(DE
sCHA(TOT)) s (F2
sRUN(LOT7)) 4 (LA
2CMA(TL2)), (NE

ZRUNOOO1

ZRUNODOOO2

EME. ZRUNOOO3
ZRUNOOO4

ZRUNOOOS

ZRUNOQOS

0 ) 7RUNOOO7
0,2 ) ZRUNOOOH
0,2 ) ZRUNOOO9
LMAX,CMA(702)) ZRUNOO1O
£l JRUN(103)) ZRUNOO1l1l
+RUN(105)) ZRUNOO12

ST H»CMA(T11)) ZRUNOOL13
Q yCHMA(709)) ZRUNOOL14

sCMA(401)),(XDOT LCMA(501)) ZRUNOOL19

+CMA(0O1))

INTEGER STEPGO,STEPNOSCRIBEZSTEPS,STEPMX,FATL

DATA FAIL/O/

ZRUNOO20O
ZRUNOO21
ZRUNOO22
ZRUNQO23

DATA(AK(TI) ¢1=193)/0e590e591.0/3(AW(1),yT=144)/.166666666,.33333333372RUNOO2Z24

1,.333333333,.,166666666/
EXTERNAL OUTPUT

INITIALTZATIONS
NSTAG1=NSTAGE
STEPGO = 0
STEPNO=0

SCRIBE =1
NSTEPL1=1
NSTEP2=2
NSTEP3=2
DELSTO=0.0
DEL1=DELMAX

ZRUNQO25
ZRUNOO26
ZRUNOO27
ZRUNOOZ28
ZRUNOOZ29
ZRUNOO30
ZRUNOO31
ZRUNOO32
ZRUNOQOO33
ZRUNOO34
ZRUNOO35
ZRUNOO36
ZRUNOO37
ZRUNOO38
ZRUNOO39
ZRUNOO40O

PART 1. SET UP THE STARTING SEQUENCE FOR ERROR CONTROL AND DELAY ZRUNOO41
CHECKING THE ERROR UNTIL TWO STEPS ARE COMPLETED,
TOS NSTART AND IBEGIN CNNTROL STARTING.

I=1

H2 = DELT

DO 4J4=NST,NEQ
XPRIM(J42)=XPRIM(Jy1)
X(J)=SNGL(XPRIM(J,s1))
NSTART = O

DELT = DELT/2.

CALL EQUATE

CALL COAST
MODOUT=MODOUT

GO TO (5+5¢54646,47)+MODOUT

NSTEP2=1
TF(STEPGO*SCRIBE «NELO

) GO TO 7

THE ASSIGNED GOZRUNOO42
ZRUNOO43
ZRUNOO44
ZRUNOO4S
ZRUNOO46
ZRUNOO47
ZRUNOO48
ZRUNOO49
ZRUNOOS50
ZRUNOOS1
ZRUNOOS52
ZRUNOOS3
ZRUNOOS4
ZRUNOOS55
ZRUNOOS6
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CALL OUTPUT(1) ZRUNOOS7
SCRIBE = 1 ZRUNOOS58
7 ASSIGN 18 TU NSTART ZRUNOOS59
DO 8 J=NST,NEQ ZRUNOO60
XDOTPM(J,1) = XDOT(J) ZRUNOOG6)
XINC(J) = 0. ZRUNOO62
8 CONTINUE ZRUNOO63
9 KSuB =1 ZRUNQO64
ASSIGN 13 TO N ZRUNOOG65
c ZRUNOO66
c PART 2. RUNGE-KUTTA SUBINTERVAL SCHEME. EQUATE PRODUCES THE ZRUNOOG67
c NECESSARY DNERIVATIVES XDOT(J). ZRUNOQOG68
10 DO 11 J = NST,NEQ ZRUNOO69
XK(J) = XDOT(J) = DELT ZRUNQOO70
XINC(J) = XINC(J) + AW(KSUB)*XK{J) ZRUNOO71
11 X(J) = SNGL{XPRIM(J,2))+AK(KSUB)*XK(J) ZRUNOO72
12 CALL EQUATE ZRUNOOT73
GO TO Ny(13,14,15,17) ZRUNOO74
C ZRUNOOT75
C PART 3., SUBINTERVALS 2, 3, AND 4, TO STATEMENT 16 FINISH A ZRUNOOT6
C RUNGE-KUTTA STEP AND INCREMENT XPRIM(J,y2) IN DOUBLE PRECISION,. ZRUNOQOT7
13 KSUB = 2 ZRUNOOT78
ASSIGN 14 TO N ZRUNOO79
GO TO 10 ZRUNOO8O
14 KSUB = 3 ZRUNQOS81
ASSIGN 15 TO N ZRUNOOB2
GO TO 10 ZRUNOOS83
15 DO 16 J= NST,NEO ZRUNOOB4
XINC(J) = XINC(J) + AW(4) *XDOT(J) * DELT ZRUNOOS8S
XPRIM(J,y2)=XPRIM(J,2)+DBLF{XINC(J)}) ZRUNOO86
X{J) = SNGL(XPRIM(J,2)) ZRUNOOSB7
16 CONTINUE ZRUNOOS8S
c ZRUNOO89
C PART 4, BREGIN A NEW RUNGA-KUTTA STEP. THIS ALSO GIVES DERIVATIVESZRUNQOO90O
c FOR THE LOWER ORDER INTEGRATION CHECK. ZRUNOQG1
ASSIGN 17 TO N ZRUNOOS2
GO 10 12 ZRUNOO93
17 GO TO NSTART,(24,20,18) ZRUNOO9 4
C ZRUNOOS95
C PART 5. STARTING PHASE PRNOGRAM, ZRUNOO96
c PART 5A. THIS SECTION COMPLETES THE FIRST STEP OF STARTING PHASE. ZRUNOOS7Y
18 ASSIGN 20 TO NSTART ZRUNOOQO98
NO 19 J = NST¢NEQ ZRUNOO99
OLDINC(J)=XINC(J) ZRUNO100
XINC(J)=0. ZRUNO1O01
XDOTPM(J,2) = XDOT(J) ZRUNO102
19 CONTINUE ZRUNO103
GO TO 9 ZRUNO104
c ZRUNO105
C PART 5B, MAX ERROR TEST—-—STARTING ONLY-—-CHECK THE MAX ERROR AND ZRUNO106
c EITHER ENTER RUNNING MODE OR REPEAT START WITH SMALLER STEP, ZRUNO107
20 GO TO (21429,29429) 41 ZRUNQ108
21 DO 22 J = NST,H,NEQ ZRUNO109
22 XINC(J) =(XINC(JI+OLDINC(I))I*3.—(XDOTPM(Js1)+XDOTPM(J42)%4, ZRUNC110
1+XDOT(J) ) *DELT ZRUNO111
CALL ERRNRZ ZRUNO112
IF(E?-FRLIMT) 23,23,33 ZRUNO113
23 ASSIGN 24 TO NSTART ZRUNO114
ASSIGN 9 TO IBEGIN ZRUNO115
Al = A2 ZRUNO116
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GO T0 29 ZRUNO117
ZRUNO118

PART 6. RUNNING PHASE PROGRAM, ZRUNO119
PART 6A. CHECK THE INTEGRATION BY INTEGRATING OVER THE LAST ZRUNO120
RUNGE KUTTA STEP BUT USE DOTS FOR LAST TWO INTERVALS, OLDDEL ZRUNO121
AND DELT RESPECTIVELY. STATEMENT 26 IS THE LOWER INTEGRATION ZRUNO122
MINUS RUNGE-KUTTA INCREMENTS. ERRORZ COMPUTES THE MAXIMUM ZRUNO123
RELATIVE ERROR AND STAGEMENT 27 TESTS THIS ERROR AGAINST THE ZRUNO124
LIMIT VALUE. ZRUNO125

24 GO TO (25+28+28930) 1 ZRUND126
25 RATIO = DELT/DOLDDEL ZRUNO127
HFACT=DELT/ (1.+RATIO) ZRUNO128
ACOEF1=—RATIO*RATIO%*HFACT ZRUNO129
ACOEF2=RATIO*(DELT+3.*DLDDEL) ZRUNO130
ACOEF3=DELT+DELT+HFACT ZRUNO131

DO 26 J=NST,NEQ ZRUNO132

26 XINC(J) = ACOEFLl%*XDOTPM{Js1)+ACOEF2%XDOTPM(J,2)-6.%XINC(J)} ZRUNO133
1+ACOEF3%*XDOT(J) ZRUNO134
CALL ERRORZ ZRUNO135

27 IF (E2-ERLIMT) 28,28,34 ZRUNO136
ZRUNO137

PART 7. LAST POINT OKAY. ADVANCE THE REMAINING PARAMETERS, FIND ZRUNO138
NEW STEP SIZE. ZRUNO139

28 HZ = DELT ZRUNO140
29 OLDDEL = DELT ZRUNO141
30 CALL STEP (OUTPUT) ZRUNQ142
IF(DELT)31442,31 ZRUNO143

31 DD 32 J = NSTHNEQ ZRUNO1 44
XDOTPM(J41) = XDOTPM(J,2) ZRUNO145
XDOTPM(J,2) = XDOT(J) ZRUNO146
XPRIM{J91)=XPRIM(J,42) ZRUNO147
XINC(J) = O. ZRUNO148

32 CONTINUE ZRUNOQO149
GO TO (94994341),1 ZRUNO150
ZRUNO151

PART 8, COMES HERE WHEN ERROR TEST FAILED--BOTH STARTING AND RUN. ZRUNO152
RETRIEVE OLD POINT AND RECOMPUTE WITH SMALLER INTERVAL. ZRUNO153

IF TWO CONSECUTIVE TRYS FAIL (STATEMENT 36) THE STARTING SEQUENCE ZRUNO154
DCCURS. ZRUNOQO155

33 ASSIGN 2 TO IBEGIN ZRUNO156
34 DD 35 J = NST,NEQ ZRUNO157
XPRIM(J42) = XPRIM(J,y1) ZRUNQO158
XDOT(J)=XDOTPM(J,2) ZRUNO159
XINC(J)= 0. ZRUNO160

35 CONTINUE ZRUNO161
STEPNO = STEPNO + 1 ZRUNO162

H2 = DELT ZRUNO163
DELT=SIGN (EXP ((ERLOG-A2)/5.)4DELT) ZRUNO164

A2 =Al ZRUNO165

36 IF (FAIL-STEPGO) 37,38,37 ZRUNOQO166
37 FAIL = STEPGO ZRUNO1L167
GO TO IBEGIN, (9,2) ZRUNO168

38 ASSIGN 2 TO IBEGIN ZRUNO169
IF(STEPNO+STEPGD-STEPMX)39,439,40 ZRUNOQ170

39 GO TO IBEGINy (942) ZRUNQ171
40 CALL OUTPUTI(1) ZRUNO172
WRITE (6441) ZRUNQ173

41 FORMAT(1X,20HSTEPNO+STEPGO=STEPMX) ZRUNO174
42 RETURN ZRUNO175
END ZRUNQ176
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FUNCTIDN SADDA(N,M)

SUBROUTINE SADDA SUMS UP THE DIFFERENCE (S(J,2)-S(J,s1))
FOR PHASES N THROUGH M,

COMMON /CSTAR/ CMA{
NIMENSION S (6
EQUIVALENCE (S
SADRNA=0,.0
IF{N,GT«M) RETURN
DO 1 J = NsM

1000),CMB(1000)
12 )
sCMB(074))

SADDA=SADDA+S(J4,2)-S(J,1)

RETURN
END

FUNCTION SADDB(I4N,M)

SUBROUTINE SADDB SUMS UP THE S(J,1)

THROUGH M,

COMMON /CSTAR/ CMA(
NDIMENSION S (6
EQUIVALENCE (S
SADDB=0.0
IF(NJGTM) RETURN
DO 1 J = NoM
SADDB=SADDB+S(J, 1)
RETURN

END

1000)4,CMB(1000)
v2 )
+CMB(074))

S FOR PHASES N

ZSADOGO!
Z5AD0O002
ZSADOOO3
ZSADOOO4
ZSADOOOS
ZSADOOOS6
ZSADOOO7
ZSADOOOS
ZSADOOOS
ZSADOO10
ZSADOOL1
ZSADOO12
ZSADOO13
ZSADOO14

ZSADOOO1
2ZSADO0OO02
ZSADOOO3
ZSADOOO4
ZSADOOOS
ZSADOOO6
ZSADOOO7
ZSADO0OO8
ZSADOOO9
ZSADOO10
ZSADOOL
ZSADO012
ZSADOO13
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SUBROUTINE SCOMP(N)

SUBROUTINE SCUMP COMPUTES VALUERS TO WHICH THF

NIFFERFNCES IN FINAL ARE COMPARED
RELATIVE MAGNITUDE OF THE ERROR

COMMON /CSTAR/ CMA(

1000),CMB(1000)

COMMON /FINCMP/ FNCP(64+5)

DIMENSTON COMP (5
DIMENSION FYD (5
NDIMENSION S (6
FQUIVALENCE (BETA
EQUIVALENCE (ENERGY
EQUIVALENCE (FYD
EQUIVALENCE (LAST
EQUIVALENCE (NOPTA
FQUIVALENCE (S
EQUIVALENCE (X
FOUIVALENCE (ZLAM3
1 =0

IF(N,GT.1) GO TD 4

) »CONST (5
)+ IDATA (6
22 )X (100

yCMA(RBO} ), (COMP
+CMA(892)) 4 (FLOMX
yCMB(036) ), (IDATA
+CMA(890)) 4 (NCUTE
+CMB(0O70) ), (ODMEGA
yCMB(0OT74) ), (U
yCMA(401) )4 (ZLAM]L
+CMA(408))

IFINFIMAL.NE.Y) RETURN

AS A CONVENIENCE FOR THE USER, RADIUS,
ENERGY MAY BE SUBSTITUTED FOR RADIUS,

IN ORDER T} CHECK THFE
IN FINAL CONDITIONS.,

12 ) SFLOMX (6
25 VS JFINAL (6

)
sCMB(031) )4 (CONST
yCMA(B37) ), (FM

)
)

+CMA(894))
+CMA(TLIS))

+CMB(086) ), (JFINAL,CMB(136))
yCMA(B93) ), (NFINAL,CMA(B79))

1CMA(405) )4 (R
yCMA(404) ) ,(V
yCMA (406} ), (ZLAM2

RADIAL VELOCITY,

1CMA(402))
+CMA(8BT))
+CMA(407))

FLIGHT PATH ANGLE, AND

AND ANGULAR

VELOCITY BY SETTING THE ANGULAR VELOCITY DESIRED TO ZERO. IF
ANGULAR VELOCITY (FYD(3)) IS ZERO, THE RADIAL AND ANGULAR
VELOCITIES ARE COMPUTED FROM THE FLIGHT PATH ANGLE AND ENERGY.
IF(FYD(3).NELO.O0) GO TO 3

VEL = SORT(2.0%(ENERGY+FM/FYD(1)))

FYD{(2)=VEL*SIN (BET
FYD(3)=VEL*COS(BETA

COMPARISON VALUES FOR SPECIFIED RADIUS,

ANGULAR VELODCITY

COMP(1)=1./FYD(1)}
COMP(2)=SORT(FYD(1)
COMP (3)=COMP(2)*FYD
RETURN
IF(NCUTEL.EQ.O0) T =

A)
)/EYD(1)

/FM)
(1)

1

GO TO (8By54647) ¢ NFINAL

COMPARISON VALUES FOR SPECIFIED ENERGY, WITH OPTIMIZED

RADIUS AND VELUOCITY
COMP(1)=1.0/ZLAM3/V
COMP(2)=1,0/Z1LAM2/V
COMP(3)=R/FM

GO 7O 8

RADIAL VELOCITY, AND

COMPARISON VALUES FOR SPECIFIED ENERGY AND FLIGHT PATH ANGLFE
WITH OPTIMIZED RADIUS.

COMP(1)=1.0
COMP(2)=R/FM
COMP(3)=1.0/ZLAM3

75CN0001
2SC00002
ZSCN0003
25C00004
75C00005
2SC00006
ZSC00007
Z25€00008
Z5C00009
ZSC00010
ZSC00011
2SC00012
25C00013
2SC00014
25C00015
Z25C00016
ZSC00017
£5C00018
ZSC00019
25C00020
Z25CN0021
25C00022
25C00023
ZSC00024
75C00025
Z25C00026
Z25C0o0027
£5C00028
ZSC00029
Z5SC00030
Z25C00031
ZSC00032
25SC00033
2SC00034
Z2SC00035
ZSC00036
25C00037
25C00038
Z5C00039
2SC00040
25C00041
7SC00042
Z5C00043
ZSC00044
ZSC00045
ZSC00046
Z2SC00047
2SC00048
25C00049
ZSC00050
ZSC00051
ZS5C00052
ZSC00053
ZSC00054
2SC00055
Z2SC00056
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GO.TO 8 75C00057

C 75C00058
C COMPARISUN VALUES FOR SPECIFIED ENERGY AND PERIGEE RADIUS, WITH Z25C00059
C OPTIMIZED INJECTION TRUE ANOMALY., 7SC00060
7 COMP(1)=1.0/FYD(1) 25C00061
COMP(2)=1.0/SORT((ZLAML*(R*¥OMEGANR2—FM/R4%2) ) %42+ %%2% ( ZLAM3%% 75C00062

144 JOXMEGA®%2+ 7L AM2%%2) ) 2SC00063
COMP{3)=R/FM 7SC00064

C Z5C00065
o THIS SECTION CONTAINS THE COMPARISON VALUES FDR THE FINAL Z25C00066
o CONDITIONS FOR OPTIMIZING PHASF DURATION., THE EQUATION NUMBERS 7SC00067
C FROM PAYLOAD OPTIMIZATON OF MULTISTAGE LAUNCH VEHICLES ARE LISTED ZSC00068
C WITH THF EQUATION. 725C00069
8 DO 14 J = 14LAST ZSC00070
IF(JFINAL(J).EQ.0) GO TO 14 Z5C00071

K = JFINAL(J) 7SCU0072

I = I+1 2SC00073

GO TO (9412),K ZSC00074

9 IF(IDATA(J+1,5).F0,0) GO T 10 ZSC00075

' 25C00076
C EQUATION 41C 2SC00077
COMP(I+2)=1.0/CONST(J,42) 25C00078

C 2SCL0O0TY
60 TO 14 ZSC00080

10 IF (J.GT.NOPTA+1) GO TO 11 ZSC00081

C 7500082
C EQUATION 48B 7SC0O0083
COMP(I+2)=1,0/SORT(FNCP(Jy1)%%24+FNCP(Jq2)%%2) Z2SC00084

C Z25SC00085
GO TO 14 75SC00086

o 75C00087
c EQUATION 48A ZSC0008R
11 COMP(I+2)=1.0/SORT{FNCP(Jy1)%%2+FNCP(J,2)%%2+FNCP (Jy3)%2 25C00089
L+FNCP(J 34 ) %%2+FNCP(J45)%%2) Z5C00090

C ZSC00091
GO TO 14 Z7SC00092

C ZSC00093
12 TF(J.EQ.LAST) GO TD 13 75C00094

c Z7SC00095
C EQUATION &7 7SC00096
COMP(I+2)=1.0/SORT(FNCP(Jy1 )5 %25 (FNCP{J,2)%%2+FNCP(Jy3)%%2+ 75C00097
IFNCP(J g4 ) %%} +FNCP(J,5)%%2) 75SC00098

GO TO 14 Z5C00099

c EQUATION 50 Z7SC00100
13 COMP(I+2)=10/SORTIFNCP(Jy1)5%2+FNCP (Jy2)3%%2% (FNCP (J,3) k% ZSC00101
L+FNCP(J ¢4 )%%2+ENCP(J45)%%21)) ZSCU0102

14 CONTINUE 7SC00103
RETURN 75C00104

END 75C00105
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SUBROUTINE SETUP

SURBROUTINE SETUP CONVERTS THE MODE INFORMATION WHICH
ENTERS THROUGH THE INPUT ROUTINE INTO MODOUT AND MODS WHICH
ARE USED IN STEP (SEE STkP). ALSO TMIN AND STEPS ACOUIRE THE
PROPER VALUES FROM INPUT DATA. THE INITIAL DELT IS COMPUTED
IN THIS ROUTINE. THIS ROUTINME APPLIES TO THE BOOSTER PORTION
ONLY.

COMMON /CSTAR/ CMA(1000),CMB{1000)
DIMENSION DELMXB(2 )} MODEB (2 ) o STEPB (2 )
DIMENSION TMINB (2 )9 TS (6 )

EQUIVALENCE (DELMAX,CMA(702)),(DELMXB,CMB(174)),(DELT HCMA(T701))
EQUIVALENCE (DELTBT,CMA(803)),(IMODE ,CMB(06L1)),(K yCMB(182))
EQUIVALENCE (MODEB ,CMB(172)),(MODOUTLCMA(T714)),(MODS LCMA(T712))
EQUIVALENCE (NSTAGE,CMA(T710)),(STEPB ,CMB(176))},(STEPS ,CMA(T704))
EQUIVALENCF (TIME LCMA(017))4(TMIN LCMA(703)),(TMINB ,CMB(178))

EQUIVALENCE (TS yCMA(932))

INTEGER STEPB,STEPS

THIS ROUTINE IS SIMILAR T0O DAMODE,BUT REFERS TO THE BOOSTER
N=IMODE+1

K IS USED IN STEP AS AN IDEX 0OF NOUT
K =3

SET MODOUT
MODOUT = MODEB(MN)/10

SET MODS
MODS = MOD(MODEB(N),10)

SET DELMAX
DELMAX = DELMXB(N)

SET STEPS
STEPS = STEPBI(N)

SET TMIN
TMIN = TMINB(N)

SET DELT

DELT=AMINL(DELTBT,TS(NSTAGE)-TIME)

IF(DELT .GT+TMIN-TIME.AND.MODOUT.EQ.1) DELT = TMIN
IF(DELToGT«DELMAX AND. (MODOUT.EQ42.0R.MODOUT.EQ43))DELT=DELMAX

RETURN
END

ZSET0001
7SET0002
ZSET0003
ZSET0004
ZSET0005
ZSETO006
ZSET0007
7SET0008
ZSET0009
ZSETO010
ZSETO011
ZSETO0012
ZSET0013
ZSETO014
ZSETO015
ZSET0016
ZSET0017
ZSET0018
ZSET0019
ZSET0020
ZSET0021
ZSET0022
ZSET0023
ZSET0024
ZSET0025
ZSET0026
ZSET0027
ZSET0028
ZSET0029
ZSET0030
ZSET0031
ZSET0032
ZSET0033
ZSETO034
ZSET0035
ZSET0036
ZSET0037
2SET0038
ZSET0039
ZSET0040
ZSET0041
ZSET0042
ZSET0043
I1SET0044
ZSET0045
ISET0046
ZSET0047
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SUBROUTINE SORTXY(X,Y,NPTS)

THIS ROUTINE IS CALLED BY MAINA T(O DORDER THE LIST OF KICK
ANGLES. IT WAS OBTAINED FROM RFFERENCE 6,

DIMENSTION X(1),Y(1)
N=NPTS

NN=N-1

DO 140 KT=1,NN
XMIN=X(KT)

JAD=KT

JKL=KT+1

DO 120 JK=JKL 4N
TF(XMIN-X(JK}) 120,120,116
XMIN=X(JK)

JAD=JK

CONTINUE
YMIN=Y(JAD)

X{JAD)= X(KT)
Y(JAD)= Y(KT)
X{KT)= XMIN
Y(KT)=YMIN

CONTINUF

RETURN

END

SUBROUTINE SIMPRQO

SUBROUTINE SIMPRO COMPUTES THE THRUST AND FLOW
FOR THE BOOSTFR PORTION OF THE PROGRAM UTILIZING
ACTUAL = THRUST VACUUM —FXIT AREA * ATMOSPHERIC PRESSURE.

COMMON /CSTAR/ CMA(1000),CMB(1000}
DIMENSION EXITS (6 )y FORCES (6
EQUIVALFNCE (EXITS 4CMA(T727)),(FLOW
EQUIVALENCE (NSTAGE,CMA(710)),(PA
EOQOUIVALENCE (WTFLOW,CMA(733))

PUSH = FORCES(NSTAGE)}-PA*EXITS(NSTAGE)

FLOW=WTFLOW(NSTAGE)
CALL THRUST

RETURN

END

)oWTFLOW (6
+CMA(752) )4 (FORCFS,CMA(739))

+CMA(B06) ), (PUSH LCMA(751))

SRTX0001
SRTX0002
SRTX0003
SRTX0004
SRTX0005
SRTX0006
SRTX0007
SRTX0008
SRTX0009
SRTX0010
SRTX0011
SRTX0012
SRTX0013
SRTX0014
SRTX0015
SRTX0016
SRTX0017
SRTX0018
SRTX0019
SRTX0020
SRTX0021
SRTX0022
SRTX0023
SRTX0024
SRTX0025

ZSMPOOO1
ZSMPO0O02
ZSMPO003
ZSMPOO0O4
ZSMPOOOS
ZSMPOO0O06
ZSMPOOOY
ZSMPO0OO0OS8
ZSMPQO0OO09
ZSMPQO10
ISMPOOL1
ZSMP0OO0O12
ZSMP0OO013
ZSMP0OO14
ZSMP0OO15
ZSMPQOO16
ZSMPOO17
ZSMP0OO0O18




OO 000

FUNCTION SSTAGE(THRUST FLOW,WT)

SUBROUTINE SSTAGE COMPUTES THE S S DEFINED IN EQUATION
41 IN PAYLOAD OPTIMIZATION OF MULTISTAGE LAUNCH VEHICLES,
AS DEFINED IN THE RFPORT, THFSF EQUATIONS ARF USED TO EFFECT
OPTIMUM PHASING.

COMMDN /CSTAR/ CMA(1000),CMB(1000)
EQUIVALENCE (FM +CMA{T715)),(G sCMA(T716)),(OMFGA ,CMA(405))
EQUIVALENCE (R sCMA(402)), (U yCMA(404)) 4 {ZLAM1 ,CMA(406))
EQUIVALFNCE (ZLAM2 ,CMA(407)),(ZLAM3 ,CMA(408)),(ZLAMG 4CMA(8B8B4))
IF (FLOW.ENR.0.0) GO TO 1
SSTAGE={((FM/R%%2-0OMEGA®%*2%R)*ZLAMLI+2,O0*UXOMEGA®ZL AM2 =1}
1ZLAM3-OMEGA®ZL AM4=GHTHRUST/WT*SORT(ZLAM] *%2+ZL AM2%5%:2) ) /FLOW
GO TO 2
1 SSTAGE=0.0
2 RETURN
END

ZS5T0001
ZS5T0002
ZSST0003
Z5ST0004
25S70005
2SSTOO0O06
Z5ST0007
ZSSTO008
ZSSTO009
25570010
ZSSTOO011
25570012
ZSSTO0013
2SSTOOL14
2SS70015
25570016
ZSST0017
75570018

149



[T

e NeNaNel

OO0

o0

150

SUBROUTINE STAGE

SUBROUTINE STAGE IS CALLED FROM
OPERATIONS NEEDED TO CHANGE FROM

ONE

COMMON /RUNG/RUN(125)

COMMON /CSTAR/ CMA{1000),CMB(1000)

DIMENSION COMPA (3 )y DRAG (3 ) FLOMX (6
DIMENSTON FORCE (3 )y FUEL (6 )sHARD (6
DIMENSTON HARDB (6 )y OBLAT (3 ) PROP (6
DIMENSION S (6 +2 ) THRUSTI(SG )+ VELFXP(6
DIMENSION X (100 ) $XPRIM (100,2 )

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALFNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(CD

(DELTAV,CMA(861)) 4 (DRAG

(FLOMX
(FORCE
(G

( IMODE
(LAST
(NSTAGL
(PA

(R

(s

(U
(VMACH
{XPRIM

+CMA(T783)),4(CPSI
+CMA(TT77) )y (DROP
sCMA(BTT7) )4 (FM

+CMA(812)) 4 (COMPA

+CMA(837) ) (FLOW
+CMA(T7T74) ), (FUEL
+CMA(T716)) 4 (HARD
sCMB(0O61)), (JCOST
+CMA(890) ) 4(NEQ
sRUN(115)), (OBLAT LCMA(780)),(0OMEGA
+yCMA(806) )4 (PROP LCMA(B49)),(QVAL
yCMA(402)) 3y (RESFRV,CMA(BB62) ), (RMASS
+CMB(0OT74)),(SPSI
+CMA(404) ), (VELEX
yCMA(B11)) 4 {(WEIGHT,CMA(203))4(X
yCMA(001))

sCMA(843) ),y (HARDR
+CMB(129) )4 (JDATA

PDOURLF PRECISION XPRIM

IMODE = 2

IF(IMODE.EDL?)

REINITIALIZE
CN=0.0
VMACH=0.,0
PA=0.0
OVAL=0.0
No 1 J = ’
FORCE(J)=0.
NDRAG(J)=0.0
}=0.0
})=0.0

OBLAT(J

1
0
0
COMPA(J)}=0

IF(IMODELEOD.OQ)

IMPLIES UPPER PHASE QOPERATION
GO T0O 2

RETURN

DROP WEIGHT BETWEEN SEGMENTS FOR BOOSTER OPEFRATION

WEIGHT =
X(2)=WFIGHT
RETURN

UPPER PHASE

WEIGHT-HARDB(NSTAGL)

CALL CONEVL TO EVALUATE CONSTANT
CALL CONEVL(FLUOWWNSTAGI-1)

COMPUTE S(N,2)

BEFORE PHASING

IF(FLOW.NE.0.0) GO TO 3
SINSTAG1,2)=0.0

STEP TO PERFORM THF
PHASE TO THE NEXT,

)

)

)

)
sCMA(888))

+CMA(B63))
+CMA(T715))

yCMA(871)), (FUELDV,CMA(BT78))

+CMA(T721))
+CMA(925))

yCMA(709)) s (NSTAGE,CMA(T710)})

+CMA(405))
+CMA(808))
+CMA({201))

+CMA(B8T7)) s ({THRUSTLCMA(831})
yCMA(B70) )y (VELEXP,CMA(R64))

+CMA(401))

ZSTAOQO1
ZSTAQ002
ZSTAOO003
ZSTAO004
ZSTAQO0O0S5
ZSTAOOO6
ZSTAO0O07
ZSTAQ0O08
ZSTAQO009
ZSTAOQO10
ZSTAOO11
ZSTA0012
ZSTAOO013
ISTAQO14
ZSTAO015
ZSTAQO16
ZSTAQO17
ZSTA0O18
ZSTAQO1LY
ZSTAN020
ZSTAO0021
ZSTA0O022
ZSTA0023
ISTAQO024
ZSTAQ025
ISTAN026
ZSTADO27
ZSTAQ028
ZSTADO029
ZSTAQ030
ZSTAOO31
ZSTAO032
ZSTAQ033
ZSTAOO34
ZSTAQO035
ZSTAOO36
ZSTAQO37
ZSTAQ038
ZSTAO0O39
ZSTA0040
Z5STAQ0041
ZSTAO0042
ZSTAOO43
ZSTAOO44
ZSTA0045
ISTAQO46
ZSTAQO047
ZSTAOO48
ZSTAO049
ZSTA0050
ISTA0051
ZSTA0O052
ZSTAOO53
ISTAOQO54
ZSTAQO055
ZSTAOOS56
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GO TO 4
SINSTAGL 42 )=SSTAGE(THRUST(NSTAGL) 4 FLOW,RMASS)

COMPUTE FUEL REQUIRED TO PERFORM IDEAL DELTAV AFTER

LAST PHASE,

ITFINSTAGE.NEL.LAST+1) GO TO 6

TF(VELEXP(LAST).EN.0.0) GO TO 5
FUELDV=(RMASS-DROP)*{1,0~EXP(—{(NFELTAV+RESERV)/VELEXP(LAST)))
RETURN

FUELDV=0.0

RETURN

DROP WEIGHT BETWEEN PHASES
RMASS=RMASS—-HARD (NSTAGL)-FUEL(NSTAG1)}*PROP(NSTAG1)

X{1)=RMASS

SET JET VELOCITY AND FLOW FOR NEXT PHASE
VELEX=VELEXP(NSTAGE)

FLOW=FLOMX{(NSTAGE)

COMPUTE S FOR BEGINNING OF NEW PHASF
SINSTAGE,1)=SSTAGE(THRUST(NSTAGE) yFLOW,RMASS)

SET FLAG FOR COAST
JCOST=6

RETURN
END

ZSTAOOS7
ZSTAQOLS
ZSTAQO59
LSTAOQ060
ZSTAOQO61
ZSTAQO62
ZSTAQ063
ZSTAOO64
ZSTA0065
ISTAQO66
ZSTAQO67
ZSTAOOG6S8
ZSTA0Q069
ZSTAQOTO
ZSTAQOT1
ZSTAOQO72
ISTAQO073
LSTAOOT74
ZSTAQO7S
ZSTAQOT76
ZSTA0077
ZSTAQO78
ZSTAOO079
ZSTAQ080
ZSTAQO81
1STA0082
ZSTA0OO083
ZSTAQO84
ZSTAQ085
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SUBROUTINE START(N)

SUBROUTINE START PERFORMS THE REQUIRED INITIALIZATIONS

BEFORE RUNGEK

CUMMON/ATABLE/CME(8000)
COMMON /CSTAR/ CMA(1000),CMB(1000)

DIMENSION
DIMENSION
DIMENSTON
DIMENSION S
DIMENSION
NDIMENSION V
DIMENSION X0
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALFNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALFNCE
EQUIVALENCE
EQUIVALFNCE
ITERPD=0
ITERPD=1
NATA THUNT/O
INTEGER FIXD

SET TIME RATE OF CHANGE OF THRUST ANGLE FROM

ARRAY (X0)
PSIDO=X0O(N,1

ITER EQUALS NUMBER OF PHASE

IF(ITERLEQLO
KB=2

ITERAD EQUAL

TEMP

FLOMX (6
IDATA (6
NTB (4

(6
(10
(6
(6
(ELEV
(FLOW
(FUELT
(HARDBT
( IMODE
(ITERPD
(LAST
(MASH
(NSTAGE
(PAR
(PSTO
(s
(TBURN
(Ts
(v
(WTO
(ZLAMO
(ZLAM3
OPTIMI
FIXED
/
TK

)

) s FUEL (6
5 )9 JCOAST (6
)+ PAR (6 2

12 )48 (6
)+ THRUST (6
) s VELEXP (6
+5 )

+CMA(T790)) 4 (FIXDTK,CMB(O71)),{FLOMX
+CMA(T715)) 4 (FUEL
yCMA(T716) )4 (HARD
+CMB(086) )y (IKICK
+CMB(O6R)) 4 (ITERAD,CMB(067))

+CMA(BTT)) o (FM
+CME(014)) 4 (6
»CME(0O15) ), (IDATA
+CMB(061) )y (ITER

+CMB(060)) 4 (JCOAST,CMB(130)),(JCOST
+CMA(T753) ), (LAST2
+CMA(709) )4 (NOPT
+CMB(116) ), (OMEGA
s CMA(849) ), (PSIDD
+CMA{602) ), (ROA
sCMA(B25) ), (TBOOSTHZCMA(745))

yCMA(T711)),(LASTL
+sCMB(0O64) ) 4 {NFD
¢CMA(T10})) 4 (NTB
+CMB(142) ), (PROP
yCMA(881)) (R
¢CMB(O74))4,(TB

yCMB{065)) s (THRUST,CMA{831}),(TKICK
sCME(O10)) 4 (U}
yCMA(BT0)) o (VELEXP,CMA(864))
sCMA(601) ), (X0
+CMA(606) ), (ZLAM2
sCMA(RBR4) )

sCMA(932) )4 (TSPM
+CMB(154) )4 (VELEX
yCMA(T720) ), (XINPT
2yCMA(883)) 4 (ZLAM]
+CMA(608) ), (ZLAMS
ZF TKICK

TKICK

) GO TO 2

TO THREE

IS PART OF THE ITERATION,

IF{ITERADLEQ
bho 1 4 =

NTB(J)

OPTIMIZED IN THE EXTERNAL

K = NTB(J)

«3) KB=

1,ITER

1

ITERATION,

DURATIONS IN EXTERNAL

IS CALLED TO PERFORM THE INTEGRATION,

) sHARD (6
) NOPT (6
Yo PROP (6
), TBOOSTH( 6
}oTS (6
Yo XINPT (100

IMPLIES THAT THE BOOSTER BURNING

)
)
)
)
)
)

+CMA(837))
+CMA(BTL))
sCMA(B43))
+CME(200))

+CMB(129))
+yCMA(890))
s CMA(819))
sCMA(605))
sCMA(B82))
+CMB(O62))

+CMB(059))
sCMA(604))

+CMB(0O01))
+CMA(607))

PERTURBATION

ITERATIUN.

TIME

CONTAINS THE PHASF NUMBFRS OF THE PHASE DURATIONS TO BE

ZSTA0001
ZSTA0002
ZSTA0003
ZSTAOO004
2STAO005
ZSTAO006
ZSTAQOO07
ZSTAO008
ZSTAD0009
ZSTAOOLO
ZSTAQO1L1
2STA0012
1STAO013
ZSTA0014
ZSTAQO015
ISTA0O0L6
ZSTAOO017
7STA0O18
2STA0019
2STA0020
2STAQ021
25TAQ0022
ISTAQO023
ZSTA0Q24
ISTA0CO25
ISTAQ026
ISTAQO27
ZSTA0028
ZSTA0029
ZSTA0030
ISTA0031
ISTAOD32
ZSTA0033
ISTA0034
ZSTA0035
ZSTAOO36
ZSTAOQ037
ZSTAQO38
ZSTA0039
ZSTA0040
ISTAQ041
1STA0042
2STA0043
ISTAOO044
ISTA0045
2STAD046
ZSTAQO4T
ZSTA0048
ISTA0Q049
ZSTA00S0
ZSTA0051
ZSTADOL2
ISTA0053
ISTAQOSS
ZSTA0055
2STAQO056
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KA=J+K8

SET PHASE DURATION FOR APPROPRIATE PHASES FROM PERTURBATION
ARRAY (X0)
TBIK)=XO(NyKA)

IF(ITERAD.EQ.3) GO TO 4

ITERPD EQUAL TO ONE IMPLIES THAT THE KICK ANGLF FOR THE BOOSTER
IS FIXED AND THE THRUST ANGLE (PSIO) MUST BE SET FROM THE
PERTURBATION ARRAY (X0)

IF{ITERPND.EQ.L1) GO TO 3

SET KICK ANGLE FROM PERTURBATION ARRAY (X0)
TKICK=X0(N,2)

GO TO 4
PSTO0=X0(N,2)

INTEGRATE BOUOSTER FOR FIXED KICK ANGLE AND BURNING TIME
GO TO (54846),,FIXDTK

SET IMODE FOR BOOSTER
TF(IKICKNE.OJANDLIMODEJNELO) GO TO 51
INTEGRATE VERTICAL RISE IF REQUIRED
IMODE=0

CALL MAINB

IMODE=1

TBURN=TB(1)+TSPM

SETUP SETS OUTPUT CONTRIILS
CALL SETUP

SET ELEVATION ANGLE EQUAL TO TKICK
ELEV=TKICK

SET TIME FOR END OF BOOSTER PORTION
TBOOST(LAST1)=T8B(1)

PRINT HEADINGS
CALL OUTPT2(0)

MAINB CALLS RUNGEK T INTEGRATE TRAJECTORY.
CALL MAINB

SET FIXDTK TO TWO TO PREVENT REINTEGRATION OF THE BOOSTER,.
FIXDTK=2

IMODE=2
LAST=LAST2
GO 70 7

MATINA CONTROLS GENERATION OF BOOSTER TABLF AND INTFRPOLATION
SCHEME.
CALL MAINA

IF MASH EQUALS ONE, DIFFICULTIES HAVE BEEN ENCOUNTERED IN MAINA
AND CONTROL IS RETURNED TO MAIN FOR CORRECTION,
IF (MASH.EQ.1) RETURN

ZSTAOO057
ZSTAQOLS8
ZSTA0059
ZSTAQO060
ZSTAQO61
ZSTAQ062
ZSTAO0063
ZSTAQO64
ZSTAQ065
ZSTAQO66
ZSTAOQ67
ZSTAO0068
ZSTAO0069
ZSTAQO70
ZSTAOO71
2STA0072
ZSTAOOT3
ZSTAOO74
ZSTAQO75
ZSTAOO76
ZSTAOOT7
ZSTAQOT78
ZSTAQO079
ZSTAO080
ZSTA0081
ZSTA0082
ZSTA0O83
ZSTAQO84
ZSTAQO85
Z5TA0086
ZSTAQO87
ZSTA0088
ZSTAO0089
ZSTA0090
ZSTAO0091
ZSTAQ092
ZSTA0Q093
ZSTAOO094
ZSTAQ095
ZSTAO096
ZSTAOQ097
ZSTA0098
ZSTA0099
ZSTAQ100
ZSTAO0101
ZSTAO0102
ZSTAO0103
ZSTAO104
ZSTA0105
ZSTAO0106
ZSTAOLO07
ZSTAO108
ZSTA0109
ZSTAO110
ZSTAOQ11l1
ZSTAO112
ZSTAO113
ZSTAO114
ZSTAO1L15
ZSTAO1ll6 ©
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10

11

12

13

14

COMPUTE INITIAL WEIGHT OF FIRST UPPER PHASE
XINPT(1)=WTO-FUELT-HARDBT-(1,0+PROP(1))*FLOMX(1)*TB(1)~HARD(1)

COMPUTE RADIUS

XINPT(2)=RDA+V (1)

SET INITIAL RADIAL VELOCITY

XINPT(4)=V(2)

COMPUTE INITIAL ANGULAR VFLOCITY
XINPT(5)=V(3)/XINPT(2)

SET TIME AT BEGINNING FOR FIRST UPPFR PHASE
XINPT(9)=TBURN

SET TS(1) TO TOTAL BURNING TIME OF BOOSTER SEGMENTS
TS{1)=TBURN

LAST=LAST2

SET FLAG FOR COAST
JCOST=6

CUMPUTE PROPELLANT LOADING FOR ALL UPPER PHASES FOR
WHICH THE PHASE DURATION HAS BEEN DETERMINED AND SET THE
TS LIST FOR AS MANY AS POSSIBLE (UNTIL A PHASE IS ENCOUNTERED
WHICH IS TERMINATED BY CUAST)

FUEL(1)=TB(1)}*FLOMX(1)

DU 9 J = 2,4LAST

TF(JCOAST(J).NE.O) GO TO 10

FUEL(J)=TB(JI*FLOMX (J)

TS{J)=TS{(J-1)+TR(J)

GO TH 11

1S{(J1=7TS(J4-1)+10000.0

SET NSTAGE FOR UPPER PHASES
NSTAGF=2

SET JET VELOCITY AND FLUW RATF FOR THE FIRST UPPFR PHASE
VELEX=VELEXP(2)
FLOW=FLOMX(?2)

GO TO (12416416),ITERAD
TF(INDATA(2,5).FEQ.1) GO TO 13

FQUATIOMS B10 AND B13

ZSTAO117
ZSTAO11R
ZSTAO119
ZSTAQ120
ZSTAQO121
ZSTAQ122
ZSTAO123
ZSTAO124
ZSTAQ125
ZSTAO0126
ZSTAO127
ZSTAO128
ZSTAOQ129
ZSTAO0130
ZSTAO131
ZSTAO132
ZSTAO133
ZSTAO134
ZSTAO135
ZSTAO0136
ZSTAO137
ZSTAO138
ZSTAO0139
ZSTAO140
ZSTAO141
ISTAOL142
ZSTAO143
ISTAOl44
ZSTAO145
ZISTAQL46
LSTAO147
ZSTAO148
ZS5TAO0149
ZSTAQ150
ZSTAO151
ZSTAQL152
ZSTAO153
ISTAOL154
ZSTAO155
ZSTAO156
ZSTAOL157
ZSTAO158
ZSTAO159
ZSTAOL160

APART=(PAR(2,1)/FLOMX{1)+({1.0+PROP(1))/FLOMX(2)*(FM/R*%2~-OMEGA®%2%2STAO161

IR)I*PAR(142)—(1.0/FLOMX(1)=(1,0+PROP(1))}/FLOMX(2))*1%PAR(2,2)
BPART=(R/FLOMX(1)*PAR(3,1)+2.0%(L.0+PROP(1))/FLOMX(2)%*U*OMEGA)
1%PAR(142)—(1eO0/FLOMX(1)~(1.0+PROP(1))}/FLOMX(2))*URRYPAR(3,2)
CPART=(1.,0/FLOMX{1)-(1.0+PROP(1))}/FLOMX(2)})=(OMFGA)}*PAR(1,2)

LZLAM4+ZLAMO*GXTHRUST(2)/XINPT(L)*(1.0+PROP(1))/FLOMX(2)%PAR(1,42)

GO TO 14

EQUATIONS R10 AND B13 WHEN FLOW = O

EQUIATIONS B10 AND B13 WHFN FLOW = 0
APART=(FM/R#%2~-0OMFGA*%2%R)*PAR(142)+U%PAR(2,42)
BPART=2,0xU*OMEGA*PAR( 1,42 )+UxR*PAR(3,2)
CPART={OMEGA#*PAR(1,2))%7LAM4
ABRSO=APART**2+BPART*%*2

EQUATION B12A
ZLAMI=(APART*CPART-BPART*SORT (ABSQ*ZLAMO*%2-CPART*%2))}/ARSO

o2
%

ZSTAOQ1l62
ISTAQ163
ZSTAQL164
ZSTAQ165
ISTADL166
ISTAO167
ZSTADL168
ZSTAOL169
ZSTAOL170
ZSTAOL171
ISTAOL172
ZSTAOQ173
ISTAO174
ZSTAO175
ZSTAOQL176

ondilly
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ZSTAOLT77

EQUATION B128 ZSTAOLT78
ZLAM2=(BPART*CPART+APARTHSORT(ABSQ*ZLAMO**2-CPART*%2)}/ABSQ ZSTAOQO179

ZSTAO0180
PSI0=ARCTAN(ZLAM]1,,ZLAM?) ZSTAO181
ZLAM3=7LAMO*%2/ 2L AM2% (2, 0%*0OMEGA-PSIDO) —-U/R*ZLAM1I+ZLAMI*ZI.AM&/R/ 7STAQ182
172LAM2 25TA0183

CALL TTERAT(TB(1)41.,0E-02,7LAML*PAR(242)+R*ZLAM2*PAR(3,2)+ZLAM3 ZSTAOL184
1%PAR(1+92)904045.0F=08y ITHUNT,10,IPICK,2,TFMP,SORT({ZLAMI*PAR(1,2)) ZSTAO185

1%%2+(ZLAM2%PAR(3,2) %R} %*%2)) ZSTAQ186
TBURN=TB(1)+TSPM ZSTAO0187

GO TO (64184515),IPICK ZSTAO0188

15 MASH=1 ZSTA0189
RETURN ZSTAO0190

16 SPSI=SIN(PSIO) ZSTAO191
CPSI=COS(PSIO) ZSTAO0192
TPSI=SPSI/CPSI Z5TA0193
ZLAM1=SPSI*ZLAMO ZSTAOL194
ZLAMZ2=CPSTI*ZLLAMO ZSTAO195
ZSTAO196

EQUATION Bé6 ZSTAQ197
ZLAM3=ZLAMO%*(2 cO%OMEGA-PSIDO-U/R*=SPSI*CPST)/CPSI+ZLAM4/R*=TPST ZSTAOQ198
IF(ITERPD.ENL1AND.ITERADJNEL3) GO TO 18 ZSTAO199
IF(ITERAD.EQ.3) GO T 17 ZSTA0200
2STA0201

EQUATION 40D ZSTA0202

CALL ITERAT(PSIOy1+0E-024ZLAMLI*PAR(242)+R*ZLAMZ2%¥PAR(3,2)+ZLAM3* ZSTA0203
1PAR(142) 904041 40E-06,THUNT,10,IPICKy2,TEMP4SORT({ZLAMLI*PAR(2,42)) ZSTAO204

2%%2+(R*¥ZLAM2%PAR(3,2) )%%2)) ZSTA0205
ZSTAQ206

GO TD (16418,15),1IPICK ZSTA0207
ZSTA0208

EQUATIDNS B9 AND B1O ZSTA0209

17 CALL TTERAT(PSIOy1.0E-024(FLOMX(2)/FLOMX(1)*PAR(241)+(1.0+PROP(1) ZSTAO210
1)%{FM/R*%2-0OMEGA*%2%R} ) *ZLAMI+(FLOMX(2)/FLOMX(1)*R*PAR{(3,1)+ ZSTAO211
220%(1.0+PROP(1))*U*DMEGA)HZLAM2+Ux(FLOMX{2)/FLOMX(1)-(1.0+PROP(1)ZSTAO212
3))*ZLAM3+ (FLOMX(2) /FLOMX(1)=(1.0+PROP(1)))*OMEGAXZLAMG-(1.0+ ZSTAO213

4PROP(1))*G*THRUSTI(2)/XINPT(1}*ZLAMOy0.051+0F-064IHUNT,104IPICK,42, 2ZSTAO214
S5TEMPySQRT((FLOMX(2)/FLOMX{(L)*PAR(2y1)+(1.0+PROP{1)})*(FM/R**x2-0M 7STA0215

GEGA**2%R )} ) %%2%Z LAML**x2+(R*FLOMX(2) /FLOMX (1 )%*PAR(3,1)+2.0%(1.0+ ZSTAO216
TPROP (1) )*U*OMEGA ) #%2%ZL AM2%%2) ) ZSTAO217
GO TO (16418,15),IPICK ZSTAOZ218
ZSTAO0219

COMPUTE S REQUIRED FOR END OF BOOSTER PORTIUN ZSTA0220

18 S(142)==(ZLAMLI%*PAR(2,1)+R*ZLAM2%#PAR(3,1)+U*ZLAM3I+OMEGA*ZLAMSL)/ ZSTA0221
1FLOMX (1) ZSTAQ222
ZSTAO0223

COMPUTE S REQUIRED FOR BEGINMING OF UPPER PHASES ZSTAQ224
IF(FLOMX(2) .EN.0.0) GO TOU 19 ISTA0225
S(291)=((FM/R&*H*2-0UOMEGA%**2%R ) *¥ZLAML+2 JOXUR{IMEGA*ZLAMZ~U*ZLAM3-0OMEGAZSTAQ226
1%ZLAMG=THRUST(2)*G/XINPT(1)*SQRT(ZLAMI**2+ZLAM2%%2) ) /FLOMX(2) ISTAO227
RETURN 2STAQ228

19 S(2,1)=0.0 ISTAO0229
ZSTA0230

RETURN 2STA0231

END ZSTAQ23?
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SUBROUTINE STDATA

SUBROUTINE STDATA INITIALIZED THE DX ARRAY WHICH CONSISTS
OF THE PERTURBATION FACTORS.,

COMMON /CSTAR/ CMA(1000),CMB(1000)
DIMENSION DX (5 )
EQUIVALENCE (DX »CMA(938))
NX(1)=1.0E-0¢4

DX(2)=1.0E-04

NX(3)=1.,0E-04

DX(4)=1.0E-04

DX(5)=1.0E-04

RETURNM

END

ZSTDOO0O1
ZSTDO002
Z2STDO003
ZSTD0OOO4
ZSTD000S
2STD000s6
Z2STD00O0O7
25TD000S8
ZSTD0OOO9
ZSTDOO10
Z5TD0011
ZSTD0O012
ZSTD0OO0O13
25TD0014
Z5TD0O0O15
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QOO0 ND

LIST.DECK
SUBRDUTINE STEP

(OUTPUT)

SUBROUTINE STEP IS CALLED FROM RUNGEK T0) CONTROL INTEGRATION
STEPSIZE AND PRINTOUT,

MODOUT=1 OUTPUT EVERY NTH STEP(N=STEPS) UNTIL TIME = TMIN, THEN
GU TO MODE 2 .
2 O0UTPUT AT INTERVALS OF DELMAX UNTIL TIME = TMAX.
3 OUTPUT AT INTERVALS OF DELMAX UNTIL TIME = TMIN, THEN
GO TO MODE 4 .
4  0OUTPUT EVERY NTH STEP UNTIL TIME = TMAX,
5 0OUTPUT FIRST AND LAST STEP
6 NOD OUTPUT
COMMON /RUNG/RUN(125)
COMMON /CSTAR/ CMA(1000),CMB(1000)
DIMENSION NOUT (6 43 )4TS (6 ) 9 XDOT (100 )
NIMENSION XPRIM (100,42 )

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALFNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(Al sRUN(L101)),(A2 yRUN(102)), (ALT
(DELMAX,CMA(T702)) 5 (DELSTO,RUN(LO4) ), (DELT

+CMA(ROS5))
+CMA(T701))

(DELYL  SRUN(103)) 4 (ERLIMT,CMA(T706) ), (ERLOG 4CMA(T707))
(E2 sRUN(L105) )y (H2 +RUN(CL106) )4 (1 yRUN(107))
(IBURN 4CMB(072))y(IMODE ,CMB(061) ),y (K +CMB(182))
(LAST  oCMA(T711)) s (MASH LCMB(064)), (MODDUT,CMA(T714))
(MODS LCMA(712)),(NEQ sCMA(T709) ), (NOUT LCMB(183))
(NST sCMA(708)) 4 (NSTAGE,CMA(T710)) 4 (NSTAGL,RUMN(115))

(NSTEPLRUNCLO8) )3 (NSTEP2,RUN(109) )4 (NSTEP3,RUN(110)}
(RATIO GRUN(111)),(SCRIBEZRUN(L114))},(STEPGN,RUN(112))
(STEPMX4CMA(T705)), (STEPND,RUN(L13))}4(STEPS 4CMA(T704))
(TIME HJCMA(409))y(TMIN LCMA(T703)),(TS yCMA(932))
(X yCMA(4011),(XDOT LCMA(S501)),(XINC HRUN(OOL1))
(XPRIM L4CMA(0OOL))

DOURLE PRECISION XPRIM
INTEGER STEPGD,STEPND,SCRIBE,STEPS,STEPMX,FAIL
CHECK FOR MAXTMUM NUMBER 0OF STEPS

STEPGO =

STEPGO + 1
IF(IMODECEQ.
IF(STEPGO+STEPNOLLT.STEPMX)

1.ANDJALT.LTL10.0) GO TO 32
GOTy 2

CALL NUTPUT(1)}

WRITE (641)

FORMAT(1X420HSTEPNO+STEPGO=STEPMX)

MASH = 1
GO TO 32

IF(IMONELED,.2)

CALL COAST

NSTAGL=NSTAGE

GO TD
A3 =

DELT = SIGN

IF(DELT/H2.GT.3,.,0)
(547+648,15,15),M0N0OUT

GO 70

CHECKS PROXIMITIY TO TMIN FOR CHANGE FROM MODOUT =

MODOUT = 2.
DELY1 =

(3436,43444),]1
(A2-AY)*RATIN+A2

(EXP ((ERLOG-A3)/5.),DELT)
DELT=3.0%H2

1 70

TMIN-TIME

ZSTPDOOL16
ZSTEQOOO
ZSTEOQOOL
ZSTEOOO2
ZSTEOOO3
ZSTEQLO4
ZSTEOOO5
ZSTEOOL6
ISTEOOO7
ZSTEOOOS8
ZSTEOOO9
ZSTEOO10
ZSTEOO1L1l
ZSTEQOLl2
ZSTEQO13
ZSTEOOLSG
ZSTEOQO1S
ZSTt0O016
ZSTEOQL7
ZSTEOO18
ZSTEOO19
ZSTEQO20
2STE0O021Y
ZSTEDO22
ZSTEQO23
ZSTEOO24
ZSTEOQ25
ZSTEQO26
ZSTEQO27
25TEQ028
ZSTEQO29
ZSTEQO30
ZSTEOO31
ZSTEOO32
ZSTE0O033
ZSTENO34
ZSTEOO35
ZSTEQO36
ZSTEQO37
2570038
LSTEOQO39
ZSTEOO40
ZSTEOQO41
ZSTEOQ42
ZSTEQU43
ZSTEQO44
ZSTEQO45
ZSTEOO46
ZSTEQO4T
ZSTEOO48
ZSTEOQO49
ZSTEOO50
ZSTEOO51
ZSTEQO52
ZSTEQO53
ZSTEOO54
ZSTEOOS5
ZSTEOOS6
ZSTEOQO57
ZSTEQO58
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10

11
12

13

14

15

IF(ARS(DELY/TMIN)GT.1.E-07) GN TO 8

SETS UP DELY S FOR LANDING OM TMIN AND CHANGES MONOUT FROM
ONE TO TWO
MODOUT = 2
GO T 15

CHECK FOR PROXIMITY TO TMIN FOR CHANGING FROM MODOUT = 3
TO MDDOUT = 4.

TF(DELT*(TIME-TMIN)},LE,0.0) GO TO 7
MODOUT = 4

NSTEPZ2=2

GO TO 8

CALCULATES DEL FOR DELMAX PRINT QUT
NEL1I=NEL1-H2
GO TO 15

CHECK FOR N-STEP PRINT QUT
DEL3=FLOAT(MOD(STEPGN,STEPS))
IF(DEL3.NE.0.0) GO TO 15

CALL OQUTPUT(1)

GO TO 15
SPACES CALCULATES NUMBER OF STEPS TO PRINT OUT OR STAGING POINT
SPACES =AINT ((DEL/DELT)+SIGN (49, (DEL/DELT)))
SPACES = 0 INDICATFS THAT A STAGING POINT OR PRINT OUT POINT
HAS BEEN REACHED,
IF(SPACES eNE.0,0) GO TO 23
NSTEP1=2
GO TO (1441091051441 4,414),MODOVIT
DEL2 LESS THAN O. PRINT OUT ONLY
DEL2 = 0. BOTH STAGING AND PRINT
OUT POINT INDICATED
NEL2 GREATER THAN O, STAGING POINT ONLY
NEL3=DFL2
THIDEL2)12411414
NSTEP3=1

TF(IMODE.EOL]1) TBURN=TBURN+1
CALL OUTPUT(1)
NEL1=DELMAX+DELSTO
DELSTUO=040

GO TO (13,15),NSTEP3
NSTEP3=2

NSTAGE 1S INCREMENTED, I = 4 CAUSES RESTART IN RUNGEK
NSTAGF=NSTAGE+1
I=4

CALCULATION OF NDEL FOR STAGING
NEL=TS(NSTAGF)}-TIME
GO TO (16418)4NSTFP2

IF DELMAX PRINT OUT DESIRED, CALCULATES DEL FUR LANDING ON

ZSTE0059
ZSTE0060
ZSTEQU61
ISTEOO62
ISTEO063
ISTEQO64
ZSTEQD65
ZSTEQO66
ZSTEQV67
ZSTE006S
ZSTE0069
ZSTEOOTO
ZSTEOOT1
ZSTE0QOT72
ZSTEQOT3
ZSTEQOT4
ZSTE00O75
ZSTEOOT6
ZSTEQOT7
ZSTE0O78
ZSTE0O79
ZSTE0080
ZSTE0081
ISTEQD82
ZSTEO083
ZSTEQ084
ZSTEQO8S5
ZSTE0O86
ZSTE0087
ZSTE0088
ZSTEOVSY
ZSTE0090
ZSTEGO91
ZSTE0092
ZSTEO093
ZSTE0094
ZSTED095
ZSTE0096
ISTE0097
ZSTE0098
ZSTEO099
ZSTE0100
ZSTED101
ZSTEO102
ZSTE0103
ZSTEOL104
ZSTEQ105
ZSTEO106
ZSTEO107
ZSTEO108
ZSTEO109
ZSTED110
ZSTEO111
ISTEOL12
1STEO113
ZSTEO114
ZSTEO115
ZSTEO116
ZISTEOL117
ZSTEOL18
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16

17
18
20

21

22
23

24

25
26

28

29
30

31
32

33
34

NEXT SPACES = O POINT,

NDEL2=DELI~-NEL

TF(ARS(DEL2/TIME) .GT..0000001) G TO 17
DELSTO=DELZ2

NDEL2=0.0

GO TO 18

DEL=SIGN(AMINL (ABS (DNEL),ABS (DFL1)),DELT)
GO TO (9,20)4NSTEP1L

NSTEP1=1

TFIABS(DEL) .GELABS(DELT)) GO TO 22

NSTAGE IS TMCREMENTED UNTIL TS(NSTAGFl1+1) DOES NOT FEQUAL

TS(NSTAGE)

IF (NSTAGL +EQ«NSTAGF.OR.TSINSTAGE=1)NELTS{NSTAGE)) GO TO 21

NSTEPL=2
GO T0 14
DELT=SIGN{DFL,DELT)

1F(1-4})9,24,9
DELT = DEL/SPACES
RETURN

MODS = 1 NO PRINT BEFORE AND AFTER STAGING
2 PRINT BEFORE AND AFTER STAGING

3 PRINT BEFORE, NOT AFTER STAGING
4

PRINT AFTER, NOT BEFORFE STAGING

ITF(NOQUT(NSTAGL,K).NE.O) GO TO 28
IF{MODOUT-5) 25,26,28
IF(DEL3.E0.0.0) GO TO 28

GO TO (28,27,27,28),MODS

CALL QUTPUTI(1)

CALL STAGE

IF (MODOUT.EQe6OR.NOUT(NSTAGL K) «NELO) GO TO 31
IF (NSTAGE.GT.LAST) GO TO 30

G0 70 (31,29,31,29),M0DS

SCRIBE = 0

GO TO 31

NSTAGL=NSTAGE

CALL OUTPUTI(1)
IF(NSTAGE.LE.LAST) GO TO 9
DELT=0.0

RESET XPRIMS TO ZERD
DO 33 J = 1,10
XPRIM(J41)=0.0D0

RETURN
END

SUBROUTINE STGSS(KMAX)

SURROUTINE STGSS IS A DUMMY ROUTINE PLACED IN THE
MAIN PROGRAM AFTER THE COMPLETION OF THE PROBLEM.

RETURN
END

7STE0119
ZSTFO120
ZSTEO121
7$TEO122
ZSTE0123
7STEO124
1STEO125
2STEO126
ZSTE0127
ZSTE0128
7STE0129
ZSTE0O130
ZSTEO131
ZSTEO132
ZSTEO133
7STEO134
ZSTE0135
ZSTEO136
ZSTE0137
ZSTEO138
ZSTE0139
7STE0140
2STEO141
ZSTEO142
71STEO143
ZSTEO144
ISTEO145
1STEO146
ZSTEO147
ZSTEO148
ZSTE0149
ZSTEO150
ZSTEO151
ZSTEO152
2STEO153
ISTEO154
ZSTEO155
7STF0156
ZSTEO157
ZSTEO158
ZSTE0159
ZSTEO160
ISTEO161
7STEO162
ZSTEO163
ZSTEO164
ZSTE0165
ISTEO166
ZSTEO167
ZSTEO168
ISTE0169

25TGO0OO1
ZSTGOCO2
2STG0003
ZSTGOOO4
2STG0OO0S
Z1STGOO06
ZSTGOOO07
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SUBROUTINE THRUST

SUBRDUTINE THRUST SUPPLIES THE THRUST DIRECTION FOR
BOTH THE VERTICAL RISE PORTION AND ZERO ANGLE-UOF-ATTACK
PORTION 0OF THE BOOSTER PHASE AND THE ACCELERATIONS FOR
BROTH OF THESE PORTIONS.

COMMON /ATABLE/CME(8000)
COMMON /CSTAR/ CMA{1000),CMB(1000)

DIMENSION COMPA (3 }oDRAG (3 ) FORCE (3 )
DIMENSION H (5 }4BBLAT (3 )oRB (5 )
DIMENSTON UF (5 ) s UH (5 ) s UN (3 )
DIMENSTON UT (3 )L UVATM (5 )o VATM (5 )
EQUIVALENCE (COMPA ,CMA(783)),(DRAG LCMA(T77))4+(FORCF L,CMA(T774))
EQUIVALENCE (G +CMA(T716)), (IMODF ,CMB(061)),(DOBLAT ,CMA(T780))
EQUIVALENCE (PUSH 4CMA(751)),4(RB yCMA(T754) ) 4 (UN +CME(022))
EQUIVALENCE (UT yCMA(B00) ) o (VATM  4CMA(764) ), (WEIGHT,CMA(402))

TDPMAG=PUSH/WEIGHT*G
IF(IMODE.EQ.Y) GO TO 2

VERTICAL RISE SECTION

THE THRUST IS ALLIGNFD PARALLEL TO UT WHERE UT IS A UNIT
VECTOR IN THE DIRECTION OF THF LAUNCH RADIUS VECTOR.

PO 1 J=1,3

FORCE(J)=TDPMAG*UT(J)

GO TO 5
ZERD ANGLE-OF-ATTACK SECTION

DURING THIS PORTION OF THE BONOSTER, THE THRUST VECTOR 1S
ALLIGNED SUCH THAT IT IS PARALLEL TO THE AZIMUTH PLANE
AND THF ANGLE BETWEEN THFE RELATIVE VELOCITY VECTOR AND THE
PROJECTION OF THE THRUST VECTUR INTO THF RADTUS-RELATIVF
VELOCITY PLANME IS ZERO.

CALL CONVT (RByVATM,H)

DD 3 4 = 1,3

UH(J)=H(J)/H(5)

UVATM(J)=VATM(J)/VATM(S)

UHDOTW=DOT (UH,UN)

UVATMW=DOT (UVATM,UN)

DENOM=SORT (UVATMUW=*2+UHDOTWH*32 )

DO &4 J = 1,3

UF{J)=(UHDOTWHUVATM(J)~UVATMWRUH(J) ) /DENOM
FORCE(J)=TDPMAG*UF(J)

N 6 J=1,3

COMPA(J)=0BLAT(J}+FORCE(J)I+DRAG(J)

RETURN

END

ZTHROOO1L1
ZTHROOO2
ZTHROO0O03
ZTHROO04
ZTHROOOS
ZTHROOO06
ZTHROOO7
ZTHRO0O08
ZTHROO009
ZTHROO10
ZTHROO11
ZTHROO12
ZTHRO0OO013
ZTHROO14
ZTHROO15
ZTHROO16
ZTHROO17
ZTHROO1R
ZTHROO19
ZTHR0O020
ZTHROO21
ZTHRO0O022
ZTHRO023
ZTHROO024
ZTHRO025
ZTHROO26
LTHROO27
ZTHROO28
ZTHROO029
ZTHROO030
ZTHROO031
ZTHROO32
ZTHROO33
ZTHRO0O34
ZTHROO35
ZTHROO36
ZTHROO37
ZTHROO38
ZTHRO039
ZTHRO040
ZTHRQO41
ZTHRO042
ZTHRO043
ZTHROO44
ZTHROO45
ZTHROO46
ZTHROO047
ZTHRQO48
ZTHRO049
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SUBROUTINE TUDES ZTUDOO0O01
ZTUN0002

SUBROUTINE TUDES CONVERTS LATITUDE, LONGITUDE, AZIMUTH, ZTUDO003
ELEVATION ANGLE, AND RELATIVE VFLOCITY INTO RECTANGULAR ZTUNO0O4
COORDINATES. ZTUDO0005
ZTUDOGO6

COMMON /CSTAR/ CMA{1000),CMB(1000) ZTUDOOO7
COMMON /ATABLE/ CME(8000) ZTUNO008
NDIMENSTON ANGLEB (4 ) s ANGLES( 4 }»COSA (4 ) ZTybDo009
DIMENSTION SINA (4 } s UN (3 )L UT (3 ) ZTunhoolo
DIMFNSION XPRIM (100,2 ) FARVINIVIOR )
EQUIVALENCE (A sCME(004)) 4 (ALT +yCME(005) ), (ANGLEB,CME(025)) ZTUDOO12
EQUIVALENCE (ANGLES,CMA(7R86)),(B »CMA(B14)),(ELEV  L,CMA(79Q0)) ZTUDOOL13
EOUIVALENCE (GM yCMA(715)), (IMODE +CMB(0O61)),(0OBLATJ,CMA(B18)) ZTUDOO14
EQUIVALENCE (OBLATN,CMA(815))4(RADIUS,CME(OL3}),4(REVOLV,CMA(799)) ZTUDOOL15
EQUIVALENCE (RMASS LCMA(003))4(SINA LHCMA(791)),(TKTIME,CMA(B04)) ZTUDOOLlE
EQUIVALENCE (UN +CME(Q22) ), (UIT yCMA{(800} ), (VEL +CME(OOL}) ZTUDOOLT
EQUIVALENCE (XPRIM ,CMA(OO1)) ZTUN00LS8
DOUBLE PRECISION XPRIM ZTUDOO019
NATA RADDEG/57.2957795/ ZTUD0020
VEL1=VEL ZTUDo0021
IF{IMODE.NE.O) GO TO 2 ZTUpoo22
DO 1 1 = 1,4 ZTuD0023
Z7UD0024

ANGLES (1) ANGLEB(1) LATITUDE Z7UD0025
ANGLES(2) ANGLEB(2) LONGITUDE ZTUDOO26
ANGLES(3) ANGLEB(3) AZ IMUTH HEADING ZTuD0027
ANGLES (4} ANGLEB (4 ) ELEVATION ANGLE 2TUbo028
ZTubo029

ANGLEB(T)=ANGLES(TI) 27TUDOGO30
DO 3 1 = 144 ZTUDO031
SINA(T)=SIN(ANGLEB(1)/RADDEG) 27TUD0032
COSA(T)=COS(ANGLEB(I)/RADDEG) Z7UD0O033
2ZTUD0034

COMPUTE X4.YsZ COMPOUNENTS ZTUDOO35
XPRIM(6,1)=DBLE(COSA(2):*COSA(1}*RADIUS) 2TUDO0036
XPRIM(7,1)=DBLE(SINA(2)*COSA(1)*RADTUS) 27UD0037
XPRIM(B8,1)=DBLE{SINA{1)}*RADIUS) ZTUDOO38
IF (IMODE.NE.O} GO TO 4 ZTUDOO039
ZTUD0040

STORE NORMAL TO AZIMUTH PLANE AT LAUNCH ZTUDOO41
UN(L1)=SINA{2)*COSA(3)-COSA(2)*SINA(L)}*SINA(3) ZTUD0042
UN(2)==SINA(2)%=SINA(L)*SINA(3)-COSA(2)*COSA(3) Z7UD0O043
UN(3)=COSA(1)*SINA(3) ZTUDO044
ZTUD0045

ZTUD0046

STORE UNIT VECTOR IN THE LAUNCH RADIUS DIRECTION 27TUD0047
UT(1)=COSA(2)*COSA(1) Z7UD0048
UT(2)=SINA(2)%*COSA(1) ZTUDb0049
UT(3)=SINA(1)} ZTUD0OO0O50
ZTUDOOS51

COS1 = COSA(1)%SINA(4)-COSA(4)*COSA(3)*SINA(L) ZTUN0052
C0S2 = COSA(4)*SINA(3) ZTUD0O053
ZTUDOOS4

COMPUTE XDOT, YDOT, AND ZDOT,. ZTUDOO55
XPRIM(3,1)=DRLE(VEL1I*(COS1*COSA(2)~-CNS2#SINA(2)})}-SNGL(XPRIM(T7,1))*ZTUDOOS6
1REVOLV) ZTUD0057
XPRIM(4,1)=DBLE(VEL1*{COS1*SINA(2)+C0OS2%COSA(2))+SNGL{XPRIM(6,1))*ZTUDOOS8
1REVOLV) 7TUDOOSS
XPRIM(5,1)=DBLE{VEL1*(SINA(L1)*SINA(4)+COSA(1)*COSA(3)*C0OSA(4))) ZTUN0060
ZTUD0061

RETURN ZTUND0062
END ZTUD0063
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SUBRUOUTINE XOLOAD

ZX0L00O01

ZX0L0002

SURROUTINE XOLOAD DETFRMINES WHICH PHASES ARE TO BE OPTIMIZEDZXOL0003
INTERNALLY BY TERMINATING A PHASE IN THE COAST SUBROUOUTINE AND ZX0L0004
WHICH PHASES ARE T0O BE OPTIMIZED EXTERNALLY BY ITERATING ON THE ZX0L0005
PHASE DURATION IN THE NEWTON-RAPHSON SCHEME. ZX0L0006
THE FIRST PART OF THE PROBLEM IS TO DETERMINE THE EQUATICGNS ZXO0L0OOO7

TO BE SATISFIED IN ORDER TO DETERMINE THE OPTIMALLY PHASED ZX0Looos8
VEHICLF., THFSE EQUATIONS ARF OFTEN EVALUATED AT THE INTERMEDIATE ZX0L0O009
PHASING POINTS AND XOLOAD DETERMINFS WHERE THE EOQUATIONS TO ZX0Loo10
DETERMINE OPTIMUM PHASING ARE TO BE FOUND o AFTER THIS IS ZX0Loo11l
DETERMINED, THE ROUTINE PROPERLY ASSIGNS SOMF EQUATIONS TO BE ZX0L0012
SATISFIED BY COAST AND OTHERS TO THE NEWTON-RAPHSON SCHEMF, THE Zx0L0013
NUMBER LEFT TO THE NEWTON-RAPHSON SCHEME DETERMINES THE SIZE ZX0L0014
OF THE ITERATION LOGP REQUIRED. ZX0L0015
ZX0LO0016

COMMON /CSTAR/ CMA(1000),CMB(1000) Zx0L0017
DIMENSION FUEL (6 )+ FYD (5 ) IDATA (6 L5 ) ZX0Loois
DIMENSION JCOAST(6 Yo JFINAL(S ) o NOPT (6 ) Zx0L0019
DIMENSION NTB (4 )}, PROP (6 ), TB (6 } ZX0L0020
DIMENSION THRUST(6 } 9 XO (6 +5 ) ZX0Lo021
FQUIVALENCE (CONM  4CMA(717)),(CONN LCMA(T718)),(CPA +CMA(T719)) ZXOL0O02?
EQUIVALENCE (ENERGY,CMA(892)),(FIXDTK,CMB(OT71)),(FM +CMA(T715)) ZXDLO023
EQUIVALENCE (FUEL LCMA(B71)),4(FYD +CMB(036) ), (IDATA L,CMB(086)) ZXOLOD24
EQUIVALENCE (ITER 4CMB{0O68))4(ITERAN,CME(067))4(ITFRP 4CMB{069)) ZX0OLOO25
EFQUIVALENCE (ITERPDLCMB(060)),(JCOAST,CMB(130)}),(JFINAL,CMB(136)) ZXDLO026
EQUIVALENCE (LAST LCMA(890)),(NCUTE 4CMA(893)),(NFINAL,CMA(BT9})) 7XOLO0D27
EQUIVALENCE (NOPT LCMA(819)),(NDOPTA ,CMB(OT70)}), (NTB yCMR(116)) ZXOLOO28
EQUIVALENCE (PROP LCMA(849)),(PSIDO ,CMA(882)),(PSIO LCMA(RBL)) ZXOLOD29
EQUIVALENCE (TB +CMA(825) ), (THRUST,CMA(831)), (TKICK L,CMB(059)) ZXOL0OO30
EQUIVALENCE (XO +CMB(001)) ZX0L0031
INTEGFR FIXDTK ZX0L0032
ZX0L0033

ITERPD = 1 FIXED KICK ANGLFE ZX0L0034
ITERPD = O OPTIMIZED KICK ANGLE ZX0L0035
ZX0L0036

COMPUTF CONVERSION FACTOR FOR PRESSURE IN ATMUS ZX0L0037
CPA=9.80665*CONN/CONMX2 ZX0L0038
ZX0LO039

PLAGCE PSIDO IN THE PERTURBATION ARRAY (X0) ZX0L0040
X0{(1,1)=PSIDO ZX0L0041
LX0L0042

ZX0L0043

INITIALIZATIONS ZX0L0044
FIXDTK=3 ZX0L0045
DO 1 J = 1,6 ZX0L0046
JCOAST(J)=0 ZX0Loo47
JFINAL(J)=0 ZX0L0048
FUEL(J)=0.0 ZX0L0049
DO 1 K = 145 Z2X0L0050
IDATA(J,K)=0 ZX0L0O051
FIXDTK = 1 TIMPLIES THAT THF KICK ANGLE (TKICK) AND THE BODSTER ZX0L0052
PHASE DURATIONS ARE FIXED AND THEN ONLY ONE BOOSTER NEED BF RUN, ZX0LO0053
IF(ITERPD.EQ L ANDGNOPT(1),EQ.0) FIXDTK=1 ZX0OL0054
ZX0L0055

NCUTE=0
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NOPTA=0
ITERAD=2
ITER=0
KA=2

DETERMINE NUMBER OF PHASES AND SET LAST 7O THAT NUMBER.
NG 2 LAST=1,6
IF(TB(LAST+1).EQ.0.0) GO TO 3

DETERMINE THE NUMBER OF CRITERIA (FIXED TIME AND EQUATIONS) .
AVAILABLE FOR TERMINATING EACH PHASE. ALSO DETERMINE WHETHER A
PHASE IS POUWERED. NOTE THAT ONE EQUATON IS EXCLUDEND FOR THE
FIRST OPTIMIZED PHASE.

J = 2 REFERS TO FIRST UPPER PHASE

DO 6 J = 1,LAST

IF PHASE IS UNPOWERED, PUT 1 IN IDATA(J,5).
TF(THRUST(J).EQ.0.0) IDATA(J,5)=1

IFINOPT(J) «NE.O) GU TO 4

IF PHASE DURATION IS FIXEDy PUT 1 IN IDATA{J,1)
I0ATA(J,1)=1

GO TO 6

SET NOPTA EQUAL TO FIRST OPTIMIZED PHASE
IF(NOPTALEQ.O) NOPTA=J

IF(NOPTALEQ.d) GO TO 6
IF(PROP(J)EQ.0.0) GO TO 5

IF PHASE J IS OPTIMIZED AND IT IS NOT THE FIRST OPTIMIZED PHASE

ZX0L0056
ZX0L0057
ZX0L0058
ZX0L0059
ZX0L0060
2Xx0L0061
ZX0L0062
ZX0L0063
ZX0OLO064
ZX0L0065
ZX0L0066
ZX0L0067
ZX0L0068
ZX0L0069
ZX0L0070
ZX0L0071
ZX0L0072
ZX0LO0073
ZXDLOOT74
ZX0L0075
ZX0L0076
ZX0L0077
ZX0L0078
ZX0L0079
ZX0L0080
ZX0L0081
ZX0L0082
ZX0L0083
ZX0L0084
Z2X0L0085
ZX0L0086
2X0L0087
2X0L0088
ZX0L0089

AND THE PROPELLANT FRACTION IS NOT EOQUAL T0O ZERO, SET IDATA(J,2)=1ZX0L0090

IDATA(J,2)=1
GO TO 6

IF PHASE J IS OPTIMIZED AND IT IS NOT THE FIRST OPTIMIZED PHASE
AND THE PROPELLANT FRACTION IS EQUAL TO ZERO, SET IDATA(J-1,3)=1
IDATA(J-1,3)=1

CONTINUE

DO 7 J = 1,LAST

IDATA(I+4)=IDATA(J,L)I+IDATA(J,2)+IDATA(J,3)

IF(IDATA(1,1).EQ.1) GO TOD 10
IF(IDATA(1,3).EQ.1) GO TO 8
ITER=1

X0(1,3)=T8(1)

NTB(1)=1

GO 7O 10
IF(ITERPD,EQ.O0) GO TO 9

PLACE BOOSTER DURATION IN EXTERNAL ITERATION. THE PROPELLANT
SENSITIVE FRACTION FOR THE SECOND PHASE IS NON-ZFERO. SET ITFRAD
TO 3 SUCH THAT PSI0O IS CHOSEN UTILIZING EQUATIUN R9 AND B10O FROM
PAYLOAD OPTIMIZAION OF MULTISTAGE VEHICLFS (NASA TN-3191). THE

ZX0L0091
ZX0L0092
ZX0L0093
ZX0L0094
ZX0L0095
ZX0L0096
Z2X0L0097
ZX0L0098
ZX0L0099
ZX0L0100
ZX0L0101
ZX0L0102
ZX0L0103
ZX0L0104
2X0L0105
ZX0L0106
Z2Xx0Lo107
ZX0L0108
ZX0L0109
ZX0L0110
ZXx0L0111
ZX0L0112
ZX0L0113
ZX0L0114
ZX0L0o115
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10

11

12

13

14

15
16

KICK ANGLE IS FIXFD. ZX0L0116
X0(1,52)=TB(1) ZX0Lo1lv
NTR(1)=1 ZX0L0118
KA=1 ZX0L0119
ITER=1 Zx0L0120
ITERAD=3 Zx0oLo1iz1

ZXx0Lo0122
GO TO 12 ZX0L0123

ZX0LO0124
KICK ANGLE IS PLACED IN ITERATION (STATEMENT 11). THE BOOSTER Zx0L0125
DURATION IS DETERMINED IN START USING THE METHOD UNDER Bl4 ON Zx0L0126
PAGE 40 UOF THE ABOVE MENTIONED REPORT. ZX0L0127
ITERAD=1 ZX01L0128

Z2X0Lo0129
GO TO 11 ZX0L0130
IF(ITERPD.EQ.0) GO TO 11 ZX0L0131

ZXx0L0132

2X0L0133
PLACE PSIO IN THE EXTERMAL ITERATION, ZX0L 0134
X0(1,2)=PSIO ZX0L0135

ZX0L0136
GO T0 12 ZXx0L0137

ZX0L0138
PLACE KICK ANGLE (TKICK) IN THF PERTUHRBATION ARRAY (XO) ZX0L0139
X0(1,2)=TKICK ZX0L0140

ZX0L0141
IF ONMLY TWO PHASES ARF CONSIDERFD, THFEN THE NEXT SECTION MAY BE ZX0L0142
SKIPPFD. ZX0L0143
TF(LAST.ED.2) GO TO 14 ZX0LO0144

ZX0L0145
LAST1=LAST-1 ZX0L0146
NO 13 J=2,LAST1 ZX0L0147

ZX0L0148
IF IDATA(J,4) IS NOT EQUAL TO ZFRO AND THE JTH. PHASE IS NOT FIXEDZIXOLO149
THEN AN INTERNAL OPTIMIZATIUN EQUATIONM EXISTS AND THE PHASF ZX0L0150
DURATION MAY BE DETFRMINED IN COAST (SEE CUAST). OTHERWISF, ZX0L0151
PHASE DURATION MUST BE A PART OF THE EXTERNAL ITFRATION, ZX0L0152
IF(IDATA(Js4).NEL.U) GU TO 13 ZX0L0153

ZX0L0154
PLACE THUOSE PHASE DURATIONS WHICH MAY NOT BE TERMINATED 2X0L0155
INTERNALLY IN THE FXTERNAL TTERATION, ZX0L0156
ITER=ITER+1 ZX0Lo1s7
K = ITER+KA ZX0L0158
XO0(14K)=TB(J) ZX0L0159
NTB(ITER)=J ZX0L0160
CONTINUE ZX0L0161

ZX0L0162

ZX0L0163

AT SOME PHASING POINTS TWN EQUATIONS MUST BF SATISFIED., WHEN THISZXOLOl64
OCCURS,s THE PHASING POINT MAY BF DETERMINED INTERNALLY WITH ONE OFZX0OLO165
THESE FOUATONS AND THF OTHFR MUST BF SATISFIED AS ONE OF THE FINALZXOLOl66

CONDITIONS. ZX0L0167
THE JFINAL(J) AND JCOAST(J) ARF FLAGS FNR USE IN FINAL AND COAST ZX0LO1é68
ENABLING THEM TO EVALUATE THE PROPER EQUATIUN. ZX0L0169
PO 21 J = 1,LAST ZX0L0170
IF(INATA(J,4)-1) 21,415,418 ZX0L0171
IF(IDATA(J,1).EQ.]1) GO TO 21 ZX0LO0172
IF(IDATA(J,2).EQ.1) GO TD 17 ZX0L0173
JCOAST(J)=2 IX0L0174
Gl TGO 21 ZX0L0175
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JCOAST(J) =1

Gt} TO 21

IF(INATA(J,3).EQ.1) GO TO 19
JEINAL(J) =2

GO TO 20

JEINAL(J)}=1
IF(IDATA(J,1).FO.0) GO TO 16
CONTINUE

IF THERE IS N0 EQUATIUN TO TERMINATE THE LAST PHASE, THE LAST
PHASE 1S TERMINATED AT THE PROPER ENERGY (NCUTE = 1)
IF(IDATA(LAST+4).EQ.0) NCUTE=1

IF THE OPTIMUM PSI(O IS FOUND IN START, THE ITERATION LOOP SIZE
(ITERP) IS DECREASED BY ONE.

ITERP=ITER

IF(ITERAD.EQ.3) ITFRP=ITERP-1

IF(NFINALJNEL.1) GO TO 23
IF(ENERGY.NE.0O.,0) GO TO 23

CALCULATE ENERGY

FYp(1) RADIUS

FYD(t2) RADIAL VELOCITY

FYND(3) ANGULAR VELOCITY
ENERGY=(FYD(2)*%2+FYD(3)*%2%FYD(1)%*%2)/2.0-FM/FYD(1)

ITF(JCOAST(LAST) «NF.1)} RETURN
JCOAST(LAST) =0
JEINAL(LAST)=2

NCUTE=1

RETURN

END

FUNCTION ZMIN (PERM4N)

FUNCTIOUN ZMIN COMPUTES ANY VARIABLE ZMIN SUCH THAT ZMIN
EQUALS THE SMALLEST MEMBER OF THE FIRST N MEMBERS OF THE
PERM ARRAY.

DIMENSTON PERM(6),TEMP(6)

DO 1 J = 1,N

TEMP(J)=PERM(J)

DO 2 J = 2,N
TF{TEMP(J~1).GE.TEMP(J)) GO TO 2
TEMP(J)=TEMP(J-1)

CONTINUE

ZMIN=TEMP (N)

RETURN

END

ZX0LO0176
ZX0L0177
2X0Lo178
ZXNL0179
ZX0L0180
ZX0L0181
Z2X0L0182
ZX0L0183
ZXOL0184
Zx0L0185
2X0Lo186
ZxoLo187
Z2x0L0188
ZX0L0189
ZX0L0190
ZXx0L0191
ZX0L0192
ZX0L0193
ZX0LO0O194
ZX0L0195
ZX0L0196
ZX0L0197
2X0L0198
ZX0L0199
ZX0L0200
ZXx0L0201
Z2XNL0202
ZX0L0203
ZXOLO204
ZX0L0205
ZX0L0206
ZX0L0207
ZX0L0208

Z7MI0001
ZZM10002
ZZMI0003
Z2ZMI0004
ZZMI0005
ZZMTI0006
Z7M10007
ZZM10008
ZZMI0009
ZZM10010
ZZMIO0011
ZZM10012
ZZMI0013
ZZMI0014
ZZMI0015
Z2ZM10016
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