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Abstract

This manual is a guide for using a computer program which
calculates time optimal trajectories for high-and low-thrust geocentric
transfers. Either SEP or NEP may be assumed and a one or two
impulse, fixed total AV, initial high thrust phase may be included,
Also a single impulse of specified AV may be included after the low
thrust state. The low thrust phase utilizes equinoctial orbital elements
to avoid the classical singularities and Kryloff- Boguliuboff averaging
to help insure more rapid computation time,

The program is written in Fortran IV in double precision for use
onan IBM 360 computer. The manual includes a description of the
problem treated, input/output information, examples of runs, and

source code listings.
The NEP computer program is called NECKSPOT (Nuclear

Electric Control Knob Setting Program for Optimal Trajectories)
and the SEP program is called SECKSPOT.
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SECTION I
DISCUSSION

I.1 Objective

This computer program is designed to rapidly compute minimum
time geocentric transfers for combinations of high thrust and low
thrust stages. The most general configuration treated by the program
contains three stages. The first stage is a high thrust stage such as
a space tug, the second stage is a nuclear electric (NEP) or solar
electric propulsion (SEP) low thrust stage and the final stage is a
high thrust stage which accelerates a fixed payload. Either or both
of the high thrust stages may be eliminated.

For a three stage case, the program operates in the following
manner. The vehicle is assumed to start in a low altitr de circular
orbit, This orbit has a specified altitude and inclination and an
optimized line of nodes. The first stage then performs a minimum- fuel
time-open transfer to an optimized changeover orbit, This transfer
is assumed to use a fixed AV and may involve either one or two impulses,
All perturbations to the inverse square field are neglected in this
phase. The second stage then performs a minimum-time low thrust
transfer to a second optimized changeover orbit, This transfer is
calculated by Kryloff-Bogoliuboff averaging and includes the effects
of oblateness, If solar electric propulsion is used, the program
may also calculate the effects of shadowing, radiation degradation,
and the varying solar distance. The third stage then makes a minimum
fuel, single impulse transfer through a fixed AV to the final orbit,

This final orbit has a specified major axis, eccentricity and inclination,
Its line of nodes and line of apsides are optimized. The overall
trajectory is a minimum time trajectory for specified AV increments

in the high thrust phases.

In addition to the three stage case, the program can be run
using purely low thrust or usi' ‘ow thrust with either initial or
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final impulses. For pure low thrust, the final line of nodes and
line of apsides may also be specified as well as major axis, eccentricity

and inclination,

1.2 Solution Method

A more thorough discussion will be found in the final report
(Ref. 1), In addition the low thrust optimization technique has been
previously described (Ref. 2), The basic technique is Kryloff- Bogoliuboff
averaging (Ref. 3) of both the state and the costate, The averaged
rates of change of the mean values of the state and costate are found
by numerical quadrature, The differential equations for the mean
state and costate may then be integrated in large time steps (typically
days). A set of nonsingular orbit elements, the equinoctial elements

(Ref, 4),is used to avoid numerical difficulties,

The effect of oblateness is included by analytically adding its
rate of change of the mean state and costate to that due to thrust,
The effects « " shadowing are calculated by assuming that thrust is
turned off in shadow, The shadow entrance and exit times are
calculated analytically by solving a quartic equation, The effects
of radiation degradation are calculated by fitting an equivalent 1
MEYV electron flux as a function of radius and geomagnetic latitude,
The power is then expressed as a function of the total accumulated
particle fluence, As for all perturbations, the effect of radiation
degradation on the costate as well as the state is calculated.

The first stage high thrust optimization is based on a very
efficient computer program developed by Huntington Small (Ref, 5, 6).
This program uses a special set of variables and form of the switching
conditions developed by Small, Because the initial orbit is circular,
it was possible to use an existing analysis (Ref, 7) to constrain the
initial costate to the region that yields solutions, This program rapidly

calculates either one or two impulse minimum-fuel time-open trajectories,
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Because these transfers always require less than a full revolution,
their time is negligible compared to the low thrust phase and is not
considered.

The third stage high thrust program applies a single impulse
in the direction of the primer vector at the location of its maximum
value on the final orbit of the low thrust phase, This produces an

optimum single impulse transfer to the terminal state.

The overall trajectory is optimized by a shooting method.

Initial values of the unspecified states and costates or functions

thereof are chosen at the initial time. An optimum high and low thrust

trajectory is then generated by integrating the state and costate
through all three stages. This will generate an optimal trajectory
to the wrong terminal state, A sensitivity matrix is then geverated
by varying the initial conditions and running a set of neighboring
trajectories, A Newton iteration on the inutial conditions is then
used to drive the terminal errors to within specified bounds. The
final converged trajectory is then a minimum time trajectory for
the specified velocity increments in the high thrust phases,

The NEP program and the SEP program have separate blocks
of certain subprograms, while also sharing several others. The
state for NEP includes the orbital elements while for SEP, mass and
fluence are also included in the state,

I.3 Equinoctal Orui.ail klements

The low thrust trajectory calculations are done in equinoctial
coordinates (Ref, 4). When trajectory information is printed both
classical and equinoctial elements are included. The costate includes
the adjoints to the equinoctial orbital elements, Adjoints to the

classical elements are generally not calculated or printed.

The equinoctial orbital elements are defined in terms of
the clagsical elements by the following equations.
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where a is the semimajor axis (in the program output the equinoctial

a is usually given in earth radii and the classical a in kilometers), e

is the eccentricity, i is the inclination, Q is the longitude of the ascending
node, and w is the argument of perigee. The classical elements

are in terms of an earth equatorial coordinate system with the x

axis toward the vernal equinox and the z axis through the N pole.

The equinoctial coordinate frame is defined by unit vectors }_‘,

g, W illustrated in Fig. 1. a2nd defined by

]_p2+q2~

- 1 2pq
1+p2+q2 -2p 3
2pqg ]
. 2 2
g = 1 1+p -g
1+p°+ g 29

2p

W= 1 -2q
1+p2+q2 l-pz-qz

Th.e position in an orbit can be indicated by the eccentric

iongitude, ¥, where
F=E+w+Q,

and where E is the classical eccentric anomaly.
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I. 4 Options

The options listed here involve those associated with the physical
problem considered, i,e. the nature of the trajectory and orbits,
the propulsion system, and physical effects which may be included,
and not the options involving variations in the numerical computation
techniques, The latter are indicated by the listing of the input variables
(Sec. IV) and the comments on their selection in Sec, VI,

1) Low thrust may be SEP or NEP, The decks are slightly different.

2) Initial high th: .st may be used with SEP or NEP. Total AV
for the initial high thrust is an input.

3) A final impulse may be included; the AV is an input,

4) Either a, e, i, , w or just a, e, i may be specified at the
final time, If high thrust is included the final 2 and w are

free.

5) If there is no initial high thrust, the a, e, i, Q, w for the
initial orbit are input. If initial high thrust is included, the
initial orbit must be circular; the initial Q may be selected
(with SEP, NEP) or left free (for SEP),

6) Initial power may be selected.
7) Specific impulse may be selected.
3) Initial mass may be selected,

9) Oblateness effect may be included or not included,

10) For NEP, power may be constant or may degrade exponentially

with a user supplied time constant,

11) For SEP, tu- effect of Van Allen radiation on power output
may be inclulud or power may be constant (the latter was
included mainly for test purposes),




12)

13)

14)
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A value for hnusekeeping power may be included,

For SEP, the shadow effect may be included or not,

For SEP, power inay vary with spacecraft distince from the sun, '

or else the distance may be assumed to be constant at ' A, U.
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SECTION I1
THE PROGRRAM DECK

There are three blocks of subprograms, one to. WEP, one
for SEP and a block of subprograms which both NEP :ind SE'P have
i common. High thrust may be used in combination with either NEP
or SEP. The SEP program includes additional state and costate
variables and has several more subprograms than the NEP deck,
because of the shadowing and degradation effects. Thus size and run
time is considerably greater for the SEP deck.

The program is coded in Fortran IV in double precision for
use on an IBM 360 computer and has been compiled using a G compiler,
Following is a list of subprograms with a brief description for
whic* the SEP a: 1 the NEP decks have separate versions, but which
perform essentially the same function.

INPUT, reads and prints input data, sets initial condiiions
OUTPC, prints summary cf converged trajectory characteristics

ITER, either the Newton-Raphson or Modified Newtori- Rapbson

iterator
PRTN, prints information at each iteration of ITER
DCROUT, essentially inverts a matrix

TRAJ, calculates a single trajectory by calling the high thrust
subroutines and the low thrust differential equation
integrator, then calculates error vector

OUTP, prints information at each time step of low thrust integraior

FUNCT, calcula‘~s low thrust aver _ed derivative for integrator
The following subprograms are shared by the NEP and SEP dezks,

OBLATE, .ilculates single averaged effect of oblateness
on state and costate

QUAD, either 4, 8, 16 or 32 point vector gaussian quadrature




FCT, EVALMP, calculate the derivative due to thrust for
state and costate before averaging

MAINE, the main calling program for the initial high thrust
calculation

START, called by MAINE, sets initial values of S array
TIME, iterates onp & V to satisfy Small's optimality condition
SWITCH, computes the coast angle

DTDU, updates the S array after an impulse or a coast

OUTHI, prints initial high thrust orbit characteristics, also an

interface with following low thrust phase

IMPLS, calculates effect of a sirgle final impulse

LR N o

YF, calculates primer vector for IMPLS

CONTL, main controlling and calling program for SEP
and NEP decks

—

MAINE, START, TIME, DTDU are taken directly from Small's
thesis (Ref. 5). MAINE was altered slightly, the other subprograms

-

—
-

have not been changed at all, For fu:ther information and discussion
concerning these subprograms see Ref, 5,

4
]

The following subprograms are only part of the SEP deck.

e s - b s o o g
.

EARTH, sets certain constants associated with the earth
rotation, revolution and magnetic field

SUN, calculates sun's direction and magnetic field orientation

SHADOW, calculates shadow entrance and exit angles (if any)

o e e

and certain associated partial derivatives

R e ”_,‘-? e

DQRTIC, solves a quartic equation
LCUBIC, solves a cubic equation

FLUX, calculates flux effect on state and costate

c- ey —vkw--‘g-.——v:'
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In addition to the above subprograms, the IBM Scientific Sub-
routine Package Runga- Kutta (DRKGS) or Predictor-Corrector
(DHPCQG) integrators are required (Ref, 8) A chart showing the relation

between the various subprograms is shown in Fig, II-1 for the NEP f
deck and in Fig, 1I-2 for the SEP decks. An overall flowchart and
, flowcharts of some of the main calculations are given in Appendix A, ?
Additional detail on the above subprograms is given in the -
final report.
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SECTION III

CONSTANTS AND CONVERSIONS
The following are some constants and initial values which are
assumed,
equatorial earth radius = 6378.16 km (Ref, 9)
earth gravitation coefficient = 398601, 2km3/sec2 (Ref, 9)

oblateness J2 = ,0010827 (Ref, 9)

Earth's orbital elements (epoch JD=2436935.0) (Ref. 10)

a=1A,0,
e = ,016726
w= 102925253

mean orbital motion = , 985609° /day (Ref, 10)
obliquity of ecliptic = 23245 (Ref. 10)

earth rotational frequency = 35920170416/day (Ref. 10)
Latitude of north magnetic pole = 78°6 (Ref, 11)
Longitude of north magnetic pole = 289%9 (Ref. 11)

Internal units are in equatorial earth radii, 103kg. , and internal

time units calculated such that a circular orbit at 1 earth radii would
have a period of 2 7 internal time units, In this system of units the
gravitational coefficient, u = 1, Other conversions can be derived

from these basic equivalences. For example,

units to seconds = 806, 8147206095579
units to days = ,0093381333403884
units to kilowatts = 77458, 55283702227
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SECTION 1V x
INPUT 1
g

T IV.1 Introduction

The quantities discussed in this section are all read by the

P
subprogram INPUT, Unless otherwise indicated each value is read
on a separate line, real variables in fixed format (F25, 15), integer

1 variables, beginning with i, j, k, 1, m, n are read in format, 12, -~
! The input for the NEP deck and the SEP deck are listed in this section

along with a brief description and nominal values, if any.

IV.2 Input for NEP Deck

Initial orbit characteristics,

Wt -

; wW(1) km, semimajor axis
W(2) eccentricity
W(3) (degrees), inclination }ﬂ
W(4) (degrees), longitude of ascending node, not used if initial ]

high thrust

W(5) (degrees), argument of perigee, not used if initial high thrust

Initial guesses for iteration parameters

Z1.0(1) Aa’ adjoint to semimajor axis or if initial high thrust the

transformed T (see Ref. 6)

Z1.0(2) Ah’ adjoint to orbital element h or if initial high thrust the
transformed Small variable k(see Eq. 6 of Ref, 6)

Z10(3) >‘k’ adjoint to orbital element k, or if initial high thrust,

the transformed Small variable j (see Eq, 6 of kef, 6)

Z1.0(4) '\p’ adjoint to orbital element p, or if initial high thrust the
scale factor relating high and low thrust costates

14
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Z1L.0(5)

The desired finai orbit

WF(1) (km), semimajor axis

WF(2) eccentricity

WF(3) (degrees), inclination

Aq’ adjoint to orbital element q, if initial high thrust, not used

WF(4) (degrees), longitude of ascending node, not used if NOP=2
WF(5) (degrees), argument of perigee, not used if NOP=2

TF2 (days), guess for final time

PKW (kw), electrical power including efficiency factor

SPIM (sec), specific impulse of NEP

AMO (kg), initial mass (NEP)

values,

The following input may be read or, optionally, left at nominal

IRDFLG is read followed by the additional input or operations

and then IRDFLG is again read, until IRDFLG = 01 and input is ended.

IRDFLG

1
2

3

O 0 -3 O U b

End of input
IPR, print flag

NIMAX, Max, no, of iterations
(if U, by pass iteration to print time
history)

TFMAX2, (days), max. TF

DT2, (days), time step for integrator
UEB, upper error bound for integrator
EW, Error weights (Format 5D6. 1)
UTKM, Equatorial earth radius

GM, (km3 /secz), earth grav,
coefficient

NOP = 1, five orbital elements specified
at TF, use only if IHI=1

= 2, tnree orbital elements
specified at TF

NOMINAL

20

190,

1,

1.D10
1.,1,,1,,1,,1,,90.,...
6378, 16

398601, 2

‘“
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11 Sets oblateness coeff, AJ2,=1,0827D-3 0.

12 STEP, Step size for numerical differentia-
tion in ITER 1.D-6
KSTEP = 0,STEP as fraction in ITER
= LLSTEP as constant in ITER
13 IPOW = 0, constant power 0

14 = 1,exponential degradation

BB, (sec), time constant for degradation
PH, (kw), housekeeping power if IPOW=1
14 EMPTY
15 THI

"

1, low thrust only 1
2, high/low
3, high/low/high
= 4, low/high
DVI1, (m/s), total initial high thrust AV
DVi2, (m/s), AV for final impulse
16 EMPTY
17 FLIM, Norm limit in ITER routine 1.D-6
18 SGN = -1, if initial X, is negative SIGN (WF(3) - W(3))

= +1, if initial Ai is positive

[ ]
*

Additional information concerning the mea.aing of these v riables

and suggestions in setting their values is given in Sec, VI.

IV.3 Input for SEP Deck

Initial orbit

w(1) (km) semi major axis

W(2) eccentricity

W(3) (degrees) inclination

W(4) (degrees) longitude of ascending node, not used if any high
thrust and NODZ=1

W(5) (degrees) argument of perigee, not used if any high thrust

W(6) (kg) mass at beginning of low thrust stage

W(7) (1014 equivalent IMEV electrons/cmz) initial fluence

16
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Initial guesses

Z1.0(1)

Z1.0(2)

Z1.0(3)

Z1.0(4)

Z1.0(5)

Z1.0(6)
Z1.0(7)

Aa’ adjoint to semi major axis or if initial high thrust the
transformed T (see Ref. 6)

A, , adjoint to orbital element h or if initial high thrust the
transformed Small variable k (see Eq, 6 of Ref. 6)

X, , adjoint to orbital element k, or if initial high thrust
tllfe transformed Small variable j (see Eq, 6 and Ref. 6)

A, adjoint to orbital element p, or if initial high thrust
tle scale factor relating high and low thrust costates

Ag, adjoint to orbital element q, or if initial high thrust,
the long. of node (radians) if NODE=0, or adjoint to long,
of node if NODE=1

X
AN’

adjoint to mass

adjoint to tluence

The desired final orbit

WF(1)
WF(2)
WF(3)
WE(4)
WF(5)

TF2
PKW
SPIM
TL

(km) semimajor axis

eccentricity

(deg) inclination

(deg), longitude of ascending node, not used if NOP=2
(deg), argument of perigee, not used if NOP=2

(days), guess for final time

(kw), electrical power at 1 A, U, including efficiency factor
(sec), specific impulse of SEP

Julian date at initial time

The following input may be read or, optionally, left at

nominal values, IRDFLG is read followed by the addition input or
operations and then IRDFLG is read again until IRDFL.G = 01 and
input is ended.

IRDFLG NOMINAL
1 End of Input
iPR print flag 0
NIMAX max, no, of iterations 20
(if 0, bypass iteration to print time
history)
4 TFMAX?2 (days), max, TF 190.

17
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DT2
UEB
EW
UTKM
GM

10 NOP

© O 3 OO O

(days), time step for integrator
upper error bound for integrator
error weights for integrator (7D6, 1)
equatorial earth radius (km)
(km3/sec2) earth grav, const,

=1, five orbital elements specified
at TF

use only if THI=1

=2, three orbital elements gpecified
at TF

11 Sets oblateness, AJ2, = 1,0827D-3

12 STEP
KSTEP
13 ISON
14 [SUN
PH
15 1IHI
DVI1
DVI2
NODE
16 TPOW
17 FLIM
18 SGN

step size for numerical differentiation

in ITER, 8 dim., eighth element for
time variation of Hamiltonian

={, step as i{raction in ITER

=1, step as constant in ITER
(except STEP (8))

=0, shadow effect off

=1, shadow effect on

=0, sun distance effect on power off
=1, effect on

(kw) housekeeping power

=1, low thrust only

=2, high/low

=3, high/low/high

=4, low/high

(m/s) total initial high thrust AV
(m/s) AV for final impulse

=0, initial line of nodes free, AQ fixed

=1, initial line of nodes fixed, AQ free

=0, constant power

=1, degradation effect

norm limit in iteration routine
= -1, if initial )\i is negative

= +1, if initial >‘i is positive

18

1,
1.D10

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

6378.16
398601, 2
1

0.
1.D-6

1.D-6

oN

SIGN (WF(3)-W(3))

e
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As coded at the time of this writing the following limitations exist,
For NEP and NOP=2 (final wand ( free), the final eccentricity and
inclination should r.ot be set to zero; they may be set to small numbers
(e.g. ez = .0001, i; = .01°), For NEP and initial high thrust,
the final inclination should not he set equal to the initial inclination.
This may also cause difficulties for SEP and initial high thrust. When
initial high thrust is included, Z1.0(1) and Z1.0(2) (i.e. T and j) should
not both be set to zero. Final inclination should not be set to 180°. At
this writing there has been little experience with inclination greater
than 90°. Also the coded equations are not valid for eccentricities

greater than or equal to one,

19
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SECTION V
OUTPUT

Most of the output is self-explanatory and a look at an example
will familiarize the user with it. There are certair basic groups of
output. The first is the printing of the read-in init.al data and a
few internally set constants. Normally this will be followed by output
from the iterator. After convergence, a summary of characteristics of
the converged trajectory is printed. Finally, a time history of the
converged trajectory will be printed. Usually, even if convergence was
unsvccessful, a time history of the last trajectory to be calculated will
be printed.

The printing of the initial data should be understandable. There

are a few abbreviations used.

A, semi-major axis
E, eccentricity
I, inclinatioa

LON ASC NODE, longitude of ascending node
ARG PERIG, argument of perigee

SPEC IMP, specific impulse

EXH VEL, exhaust velocity

M/S, meters /second

E.R./T.U.,, earth radii/time unit

UTKM, internal units to kilometers
UTS, internal units to seconds
UuTD, internal units to day-=

UTKG, internal units to kilograms
UTKW,, internal units to kilowatts
UTMS2, internal units to meters/se02

After the initial input print, the iteration begins, ’‘i’he iteration
number (ITER NO. ) and the total number of calls to TRAJ are printed
followed by X, the iteration parameters (Z1.0), then Y, the error in the final
conditions. The final conditions are the final values of a, h, k, p, g if
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NOP =1, or a, e,tan7 R AQ s Ay if NOP 2,Am, )n for SEP, and finally
the Hamiltonian. Then the final time (TF) is printed in internal units,
followed by, F(0, the sum of the squares of the errors in the final
conditions. For convergence this value must be less than FLIM, the

"norm limit in ITER", In order to calculat> the par-tial derivative

matrix or sensitivity matrix the nominal valu- "X" are changed
slightly by inputed amounts; these perturbec v . - of X (X{I) + DX(I)) are
next printed followed by the corresponding Y. che partial

derivative matrix is printed as well as its determinent. This matrix is
inverted and premultiplies the error vector to obtain the changes in the
X's, DELX:S, which are next printed.

A new trajectory is calculated and the sum of the squares of the
errors in the final conditions is printed (F1). If this is smaller than
F0, a new iteration begins; if it is larger than F0, the DELX:S are
halved and printed. This continues until F1 < 0 or until a certain number
of halvings. What follows depends on how well the method converges and
on whether the Newton-Raphson or modified Newton-Paphson subprogram
is used. Further output is basically permutations of the above, terminating

with convergence or a message indicating lack of success.

After exit from the iteration, a summary of characteristics of
the last trajectory (the optimal, if convergence was successful) is
printed. Included are the actual final orbital elements,the error in the
final orbital elements, the values for the iteration parameters, the
final time, the equivalent particles (fluence) in units of 1014 (for SEP),
the final mass, the ratio of final to initial mass, the final power, the
ratio of finai to initial power and the total low thrust AV(DELV).

Next is printed a time history of the finzl (optimal if convergence
was successful) trajectory. If NIMAX = 00, then a time history is printed
immediately following printing of the input data, bypassing the iteration
routine, and summary print. If the trajectory includes initial high thrust
impulses, the orbit number isprinted (ORBIT = ) followed by
"EQUINOCTIAL O.E., AND COSTATE/S.F. 1000", after which the
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equinoctial ortital elements (a, h, k, p, q) and the equinoctial costa‘e
divided by the scale factor x 1000, . hich relates the hi+h and low thrust
costates and is an iteration parameter, Following "CLASSICAL O. E. "
are printed the classical orbital elements (a(km), e, i (®), Q{°), w °)).
Also printed is the true anomaly at which the last impulse occurred,
and ¢, T and A V where the thrust direction is given by

B=sin¢eR+cos¢cosT«=I + cos;as‘n'reh

&

where R &1 Eh are unit vectors, ?-R along the rad.us vector, e

perpendicular to the orbit and e, = e _x e, (Ref, 1, § and 6).

Next is printed the low thrust trajectory time history at each
time step. First is printed TIME in various units, AV (DV(K/S)) in
kilometers/sec and the time step number are also printed. Next
is printed the equinoctial orbital elements (a, h, k, p, 1) and mass
(ll')3 kg) and fluence (1014 particles) if SEP, Then classical orbital
elements (a, e, i, Q, w) and mass (ky, power (kw), thirust (newtons),
and thrust acceleration (meters/sec2; Next is the costate, then the
state derivative, then the costate deriv ‘*ive and then the value of the
Hamiltonian, the period (hours), perigee and apogee (km) and the
divisions of the time step performed by the integrator, For SEP
with shadowing the time spent in shadow is printed in hours and as
a fraction of the period (if the orbit passed through shadow), This
print is repeated at each time step,

Finally, if a final impulse is included, equinoctial and classical
orbital elements are printed for the final orbit, as well as the
impulse directiow. and location in the equinoctial coordinate frame,

A number of error messages are scattered throv~u the code,
A few will be mentioned here., Several, in INPUT, c.ii attention to
bad input data, For bad input data following an IRDFLG value,
a message, IRDFLG = (number), is printed, In some cases additional
information is given, When shadowing is included, a message, ISHAD=1,
indicates that only one shadow crossing was found, This arises
from 3mall numerical inaccuracies in solving the quartic equation

and can usually be ignored,
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SECTION VI

COMMENTS ON INITIAL GUESSES AND OTHER PARAMETERS

Picking initial conditions is very important for running a program
such as this. Tlere are no built in values and the actual choices of
tt : user can greatly influence the rapidity of convergence or,
in some cases, if convergence occurs at all. As additional perturbations
are added to the basic most simple problem, solution becomes more
and more sensitive to the initial parameter choices, including those
parameters of subprograms which affect numerical accuracy such as the
integrator and its parameters (error bound, error weights, time step)
and quadrature formula (8, 16, 32 point), and step size in the calculation

of the numericaliy derived sensitivity matrix in the 2PBVP solutions.

The usual difficulty when looking at a new case will be picking
the initial values for the costate (when initial high thrust impulses are
included, some of the iteration parameters are functions cf the actual
costate) and the guess for the time of flight. Frequently ball-park values
for ‘hese paranieters will be known from previous similar cases, If
nothing is known abcut the likely values it may be 1ess costly to run a
simpler case(e.g.without shadowing or obiateness) and with less accuracy
(a lower point quadrature formula or a larger time step). However, if
numerical accuracy is ioo poor, convergence will be affected. The
converged values for such an example would then be input guesses for the

more complex and more accurate case.

A less accurate solution migat utilize a 8-point quadrature and
. . -4
time steps of t1om 2 to 6 days for low thrust accelerations of 10 ~ g's

with smaller steps for larger accelerations and vice/versa.

Previous experic -~e has shown that convergence can be particularly
difficult when shadowing is included. One useful technique in this case
is to get convergence for a nominal case without shadowing (or without
other perturbations which may be causing trouble) and then to add
shadowing, and using the itera.ion parameter values from the nominal

converged case as input to the shadow case, try to converge to a point
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along the ncminal trajectory (using a corresponding final time).
These new values for the iteration parameters can be used (again
with a corresponding final time) to converge to a point further down
the nominal trajectory. This process is centinued until the desired
final conditions are met. Three to six steps might be used, This
procedure helps insure that the guessed initial trajectory is not too
far from the desired extremal.

If the approximate AV is known, a final time estimate can be

calculated assuming constant thrust acceleration,

AV = a- 1:f
The initial guesses for the iteration parameters must be specified.

These are ZLO(I), 1 = 1, 5 for NEP and ZLO(I), 1 = 1, 7 for SEP,

For SEP (with or without high thrust) Z1.0(6) is the initial adjoint

of mass and Z1.0(7) is the initial adjoint of fluence, Typical

values are

Z1L.0(6) = - 5000,
ZL.0(7) = - 100,

For SEP or NEP, without initial high thrust, ZLO(I), I = 1, 5
are the initial adjoints to the equinoctial orbital elements (a, h, k,
P, 9). ZLO0(1) should always be non zero and positive for orbit
raising. The others may have positive, zero or negative values,
ZL0(2) and ZLO(3) with magnitudes usually less than 105, ZL0(4)
and ZLN(5) with magnitudes usually less than 104. The signs depend

on the values of h, k, p, 9. Typical values are:

Z1.0(1) = 3000.
Z1.0(2) = -100,
Z10(3) = 500,
Z1.0(4) = -100,
Z1.0(5) = -5000,
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When (nitial high thrust i3 combined with SEP or NEP, Z1 0(N,
I = 1, 5 are no longer the adjoints to the orbital elements. Instead
the first three elements are related tc Small's variables T, k, j
(Ref. 1, 5, 6) by

T - T Z1.0(1)
2 7 5
1+ ZLOo (1)
Z1LL2)
k =cosT(75+ 25— )
1+ zLo)?
i={1+kcosT) ,’I cosT - k Z1.0(3)

cosT + k -_fl+ ZL0(3)2

The above transformation insures that T, k, j are maint2ined within
valid bounds for the initial circular parking orbit for all values of
ZLO(D, T= 1

adjoints for the initial high thrust and the low thrust phases of a

, 3. Z1.0(4) is a scale factor, actually relating the

trajectory. This value will almost always be around 1.

For high thrust with NEP, Z1.0(5) is not used but should be
set to some arbitrary value suchas 1. Two options exist for high
thrust and SEP, If the initial G is fixed (NODE=1) then ZL0(5) is
proportional to the adjoint to i. Theoretically this should be zero
if non-thrusting perturbations are axially symmetric, and in any
case will typically have a magnitude less tkan 1. 0. The other
option is to let .l be free (and therefore the initial adjoint to ~ is
zerc). ZLO0{5) is then 2, This option may be used if the non-thrust
perturbations are not axial symmetric (about the geographic poles).
This includes the effect of a tilted radiation field or shadowing,Q
is measured in radians and so ZL0(5) will typically be between -
and +m Convergence will be facilitated if the correct quadrant is

known.,
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Generally, T will have a magnitude less than 20° so that ZL0(1}
will have a magnitude less than ,3 or so. ZLO0(2) is typically positive
around 1, ZLO0(3) typically has a magnitude around 1,

Typically values for the NEP program

1.5
1. 0 (not used)

for the SEP program
- .2

.4
A |
.9

0.0

The above discussion simply gives an order of magnitude feeling
of values for initial guesses. More information can be gained by
looking at the definitions of the iteration variables and then looking
at particular cases of interest. Also helpful is looking at special
cases, e, g., zero eccentricity, constant thrust, for which analytic
results are knov'n, The values fcr similar cases or simplified cases

are always useful,

Now a few words will be given on values for which built in nominals
exist, There is nothing special about some of these nominals except
that the constructors of the program used those values a lot, Comments

on a few of these follow.

IPR is a print flag that would normally only be used if there was
trouble. It causes all trajectories to be printed (the number of step:
in the low thrust portion printed is equal to about IPR + 1), Normally,
the final (converged) trajectory will be printed anyway.
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NIMAX, the number of iterations in the N - R or modified N - R
procedure is set to 20 and that is usually enough to get convergence. It
can be set to zero, which will cause a printing of the trajectory determined
by the vaiues of the input data, bypassing tue iterator entirely

TFMAX simply prevents integrations past that time of flight and
can be left alone unless you expect the time of flight to be acar or
greater than 190 days.

DT2, the time step in days with a nominal of 1. Frequently, a
different value will be needed depending on the problem.

UEB, the upper error bound for the integrator, nominally set to
a high value so that it is usually never reached, allowing the user to

determine accuracy by picking the time step. This value is supplied to the
SSP integrator and tuning it seemed difficult.

EW, error weights supplied to the SSP integrator, nominally set
to 1 for the five orbital elements and zero for the other variables, This

is somewhat arbitrary, as the writer has had little experience adjusting
these value s.

UTKM, the earth's equatorial radius. If you don't believe
6378. 16 km, you can change it,

GM, the earth's gravitational constant set to 398601, 2 kmslsecz,
likewise,

NOP, a flag, if set to 01 then the final conditions include all
five orbital elements, specified by the input, if set to 02, then a,
e, i are specified only, If any high thrust is included this is automatically
set to 02, In this case, this option should not be set by the user,

Oblateness effect is off nominally, If included, J2 is set to
.0010827, As coded, a different value for J2 would require a recompilation
of INPUT.

KSTEP is a flag which indicates whether STEP, which is used
to calculate the numerically determined sensitivity matrix in the
iterator, is a fraction of the nominal value of the iteration parameters
(KSTEP=0) or a fixed step size. Nominally, STEP as a fraction is
specified with all elements of the array set to 10-6, This was found
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to work pretty well for low thrust only cases, (If the magnitude

of the nominal iteration parameter is near zero, the corresponding
STEP is considered a step size rather than as a fraction,) When
initial high thrust impulses are included a constant step size was

more frequently used, especially when the iteration parameters

f were small in magnitude. Typical values were:
1078 107%, 1078, 1072, 1075, 1073, 1073, 107
i (The first five being relevant to the NEP program.) STEP (8) remains
the fractional variation in the final time used to calculate 2°H .
ot
f
Changing these values by a nouple orders of magnitude had little
effect.
Nominally, shadow effect is not included.
' Nominally, the sun distance affect on power is not included, i.e.,
|
! fﬁ a 1 A. U, distance is assumed., Ilousekeeping power is nominally
; o Zero,
i
f, Nominally, low thrust only is assumed, If initial or final high
P ‘Séi thrust impulses are required, the AV's must be given. For the SEP

t. program, if initial high thrust is included, NODE must be set to 0

: if Q is free, or to 1 if Q is fixed, Note that if the non-thrust perturbations
are symmetric about the equator changing Q should have no effect

on the trajectory, so that if Q is free, the sensitivity matrix will be
singular, This would occur if a radiation model was used which was
symmetric about the geographic axis and there was no shadow
effect, IPOW is nominally set to 0 for the NEP program, This
specifies constant power. The exponential degradation is specified
by TPOW=1, For the SEP program, IPOW is nominally set to 01,
so the degradation due to radiation is included., A constant power
option is available although porbably would not generally be used,

If shadowing is not included, this is equivalent to a corresponding

NEP case, but more expensive to run,
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FLIM determines the accuracy of the actual final conditions which
determine convergence., The nominal value of 10-6 would yield
an error in each component of the final conditions of about 10~ 4,
(The ""cost" which is compared to FLIM is just the sum of .he squares
of the errors in the final conditions in internal units, scaled so that
typical values have an order of magnitude of zero.) This seems

consistent with the general accuracy of the model used.

SGN is used only if there are initial high thrust impulses, It
sets the sign of the adjoint to incli nation, Nominally this is automatically
set negative if the final desired inclination is less than the initial

inclination or positive if the opposite is the case,

Because of the functional form of the power versous fluence
relation, to avoid having to use a very small time step (at least at
the beginning of an integration) or else having numerical difficulties,
the initial fluence (W (7)) for the SEP input sho:ld be nonzero, If
the user inputs 0., then a nonzero value will be set by the code.
This value is equal to N T/2 where N is the initial fluence derivative
and T is the initial orbital period (after any initial impulses). In
order to avoid numerical difficulties, especially when initial impulses
are included, it is useful for the user to input some nonzero value for
fluence which overides the internal calculated value, A typical value

might be .91 (in units of 1014 particles).

At the time of this writing the experience using the final version
of the code is limited. Few runs have been performed with the finzl
impulse included. The version of the SEP code used for most runs
contained a gecgraphically axial symmetric radiation field which
corresponds to modeling the geomagnetic axis as lining up with the
geographic axis, This allows a larger 1ime step to be used and effeciively
averages the spatial dependence of the field over one day, Convergence
was sometimes adversely affected by including shadowing. Also
when initial impulses were included, convergence was more difficult
if the initial Q was free, Most runs were performed with a fixed

initial Q,
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As coded, when the predictor-corrector integrator is used the
time step is forced to be an integer division of the final time and thus
varies somewhat from one trajectory to another as the time of flight
varies, The varying time step can cause varying numerical errors
for neighboring trajectories, thus most runs, especially with the
more complex SEP program have been performed with the Runga-
Kutta integrator for which the time step was fixed. Poor numerical
accuracy will adversely affect convergence,
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APPENDIX A

FLOW CHARTS

Three flow charts are included on the following pages. The first
is an overall flow chari{ showing the general flow of the code, The
chart is indicative of either the Newton-Raphson or modified Newton-
Raphson iterator, The second chart shows the flow of the trajectory
calculations, and the third shows the operations taken in calculating the
averaged derivative which is called by the int:grator routine which

extrapolates the low thrust portion of the trajectory.
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Read and write input. Set initial values.

!

Run trajectory and calculate norm
of final conditions.

Yes

No

Calculate partial derivative matrix by

running neighboring trajectories or by
modifying old matrix.

{

I Calculate new interation parameters (X's)
from partial derivative matrix and error
in final conditions.

!

Run trajectory. Form norm of error in f.c. -

Is norm

Yes norm of last

jteration

Is rumber Halve AX's,

)

of halvings > N,? Form new X.

Can method maybe

Work?

No

Print time history by 1
L reruning trajectory.

|
D
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e 0

C ENTRY )
r
|

Calculate effect of one or two initial
impulses using code developed vy H. Small.

|

Transform output of high thrust code
to input for low thrust code.

l

integrate state and costate to final time
using scientific subroutine package integrator.

Calculate effect of one final impuise.
Calculate difference between actual and
desired final conditions.

;

=

Trajectory Tlowchart
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ENTRY

rind sun location

1

Find shadow entrance and exit angles (if any).

'

Calculate flux contribution to derivative equation by
averaging using a quadrature.

I

Calculate thrusting effect on derivative eqguation
by averaging using a quadrature,

:

LN ST P

1
Ealculate analytically averaged oblateness effect on derivative.

Assemble averaged derivative from all effects.

Fin. A-71, Averaaned Nerivative Calculation Flowchart
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APPENDIX B

THRUST DIRECTION ON AN ORBIT

There is no provision in the main deck for printing the thrust
direction at points on an individual orbit, prior to the averaging prccess.
This print can be obtained for particular orbits, however, by using a
separate main, calling, program, ORBIT, which uses 3 special version
of FCT and EVALMP which contain print statements. The input in-
cludes:

Z (I), 1=1, 10, The 5 equinoctial orbital elements, a, h, k, p, q, and
their adjocints )La, Ah’ kk' Ap’xq which can be token from the time
nistory output of the optimization program,

A Thrust acceleration, may be set to 1,
N One half the number of points on the orbit for which print is
desired.

NCONT, Flag, if O, stop, if greater than 0 read data for another orbit.
Z and A are in format (F25, 15) and N, NCONT in format (12),
The output is as follows, Beginning at F (the eccentric longitude) =

0°, at points 180° /N apart, the following is printed:

the ccecentric longitude  F, the equinoctial coordinates, X1, Y1
(the Z component is zero) and the unit vector indicating the

thrust direction in the equinoctial coordinate system.
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APPENDIX C

EXAMPLE OF A SEP RUN

This appendix shows an example of actual output for a case
inclnding SEP and initial and final impulses, Only the beginning
and the end of the iteration print and the time history print is
included. The run utilizes modified Newton- Raphson iterator and

a 16 point quadrzature,
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APPENDIX D

EXAMPLE OF A NEP RUN

This appendix shows an example of actual output for a case
including NEP and initial high thrust. Only the beginning and the
* end of the iteration print and the time history print is included.
This run utilized the modified Newton- Raphson iterator, the predictor-

‘ corrector integrator, and the 16 point quadrature.
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APPENDIX E

SOURCE CODE LISTINGS

.’he source code listings for all the subprograms are given
in this appe lix. There are five principle grcupings. The first
is used only for SEP, the second with NEP, the third is a corimon
group used both with SEP and NEP, the fourth includes optional
versions of ITER, TRAJ, and QUAD and finally the fifth group
includes the driver program ORBIT and special versions of FCT
and EVAMP containing print statements which are used to get

thrust direction at points on particular orbits,

The SYP growp includes:

INPUT

OUTPC

ITER (modified Newtor. Raphson)
PRTN

DCROUT

TRAJ (Runga-Kutta version)
OUTP

FUNCT

EARTH (non-incluned magnetic axis)
SUN

SHADOW

DQRTIC

DCUBIC

FLUX

The NEP group includes:

INPUT
ouTPC
ITER (modified Newtion- Raphson)

50



The NEP group includes:

PRTN
DCROUT
TRAJ (Runga-Kutta version) b
OUTP
o FUNCT

The common group includes: e

CONTL
OBLATE ~
QUAD (16 point)

FCT

EVALMP

MAINE

START -
TIME
SWITCH
DTDU
OUTHI
IMPLS
YF

B aas

e ———

A
+

[ O T L R

The option group includes:

e

ITER (Newton-Raphson for SEP)
ITER (Newton-Raphson for NEP)
TRAJ (predict or-corrector for SEP)
TRAJ (predictor-corrector for NEP)
QUAD (4 point)

QUAD (8 point)

QUAD (32 point)

EARTH (inclined magnetic axis)

- e 2 —— u.va-—-‘—g*-*—: T T *‘T
. . i
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The thrust direction group includes:

ORBIT
FCT (print version)
EVALMP (print version)

52

e s ran




N N

e — b e e Ly e o«

o o re

Wb

P

aXaXslaXalalaNalhiaEalaNaNelalalalaRalNalaNalalaNaRalaldRalalisNalaNalalalialnlaNalaNaXaNa¥a ol alalaNa N aRa el aNall el o

INPUT/Z INPUTS

SEP AND HI1GH THRUST,

T+1S SUHRPROGRAM |S CALLFD BY CONTL AND RFADS AND PRINTS
ALl INIYIAL DATA AS WELL AS SETS INITIAL CONSTANTS,
THE UNITS ARE RASEN (IN INTFENAL Mu=1.0, 'NTERNAL DISTANCE
UNIT=1 EARTH RADIl. AND EXTERNAL MU= 30RAN] .2 KMIKMaIKM/
SEC*SEC AND EARTH RADII= &3TA.16 KM, A CIRCULAR
ORRIT AT 1 EARTH RADI!I WOULD HAVE A PERIOD OF 2 P1 INTERNAL
TIME UNITS.

14 DIMENSTONAL WITH MASS AND FLUX

INPUT
LOW/HIGH HIGH/LOW/HIGH
INITIAL OKRET
A (KM)
[3 SET 10 ZERO
I (DEG)
LONG. OF NODE (DEG) NOT USED
ARG, OF PERIGEE (DEG) NOT USED
MASS (KG)
FLUX
INITIAL GUESSES
LAMBGA A LIKE UPSILON
LAMBDA H LIKE SMALL'S K
LAMRDA K LIKE SMALL'S U
LAMBDA P SCALE FACTOR
Lamgha 0 NODAL ANGLE (RAD) OR 1TS ADJOINT
LAMRDA M
LAMBDA N
FINAL ORBIY
A
E
1
NODE (NOT USED IF NOP=2) NOT USED

PERIGEE (NOT USED IF NOP=2) NOT USED

TF2 (DAYS), GUESS FOR FINAL TIME
PKW (KW), POWER

SPIM (SEC), SPECIFIC IMPULSE OF SEP
TL JULIAN DATE AT INITIAL TIME

IRDFLG NOMINAL
1  END OF INPUY
2 1PR, PRINT FLAG (V]
3 NiMAX, MAX, NO. OF ITFRATIONS 20
4 TFEMAX2 (DAYS). MAX, TF 190.
5 072 (DAYSY, TIME STEP FOR DLE. le
& UEB, UPPER ERRGR #4NIIND FOR DL.E. 1.010
7 €W, ERROR WEIGHTS F(IR D.E. leelololeleOveeo
8 HTKM, EQUATNRATAL EaRTH RADIUS (KM) 6378,.16
9 GM (KkM323/SEC=s?) EARTH GRAV.CONST, 39R601.2
10 NOP = |4 S5 0.E. SHECT'FIFD AT TF 1
= 2y 3 0,8, SPECIFI+D AT TF
Il SETS OBLATENESS. 4,2 = 1.0R27D-3 O.
12 STEPIB), STEP SI7ZE FOR NUNERICAL DIFF, 1.D0-6
KSTEP = Oy STEP AS FRACTION IN ITER 0
= ly STEP A4S CONSTANT IN ITER
13 ISON = 0, SHADOW EFFECT OFF 0

00060010
connac20
00000030
co0nNN040
00000050
00000040
00000070
00000080
00000090
00000100
00000110
00000120
000001 30
000001460
00200150
Q0000160
0Cc000r70
00000180
00C00190
00000200
00000210
00000220
02000230
000N0240
00000250
00000260
00000279
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000260
00000370
000003R0
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
vOUGTARE
00000490
00000500
00000510
00000520
0000C530
00000540
00000550
00000560
00000570
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14

15

16

1?
18

1« SHADOW tFEHCT DN

ISUN = 0 SUN DIST EFHECT ON POWER OFF 0
=} FFEECT IN
PH (KW) HOUSEKFFEING POWER 0,
IHD = 1o LOW THRUST DONLY 1
z 2y RIGH/LOW
s 3, BIGH/LOW/HIGH
= 4y LOW/HIGH
DVI1 (M/S) TOTAL INITIAL HIGH THRUST DEL V 0.
DVI2 (M/S) DEL v FOR FINAL IMPULSE 0.
NODE = 0, INITIAL LINF OF NONES FREE
= 1y INITIAL LIMNFE OF NODES FIXED
NONE MEANINGFUL ONLY 1F IWl= 2 OR 3
IPOW = 0y CONSTANT PUWER 1
= 1y DEGRADAVIUN FrFECT
FLIM, NORM LIMIT IN ITERATION ROUTINE 1.0-6
SGhN = -1,, INITIAL LA» | 1S NEGATIVE

= +ley INITIAL LAM ] IS POSITIVE

SUBROUTINE INPUT

IMPLICIT REAL=A{A-H.0-8), INTEGER (I-N)
NAMEL IST ZUN/UTKM,UTS UTNUTKG yUTKWUTMS2
COMMON /XMMM/210(7). STFP(R), ZERF(AR)
COMMON JELEM/ZPO(T), 7PF(S)

COMMON /INT/ITF,IPR.IDIM, IDIM24NIMAX
COMMON /TRA/TFMAY JDT.UER,FW(14)

COMMON ZUNTITS/UTSUTMUTHLUTDoUTKMGDTR LUTKG oUTKWUTMS2

COMMON /T/TF,S,TC.TFMIN
COMMON /A/A,AMULP]

COMMON /MF/WELS)

COMMON 7027 AJ2

COMMON /TC/NOP

COMMON 7J0/TL

COMMON /POWER/PO,C+POW,PH, ISUN, 1SON, 1POW
CCMMON /HIGH/DVIL.OVI2,IH]
COMMON /ACOM/AF(10)

COMMON /F/FLIM,KSTEP
COMMON /NDD/NODE

COMMON /SG/SGN

DIMENSION W(T)

INTEGER CONSTANTS

101M=14
101M2=7
101M3=8
IPR=0D
1TF=3
NIMAX=20
NOP= ]
ISON= O
ISUN= O

54

000005R0
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
000007R0
00000790
Q0000A0N0
00000R10
00000R20
00000830
00000840
00000850
00000R60
00000R70
00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
000009A0
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
nonn1070
000C10R0
00001090
00001100
00001110
00001120
00001130
00001140

YL 1

;
;
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IHi= 1
1P0W= }
KSTEP= O
C
C ARFAL CUNSTANTS
c
Aj)2= 0.D0
AMU=]1,.0D0

© UEB= 1.00+10

DO 10 I=1,101M2
EW(I+IDIM2)= 0.D0
19 EW(1)= 1.0D0
EW(6)= 0,DO
EW(7)= 0.00
DO 12 1= 1,1D01IM3
1 STEP(1)= 1.D~6
£T2= 1.000
GM=39R601.2D0
UTKM= 63TR.16D0
DTR= .01745329251994329600
Pl= 2.1415926535K9793200
TFMAX2= 190,000
TEMIN2= 0.0D0
102=0.0n0
TL= 0.00
PH= 0.00
FLIM= 1.D-6
PVIl= 0.D0
DVI2= 0.D0
AFLY1)= 7,202
AF(2)= -1.4D2
y AF(3)= -1.8301
AF(4)= 2.06D1
‘j AF(5)= 9,05D1
]

- R

AF(6)= -9,16D1
AFtT)= -2.27336D3
AF(R)= 5.,97087D3
AF(9)= -4,25392D3
AF{10)= 1.194940-21

C ALL READ STATEMENTS FOLLOW

{
E READ (5,1000) (W(I).i= 1.1DIM2)
; READ (5,1000) (ZLO(1),1=1,1D1M2)
. READ (5,1N00) [WF(1)1.1= 1,5}
E SGN= WF(3)-W(3)
v IF {SGN.NE.0.DO) $SGN= SGMN/DARSISGN)

READ (5,1001) TF2
% READ (5,1001) PKW
E READ ({541001) SPIm
3 READ (54,1001) Tt

C TL MUST RE RETWEEN ARCUT A,N. 1950 AND 2000

¢ TF ((TLoLTe2.63305).0F.(TL.6T.2.45206)) GO T0 230
‘ 20  READ (5,1002) IRDFLG

IF ({IRDFLGGTo1F1.0R, (IRNFLG.LTL1)) GO TO 200
s 25 60 10 (150'32v3”\93"035v36037v3ﬂ'39"40.‘l0421530‘04"05'45057"“)'
! 1 IRDFLG
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00001150
ooonIlAD
o00n1170
00001180
00001190
00001200
00001210
00001220
00001230
00001240
00001250
000C 1260
00001270
000012R0
00001290
00001300
00001310
00001320
00001330
00001340
00001350
00001360
00001370
onnnilac
noon1390
00001400
v0001410
00001420
00001430
00001440
00001450
00001460
00001470
00001480
00001490
00001500
00001510
00001520
00001530
00001540
00001550
00001560
00001570
00001580
0001590
000C1600
00001610
00001620
00001630
¢2001640
00001650
00001660
00001670
000016R0O
00001690
0c0C1700
00001710
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READ (5,1002) 1bk

IF CIPRLT.O) GD 10 210

GO i0 20

READ (5,1002) NiMaX

IF CINIMAX,LT.0).0R.UINIMAXL.GTL50)) GO TO 220
GO TO 20

READ (5,1001) TFMAX2

IF ((TFMAX2,LT.0.00).0R (TFMAX2,GT.1.D3)) GO 1D 220

GO0 T0 20
READ (5,1001) DT2

P ((DT2.LT.0.h0),0R.(DT2.GT,1,D3)) GN TO 220

GO TO 20

READ (5,1001) UER

GO TO 20

READ (5,1003) EMW

GD TO 20

READ (5,1001) UTKM

GO T0 20

READ (5,1001) GM

GO T0O 20

READ (5,1002) NOP

IF ((NOP.LTL1).OR.(NDP.GT,2)) GD TO 220
GO T0 20

AJ2= 1,0827D-3

GO YO 20

READ (5,1001) (STEP(1),1=1,101M3)

READ (5,1002) KSTEP

IF (UKSTEP.LT.O)JURL(KSTEP.GTL1)) GO TO 220
GO 10 20

READ (5,1002) ISON

1F ((ISONJLT.0).OR.(T1SON.GT.1)) GO TO 220
GO TO 20

READ (5,1002) ISUN

IF ((ISUNLT.0).OR.{ISUN.GT.1)) GO TO 220
READ (5,1001) PH

GO TO 20

READ (5,1002) IH]

IF ({IHILLT.1).0R.{THT.GT.4)) GO YO 220
READ (5,1001) DVIl.DVI2

1F (IHI.LTL.3) DVIZ= 0.00

IF ({IHI.EQ.1).OR.(TH] . FQ.4)) DVIL1= 0.D0
NOP= 2

READ (5,1002) NODE

IF ((NODE.LT.0).NR.{NODF.GT.1)) GO TO 220
GG TO 20

READ (5,1002) 1PDW

IF ((IPOW.LT.0}.0R.{T1POW.6GT.1)}) GO TO 220
GO TO 20

READ (5,1003) FLIM

IF (FLIM,LT.,0.D0) GD TO 220

GO 70 20

READ (5,1001) SGN

IF (DABS(SGN).NE.1.DO) GO YO 220

GO TO 20

56
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nooe1720
00001720
0ene1740
00001750
00001760
000601770
000017R0
00001790
00001800
00001810
00001820
00001A30
00001840
00001R50
00001860
00001870
000018R0
00001890
00001900
00001910
00001920
00001930
00001540
00001350
00001960
00001970
00001980
00001990
00002000
000020:0
00002020
00002030
00002040
00002050
00002060
00002070
00002080
00002090
0000°'00
0000. 10
000021220
00002130
00002140
00002150
00002150
00002170
00002180
00002190
00002200
00002210
00002220
00002230
00002240
P0002250
0602260
00002270
00002280
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TIME VALUES ARE CHANGEN FROM DAYS TO DTHER UNITS

150

UTS= DSORT(UTKMa®a/GM)
UTM=zYTS/60.00
UTH=UTS/3600.D0
UTD=UTH/24.D0

T0= T102/UTD

TF= TF2/UTD
TFMIN= TFMINZ2/7UTD
TFMAX= TFMAX2/UTD
DT= DT2/UTD

TOl= T0*UTS

TF1= TF=UTS
TEMINI= TFMIN2UTS
TFMAX1= THMAX*UTS
DTl= DT=YTS

AF(10)= AF(101=UTS

MORE COMVERSIONS

fHE

UTMS2= UTKME1.D3/LUTS*32)
UTKG= 1.03
UTKW= UTKG*UTMS25UTKM/UTS

CaLL EARTH
PRINTING OF ALL INITTAL VALUES FOLLOWS

WRITE (6,2000)
WRITE (6,2001)
WRITE (6,2030)
WRITE (6,2033)
WRITE (6,2034)
WRITE (6,2035) NOP

IF (ISON.EQ.1) WRITE (6,2042)
WRITE (6,2045) DVIil.hV12
WRITE (642002)
WRITE (6,2003)

IF ((JHI,EQ.1}.DR, (1H].EQ.4)) GO TO 158
Wil) 1S SEMIMAJOR 2aX]S

W(2) IS ECC. SET TH O

W{3) IS INCLINATION

W{G) IS OMEGA [F NIDE= 1

ZLO SHOULD BE Y1 (1iP)4¥Y2 [XK)oYS (XJ)yCo(LAM) OMEGA,LAM M, LAM N

W(2)= 0.00

111=3+NODE

WRITE (64,2004) (Wil}.0= 1.111)
ZPO(1)= W{1)/UTKM

57

00002290
oonn23n0
an0n23lo
onon232o
00nn2 330
00002340
00002350
00002360
00002370
000023R0
00002390
00002400
00002410
00002420
00002430
00002440
00002450
00002460
00002470
000024K0
00002490
ocnnzsoo
00002510
00002520
000N2530
00002540
00002550
00002560
00002570
00CN25R0
00002590
00002600
00002610
00002620
00002630
00002640
00002650
00002660
00002670
00002680
00002690
00002700
J0002710
00002720
00002730
00002740
00002750
00002760
00002770
00002780
00002790
00002800
00002R10
00002820
00002830
00002840
00002850
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7P0(2)= wW(3)nDTP 0ONONZ2RAD
WRITE (6,2046) 2L0L1) 00002R70
. 1PO(6)= MIK)/UTKG 00002RRYD
1F (NDDE.ENLY) 7vN{3)= Wl4)=NTR 00002RQ0
GO TO 162 oc0023800
c 00002910
158 WRITE (6,2004) (W(1).3=1,5) 00002920
¢ 00002930
. C  CHANGE FROM CLASSICAL O.F. TO EQUINOCTIAL O.E. 00902940
i 00 160 1:3,5 00002950
160 W(l)= W(])2DTR 00002960
IPO(1)= W(1)/UTKM 00002970
1P0(2)= W(2)=DSINIW(S)I+W(a)) 00002980
7P0(3)= WI2)3DCOSIW(H)+W(4)) 00002990
IPO(4)= DTAN(WI(3)/2.0D0)SDSINIW(&G)} 00003000
2P0(5)= DTANIW(3}/2.0D0)*DCOS(WI&)) 00003010
4 c 00003020
. 2PO(6)= W{6)/UTKG 00003030
C 00003040
’ c 00003050
{ . WRITE (6,2005) 00003060
WRITE {6,2004) (7P0(1),1=1,5) 00003070
f 162 DVI1= (DVI1/IUTMS250T1$))12DSART(2PO(] ) /AMU) 000030R0
OVI2= OVI2/(UTMS23UTS) 00003090
IPO(T)= WILT) 00003100
: c 00003110
WRITE (6,2038) W(6) 00003120
If (IPOW,.EQ.0) WRITF (6,2049) 00003130
. WRITE {6,2039) PKW 00003140
. WRITE (6,2043) PH 00003150
. WRITE (6,2040) W(7) 00003160
¥ C 00003170
| PO= PKW/UTKMW 000031R0
. PH= PH/UTKW 0003190
¢ 1F (ISUNJNE,O) WRITE (6,2044) 00003200
. c 00003210
; C WUITE FINAL CONDITIONS, CHANGE TO EQUINDCTIAL FINAL COND. 00003220
< C 00003230
4 WRITE (6,2006) 00003240
§ IPF(1)= WF{1)/UTKM 00003250
& GO TO (165,170), NOP 00003260
I c 00003270
k 165 WRITE (6,2003) 00003280
4 WRITE (642004) (WF{1),15 1,5) 00003290
g DO 166 1=3,5 00003300
o 166 WFIl)= WF({I)=DTR 00003310
a IPFL2)= WFI2)%DSINIWF{S)+WP(4)) 00003320
IPF(3)= WF{2)8CCOSIWF{S)+WF(4)) 00003330
- IPF{4)= DTAN(WF(2)/2,0DC)3DSIN(WF (&)} 00003340
IPF(S)= DTAN{WF[3)/2.0001%DCOSIWFI4)]) 00003350
¢ DO 167 1=3,5 00003360
g 167  MWFI1)=WF({]1)/DTR 00003370
o8 WRITE (6,2005) 00003380
b WRITE (6,2006) (2PFt ),41=21,5) 0n003390
¢ GO T0 190 00003400
. C 10003610
170 2PFl2)= WF(2) 00003420

58
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190
166

200
210
220

230

1000
1001
1002
1003
1004
2000

IPF{3)= NARSIDTANIWFI=)2DTIR/2.D0))
2PFl4)= 0.D0

IPF(5)=0,D0

WRITE (6,2031)

WRITE (6,2004) (WF{1)o1=1,3)

WRITE (6,2032)

WRITE (6,2004) (2PF()),1=21,3)

WRITE (6,2007)
WRITE (6,2011) ZL0

IF (UIHELGT 1) eANS L UTHTLLTL4)) WRITE (642050)SGN

WRITE (6,2008)

WRITE (6,2009) TF2,TF1.TF
C= SPIM/UTS

CC= C=xUTMS22UTS

WRITE (6,2012) SPIMJCCHC
A= UTMS222,.D0%(PO-P=)/(Cx2P0(6))
WRITE (6,2041) A

WRITE (6,2037) T

WRITE (6,2036) AY2

WRITE (6,2013)

WRITE (6,2009) T0O2,T01,70
WRITE (6,2014)

WRITE (6,2009) TFMINZ,TFMINL,TFMIN
WRITE (6,2015)

WRITE (6,2009) TFMAXZ,TFMAX]1,TFMAX
WRITE (6,2010) KSIEP
WRITE (6420111 STEP

WRITE (6,2016)

WRITE (6,2009) D12,NT1,07
WRITE (6,2017) UER

WRITE (6,2018)

WRITE (6,2019) EW

WRITE (6,2020) IDIM

WRITE (6,20227 NIMAX
WRITE (642048) FLIM

WRITE (6,2026) UTKM

WRITE (6,2027) GM

WRITE (64UN)

RE TURN

WRITE (6,2023) IRDFLG
sTOP

WRITE (6,2024) 1PR

stToep

WRITE (64,2025) 1RDFLG
sTCP

WRITE (642037) TL

sSTOP

FORMAT (F25.15)
FORMAT (F25.15)
FORMAT (12)

FORMAT (706,.1)
FORMAT (F18.11)

00003430
000034640
000N3450
00003460
000N3470
0N00N34R0
00003490
00003500
00003540
00003550
00003560
00003570
00003580
00003590
00003600
00003610
00003620
00003630
00003640
000032650
000036A0
00003670
000036R0
00003690
00003700
00003710
00003720
00003730
000C3740
00003750
00003760
00003770
00003780
00003790
00003800
00003810
00003820
00003830
00003840
00003850
00003860
00003870
000038R0
00003890
00003900
00003910
0003920
00003930
00003940
00003950
00003960
00003970
00003980
00003990
00004000

FORMAT (1H1422X,75H OPTIMAL TRAJECTORY PRDGRAM FOR SATELLITE RAIS100004010

ING USING SEP AND RIGH ThRUST)
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2001 FORMAT (1HD,53X, 144 MINTMIIM TIME) 00004030
2002 FURMAT (34H0 THE INIVIAL ORHITAL ELFMENTS ARE) 000040640
2003 FORMAT (1HO,10X,AHA (KM} 19X IHE 420X, 7HT (DER) 10X, 1RHLON ASC ANODEODONGOSO
1 (DFG)y6Xy15HARG PERIG LDEG)) 000040A0
2004 FORMAT (1P5023,.14) 00004070
2005 FORMAT (1HO,6XsY3HA (FARTH RAD)Z 16X, 1HH 22X 1HK 22X 4 1HP 422X 4 1HQ) 00004080
2006 FORMAT (40HO THE DESIREN FINAL DRBITAL ELEMENTS ARE) 00004090
2007 FORMAT (32KR0 INIVIAL GUESSED PARAMETERS ARE) 00004100
200R FORMAT (21H0 FINAL TIME ESTIMATE) 00004110
2009 FORMAT (1H 410X,1PD22.15,7H DAYS =,1PN22.15,10H SECUNDS =,1PD22.1500004120
1+6H UNITS) 00004130
20106 FORMAT (SOHO STEP SIZE FOR NUMERICAL DIFFERENTIATION, KSTEP =,12) 00004140
2011 FORMAT (1P5D23,14) 03004150
2012 FORMAT (12K0 SPEC I1MP =, 1PD23,1%,15H SEC, EXH VEL =,1PD23.14, 00004160
16H M/S =,1PD23.14. 10H F R./Tol,) 000043} 70
2013 FORMAT (17HO INITIAL TIME 18) 000041AR0
2014 FORMAT (10HO TEMIN IS) 00004190
2015 FORMAT {10H0 TFMAX 1S) 00004200
2016 FORMAT (27HO TIME STtP FOR INTEGRATION) 00004210
2017 FORIMAT (36HO UPPER +=ROKR BLUND ON INTEGRATINON =,1PD20.10) 00004220
201R FORMAT (35H0 ERRDR W-1GHTS FOR INTFGRATION ARE) 00004230
2019 FORMAT (]1P14DR.1) 00004240
2020 FORMAT (13HO DIMENSIUN =,15) 00004250
2022 FORMAT (31NDO MAXIMUmM NUMBER OF JTERATIUN =,15) 00004260
2023 FORMAT (44KHO IRDFIG SHOULD BE BETWFEN 1 AND 16, 1T 1S =,15) 00004270
2024 FORMAT (28RO IPR SHOULD RE <€ 0y IT IS =,15) 000042R0
2025 FORMAT (27HO BAD INPOT DATA, IRDFLG = 413) 00004290
2026 FORMAT (17HO 1 FARTH RADIUS=,F25.12,3H KM) 00004300
2027 FORMAT (11HO MU (GM) =,F25.10,13H KMx#3/SECk%2) 00004310
2030 FORMAT (25M0 FINEAL CONDITION OPTIONS) 00004320
2033 FORMAT (43H 1. ALL 5 FINAL ORBJTAL SLEMENTS SPECIFIEN) 00004330
2034 FORMAT (S1H 2. 2.E.7 SPECIFIED, LON ASC NODE AND ARG PER FREE) 00004340
2035 FORMAT (24M FOR THIS RUN, JPTION =,14) 00004350
2031 FORMAT (1HO,10X,6HA (KM) 419X, 1HF,20X,THI (DEG)) 00004360
2032 FORMAT (1HO,6X+12HA (FARTH AD) 49X, 1SHSORT(Ha#24K#%2) 4BX, 00004370
1 15HSORT(Px%240Q%x2)) 00004380
2037 FORMAT (32HO JULIAN DATF AT INITIAL TIME 1S, F20.8) 00004390
2036 FORMAT (6HO J2 =.1PD15,7) 00004400
203R FORMAT (21H0 INIVIAL MASS 1<G) =, F18.11) 00004410
2039 FORMAT (22H0 INJTIAL POWFR [KW) =, 1PD23.14) 00004420
2040 FORMAT {(17HO INTIIAL FLUX = ,1PD23.14) 00004430
2041 FORMAT (24HO INITVIAL ACC (1 A.lye) =,1PD23,15,7TH M/S%52) 00004440
2042 FORMAT (24HO SHADOW rFF+CT INCLUDED) 00004450
2043 FORMAT (27HO HOUSFKFEPING POWEP (KW) =,1PN23,14) 00004460
20464 FORMAT (39HO SUN DISTANCF EFFFCT ON POWER INCLUNED) 00004470
2045 FORMAT (41H0 TOTAL DFLV FOR INITIAL IMPULSES (M/S) =, F20,12,5%, CO0044R0
1 21HFINAL IMPULS- (M/S) =,F20.12) 00004490
2046 FORMAT (27THO INITIAL A (EARTH RADIL) =4 1PD25.16) 00004500
C2047 FORMAT (79H0 INITIAL GUFSS FOR IMPULSE PARAMETERS, SeFey LONG. NNDODODS510
c 1€, MASS AND FLUX COSTATE) 00004520
204R FORMAT (23HO NORM LIMIT IN ITER = ,1PD12.5) 00004530
2049 FORMAT (22H0 ND POW~k DEGRANDATION) 00004540
2050 FORMAT (30HO SIGN OF INITIAL LAMBDA I 1S +F6.1) 00006550
END 00004560
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THIS SUBPROGRAM WHRITFS THE VALUES FOR THE FINAL (ONVERGED
TRAJECTORY, IT IS CAt1FD HY THE MAIN PROGRAM CONTL,
TO HE USED WITM R DIM, 7EHF,

164 DIMENSIONAL WITH MASS AND FLUX

SUBROUTINE OQUTPC
IMPLICIT REAL*R(A-H.C-8), INTEGER (1-N)

COMMON /XMMM/Z2L0(7).STH+P(R),Z2ERF(R)

COMMON /Z/2F(14) 021 14)

COMMON /T/TF4S,TC,TFrIN

COMMON ZUNITS/UTL UTMaUTH UTDWUTKMyDTRyUTKG oUITKW,1)TMS2
COMMON JELEM/ZPO(T)2PFLS)

COMMON /WF/WF{S)

COMMON /A/ZA.AMU,PI

COMMON /TC/NOP

COMMON /POWER/POWCoPOWPH,ISUN,TISON,IPQOW

DIMENSION DELZF{S5) 1 FLWF{5),WFCI(5)

WFC{1)= 2F(1)*YTKM

WFC(2)= 0.0DO

DUMMY= ZF(21%%2 + 7F(3)=%2

IF (DUMMY (T, 1.0D=-40) WFC{2)=DSORT{DUMMY)

WFC(3)= 0,000

DUMMY= ZF(4)%22 + 7r(S)e82

IF (DUMMY,GT,.1.00-40) WFC(3)= 2,0D0*DATAN(DSORT(DUMMY))/DTR
WFC(46)=0.00

1F ((DABRS{ZF(4)).GT.1.D-R).AND.(DABSIZF{5)).6T.1.D~R))
1 WFC(4)= DATANZ(ZF(4),7FI5))/DTR

WFC(5)= 0.D0

IF ((DABS({ZF(2)).GT,1.0-R).AND.(DABSIZF(3)),6T.1.,0-8))
1 WFC(S5)=DATAN2(ZF(2),2F(3))}/DTR

WFEC(5)=WFC(5)-WFC(4)

PO 10 1=1,5

DELWF(1)= WFC(]) ~ WF(])

10 DELZF(1)= 2F{1) - ZPFL(1)

TF2= TF=UTD

RMASS= 72F(6)/2P0(6)

AMASS= ZF(6)%UTKG

RPOW= POW/PO

AKWPOW= POWRUTKW

TF1= TF*UTS

DELV= C*DLOG{ZPO(6)/ZF{6))2UTKM/UTS

WRITE (643000)

WRITE (643001)

WRITE (6,3002) WFC

WRITE (6,3003)

WRITE (643002) (ZF{1),1=1+5)
WRITE (643006)

WRITE (643001}
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00000010
00000020
00000030
00000060
0onoonnso
00000060
00000070
00N000RD
00000090
o0000100
00000110
00000120
00000130
00020140
o000n0150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000200
00000310
00000320
00000330
000003640

00000350

00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000420
000600440
00000450
00000460
00000470
000004R0O
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00060570
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j IF (NOP,FQ.1) WRITF (A.3002) DELWF 00000580

- IF (NDP,EQL.2) WRITE (A,4002) (DELWFIT),121,3) 00000590

GO TO {20, 30), NOP 00000600

; c nonnns10

X 20 WRITE (643003) 00000620

] WRITE (643002) DELZF 00000630

i G0 TO0 100 00000640

C 00000650

30 DELZF(2)= DSORTIZF(2)%2242F(3)8e2) -7PF(2) 00000660

DELZF(3)= DSORTI7F(4)3%24]F(5)%%2) ~2PF(3) 0C000670

j WRITE (643011} 00000680

' WRITE (6+43002) (DFLZF(1),12143) 00000690

X C 00000700

100 WRITE (6,3006) 00000710

WRITE (64,3002) 210 00000720

WRITE (6,3008) 00000730

* WRITE (643009) TF2,TF1.TF 00000740

’ NRITE (643012) 2F(7) 00000750

. WRITE (6,3013) AMASS.RMASS 00600760

WRITE (643014) AKWPOW,RPOW 00090770

" WRITE (643010) DELV 00000780

RETURN 00000790

3000 FORMAT (35H0 ACTUAL FINAL ORBRITAL ELEMENTS ARE) 00000R00

3001 FORMAT (1HO,10X+60°A (kM) 4 1BXy 1HE20Xs 7TH1 (DEG) 410X, 1AHLON ASC NNNDEOOOOOBLO

1 (DEGY 46X, 15HARG PERIG (DEGY) 00000820

3002 FORMAT (1P5D23,.15) 00000830

3003 FURMAT (1HO5X,12HA (FARTH RAD) 16X, 1HH, 22X 4 1HK 422X 4 1HP422X%,1HQ) 00000840

3004 FORMAT (51HO THE ERR(IR IN THE FINAL 0O.E, IS (ACTUAL - DESIRED)) 00000850

C3005 FORMAT (60H0 CLASSICAL O.E. MAY HAVE DISCREPANCY OF MULTIPLES OF 900000860

C 10 DEG) 00000870

3006 FORMAT (4&'<C THE CONVERGED INITIAL GUESSED PARAMETERS ARE) 00000880

3008 FORMAT (29H0 THE MINIMJ7ED FINAL TIME IS) 00000R90

3009 FORMAT {]1H ,10X,1PD22.15,7H DAYS =,022.15,104 SECONDS =,1PD22.15,600000900

1H UNITS) 00000510

3010 FORMAT (18HO0 LOW THRUST DELY=,1PD25.1447TH KM/SEC) 00000920

3011 FORMAT (1HO,5Xs13HA (EARTH 2AD)+9Xe 15HSORT{HE#24+KEx2) 4 BX, 00000930

1 15HSORT (Pe=240Q%2%2)) 00000940

3012 FORMAT (34H0 EQUIVALENT PARTICLES (#1,0-14) =,1PD22.15) 00000950

3013 FURMAT (14HO FINAL MASS =,F.2.15,31H KGy FRACTION OF INITIAL MASS 00000960

1=,F22.15) 00000970

3014 FORMAT (15H0 FINAL POWER =,122.15,32H KW, FRACTION OF INITIAL PNWEOOCOOSRO

1R z4F22415) 00000990

END 00001000
4
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1TER
MUODNR/MODONRS MUODTE!HD N-R TTERATOR

M{NNR S

HXR VERSIDN

SUBROUTINE JTER(KOUNT 4N (FIINCT4PRTN)

IMPLICIT REAL®*B(A-H.U-S$)

VALUES OF ThE INDFPENDENT VARTAR_ESCUINITIAL,CLURRENTFINAL)
STEP SIZE TO PERIUKR Xx:S 10 COMPUTE PARTIAL DERIVATIVES
VALUES UF THE DERrNDENT VARARLES(CURRENT,FINALY)

COMMON /XMMM /X 7) 4 XS(H),Y(R)

COMMON /INT/ITFs 1+ R.'DIM,IDIM2,MAXNDI

COMMON /T/TF4SeT10TEMIN

COMMON /DY/ DYDTI(R)

COMMON /F/F1 IMyKSI1EP

DIMENSICN YNOM{B)XN{T7)«P(ByB)LOEF(B)DYDTNI(B)
N=7

M=8

INORM= I TF

18=1

ICONS=1

I1SW=0

Ni=]

KOUNT=(Q

CALL FUNCT

1TF=3

KOUNT=KOUNT+]

F0=0.00

DO 15 Isl.M
FOsFO+Y(])%22

DO 16 I=14N

DYDIN{ §j)= DYDT(])
NCIY=X(T)
YNOM(T)=Y(1)

YNOM(M)= Y(M)

TFEN=TF

DYDTN(M)= DYDT(M)

CALL PRTN(KOUNT,NI)
WRITE(6,1011)FO
IF(FOLLEL.FLIMIGO 10 90
IF (NJ.GT.MAXND]) GO YO 80
1F{ISW.NE,0)GO TO 27

C COMPUTE NUMERICAL PARTIAL DERIVATIVES

17

DO 17 1=1,M

PlI,M)= DYDOTL])

WRITE (6,1013)

DO 25 J=1.N

TEMP=X(J)

STEP=XS(J)eDABS(X¥(J))

IF ((DARSIX(J))al12a1aD=10)1sGRGIKSTEPLEQL1)ISTEP:XS{ I
IF (DABSIX{J)).L1.1.DN-10, WRITE (6,41014)

63

00NCON10
00000020
connnnio
00000060
00000050
00000060
00000070
200000R0
0N0N0090
~3000100
00000110
NPO00D0120
SP0O0O00130
PPOD00D140
00000150
00000160
00000170
000u01R0
00000150
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
000004R0
00000490
00000500
00000510
00060520
00000530
00000540
00001550
00000560
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40

45

o6

&7

51

20

27

3

35

52

53

X(J)1ext{J)+STEP

CAaLL FUNCT

WRITE(H,1000)X(J)
WRITE(A,100101Y(1),)e]) M)

DY 20 I=1.M
Pllyd)=lY({I)~YNOMIT))/SIEP

X(J)=TEMP

KOUNT=zKOUNT:

WRITE(6,1002)

DG 30 I=l,M
WRITE(H,1PN])(P{Tsd)edum]leM)

CONTINUE

DO 35 I=1.M

COEF(]1)==YNOM(])

CALL DCROUTIP,COEF,NFT,0.00sMy19IND)
IFCIND.NE.O)GO TO 85

WRITE (6,1015) DET

DO 40 Iz 1M

1F (DARS(COEF(1)) . ,LT.1eD=10) COEFt ' )= 0,0C

IF (DABS(IXN(1)).6G1.1.02) GO TO 47

RATS= 1.00

DD 45 = 1,5

RAT= DARS{COEF(I)1) /{1 RDO2NuBSIXNIT)+.100)
IF (RAT.GT.%ATS) RATS= RAT

CONTINUE

DD &6 1= 1,8

COEF(1)= COEF(1)/RATS

WRITE (641016) RATS

WRITE(6,1003)(COEF(T)eI=1oN)
SN= COEF(M)

WRITE (6,41012) SN

DO S0 J=1+N
X(J)y=XN(JI+COFF(Y)
TF=TFN+SN

1HALV=0

1F (INORM,EQ.1) 1TF=]
CALL FUNCT

1TF=23

KOUNT=KOUNT+1

F1=20,00

D0 52 I=1.M
FizFlev(])oe2
WRITE(6,1010)F1
JFIF1.LT.FOIGO YO 55
WRITE(6,100R)
IF{IHALV,.EQ.61G0 TO 95
THALV=THALV+]

DO 53 J=14N
COEF(J)=COEF(J)/2.DO
WRITE(6,1000)CNEF( )
X{J)=xXN{J)«COEF ()
SN=SN/2.000

WRITE (6,1C12) SN
TF=TENeSN

G0 T0 51

64

0nannsTo
OORONSRO
00000590
000n0A00
00000610
00000620
00000630
LN000640
00000650
00000660
00000670
000006R0
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00070760
00000770
0000078
00000790
00000R00
0000NR10
00000R20
00000K30
00000840
00000850
00CI0R60
00000ORTO
00000880
00000R90
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00000970
00001000
00001010
00001020
0C00103>
00001040
00001050
000J1C«: 90
00001070
00001080
00001090
00001100
000n1110
00001120
00001130




55
1¢C

76

77
80
95

90

Lo (00

1
)
{
f
i
|
' 1100
! 1501
v 1002
;' 1003
! 1006
1105
i 1906
. - ‘ 107
) 1008
1 I ¢ 1069
i
.

s

L 1010
1011
1012
1013
1014
1015
1016

-

[FINTI-MAXNOL)TO, 1 0,H0

NlzNl+]

ICONS=N]

FO=F}

SUNMDX=0, N0

DD TEH J= g M

SUMDX=COEFLJ) =824 SUMNX

DO T7 I=s1,M

DO 77 J=l.M

Plle )=P(l,0)+(YL1)2COFFLI)Y/Z7S5UMDX
CONT INUE

ISw=1

G0 T0 9

N1=9999

WRITE(64100c)

RETURN

N1=999¢

WRITE(641007)

RETURN

WRITE(641005)F0

RETHRN
IFIN]LEDL1.ORLIB.LEN.IOLURLICONS.NELNDIGO 10O 100
1CONS=1CONS+]

1R=18+1

NN 96 3= 1,N

CYDT(J)= DYDTIN(Y)

X(J)= XN(J)

Y{J)= YNOIM(J)

Y{M)= YNOM(M)

DYDT{M)=DYDTN(M)

TF= TFN

1SH=0

WRITE(6,1004)

GO 70 10

N1=9999

WRITE(6,1009)

RETURN

FORMAT{/1X,1PD?3.15)
FORMAT(1X,1P5N23.15)
FORMAT(21HOPARTIAL VFRIV MATRIX)
FORMAT(11HODELX:S ARE/Z(1X41PD23,.15))
FORMAT{3SHOFORM Niw FARTIAL DFRIVATIVE MATRIX)
FORMAT(GHOFQ=,1PN22.15,731CLASE CONVERGED...FERTIG)
FORMAT(3RHOEXCFE! £1) ~MAXTMUM NUMRER OF ITERATIONS)
FORMAT{16HOMATREY SINGULER)
FORMAT(11HODELX:S ARF)

FORMAT({ 1QHOMETHON CANND) WORK)
FORMAT(4HOF]1=,1P123,15)
FORMAT(4HOFO=,1PM23.15)

FORMAT (10KWO NEL ¢ =,1PD23,15)

FORMAT (40HO xf}: > xi1) FOLLDWED AY CORRE.POHDING Y)
FORMAT (24H0 ¥ . SO Dxtiy=xsSti))
FORMAT (15KHU "¢ 15 = INENT =,1PD23,15)
FORMAT (8HO RATS %,1PD23.15)
END
65

0n001140
onoon1iso
00001140
cooni1 0
0OCOL1R0
onnr 1190
00001200
00001210
00001220
00001230
nonn 240
00001250
00001260
00001270
000012R0O
00001260
000Ny 300
00001310
00001320
onenya20
nennt a0
0on001350
00001360
Qo0N1370
000N1 380
00001390
00001400
00001610
00001420
000N1430
00001440
000014650
00001460
00001670
000014R0
00001490
5000.500
oup01510
00001520
00001530
00001540
00001550
00001560
00001570
00001580
00001590
00001600
00001610
00001620
00001630
00001640
00001650
00001660
000N1679
0C0016R0
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PRTN/PRTNS

THIS PROGRAM IS CALLED Ay THF ITERATOR AND PRINTS
14 DIMENSIONAL WITH MLSS AND FLUX

1000
1001
1002
1003
10N%
1005

SURROUTINE PRIN({KOUNT (N0IT)

IMPLICIT REALSR{A-H.0-%)
COMMON /XMMM/X[T)XSLR).Y(B)
COMMON /T/TF4S.TOJTFMIN

N=7
Mz R
WRITE
WRITE
WRITE
WRITE
WRI1TE
WRITE
WRITE
FORMAT
FORMAY
FORMAT
FORMAT
FORMAT
FORMAT
RETURN
END

(6,1000)
{6,1001) NOTLKININT

{

6£41002)

16,1003) (X(J)aJ=1.N)

6410C4)

(6:1003) (Y(J)ed=1eM)

{

6,1005) TF
(29H0 1TER NOY,
(1HD,16,52,16)
{ 2H0X)
(1X,1P5023.15])
(2HOY)

(SHO TF=,1P02A.16)

TRAJECTORY CALLS)

66

0oonnnny 0
0oNONN20
00000030
ooocnnLo
annneosn
QO0OD0A0
ocoonnntTo
000000R0
00000090
00000100
noon0110
00000120
00000130
00000140
00000150
00000160
00000170
00C001R0
00000190
00000200
00000210
0c000220
00000230
00000240
00000250
000002460
00000270
0000C2R0
00000290
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30

35

0

45

50
5%

60
65
70
75
/N
R5

90
95

L1
100
105

110

SURRIMITINE DEROUIT 1226, JFECNT v, 18N)
DOVRLE PRECISINM Ao kb€  T,¢,P,PT, 24
NIMENSTION A(FR) . Ro]1)BAALRA)
IND=Q

N=N|

NO & 1=1.N

N0 6 y=1.N

All.J1=8A(1+0)
1F'M)10,25,25

M=N

PO 20 1=1.N

D0 15 J=1.N

R({1+,0)1=0,D0

R{1,1)=1.P0

1C=0

11=0

T=0aRS(all,1) )

fPY 35 T=2.N
IF{T-DARSIA(]1,1))130.35.35
1I=1

T=0a8S(A(1,1)}

CONTINUE

1E(11140,65440

IC=1C+1

1F{M)I&L5,55,45

D0 S0 J=l.M

S=R(l.)

R{l14J)=R(11eJ)

R(U11,3)=S

DO 60 J=1,.N

S=A(l.J)

AllyJ)=A0T11e0)

A(II+4)=S

P=A(1,1)
IF{DARS(P)-EPS)IT0N.70.75
INO=1

D=0,00

GO T0 200

00 R0 J4=2,N
Al1,J)=A(1,0)/P
1F(M)IR5,95,A5

DO 90 J=1.,M
RU14J1=R{1,J)/P

DO 170 K=2.N

KM=K -]

T=-1.00

D7 105 I=KN

DO 9R J=],KM

Al l'K'*A(‘OK"ﬂ( "J):A(JQK)
TF{T-DARS{A(I,K))})IIND.,105.105
T=Da8S(Al],K))

1t=1

COANTINVE
IFIII-K)1104135,110
IC=1C+1

LF(M)115,125,115

67

0onnnno
ooonnnn
onnepoon

3el10080
36110040
anoonNnno

0000000

0000000

3A1100R0
36110090
34110100
3A110110
aoaoonn

0000000

36110140
36110150
36110140
36110170
361101R0
34110190
36110020
36110210
36110220
34110230
36110240
/110250
34110260
36110270
34110280
36110290
16110300
36110310
36110320
36110330
36110340
36110350
0000000

36110370
36110380
36110390
36110400
36110410
356110420
36110430
36110440
0000000

36110460
36110470
36110480
36110490
34110500
35110510
36110520
36110530
36110540
36110550
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115

120
125

130
135

140
145
148
150
155
160
162
165
170

175
180

18¢%

190
200

NI 120 351 .M

S=RIK,J)

RlK'J)=R(|IvJ,

RUTT,J)=S

DN 130 J=1,N

S=A!K'J)

AlK,J)I=ACTLT,0)

A{11,J)=S

DT=A{K,K)
IF(DARS(DTI-EPS)710.70,140
P=PxDT

1F{K-N)1145,155,1465

KP=Ke]

DO 150 J=KP,N

DO 148 1=],KM

AlKy )= {KS)=A(K,T)2A(1,J)
AlKy J)=A(K,LJ) /DT
1F(M)160,170+160

DO 165 J=1l.M

DO 162 1=1,KM
R{KyJ)zR(KyJ)-AIK,1)2R{1,.0)
RiKeJI=R(K4JI)/DT

CONT INUE
TF(MOD(TIC,2))1175.1%0.175
P=-pP

D=p

1F(M)1R5,200,185

11=N

DO 190 K=2,N

KP=11

I1=11-1

DO 190 J=14M

DO 190 [=KP,N
RITT,I=RITT,II-ACET.1)I%R(TJ)
RETURN

END

68

36110560
3A110570
3A110PSR0O
24110590
26110600
36110410
36110620
36110630
36110640
36110650
36110660
36110670
361106R0
36110690
34110700
36110710
36110720
36110730
36110740
36110750
36110760
36110770
36110780
36110790
36110800
36110810
36110820
16110830
36110840
36110850
36110860
36110870
36110880
36110890
36110900
36110910
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TRAY/TRAJRKS

SEP AND HIGH THRUST

T/716 DIM, WITH POWFR FHRKADATION,

THEIS RODUTINE SFIS 10 Th- INPUT T THE INTEGRATIR WwH]CH
EXTRAPOLATES THF 1k2 1 CTORY FRUM INITIAL TIME TO
FINAL TIME, T ALS! rVALUATES THE CHANGE IN TF AND
THE ERROR IN THE FINAL COMDITINNS,

THIS PROGRAM IS CALLFY ky JTER OR RY CONTROL

IT CALL THE SUBPROGRAM 11RKGS (RUNGA-KUTTA)

MIN J, MAX H,

R DIM, Z2ERF, T.C. OPTIONS,

NOR=1=-<-ALL S FINAL 0.5, *TXFD. =2--A,E.]1 ONLY FIXEN,

SUBROUTINE TRAY
IMPLICIT REAL®R{A-H.N-S), INTEGER (1-N)

COMMON /XMMM/ZLO(7)+ STEPIR), ZERFI(R)
COMMDN /TRA/TFMAX., NNT0, UER, EW(14)
COMMON /2/2014), nERI{14)

COMMON /INT/1TF, 1PR, IDIM, IDIM2, NIMAX
COMMON /T/TF, SD. 10, TFMIN

COMMON /ELEM/2POLT), 7RFLS)

COMMON /DY/DYDT( k)

COMMON /TC/NOP

COMMON /HIGH/DVI]1.D 12, 1H}

COMMON /A/A,AMUP]

COMMON /NOD/NODE

EXTERNAL FUNCT, OUTP
DIMENSION PRMT(S . AUY(R,14)},DERZ21(14),0P(5)

IF ((IHI.EQ.1).0OR. (1R, EQ.4)) GO TO 9
HIGH THRUST

UP= (P1/2.DO)*2L0(1)/DSORT(1.D0+2L0(1)*%2)

CuP= DCOS(UP)

XK= CUP%*(.75D0+.2500=7L0(2)/DSORT(1.00+2L0(2)%%2))
DUM= (1,D0+CUP=XKITNSORT((CHP=-XK)/{CUP+XK))

XJ= DUM=ZLO(3)/DSORT(]1,NO+2L013)%%2)

JM= 2

VAR= ZP0O(3)

IF (NODEL.EQ.O) VAR= IL0(5)

CALL MAINE{OQDOs0. DN XK UIP XS :1oD0s19IMDPLDVIL)
CALL OUTRI(JM,P1.7PN(1).7PN(2).VAR,IPR,Z,1DIM2)
IF (NODF.EQ.0) GO TN &

201DIM244)= Z2(1IDIN?2+4)+7L0(5)27(5)

20IDIM245)= 2LICTIM2+5)=-7L01S)=](4&)

NN S I= 1,5

TLI+IDIM2)= ZL0(ar= [ 1+INIM2)=],D6

DO 6 I= 647

2(1)= 2POL])

2(1+1D01IM2)= ZLOLT)

00000010
o0onpn20
00600030
00000040
00000050
CO00G0A0
00000070
060000R0
00000090
00000100
00000110
00000120
00000130
ono0n140
00000150
00000160
00000170
000001R0
0n0n0190
00000200
00000210
00000220
00000230
0000024C
00006250
00000260
onnon270
00000280
00000290
00000300
00000310
060000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570

e
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C LOW THRUST
C
9 PRMT(1)= TO
BRMT(2)= TF
PRMT{3)= DTO
PRMT(4&)= UER
C
IF (LIHTLEQ.2) .00 L1 .FR.3)) GO TO 15
c
€C 7 IS A VECTOR OF STATE AAD COSTATE
00 10 1=1,1DIM2
2¢11=2P0L 1)
10 2(1+1D0IM2)= Z2L0t 1)
c
C EW ARE ERROR WEIGHTS~-INPUT TN THE INTEGRATOR
c
15 DO 20 1=1,1D1M
20 DERZ{1)=EwW(])
C
C CALL THE R-K INTEGRATOR
¢
CALL DRKGS{PRMT.7.0+RZ4IDIM, IHLF.FUNCT,OUTP, AUX)
1€ (1HLF,.GT.10) GO T 100
c
€ 2 1S NOW THE FINAL O.E..
N C ZERF THE ERROR IN THE F1VAL CONDITIONS
C
H=0.00
DD 30 I=1,1DIM2
. 30 H= H 4+ 2{147)3DERZ (1)
: 2ERFL6)= Z113)%]1.n-3
14 ZERF(T)= 2(164)%1.N=3
( DYDT(6)= DERZ{13)%1.D-3
3 NYDT(7)= DER2(14}%1.ND-3
TEY=TFE(STEP(R)}+]1.00)
B CALL FUNCT(TF1,Z.DFRZ1)

H1=0.00
00 35 I=1,1DIM2

35 H1=H1+7{1+7)%DERZ1(T)
DYDT{R)= (H1-H)}/(TF1=TF)
ZERF(B)= H -1,D0

v

FINAL CONDITION OPTION BRANCH

GG TO (40,50), NOP

[N = NaXal

490 DO 45 1=1,5
ZERF{1)= 2(1) =7PFt 1)
45 DYDT())= DERZII)
RETURN

50 2ERFl&)= (203)%219)-712)%2110))%]1.,D~3
TERF(5)= (2(5)272(11)-7(6)%2(12))%1,D-3
DYDT(&)= DER2(3)=7(Y)+Z(3)2DERZ(9)=-DER2(2)122110)-2(2)%NERZ(10)
DYDTt4)= DYDT(&L)%).DN=-3
DYDT(S)= DERZ2(S)=7(11)+7(5)eDERZ(11)-DER2(4)1%2(12)-2(4)12DERZ2(12)
DYDT(5)= DYDT(5)=1.Nn-3

R dh TRty ORI ER L L, 7Y

Sepa L

1’ N

.
E
v

70

anponsS R0
06000590
[{ISIATaTa TN 4 14]
a0000A10
00000620
00000A30
N0ON0ALO
00000650
00000660
00000670
000006A0
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000810
00000R20
00000R30
00000R40
00000850
00000R&0
00000R70
00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
0C000980
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
0C061100
00001110
00001120
00001130
00001140
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IF (IR1I.LT.3) GO 10 60

C
. C FINAL HIGH THRUST IMEuLSE
C
CALL IMPLSIDVI2.Irk, 047 DERZ, TDIM2)
C

60  2ERF{l)= 2(1) = 7PFIL1}
DUMIz DSORT(Z2(2)r=2 + 7(3}%22)
. 2ERFI2)= DUML =~ 7vF(?2)
A LUM2= DSORT(2({4)%22 + 2(5)%%2)
: ZERF(3)= DUM2 - TJLF(3)
DYDT(1)= DcRZ(1)
OYDT(2)= 0.D0
pYDT{3)= 0.00
IF (DUM]GTo1.N=17) NYDT(2)= (Z(2)=DERZI2) + Z(3)2NFRZ(3))/DM]
IF (DUM2.GT.1.0~17) ©vDTt3)= (214)%DERZ2I&) + Z(5)=DERZ{5))/N M2
C
' C SPEC1AL CASE, E=0 AND/OR 1=0
C

BEs S

IF (2PF(2).NE.O.DO) GO TO 70
{ . 2ERF(2)= 2(2)
ZERF(&)= Z2(3)
. DYNT(2)= DERZ(2)
' pYDT(4)= DERZ(3)
70 IF (ZPF(3}.NE.0.DO) RETURN
ZERF(3)= Z(4)
ZERF{5)= 2(5)
DYDT(3)= DERZ(4)
DYDT(S)= DERZ(S)

RETURN
Y c
- 100 IF '"IWLF.EQ.11) WRIT+ (6.,1000)
¢ IF (IRLF,ED.12) WRITF [46,1001)
: IF '1HLF,EQ.13) WRITF (6.1002)
{ STOP
c

e 1S EXCEEDED 10)

00001150
00001140
0non1170
00001180
00001190
00nn1200
00001210
00001220
00001230
00001240
00001250
00001260
00001270
000N12R0
00001290
00001300
0001310
00001320
00001330
00001340
00001350
00001360
00001370
000013RQ
00001390
00001400
00001410
00001420
00001430
0001440
00001450
00001460
00001470
00001480
00001490
00001500

1000 FORMAT (68HO THE NUMBER OF BISECTIONS OF THE ORIGINAL INCREMENT HA00001510

00001520
00001530

00001550

B 1001 FORMAT (27H0 INITIAL INCREMENT IS 2ERO)
b 1002 FORMAT (54H0 INITIAL INCREMENT MAS WRONG SIGN OR BOUNDS ARE WRONG)00001540
1. 2 END
§
A 1
iy %
t &
;
{ 1
.\
?
g

- - L
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nUTE/0VTPS 0n000010
00000020

SFe 00000030
14 DIMENSTONAL WITH MASS, FLUX onoennao
THIS 1S THF OUTP PROILvAM Flit THE P=C OR R~K 00000050
INTEGRATOR=<FIXED VIM- ON{Y (JTF=3) 00000060
FOUINDCTIAL O.E. AMD COISTATF ARE USED, 00000070
INCLUDES SHADOW TIME. 000000R0
00000090

00000100

SUBROUTINE OQUTPIT.72DER7+IHLF+1DIM,PRMT) 00000110
00000120

IMPLICIT REAL2R(A-H.0-%). INTEGER (1=N) 00000130
COMMON JUNTTS/ZUTS oUTMLUTH UTDZUTKM,DTR yUTKG LUTKW ,UUTMS 2 00000140
COMMON /INT/ITF,IOR.ID,INIM24NIMAX 00C00150
COMMON /A/A,AMU,P ) 00000160
COMMON /SHAD/ FENJFFEX,DFEN{S)DFEX(S),1SHAD 00000170
COMMON/POMER/PQOWC Py Py ISUN,TSON.I1POW 000001 R0
COMMON JELEM/ 20(12) 00000190
COMMON /SOL/RS(4) 00000200C
00000210

DIMENSION PRMT(5). 72{14). DERZ(14), ®W(9), 210(10) 00000220
00000230

1F (1TF.NE.3) GO TO 10 00000240
1F (IPR,EQ,0) RETURN 00000250
IF (TLEQ.PRMT(1)) N=0O 00000260
IF (TLEQ.PRMT{1)) M=0 00000270
N=N+1 00000280
IF T Y.6,999999G9999NN=DF | OATIM)S(PRMT(2)=-PRMT (1)) /DFLOAT(IPR)))IO0000290

1 eANDL (IHLF ot 1412} AND (Tl T, 1.99999999000=PRMT{2}11}), RFTURN 00000300
M=M+ | 00000310
CALL SUN(T,2) 00000320
1F tISON.EV.0) GO YO 2 00000330
DO 1 1= 1,5 00000340
210(1)= 2(1) 00000350
210(1+5)= 2(1+1D1IM2) 00000360
CALL SHADOW(210) 00000370
IF (1POW) 4,3,4 00000380
POW= PO 00000390
IF (ISUN,EQ.1) POW=POW/RS(4&4)%%2 00000400
GO T0 S 00000410
DUM1= DLOGIO(Z2(7)Y)+14.D0 00000420
POW= PO*DEXP(-,4364DN-12%DUMI2%10) 00000430
IF {1SUN,EQ,.1) POW= POW/RS{&)%%x2 00000440
POW= POW=PH 00000450
A= 2.,D02POMW/(C*2(6)) 00000460
00000470

TS=UTS*Y 00000480
TM=UTM=Y 00000490
TH=UTH=T 00000500
T0=UTD=T 00000510
Dve C2DLOG(0(6) /721 6))I%UTKM/UTS 00000520
H= 0,00 00000530
DO 7 1=1,1D01IM2 00000540
H= H + Z2(1+1DIM21%DFRZ(T) | 00000550
Wil)= Z2{1)2UTKM 00000560
W(2)=0,00 00000570

72
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DUMMY=2(2)se247 ()85 n0000SRO
TF (DUMMY [ GT,1.0=60) WI2)I=NSORTIDLMMY) noonnsan
. W(3):0,D0 00000600
NUMMY=7(4)882 & 7(5)5%) 0NDO0ALD
1F (DUMMY GT 1 D=40) Wl4)= 2,NN3DATAN(NSORTIDUMMY ) ) /DTR 00000620
W{4)20,D0 00000630
TF ({Z(&) . NELODOIHR,(2(5).NELOLND)) WIGIENETAN2(7(4)42(5))/DIR 0000N0640
W(i5)= 0,00 00000650
. TE CEZU210NEL 0D R IZ13) NELOLDO)) WIS)=DATANZ(2(2),2(3))/DTR  0000ONKKD
" W(S)=W(S)-Hl&) 0000N670
’ 1DIM3=1DIM2+1) 000006R0
c 00000690
C 00000700
Wl6)= 2{6)2UTKG 00000710
W(T)= POWSUTKW 00000720
Wi{9)= ABUTMS2 00000730
p W(B)= W(9)2WI(6) 00000740
. ¢ 00000750
o 00000760
- WRITE (6,1001) onnonTI0
{ ) WRITE (64,1002} 00000780
WRITE (6,1003) T, TS. TH. TD, DV, N 00000790
' WRITE (6,1006) 00000R00
WRITE (£,1005) (2(1).1=1,1DIM2) 00000810
WRITE (6,1014) 00000820
W CTE (6,1005) W 00000830
Wt L E 16,1006) 00000R40
WRITE (641005) 172(1),1=1DIM3,]1D1IM) 00000RS0O
WRITE (641007) 00000860
WRITE (6410051 (DERZ(1)e1=1,101M2) 00000RTO
WRITE (6,1008) 00DOORRD
WRITE (6,1005) (DFR7(1),1=1IDIM3,1DIM) 00000890
WRITE (6,1009) 00000900
PER=2.D0%PI*DSORT(7(1)253/AMU)I=UTH 00000910
AP= W(1)%(1.,DO+W(?2)) 00000920
PE= WI1)*(1.D0-W(2})) 00000930
; WRITE (6+1010) H.PER.PELAP, [HLF 00000940
‘ C 00000950
: 1F (ISHAD.ED.0) D TO 30 00000960
[3 IF (FEXJLTLFEN) FrY=FEX+2.D0%P] 00000970
I TSHAD= (FEX~FEN+7{2)={DCOS(FEX)-DCOS(FEN))-2(3)=(DSIN{FEX) 00000980
i 1 ~DSIN(FEN)} )= PER/(2.D0%P]) 00000990
¥ FPER= [SHAD/PER 00001000
y WRITE (6,1013) TSHAD, FPER 00001010
? FEXD= FEX/DTR 00001020
! FEND= FEN/DTR 00001030
% WRITE (64,1015 FEND.FEXD 00001040
; c 00001050
30 RETURN 00001060
§ 10 WRITE (6,1000) 00001070
¥ STOP 00001080
! c 00001090
¢ 1000 FORMAT {56H0 ITF MUST EQUAL 3--1.E. NEED FIXED ESTIMATED FINAL TiM00001100
1€) 00001110
1001 FORMAT ([ TOHO #2002 s¢2402800ass2 00242 nitesRecastsodanssntssnndazxa¢00001120
Jeesosndtutsern) 00001130
1002 FORMAT (SH TIME.)OX.IOHTIME UNITS 15X, THSECONDS ,9X 00001140
&3
4
k‘ 4
t
| ’
"
' 73
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1 oSHHAURS s 11X 4HNAYS ,UX JAMOY (K /S) o 10X, 1HN) 00001150
1003 FOURMAT (1P2025.7.1¢% 16.7,19//) 000N AD
1006 FORMAT (S4HD THE -O0INOCTIAL ORRITAL ELEMENTS, MASS, aNMD FLUX ARF)ID0001170
LO0S FORMAT (1PSN22,127/) 00001180
1006 FOIMAT (16H0 THE CSTATE 1S) 00001190
1007 FORMAT (32H0 THF CFRIVIIIVE 0OF THE STATE 1S) 00001200
L1OOR FORMAT (34KHO THE NERIVITIVE UF THE COSTATE 1S) 00001210
1009 FORMAT (1HD X, 11HHANTLINONTANGAX,12HPERIOD (HRS) X, 00001220

1 12HPERIGEE (KM),9X,11HAFOGEE (KM) 45X, 14HNIV. TIME STEP) 00001230
1010 FORMAT (2F20,12418721120.10,§9//) 00001240
1012 FORMAT (1P6D22.12) 00001250
1013 FORMAT (24HO TIME SP-NT IN SHADOW =, F15.R,29H HOURS, FRACTION OFO0001260

1 PERIOD =, F15.R7/) 00001270
1014 FORMAT (7BHO THE CLASSICAL DeFes MASS (KG)os POWER (KWI, THRU ST (N100OO0OD12R0O

1 THRUST ACC (M/SFC2%2)) 00001230
1015 FORMAT (16HO ENTRY ANGLE = oF20.10.146H EXIT ANGLE = +£20.10) 00001300

END 00001310
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FUNCT/FUNCTS

SEP

COMPLEX MODFL «~FLUX AS 2(T7)

16 DIM, VERSTIUON WITH FLUX AND MASS INCLUNED.

THIS SURROUTINE 1S &M INMIFREALCF RFIWEFN THF INTEGRATOR ROOTINF
AND THFE QUADRATURF ROUTINF.

INCLUDES SHADOW EFFECY.

THIS ROUTINF ADD THF FFHECT NF DRLATENESS (J2) TN THE DERIV,

ORLATE CALCULATES THE EFFRCT NDF J2. RETURNED AS DZJ2.

2 IS A VECTOR NF THE AVHFRAGED STATE AND COSTATE

DERZ 1S THE AVERAGED DERIVITIVE 0OF 2

SUBRDUTINE FUNCT(X.7.DER?)

IMPLICIT REAL*R{A-H.0-$)

COMMON /A/A,8M0,PY

COMMON /J2/7A02

COMMON/JD/ TL

COMMON /SHAD/ FEN.FFXDEENLS) oDFEX(5),1SHAD
COMMON/RCOM/AL9)
COMMON/POWER/POCoPOW 4 PH, FSUN, 1 SON, I POW
COMMON/ACOM/ AF(10)

COMMON /SOL/RSUN(3) RS

NAMELIST/PRINT/TT,PN.Co710+BETADIMLPOW,DP(DERZ1DHHZHM

DIMENSION Z(14)s NDERZ(14)+ GL10), HI10)s DZJ2010),GEX(10),GENCL0)

DIMENSION Z10(10).NFRZ1I0(10)+66(6)4H6{6),DFLLIL6) DFLIG)
EXTERNAL FCT,FLUX

SET UP COEFFS OF COSF AND SINF IN X1 AND Y1 AND PARTIALS

BETA= 1.D0/(1.D0+DSNHRT(]1,D0-2(2)%52~-7(3)%%2))
Bl )= 1,00-2(2)%=2%R-TA
RlU2)= 2(2)=Z2(3)*RETA

B(3)= 1.D0-2(3)%x2%B+TA
BETA3= BETA%23/(1.D0-BETA)
Al= 2(2)*=23BETA3

A2= 7(3)%%2%BETA3

A3= BETA+A]

Ab= BETA+A2

Rl&)= =2(2)=(RETA+A3)
B(5)= 2(3)=4A3

Bl6)= ~2(2)%A2

RLT)I= =-Z(3)*A]

B(B)= 2/2)%As

B(9)= ~/{3)%(RETA+ASL)

75

00nONNY0
ANNEOON
0nNoNr 20
GOnON0L0
nonnnnso
00000060
00000070
00000NRO
00000090
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
0n000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
0rv00320
00000330
00000340
00000350
000003260
00000370
00000380
00000390
00000400
00000410
00000420
n0000430
+v0000440
00000450
00000460
£0000470

"000&R0O
00000490
¢c0000500
00000510
00000520
00000530
00000540
00000550
02000560
00000570
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C

po 10 1=1,5
710(11=2(1)
I10{145)= 2(1+T

pUM= 1,D0
QEX= =P}
QEN= PI]

CALL SUN(X,2)

1S+AD=0

1F (1SONLEQ,ND) GO T 12
CALL SHADOW(Z10)

C CALCULATE POWER, DPDN AND ACCELERATION

£ C
' 12
. C

IF (1POW) 20415,20

C CONSTANT POWER

‘e C
15
16

20

¢
(.

A
by WRRAIRPSC -

36

RRFEPLR, <P o -
(@]

pooe s

¢ 22
c

DO 16 1= 146

DFL{1)= 0.DO

POW= PO

IF (1SUNLEQ.1) POwW= POW/RS%%22
0P= 0.D00

DER2(7)= 0,DO

GO T0 23

jF=2 &
AlFs 2.00%PI1/FLOATUIF)
1FV= 0
Fl1= =PI
D0 34 I= 1,6
DFL(I)= 0,00
F2= Fl+AIF
CALL QUADIF 1 4F24FLUXDFL1+210,G64H6,6)
1FV= JFVel
Fil= F2
DO 36 1=2 1,6
DFL{T)= DFLIT)I+DFLILT)
IF [IFVLLT.IF) GD TD 35

NERZ(T)I= AF(10)%DFL(1)

IF (ZU7),EQ.0.D0) 2(7)= SDO*NERZ(T)I*2(1)%*]1,5D0

DERZ(7)= DERZI(7)/(2, 0¢PIl)

OUM1= DLOG10(Z(T7))+14,00

POW= PO*DEXP(=,4364)-125DUM &%]0)
IF (ISUN,ED.O) GN TD 22

POW= POW/RS®%2

NP= ~POW=,43640-1120U¥]1229/(Z2(T7)=DLOG(10.00))

POW=z POW-PH
IF (POW,LE.0.DO) GO TO 500

76

0NOO0SRO
00000690
00000AN0
000N0A10
00000620
00000640
00000650
00000660
0n0006TO
00000680
00000700
000060710
00000720
09000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
000NOR10
0000DR20)
00000820
00000R40
00000R50
00000855
00000RAD
00000RT0
000004880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
00001100
00001110
00001120
00001130
00001140
00001150
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2.D0%POW/IC2216))

IF (1ShaD.EQ,G) O 10 30

SHADOW INFLUENCE

30

Ir (FENLLELFEX)Y FEN= FFEN+ 2,D0%P]

DEx= FEX

OEN= FEN

DNC= DFOSIFEN)=-DCOStEEX)

DDS= OSINCFEN)-NCINIFFX)

DUM=z (FEN=-FEX+Z(2)¢NDC=7({3)=2NNS)/(2.,D0%P])

SN= (1.D0-Z2(3)12NCOSI“FN)=72(2)12NSINIFEN})/{2.0,0%2P])
SXx {1.00-2(3)2RCOSIFFX)I=2(2)=DSINIFEX))/12.D0%P1)
CALL QUADIQEXQFN+FCT4DER710+2104GeH,410)

HM= =2,D0*POW/ (%2

DFRZ{6)=z HMEDOUM

HMz 2(13)%HM

IF (1SHADLED,O0) GO TO 60

SHADOW InNFLUENCE

40

50

60

CALL FCT(QEN,QEX.210.GEN,GEX)
HWX=20,D0
HWN= O.DO
DO 40 'x',5
HWX= HWX+Z10(1+5)2GEX(T)
HWN= HWN+Z]10(1+5)=2GFN(])
MW XE HWX+HM2SX
HWNz HWN+HM2SN

0N 50 1=1,5
DERZ)10{1+45)= DERZI0OUT1+45)~HWNSDFEN(T)+HWXSDFEX (T}
DRRZ1I0(T)= DERZIO(T)-HM20DL/(2,D02P1)
UERZ210(8)= DERZIO(R)+HM2DDS/(2.D0%P])
HMz HMXDUM

1IF (ay2.LE.0.DO) GO TO 9C

OBLATENESS EFFECT

™

80

90

CaLL OBLATE(AJY2,210.D20241)
DO 80 I=1,10
DER210413= DERZIO(T)<DZI2(])

HZl= 0.00
DO 100 I=1.5

71

Ey
'S AT

00n01160
000n1170
000N11RO
0onnni1190
00001200
00001210
00001220
0onon1230
00001240
00001250
00001260
00001270
nNO012R0O
00001290
00001300
00001310
00001320
000n1330
00001340
00001350
00001360
00001370
00001 3R0
00001390
00001400
00001410
00001420
00001430
00001440
00001¢50
00001460
00001470
000014RO
0000 .90
00001500
00001510
00001520
00001530
00001540
00001550
00001560
00001570
00001580
00001590
00001600
00001610
00001620
0L001630
00001640
00001650
00001660
00001670
00001680
00001690
00001700
0000171r,
00001720
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500
1000
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(*)‘f’y;& "y~lv__ .

H7e HI+21001+5)=DFRZ210(1)

DERZ(12)=s H7/7216)

NERZ2{)&)e =DPE{MI+RM) /E(IW

DO 110 1= 1,5

NERZ(T1)= DERZIOLT)

DERZ(1+7)=2 DERZIOI145)-AF(10)%7()6)=DFL(])+}

TtaXx

WRITE (6,PRINT)

RETURN

WRITE (6,1000)

FORMATI YEJTHER POW OR T <= 0V)

sToP
END

78

Lo 2.00%P 1)

s dmtry .

00NNt 730
00001740
00001750
000N 740
onan17I0
00001790
00001790
NO0N1RO0D
00001810
00001R20
00001830
CQON1RLD
00001R50
000018n0
00001RT0
00N01RRO
00001890
00001900

i e e
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EARTH3

THIS SURPROCRAM SFTS 1Mk VAL FNR FARTYWYC Qa1 YA (i tMERTS
ANC CALCULATES THE Miarn ariivaLy AT Twf IN]T AL TImME
ToBe TAK N FROM RaT1 1IN, 146e, FRUCH 1960 JAN, 1.5, JN=263n4935,
NPUT

TL-=INITIAL TIME, AFGINNING OF LOW THRUST TRAQ
nuTPUT

CU1)~-=FARTH'S SEMIMAOP AXIS

Cl2)-~EAPThS ECCENTRICITY

CU3)--ARGUMENT 0OF PFKIH,

Cla)--MEAN DRRITAL MUTION

C{5)-=~MEAN ANOMALY 21 TL

Clsy==CUL_INE OF ANGLF OF ORLIOUTTY

CUT)-=SaNE OF ANGLE OF ORLIOUITY

cormy e NF N MAG PCLE AT TIME TL

Ci18 OF N, MAG, PUILE =32¢ SFT TO 90 DELREES
Cl19)-~canTH RIT, FR-C, =8¢s SET TO ZERQD
C120)~-=2%P1

SUBRNUTINE EARTH
IMPLICIT REAL2RIA-H.0-8)

COMMTN /JD/ TL
COMMON /TERRA/ CL2C)
COMMOR ZUNTTS/UTS 00TH qUTHLOTDGUTKM.DTR yUTKG o 1'TKW,HTMS2

ct1y) - 1,00

Cl2)= .01672600
C{3)= 102.25253D0
Cla)= .9R560900

4cAN ANOMALY AT EPOCH
AN= 100.1581500-C(3)
BO= AN

AEAN ANGMALY AT TIME TL
AN= AN+C(46)%{TL-2436935.D0)
AN=AN/360,00
AN=AN-TOINT (AN}

CI(5)= AN*360.D0¢DTR
Ci3)= CL3)*DTR
Cla)= ClH)2DTREYTIN

DUM= 23,45=DTR
Cisi= DCOSIDUM)
C{7)1=DSIN(DUM)
TALC' ATE THE ROTATION Mailix FL0OM ENUATORTIAL TO GMT CODRD.

£02 RO+{2.N0%C(2}1-.25M0%C (21223 )1aNSINI(FNI+1,.25N0=C(2)88?
1 *D0SIN(2.00%R01+1.0F333333333333N0=C(2)*=3=NSIN(3,NO0*AD)

=~

oconnant o
annonnzo
0ronnnio
Ot naopeen
Narnnosn
o00oNnC060
oaonnno?o
a00000RO
Qannnno90
o00On100
onnNne110
oaonn1zo
o0onnn13n
60000140
0nonni1so
onon01A0
ooon01170
000Nn01R0O
000N0190
00060200
naoonon?10
co0ne220
00000230
00600240
AO000250
onenn260
02000270
000002R0
00000290
o0000300
0000C210
00000320
00000230
00000340
00000350
00000360
00000370
00060.03R0
00000390
00000400
0noonaslo
06000420
00000430
oonnn640
00000450
ononnas0
000006470
00000480
00000490
00000500
00000510
ouon0s520
00000530
00000540
00500550
00000560
00000570
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ANz AOLC(3)

RX= =DCDSLA0)

RY= -DSIN(HUGIEC(&)
RHO= DSORT(RXSRDeRY~TD}
RX= RX/Rw(

RY= RY/RHD

CiR)= RX

C({9)= ~-RY

ct10)= 0.00

Ctll)= RY

C(12)= RX

Cit3)= 0.00
Cll4)= 0,00
Ct15)= 0.DO
Ct16)= 1.00

Cl17)= 2R9.9DO*NIR

ct18)= 90,N0O=DTR

c(19)= 0.00

Ct20)= 360.D0*DTR

C1T)= CLIT)I+C(19)12(TL-2436935.00)/UTD

RETURN
END
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0n00N5RY
anenns590
0connan0
00000K10
0ONNOAZD
co0n0630
00000K L0
00000650
00000660
00000670
000006R0D
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
onnnN7TRO
nnon0790
000DNRO0
00000R10
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THIS PROGRAM CALCULATFS THE EARTH TO SUN DIRECTION AND
NISTANC  FOR A GIVEN 1I#r, QUTPUT IN TPc cQUINOCTIAL
COORDINATE FRAME,

ALSO CALCYLATES FLUX FACTORS.

INPUT

71--10 VECTOR OF EO, 0O.E. AND COSTATE(NOT USED)
AE--EARTH ORAIT SFMIMAJUNR AX]S

EC~--EARTH DRBIT ECCHHTIRICITY

W-=LONG. OF PERIH,

ENE—-MEAN ORBITAL MNTION

AN-=MEAN ANDMALY AT AFGINNING OF TRAJECYORY (TO)
CDB--C0S OF ANGLF OF ORLIOQUITY

SOB=--SIN OF ANGLF OF QRLIQUITY

CMAL--ROTATION MATRIY FRUM EQUAT. TO LMT COORD,
Al-~LONG. UF N MAG PNLE AT TL

A2--LAT OF N MAG DL+ AY T

WE-~EARTH ROTATIONAL FREOQ.

TuPl--2%pP]

T--PRESENT TIME

ouTePuT

RS--UNIT VECTOR FROM EARTH TO SUN, EQUINDCTIAL COORD,
R--DISTANCE FROM EARTH 1030 SUN AT TIME T
C--FLUX FACTORS

SUBROUTINE SUN(T,7)

IMPLICIT REAL*R(A-H.0-8;

COMMON /SUL/ RS{3), R

COMMON/TERRA/ AELEC W ENE.AN,COR,SOBsCMA{3,3),A1,A2,WE,TUPI
COMMON/CCOM/CI6)

DIMENSION RS1(2),CM(3,3),2(14)
DIMENSION VNI(3), V2(3),CMP(3,2)CMOI(3,2)

MEAN ANOMALY AT TIME T

AA= AN+ENE=T

TRUE ANOMALY=-=CORRECT THRUS FCCENTRICITY CURED

F=AA+{2.DO%EC-.25NN*+C2s3)=DSINCAA)+1.25002EC*%27NSIN(2.D0=AA)
1 +1.0R33333%3333N0*EC**32DSIN(3.00%42)
B=F+W

DISTANCE BETWEEN EARTH AND SUN

R=AE®(]1.,D0-EC**2)/(1.D0+EC2NDCOSIF))

T VECTCR TO SUN, EQUATORTAL COORD.
RS1{1)=-DCOS(B)
RS1(2)=~-CORXOSINIR)
RS1(3)=-508+DSINIR)

81

00000010
00000020
00000030
00000040
00000050
00000060

00000070
00000080
¢5000090
70000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
000001R0O
00000190
00000200
00000210
00000220
000002320
00000240

00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000260
00500370
00CO003R0
00000390
000004CO
00000410
00000420
00000430
00000440
00000450
00000460
¢10004670
000004R0
00000490
00000500
00000510
00000520
0n000530
00000540
00000550

LT,

e s




C TRANSFORM TO FOLINOCT )AL COLkD,
ARz 1 D02 (4122247~ ¥
CM{ly1)= (1aO=22) " D37(5)352) /AR

C”'Zo!|=

CML3,1)=

CMLL,2)=

i CM(2,2)=

: CM(3,2)=

. ‘ CPi1.2)=
ol CM{2,3)=
CM(3,3)=

P2t ® It} M UH /AR
=2.N0C 214 ) /AF

CML2.1)

(1 000206y =2-715)%22) /AR
2.00e7 (%) /780

-t 3. n

-CM{3,2)
(1.00=21«)222-7{51ex2) /AR

i 10

NI 10 I=1,3
RS({1)= 0.DO
DO 10 J=1.3
RS{I)= RS(I)+CMEJTISRETLY)

[aXa NalNal

THETA=
THETA=
THETA=
THETA=

LR e,

c

CALCULATION OF Ct6), FLIX FACTORS

WE=T+a1

THETR/TUPY
THETA-IDINT{THETA)
THETA®TUP!

C VN IS VECIUR THR ., N #aG POLF AT TIME T IN GMT COORD
A3= DCOS(AZ)

N
'
|

Viw{1)= DCOS{THETAV2A3
VN{2)= OSIN(THETA)22A3
VN{3)= DSINIA2)
o
C v2 1S N IN EQUATORIAL COHRDS,
DD 20 I=1.3
v2i{1.,=0,00
DO 20 J=1,3
20 V2{1)= V2{1)~VNiJ)=CMALY,. 1)
C
C CALC PARTIALS NF F AND G UNIT VECTORS
AB= 2.D0/AB
00 30 1=1,3

CMP(1,1)= -ABS(7(5)=(M(1,2)+CM(]1,3))
CMP{1,2)= AB=2(5)=CM(].])
CMO(T )= AB=2(&)=(M{1,2)
30 CMO(1,2)= AB®(~7(4)2CM(T,1)+CM(1,3))
c
T C(1).,Ct2) ARE COEFF OF x1,Yl IN EON FOR SIN(ALPHA)
C Ct3),Cl&) ARE COEFF OF x1l,Yl IN DSIN DP
C C(S),Cle) » " DO
DD ¢0 K=1,42
Cti)= 0.00
Cix+2)= 0.D0
CiK+4)= 0,00
D0 40 J=1,3
CIK)= CLKI+VZIIBCMJ,.K)
ClK+2)=z CUK+2)+v2{J1=CMPLYWK)
40 CiK+4)= ClK+a)+V2{3)2CMO(JeK)

RETURN
END

82

00000LA0
IMNOOECST0
ononnAun
aoON0S 0
[aTS 1R IR TALY Y4
00neea1n
a00N0K20
ONNNNA30
ANOOCRGD
COONNAEN
0NONNAKD
0000nsT0
ONOOGARD
OCNOCAYG
oncon7no
00000710
00000720

‘00000730

00000740
00000750
onn00740
06a00770
00000780
00000790
00000RO0
QCOHONRIO
QN000R20
0DONGRINO
nONOORAO
000NORS0
00000860
o0QnoR70
00QNORAQD
00DNOARI0
NOOGO900
0onNnNaL Q0
00000920
00000930
onoN 2360
00000950
000009640
00000970
00000980
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001040
00001070
000G 0RO
00001090
0001100
00001110
60001120
00001130
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SHADDW/ SHADOW]

THIS PROGRAM DETERMIMES JF A GIVFM (ORRAIT PASCES THROLIGH
THE FARTH'S SHADDW Ar Y FF Sit WwHAT Twe ENTRY AMD EXLT
ANGLES ARE, 171 LSO CAL 'HATFS ThE PARTTIZL DFRIVITIVE
VECTOR NF F WRY THE DO.F. AT THE ENTRY ARD FXIT PHVEINTS,
INPUT AND OQUTPUT IN EIINOCTIEL CDNRD,

INPUT

I-- 10 VECTOR QOF ,F, AND COSTATE (COSTATE NOT USED)
XSUN4s YSUN, 2SUN--SUN®*S DIRECTION IN ES. CODRD, (UNIT VECTOR)

outTPuUT
FEN~-ENTRY ANGLF
FEX——EXIT ANGLE
DFEN~-DIRIVITIVE OF F AT FNTRY
DFEX-=DIRIVITIVE 0k + AT €X1T
ISHAD--FLAG=0 1f ORRIT NOT INTERSECT SHaANOW
=2 1F ORRIT ENTER AND EXIT FROM SHADOW

SUBROUTINE SHADOW(?Z)
IMPLICIT REAL®R{A-H,.N-8)

COMMON /SOL/ XSUNLYSUN,ZSHNGRSUN
COMMON /SHAD/ FENLFEXDFEN(S),,OrEX{S),]1SHAD

DIMENSION DSDX(S5).AP1&).RT(4),2(10)
NAMEL IST /DUMFEN/ FFN,DUM

NAMEL IST /DUMFEX/ F-X,[iM
NAMEL IST /EQ/ AP.PT.NRE

NAMEL IST /EQ2/BETALA1.B2.R3,D]14D2+D34H1,H2,H3,61,62,A0

NAMEL IST /PR&/ DM NSDF.DSDX
NAMELIST /PRS/ 1.11.0F,SF.X1,Y1
NAMELIST /PR&/ T.11.HON

CALCULATE POLVNOMIAL COFF,

BETA= DSORT(1.D0O-7(2)1%22-7(3)%%2}
BETA= 1.00/(1.D0+BETA)

Bl= 1.00-~Z12)*222RETA

B2= Z(2)%Z2(3)*BETA

B3= 1.D0~2(3)%222RETA

Dl= 1.D0-XSUN2%2

C2= 1.D0~YSUN=22

D3= 2.DO*XSUNSYSUN

Cl=R2%%2

C2=B83%52

(3=82%83

C4=B1=B2
Hl1=D1%(B1282-C1)+2=i(1-C2)-D3*(C6~C3)

H2=-2,D02(01%B1%7(3)+N2+B2%7(2)+D3=(R2*7(3)14R127(2}))
B3=D12(C1eZ(3)282)e)2((2+42(2)222V~N3%(L3+2(2)22(3))

1 ~1.D0/2(1)%%2
Glz 2,002(D12CL+n25(3)-N2A2{C1+RA1%R3)

83

onoenn10
onnonn2o
o0nNcn3on
0000c040
000000%0
00000060
20000070
GO0000RD

-00000090

0nonn100
00000110
aa000120
0000130
00000140
coonn1s0
00000160
00000170
00000180
o00N0190
00000200
00000210
00000220
00rnn222
00000224
006N0240
00000250
00000260
00000270
CC0002R0
00000290
00000300
0300305
00000306
00000307
00000308
00006309
00000310
00000320
00000330
00006340
00000350
00000360
00000370
000003R0
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00060460
00000470
000004R0O
00000490
00007495
€0000500
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(2= =2.D021D12R227(4)4D2=RIRT(2))+DIN(RIET(I)4R222(2))
Cl= G123

C2= G222

C3= Gl262

AD= H1s:24C})

C WRITE (hEO2)
AP(1)=22 ,0s(H12H2+CA)/AD
AP{2) =z (HZ22=242.i 02H38H]-C1+C2)/A0

AP{3)= 2,ND0%(H32+2-C3)/A0
AP{4)= (H3%=22-C2)/A0

o
C CALL SUBROUTINE TO SNLV- A OUARTIC EON,
c
CALL DORIIC({AP,RT.NRH}
Cc
C WRITE (6,.,E0Q)
C

C NRE= NUMRER OF REAL RONTS, MUST RF EOUAL TD 0,2,0P &
C RODTS ARE RT{I}y OR FY(1},RTI2),RT(3)+-RT{&)*], NR
C RTUII4=RT(2)1=T1,RT(3)+~-RT(4)=]
TF (INRELEQ. 1) ORUNKELEQO.31) 6O TC 130
C
FEN= 100.D0
FEx= 100.00
ISHAD= O
1=0
10 I=21+]
TF CUISHADLEWL2) ORI EOLINRF+1))) GO TO 120

CF= RTI(1)
SF= DSORT(1.00-CF=%D)
C
C HEMISPHERE (HECK
11=1
20 X1= B1=CF+p2eSF-213)
Yi= B3=SF+R28CF-7(2)
c WRITE (6,PR5)
IF ({X1®XSUN+Y125YSUN),.LT.0.D0) GO TO 40
30 1F (11.,EQ.2) GO TO 12
11=2
SF==SF
G0 70 20
[
C IS SHADOW EQUATION ZERO?
40 EON= Dl2x12224D22Y1232-N3xX]eY]=-2{]1)28(-2)
C WRITE (5,PR6)
IF (DABSIEON}.GT,.1.h-6) GO TO 30
c
C ROOT HAS PASSED TESTS--NNW CHECK TO SEE IF EXIT OR ENTRY ANGLE
NXDF= =B1*SFe+B22CF
NYDF= -B2=SFeB32CF
DSDF= {2,00%D12X)-D3=v))=DXDF +{2.D0%N22Y]1~-N3eX))=DYDF
DUM= DATAN2(SF.CF)
IF (DSDF) 70,50.,60
C
C ORARIT IS TANGENT TO SwanOW
50 WRITE (6,1010)

84

00000510
000aN520
nnnonsio
o0nnnNs540
00000550
00000555
0000N5A0
000005170
00000580
00000590
00000600
00000610
00000620
00000630
00000632
00000634
00000640
00000650
00000660
00000670
00000680
00000690
00000ROO
00NO0ORI0
00000R20
00000R30
00000R4L0O
00000850
00000860
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001065
00001070
00001080
00001090
00001100
00001110
00001120
00001130
00001140
00001145
00001150
00001160
00001170
000011 ~0
00001190
00001200
00001210
00001220
003951230
0D0A1240
00001250

N

L

B T T VP W ou s CUPRU

Y




G0 T0 30
C
C IS FEX ALREADY FNUND?
a0 IF (FEX,EN.1.D2) oD TO KO
C YES
WRITE (6,DUMFEX)
GO YO0 30
C
. C IS FEN ALREADY FOUND?
T 70 1F {FEN,EQ.1.D2) GN TO RO
. C YES
WRITE (64 DUMFEN)
GO T0 30
C
C CALCULATE DSDX
&0 IFETA= 2(3)2SF=-217)%CF
RETA3= BETA=23/().N0O-~RETA)
* P25= Z(2)=BETA3
PZ6= 7(3)*BETA3

. DXDHz= ~2,D0%Z({2}*REIB2CF+7{3)=RETA*SF+PIS22ETASZ (2)
{ DXDK= Z(2)RETA=SF-1.D0O+PIA%7(2)=7ETA

‘ DYNH= Z(3)2RETASCH=-1.D0-P?5372(3)=2ETA
' DYDK= ~2.D0%2(3)=KETA= -+ (2)eRETASCF-P7627(3)27ETA

0SODX{1)= 2.ND0=2(11%=({-3)
DUMl= 2,.D0%D1%X1-N3=V]
DUM2= 2,D0%D2%Y1-n3=X)
DSOX(2)= DUMIADXH4IHIM2Z)IYNH
DSDX{3)= DUM]IZDXIK+DHIM2EDYDK
D=2.D0/(1.D00+2(6)=%247(5)%x%2)
NxSP= (~YSUN=Z{S5)-7SuM}=D
! DXSQ= YSUN2Z(4)%D
DYSP= XSUN%Z({S)2D
DYSO= (=XSUN=2Z(4)+7SUN)ZD
‘ f DUM]= =2,D0%X1={2)=XSUN+Y]=YSlL,)
!

™

DUM2= -2.,D02Y1#(Y)=YSIN+X]2XSUN)
DSOX{ &)= DUMLENXSP4DUM2EDYSP
NDSDX{S)= DUM1=DXS0+NIiM2xDYSO
WRITE (64PRS)

ISHAD=1SHAD+1

IF (DSOF.LT.0.D0O) GN TO 100

o

C
C ExIT ANGLE AND DERIVITIVE
FEX=DUM
DO 90 J=1.5
90 C Ix(J)= DSDX(J)/DSDF
GO T0 10

e e g

C
C ENTRY ANGLE AND NERIVITIVE
100 FEN=DUM
DO 110 J=1+5
110 DFEN{J)= DSDX(J)/DSDF
.60 T0 10

t e TATY PSR LY A0

\ 120 IF ((JSHAD.EN.O).OR,.LISHAD.EN.2)) RETURN

(Y
2 ‘ WRITE {641020) 1SHAD
1 1SHAT= O

R

M- o

85

onnp1 260
nNonY 270
onan1280
no0O0N1 290
0nnny 300
00001310
00001370
00001330
00001340
nooo13so
000Nn1 360
00001370
00001380
00001} 390
00001400
00001410
00001420
00001430
00001440
00001450
000014¢0
nO0ON1470
00001&RO
00601490
000n1492
00001434
00001500
n0001510
00001520
00001530
00001540
0nno1550
000N1560
00001570
00001580
00001590
00301600
00001605
00001610
00001620
000N1630
00001640
00001650
00001660
000C1670
000061680
00001690
00001700
00001710
00001720
00001730
00001740
00001750
00001760
0con1770
00001780
00001785
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1010
1020
1030

RE TURN

WRITE (6,1030) ARE
sSTop

-

FORMAT (33M0 DSDE20. ORAIT TANGENT TO SHADOW)

FORMAT (15MH0 ERRIW--1SHANZ,16)

FORMAT (49HD DQRIIC +-AS RETURNED WITH NUMRER (F REAL ROMIS =,14)

END
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onenl 790
ONCNYRON
ne0n01RO2
0NNO1R0G
00NN ROG
QONDYIRLI0
00001820
00001830
00001R32
00001840
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SUBROUTINE DORTIC I ko NRF)

SOLVES POLYNOMT AL Fot ATION (- THE TYPE
X244 (108 X"23eC(2): s 2«03 )X4L{G)=0

THE COEFFICIENT tib x=za §S ASSUMED TD RE )
R CONIAINS THE RUNTS
NRE C INTAINS THE NUMKFER (1F RFAL RODTS

IF THLRE ARE TWO nEAt RUDTS THEY WiLL HKE IN
R{1) ZNO R(2)s WIT~ It COMPLEX RONTS R{3)+-R{4)}>]

1F THERE ARE NO WFAL RONTS.THE COMPLEX
RDOTS ARE R(1)+-R(2)*] AND R(2)+-R(4&)=]

DIMENSION Cl&) RE4).CP(3),Y(3)

DOURBLE PRECISION CoPeCPuY.ClSNA,BsDyE FREALDSCR,RAD

C1S0=C{1)=%=%2

CPl1)==Cl 2}

CP(2)1=C11)eC(3)=4,NOX""4)

CP({3)=(4,D0=C(2)=-C1S+,=C(&)-C3)=%x2

CALL OCUBICICP,Y.htiM)
A=C1SD/4.N0-CL2)+Y (1)
B=.500=C(1)=Y(1)=-C(3)
=,25D00=y(1)*Y(]1)-C(4)
IF(A) 10,10,15

E=0.

60 TO 20

E=DSORT(A)

IF(D) 25425430

F=0.

G0 70 S0
F=DSIGN(NDSORT(D).RA)

NRE=0
REAL=-,25D02%C(1)+.5N0%=E
DSCR=REALFREAL-.5NO*Y{1)+F
RAD=DSQORT(DARASI(DSCRY)
1F(DSCR)IB0,55,55

NRE=2

R{1)=RCSAL+RAD
R{2)=REAL-RAD

oD TO 65

R({3)=REAL

R{4)=RAD

REAL=REAL-E
DSCR=REALZREAL-.5NONY(1)-F
RAD=DSORT({DARSI(DNSCR))
IF(DSCR)IRD, 70,70

NRE=NRE+2

R{NRE)=REAL~-RAD
RINRE=-1)=REAL+RAD

GN T0 90

R{NRE+1)=REAL

R(NRE+2)=RAD

RETURN

END
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s,
Y 'S A TVOR O

C120020
2120040
120050
2C17200A0
3C120070
12720080
3C120080
(120100
3C1201106
3C120120
ic120130
3C120140
3120167
3C120160
3C120170

3C1201R0

3C120190
3120200
2C120210
3C120220
3C120240
3C120250
3C120260
ictrz0270
3C1202R0
3C125290
3C120300
3C120310
3C120320
3120330
3C120240
3C120350
3C120369
3C120370
3C120380
3C120390
3C120400
3C120410
3C120420
3C120430
3C120440
3C120450
30120460
3C120470
3C120480
3C120490
3C120500
3C120510
3C120520
3C120530
3C120540
3120550
3120560
3C120570
3C1205A0
3C12¢590
3C120600
3c120610
3C120620
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SURRDUTINE NCURICIC.R.NKF)

SOLVES PNLYNOMIAL FOUATUION DF THE TYPF
X*x23+C{1)e X022+t 2)%2+C13)=0

THE COEFFICIENT OF x»e3 }§ ASSUMED T0 RE 1
R CONTAINS THE RODTS

NRE CONTAINS THE NUMRER (F REAL ROOTS

1F THERE 1S ONE KEAL RONT IT wWitL RE
IN R{1) WITH THE COMPLEX RODTS R(2)+~R{3)}*1

DIMENSION C(3).R(3)

DOUBLE PRECISTON CoeR.C1SOP+0O4NELsT+A,CRTALCRTR,PHRI3,CON,Y

DOURBLE PRECISION R,StoHO

Ci1S0=Cl1)%82

P=Ct21-C1S0/3.00
Q=C{3)=(C(2)/3.00=-2.00*C150/27.D0)*C(1)
DEL=4.00=P*%3427,010%1%0

T=C{1)/3.00

1F{DEL)20,10,10

SO=DSORT(DEL/10R.1O)

HO=,5D0%Q

A=-HQ+S0O

B==HN=-50
CRTA=DSIGN(DARS(A)**,23333333333333333N0,4A)
CRTB=DSIGN(DABS(P)*%,3333333333333333300,8)
Y=CRTA+CRTB

R{1)=Y=-T

R{2)=-,500*Y-T
R(3)=,8660254037R443AK6GS5D0*(CRTA-CRTB)

NRE=]

GO TO 40
PHI3=DATAN2(DSORT(~N+L/27.D00),-0)/3.D0
CON=2,00*DSORT(-P/3,.D0}
R{1)=CON=DCOS(PHIZ)~T
R{2)=~CON=*DCOS(1.0&7197551196597700-PHIZ}~-T
R(3)=~-CON=DCOS(1.067157551196597TD0+PHI3) =T
NRE=3
RETURN

END
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3C110020
3C110040
aC110050
3C1100A0
3C110070
3C1100R0
3C110090
3C110100
3C110110

"3C110120

3C110130
3C110140
3C110150
3C110160
3C110170
3C1101R0
3C110190

3C110210
3C110220
3C110230
3C110240
3€110250
3C110260

3C1102
3C110280
3C110290
3C110300

3Cl103

3C1103
3C110330
3C110340
3C110350

3cli03
3110370
3C1103R0
3C110390
3C110400
3C110410

3C1104

3C1104
3C1104640
3€110450
3C110460
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FLUX

THIS
THE-

cost

PROGRAM CALCULTHS ToF b DRRIVEITIVE AND

INTERAND DF THE Hp1 ¥ CORMTRIEITION 10 THFE OL.F,

ATE EQUATION

ONLY G(1), PFPX, PFPY, AILD PFPSA ARE NFPENDENT

ON 7

HE FORM OF N DOY

SUBROUTINE FLUXIF1.F2.7.H,G)

IMPLICIT REAL*R(A-H.0-8)

COMMON /RCOM/BRLS)

CNAMMON 7CCOM/C(6)

COMMON /ACOM/AF(10)

DIMENSION FI{9) FT1H(GY HIVIQ),FIWI(T)
DIMENSION Z2{1)sH{1)GI11.PF(5)

0

M
F= Fl

CALCULTE GEOMAGNETIC CONRDINATES

CF= DCOS(F)

SF= DSIN(F)

Xl= Z2(1)%(B())*CF+RI2)%SF=-71(3))
Yi= Z{1)*(B(2)*CF+R(3)%SF=-2(2))
Rz DSORT({X]1%%22+Y)x%2)

U= 1.D0/R
SA= (Cl1)%xX1+C(2)*Y1)/R
SGN= 0.DO

DUM1= DABS(SA)

IF (DUM] .GT.1.D-10) SGN= SA/DUM]

SA= DuUM)

Ca= v.DO

TF (SA.LT.1.00) CL= DSORT(1.NO-SA**2)
1F (CA.LE,1.D-10) CA= 1.D-10

S= 1.D0-2(3)=*CF-7(2)%SF

FLUX RATE EQUATION

F1(1)= U3CA

F1{2)= U=»2%CA
FI(3)= FI(2)%Sa
FI(4)= U2SA

F1{5)= Le%38SA%e?
FI{6)= FI(5)%5A
F1(7)= DS.RTIU)=CA
F1(8)= u»=,25D0%CA
F1(9)= Us%,2002CA

SumM= 0.D0

0P 6 1=1,9
SUM= SUM+AF{TISFI{T)

89

anpononlo
coonnn20
0no0nn3ion
enonenen
oanoonnso
000000A0
oooNnn70
LONONORN
ono000s80

00000100

nonnniln
00000120
00000130
00000140
0ONNN150
00000160
00000170
00000180
00000190
000N0200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
n0000340
00NG0350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
©0000430
00000440
00000450
00000460
00000470
000004R0
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000540
00000570

.t
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OO0 o

Gl1)z DEXP(SUM)

PARTIAL OF X1 AND Y1 WRT K AND K

PXPHE 2(1)%(Rl4&)SCFenIS)®SF)
PYPHz Z(1)*(B(S)=CF+K(6)25F=-1.D0)
PXPK= 2(1)}*(B(7)=CF+RIRI*SF=-1,00)
PYPK= Z2(1)*(BIR)=CF+RL9)®SF)

FIull)= CA

FIlul2)= 2,00%U=sCA
FIU(3)= FIU(2)1%2SA
Fluf(4)= SA

FIULS5)= 3,DO=F1(5)/1
FIUl6)= FIULSI=SA
FIU(T)Y= .S5DO2FI(T7)/0
FIU(R)= .25N0%F1(R)/1
FIU(9)= ,2DO*FI(9) /0

Fivili= 0.00

Flvi2)=z 0.00

FIV(3)= Us22%(CA

Filviel= U

FIVIS)= 2.D0=U*e23=SA
FIVie)= FIV{5)%Sa%1,500
FIVi7)= 0.DO

F1viEa)= 0.D0

FIV(9)= 0.00

FIWt1)= U

FIW{2)= Us*2
FIW(3)= FIW(2)*SA
FIW(4)= 0.0D0
FIW(5)= 0.D0
FIW(6)= 0.D0
FIW(T)= U**,500
FIWw(8)= U**,25D0
FIW(9)= Ux*,2D0

SUM= 0.00
DO 7 I= 1,9

SUM= SUM+AF({1)=FIULT)
SUM= =Gl 1)*SUM/R&+3

PFPX= SUMEX]
PFPY= SUM&V]

SuM= 0,D0
DO B 1= 1,9
SUM= SUM+AF( ) (FIV(T)=FIW(T1)*SA/CA)

PFPSA= G(1)#SUM*SON

000Nn0s RO
00000590
00000600
00000AYID
N00N0A20
00000630
00000640
00000450
00000660
00000670
NDOOO06RO
00000690
onnno700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000810
00000R20
00000R30
00000R&0
00000R50
00000RA0D
00000R70
00000RR0O
00000R90
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
000C09R0
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
00001100
00001110
00001120
00001130
00001140
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PF{1)= (PFPX2aX1+! bYIY]L)/201)
DUMI= PFRXSPFRSA~IC(]1)-YI"GA/R)I/R
DUM2= PFPYSPFRSAT(((2)=Y]I3SA/R)/R
PF(2)= DUMIZPXPHe M 3PYPH

PF{3)= DUM]ISPXPK+nl M e pPYPK

PF(G)= PFPSA®(Cl“)xx)+Cl&)=Y]1)/R
PF{5)= PFPSAR(C{S)ex)+CI(H)+Y])/R

DO 10 I= 1,5
Gll+l)= PFL])=S
G{3)= GU3)=G{1)tSF
Gla)=s GL&)-Gr1)=CH

Gll)= G(1)2S

IF (M,EQ.1) RFTURN
F= F2
M=z ]
DO 20 1=z 1.6
H{l)= G(])}
GO T0 5
ENO

[WGL L LY
onnNn11 60
nonn11In
00001 1R0
0nonl119n
00001200
00001210
00001220
00001230
00001240
0ndn1250
onnn1 260
00001270
000n12R0
00001290
00cn1300
00001310
00001320
00001330
06001340
00601350
00001360
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INPUT/INPUTN

NEP AND HIGH THRUXG,

THIS SUBPROGRAM S CALL+D RY CDONTL AND RFADS AND FRINTS
aLL INITIAL DATA AS Wr(L AS SETS INITIAL CONSTANTS,
THE UNITS ARE BASED UN INTFRNAL MU=],0, INTERNAL DISTANCE
UNIT=1 EARTH RADIT, AND EXTERNAL MUz 39660],2 KMBKMeKM/

SELsSEC AND EARTH RADLI= 6378.16 KM,

A CIRCULAR

ORK, e AT 1 EARTH RADIT WOULD HAVE A PERIOL OF 2 P INYERNAL

TIME UNITS.
10 RE USED WITH 6 DIM, 7ERF,
IN2UT
LOW/HIGH ATGH/LOW/HIGH
INITIAL DeBIT
A (KM)
E
1 (DEG)
L(INGe AS”., NODE (DEG? NOT USED
avG, OF PERGEE (DEG) NOT USED
INITIAL GUESSES
LAMBDA A LIKE UPSILON
L4MBDA H LIKE c4ALL'S K
LAMBDA K LIKE SMALL'S J
LAMBDA P SCALE FACTOR
LAMBNA C DUMMY-=NOT USED
DESIRED FINAL ORBIT
A
E
1
NCDE (NOT USED IF MOP=2) NOT USED
PERIGEE (NOT USED 1fF NOP=2) NOT USED

TF2 (DAYS), GUESS FOR FINAL TIME
PKW (KW)y POWER
SPIM (SEC)y SPECIFIC IMPLCSE i NEP
LM0 [KG)y INITIAL MASS (NEP)
IRDFLG
END OF INPUT
IPRy PRINT FLAG
NIMax, MAX. NO, OF ITERATIONS
TEMAX2 (DAYS), MAX. TF
DY2 *DAYS), TIME 5TEP FOR DLE.
UEB, UPPER ERROR HOUND FOR D.E.
EW, ERROR WEIGHTS
UTKM, EQUATORIAL EAPT~ R2)1US
LM (KM3t3/SEC2e2), FAQTH GRAV., CTUNST.
NOP = 1, 5 0., S":NIFIFD AT 37
t 2+ 3 D.E, ‘FECI:-IEL AT TF

11 SETS OBRLATENESS: COEFF.A42.#1,0827D0-3
12 STEP, STEP SIZE rFOR N, DIFF. (5 DIMy

KSTEM = n, STEP AS FRACTION IN TER

= 1 STEP 85 CONSTANT IN STER
13 1POW = Oy CONSTANT POWER
= 1y EXPONENTIAL DEGRADATION

BB (SEC)s TIME COWSTANT

PH (KW)y HOUSEKEEPING POWEK
14 ENPTY

DL DNV PWN -

62

NOMINAL

0

20

190,

1.

}.010
lo'lo’lo'lo'lovOQQnoo
6378, 46

39740142

09G¢0010
00000020
no000Nn e
20000060
00P0ND50
00000060
0000070
06000080
00000090
00000100
n0G00110
n0000120
00€¢00130
00000149
00000150
00000160
00000170
0CI001A0
00000190
00000200
00000210
00000220
00000230
00000260
$3900250
000002606
00000270
00U0V280
0006002990
00000300
00000310
00000320
0000033u
00000340
00000350
00000360
00000370
0000038¢
00000390
00000400
00000410
20000420
00000430
0000044C
oconr &40
00000460
00000470
00000480
00000490
00000500
00000¢:0
00000520
0000C530
NOOOC »49
000N 0550
000UL LG
0000057,
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IHI = ]« LOW THRUST (INLY 1

= 2, HIGH/LOMW

= 3y HIGH/LOW/HIGH

z 4, LDW/HIGCH
DVIi (M/7S) TOT* INITiAL DEL. V O
DVI. "M/S)y DE. . FOR FINAL IMPULSE 0.
EMPTY
FLIM :72M LIMIT IN 1TER RODUTINE 1.0-06
SGN . ~1., INITIAL LAM | NEGATIVE

= +lee INITIAL tAM 1 POSITIVE

SUBROUTINE INPUT

IMPLJCIT REAL*B(A-H.0-%$), INTEGER {(1-N}

NAMEL IST JUN/OUTKM UTS.UTD,UTMS24UTKW

COMMON
COMMON
COMMON
COMMON
COMMOIN
COMMDN
COMMON
COMMON
COMMON
COMMON
COMMON

/7XMMM/ 22 0(S5), STEPIS), ZERFLG)
JELEM/2P0D(S). 7PF(5H)
JINT/ZITFLIPRLIDIM,INDIMZ,NIMAX
JTRA/TEMAX DT.UERLZEWL10)
JUNTTSZUTSUTM UTH UTD UTKM, DTR 4 DUMMY , UJTKW,UTMS2
IT/TELSoTOWTEMIN

JAZALAMU, P

JWE JWF (S

1J27 AJ2

71C/NOP
/POWER/PKW.CC.AMO.AQ,AY1,AZ2,A3,1P0W

COMMON/HIGH/DVI1DVIZ2, IHTLITR

COMMON
COMMON

JF/FLIM KSTEP
/SG/SGN

OIMENSION W(5)

IHl= 1

INTEGER CONSTANTS

IDIM=10
101M2=5
101M3=6

1 PR=20
1TF=3

NIMAX=20

NOP= ]

1POW= O
KSTEP= 0

C REAL CONSTANTS

C

AJ2= 0.00
AMU=1,000

UEB= 1.00+10

DO 10 1=1,101M2
EW{]1+1DIM2)= 0.00

93

000005R0
00000590
00000A00
0nonnAID
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000R00
00000810
00000820
00000830
00000840
00000R50
00000860
00000870
000008AR0
00000R890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
000009R0
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
000010R0
00001090
00001100
00001110
00301120
00001}1:C
00001143

s
d“ﬁm [ 3




N em— ‘-
. ‘ —/ - - ."ubx- .t
A
'
10 En(1)=z 1.000 09001150 1
DO 12 1=1.1D1IM2 00001160
' 12 STEP(])= 1.D=6 00001170
PT2= 1.0D0 00001180
GM=398401.200 00001190 ‘?
UTKM= 6378,16D0 00001200
NTR= ,017453292519943296D0 00001210
Plz 3.1415926535897932D0 00001220
: TFMAX2= 1904000 00001230
’ TFMIN2= 0.0DO 00001240 .
T02=0,000 00001250
8R= 1.D7 00001260 o
DVIl= 0.DO 00001270
DVi2= 0.00 00001280
PHz 0.00 00001290
FLIM= 1.0-6 00001300 ,
1, c 00001310 -~ -
) C ALL READ STATEMENTS FOLLOW 00001320
.. o 00001330
! READ (5,1001) W 00001340
L READ (5,1001) 200 00001350
RcAD (5,1001) WF 00001360
SGN= WF{3)-W(3) 00001370
IF (SGN.NE.0.NDO) SGN= SGM/DARSISGN) 00001380
READ (5,1001) TF?2 00001390
' READ (5,1001) PKW 00001400 -
| READ (5,1001) SPIm 00001410
i READ (5,1001) AMD 00001420
. ; 20 READ (5,1002). IRDFLG . 00001430
i ; 1F ((IRDFLG.GT.1P) . . NR,{IRDFLG.LT.1)) GO TO 200 00001440
25 GN TO (150932933034:3543603793R939,40,41,42,43,064,45,66,4T,48), 00001450
‘I é 1 [IRDFLG 00001460
c 00001470
1 C THESE VALUES ARE READ ONLY IF INDICAVED BY IRDFLG 00001480
\ c 00001490
. 32 READ (5,1002) IPR 00001500 :
IF {IPR.LY.0) GO 10 210 00001510 .
GO TO 20 00001520
33 READ (5,1002) NIMAX 00001530 :
IF ((NIMAX.LT.O).0R.{NIMAX.GT.50}) GO TO 220 00001540 y
60 10 20 00001550 H
34 READ (5,1001) TFMax2 00001560 i
IF (UTFMAX2.LT¢2.00).0R. I TFMAX2.6Ts1. }) GO TO 220 00001570 !
GO TO 20 000015R0 1
35 READ (5,1001) 072 00001590 ¢
IF ({DT2,LT7.0.00).0R.(DT2.6T,1.D3)) GO TO 220 00001600
60 TO 20 00001610
36 READ (5,1001) UER 00001620
IF (UEB4LT.0.D0) GO 10 220 00001630
G0 TO 20 00001640
37 READ {5,1003) EW 00001650
G0 T0 20 00001660
38 READ (5,1001) UTKM 00001670
G0 T0 20 000016AR0
29  READ (5,1001) GM 00001690
60 T0 20 00001700
40 READ (5,1002) NOP 00001710
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IF CINCPLTLO) R, tNEP.RTL1)) 6N TO 220
GO TD 20
Ag2z 1, 0R27D-3
GO 10 20
READ (5,1001) (S1EPL 1), 121,5)
READ (5,1002) KSYeP
1F LIKSTEPLLT.O) IR, (KSTEP.GTLY)) GO TO 220
60 TO 20
READ (5,1002) 1P0Ow
READ (5,100)) BR,.FH
BB SHDULD KF IN SECONDS
IF (CIPOMLLT O Uk, (1POW.GTL1)) GO TO 230
GO 10 20
GO0 T0 20
READ (5,1002) 1w}
1F ((IHL.LT.0) . 0k, {IR].GT.4)) GO TO 220
NOP= 2
READ (5,1001) DVI1.*v12
IF (IHTI.LT.3) DVI2= 0.D0
IF (LIH]EQ. 1) . Dr, . (1W],.FO.4)) DVILI= O,DO
GO TO 20
60 TO 20
READ (54,1003} FLIM
IF (FLIM.LT.0.D0) GU TO 220
GO 70 20
READ (5,1001) SGN
IF (({SGNJAE.TI.NOY.ANDJISGN.NE,-1.D0}) GD TO 220
GO TO 20

TIME VALUES ARE CHANGFD FROM DAYS TO OTHER UNITS

150 UTS= DSORTIUTKM*&3/GM)

UTM=UTS/60.D0
UTH=UTS/3600.D0
UTO=UTH/26,D0

T0= T02/UTD

TF= TF2/VUTD
TFMIN=s TFMINZ2/UTD
TFMAX= TFMAX2/UTD
DT= DT2/UTD

TO0l= TO*UTS

TFi= TF=UTS
TFMIN1e TFMIN®UTS
TFMAX1= TEMAX®UTS
DT1= DT2UTS

C MORE CONVERSIONS

UTMS2= UTKM=],.03/(UTS*%2)
UTKW= UTMS22UTKM/UTS

C= SPIM/UTS

CC= C2UTKM/UTS

AA= 2,00%PKW/{AMO®CC)

AAA= 2,D0%(PRKW-PH)/LAMO=(CC)
8B1= BB/sUTS

A0= AA/UTMS2

95

00001720
00001720
00001740
00001750
00001740
o00n1770
¢00017R0
00001790
00001800
00001810
00001820
000018430
00001 R4

00001850
00001860
00001870
20001RA0
00001890
00001900
00001910
00001920
00001930
00001940
00001950
00001960
00001970
00001980
00001990
00002000
00002010
00002020
00002030
00002040
00002050
00002060
00002070
00002080
00002090
00002100
00002110
00002120
00002130
00002140
00002150
00002160
00002170
00002180
00002190
00002200
00002210
00002220
00002230
00002240
00002250
00002260
00002270
00002280
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Al= AO/C

AQA= AAA/UTMS2

1€ (JPOM,EQ.1) A)= A)*AA]
A2z 1,D0/881

8R2= B8B12UTD

A3= PH/PKW

THE PRINTING OF ALL INITIAL VALUES FOLLOWS

[aNaNaXa

WRITE (6,2000)

WRITE (6+2001)

WRITE (6,2030)

WRITE (6,2033)

WRITE (6,2034)

WRITE (6+2035) NOP

WRITE (6,42043) OVI1.0VI2

WRITE (6,2002)
WRITE (642003)

IF ((IH].EQ.1).OR.11HILFO.4)) GO TO 158
W1} IS SEMIMAYOR ax]S$

Wiz2) IS ECC. SEY TO O

W(3) IS INCLINATION

2L0 SHOULD BE Y1 (1P),¥2 (XK1,¥3 (XJ)sCol.

o XaNaYnNal

Wi2)= 0,00
Wia)= 0.D0
WRITE (642004) (WI1).1=144)
2PO(1)= W(1)/UTKM
2P0{2)= W(3)=DTR
WRITE (642044) ZPO(1}
2L0(5)= 1,00
GO TD 162
158 WRITE (6,2004) W
c
C CHANGE FROM CLASSICAL 0.E. TO EQUINOCTIAL Ol.E.
159 DO 160 1=3,5
160 Wil)= WI)*DTR
ZPOl1)= W{1)}/UTKM
IP0(2)= W 2)*DSIN(WIS)+W{4))
ZPO(3)= W(2)=DCOSIWIS)I+W{4))
1P0t4)= DTANIW(3)/2.0D0)1*DSIN(W(G))
ZPO(S)= DTANI(W(3)/2.0D0)12DCOSINI4))

WRITE (642005}
WRITE (642004) 2P0

C
C WRITE FINAL CONDITIONS, CHANGE TO EQUINOCTIAL FINAL COND.
c
162 DOVIl= (DVI1/(UTMS2#0UT1S) )*DSORTIZPOL])/AMNY)
Dvi2= DVI2/7(UTMS2*ULTS)

¢
WRITE (6,2006)
2PFL1)= WFL1)/7UTKM
GO TO (165,170), NOP
(

96

00002290
00002300
00002310
00002320
00002330
00002340
00002350
00002360
00002370
00002380
00002390
00002400
00002410
00002420
00002430
00002440
00002450
00002460
00002470
00002480
00002490
00002500
00002510
00002520
00002530
00002540
00002550
00002560
00002570
00002580
00002590
00002600
00002610
00002620
00002630
00002640
00002650
00002660
00002670
00002680
00002690
00002700
00002710
00002720
00002730
00002740
00002750
00002760
00002770
00002780
00002790
00002800
00002810
00002820
00002830
00002840
00002850
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165
166
s
." 167
(o}
170
EIN
b
1
C
130
194
, 196
§
]
¢
4
, 3
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i
Y
o
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R
%
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WRITE

(642003)

WRITE (6,2006) WF
00 léea 13305
WEl1)= WF{1)=DTR
IPF(2)2 WFI2)15NSINIut(5)+WF(4))
ZPF(3)z WFI2)EDCUSIWF{5)+WF{G))
ZPF(4)= DTAN(WFI3)/2,0N0)12DSIN(WF(&))
IPF(5)= DTANIWF(3)/2.000)1%DCOSIWF(4))
DO 167 123,5
WEF{T1)=WF(1)/DTR

WRITE

{592005)

WRITE (342004) 2PF

GO TO

190

IPF(2)=s WF(2)
ZPF{3)= DARSIDTANIWF({2)=NTR/2,D0))
ZPF(4)= 0.D0
IPF(5)=0.D0

WRITE
HWRITE
WRITE
WRITE

(642031)
(642006}
(642032)
(642004)

(WEE1)e1=2143)

(7PF(1).1=143)

IF (IHI.E0.1) GO 1D 196

WRITE
GO0 10
WRITE

(642065)
196
(6+2007)

WRITE (6,2011) 2L0
TF ((IHI.GT41)eAND{THI LTe4)) WRITE (6,2047) SGN

WRITE
WRITE
WRITE
WRITE
WRITE

(6+2008)
(642009)
{642040)
(6+42038)
(6,2039)

IF (1POW.EQ.1)

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRI1TE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WKRITE
WRITE

16,2012}
{642036)
1602013}
(642009}
(6+2014)
{642009)
(6,2015)
{ 642009}
(6,2010)
(6,2011)
{64+2016)
(6+2009)
(6,2017)
{652018)
16,2019)
1642020}
(6+2022)
(642046)
16,2036)
(642026)
{6,202
(64UN)

TF2.TH1,TF

SPIM.CC

AMO

PKW

WRITF (6.,2041) BB,BB2
AAA, AOA

AJ2

T02,701,70
TFMINZ , TFMIN], TEMIN

TFMAX2, TFMAX 1, TFMAX
KSTEP
STEP

DT2,07T1.07
uvEs

Ew
1I0IM
NImAX
FLIM
AJ2
UIKM
GM

97

000028450
000N2RTO
00002RAD
00002RS0
00002900
00002910
00002920
00002930
00002940
00002950
00002960
00002970
ON0029RO
00002990
00003000
00003010
00003020
00003030
00003040
00063050
00003060
00003070
000233080
00003090
00003100
00003110
00003120
00003130
00003140
00003150
00003160
00003170
00003180
00003190
00003200
00003210
00003220
00003230
00003240
00003250
00003260
00003270
000032R0
00003290
00003300
Go003310
00003320
00003330
00003340
00003350
00003360
00003370
00003380
00003390
00003400
00003410
00003420
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RETURN 000036130
200 WRITE (6,2023) IRDFAILG 00003440
STOP 00003450
210 WRITE (642024) 1FR 00003460
STOP 00003470
220 WRITE (64,2025) IRDFLG 000034R0
STOP 00003490
230 WRITE (6,2042) 1vDOM 00003500
STOP 00003510
C 00003520
1001 FORMAT (F25.15) 00003530
1002 FORMAT (12} 00003540
1033 FORMAT (506.1) 00003550
2000 FUORMAT (31H]1,22X,66H (JPTIMAL TRAJECTORY PROGRAM FOR NFP AND HIGH TH00003560
IRUST SATELLITE RAISIAG) 00003570
2001 FURMAT {(1HO,40X439K MINIMUM TIME NEP) 00003580
2002 FORMAT (34H0 THE INITIAL ORBITAL ELEMENTS ARE) 00003590
2003 FURMAT (1HO»10Xe6MA (KM) 19X, IHE 20X, THI {(DEG ) 10X, 1AHLON ASC NODEOO003600
1 (DEG)+6Xe15HARG PERIG (DEG)Y) 00003610
2004 FURMAT (1P5D23.14) 00003620
2005 FORMAT (1HO«6X,12HA (FARTH RAD) 216X 1HH 22X 1HK, 22X 4 1HP,22%,1H0) 00003630
2006 FORNMAT (40H0 THE DESIOEL FINAL OPBITAL ELFMENTS ARE) 00003640
2007 FORMATY (32H0 INI1T1AL GU+SSED PARAMETERS ARE) 00003650
2008 FORMAT (21MH0 FINEL TIME ESTIMATE) 00003640
2009 FORMAT (1H ,10X,]1P1122,15,7TH DAYS =,1PN22.15,104 SECONDS =,1PD22.1500003670
1+6H UNITS) 000036R0
2010 FORMAT (S50H0 STEP SI7F FOR NUMERICAL NIFFERENTIATION, KSTEP =,]2) 00003699
2011 FORMAT (1PS5D23.14) 00003700

2012 FORMAT (22HO ACCELERATION LEVEL =,1PD25,15,12H M/SEC/SEC =,1P025.10000371"

15441 G*S) 0000372v
2013 FORMAT (17HO INTTIAL TIME 1S) 00003730
2016 FORMAT (10HO TFMIN IS) 00003740
2015 FORMAT (10HD TEMAX 1S) ’ 00003750
2016 FORMAT (27HO TIME STHP FOR INTEGRATION) 00003760
2017 FORMAT (36H0 UPPER FRROR RNOUND 1IN INTEGRATION =,1PD20,10) 00003770
2018 FORMAT (35H0 ERROUR WEIGHTS FOR INTEGRATION ARE) 00003780
2019 FORMAT (1P10D12.4) 00003790
20:0 FORMAT (13HO DIMENSIUN =,15) 00003800
2022 FORMAT (31HO MAXIMUM NUMRER DF ITERATION =,15) 00003810
2023 FORMAT (44HO IRDFLG SHOULD BE RETWEEN 1 AND 15, IT 1S =,15) 00003820
2024 FDRMAT (28H0 IPR SHULLD BE < 0, IT 1S =,15) 00003830
2025 FORMAT (27HO BAD INPUT DATA, IRDFLG = 413) 00003840
2026 FORMAT (17HO 1 EAKRTH RADIUSEF25,1243H KM) 00003850
2027 FORMAT (11HO MU (GM) =4F25,10,13K KMe%3/SECe=2) 00003860
2030 FORMAT {(25H0 FIANAL CORDITION OPTIONS) 00003870
2033 FORMAT (431 1, 8LL % FINAL DRAITAL ELEMENTS SPECIFIED) 00003RRO
2034 FORMAT (SIH 2. A+E.l SPECIFIED, LON ASC NODE AND ARG PER FREE) 00003890
2035 FORMAT (24K FOR THIS RUN, OPTIDN =,164) 00003900
2031 FORMAY (1HO10XebNA (KM), 19X, 1HE,20X, TH] (DEG)) 00003910
2032 FORMAT (1HO¢6Xe13HA (EARTH RAL)+9X,15HSORT(HER224K222) ,AX, 00003920

1 1SHSORT(P22240%22)) 00063930
2036 FORMAT (6HD J2 =.1PN}S,7) 00003940
2038 FORMAT (21HO0 INITIAL MASS (KG) =, FIR.11) 00003950
2039 FORMAT (22H0 INITIAL POWER (KW) =, 1PDN23,14) 00003960
2060 FORMAT (12H0 SPEC I+P =,1PD23.16,158 SEC, EXH VEL =,1PD23,14, 00003970

1 SN KM/S) 00003980

2041 FORMAT (33H0 POWER +GRATION TIME CONSTANT =41PD23,15.6H SEC =, 00003990
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2042 FORMAT
2043 FORMAT
1 21
2046 FORMAT
2045 FUORMAT
2046 FORMAT
2047 FORMAT
END

L3NHD TPOW Sty RE 0 'k ), 1PHW=,

13y

(410 TOTAL DrtV FOR TNITIAL IMPULSES (M/S) =,

HEINAL IVPULS: (M/S) =, F70,12)

(2700 INTITAL A (FARTR BADLT) =, 1PD25,14)
(e2M0 INIVEAL GLI-SS p0R HIGH THRUST, S.F.e UINE)
(2310 NOKRM LIMIT IN JTFR = ,1PN12.5)

(29H0 SIGN OF INITlAL LamRDA 1 1S,

99

F"ol’
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oonranng
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OrOr w0z 0
OONen 40
aond 06
00C06n50
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00004070
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C DUTPC/OUTPCN

s BN s BN s Nalala RalalaNal

NEP AND HIGH THRUST

THIS SURPROGRAM WRITES TwF VALUFS +OP THF FINAL CONVERGED
TRAJECTORY, JT 1S CALLED RY THE MAIN PROGRAM CONTL.

TO BE USED WITH & hIM, Z2ERE,

10

1

1

SUBRDUTINE 0UTPC
IMPLICIT REAL®*R(A-H.D-$), INTEGER (]=-N)

COMMON /XMMM/ZLO(5) .STEP(S),2ERF(6)

COMMON /2/7ZF{1€).D7(10)

COMMON /T/TFoS,TOLTFMIN

COMMON ZUNTTS/UTSoUTM UTHoUTDUTKMyDTR, DUMMY (U TKWoUTMS2
COMMON /ELEM/ZPO{5).2PF(5)

COMMON /WF/WF{5)

COMMON /A/A,AMU,PI

COMMON /TC/NOP

COMMON /POWER/PKW.CCoAMDL AN, AL A2,A3,1P0W

DIMENSION DELZF(H)0FLWF(S) WFC(S)

WFCl))= 2F(1)2UTKM
WEC{2)= 0,000
DUMMY= ZF{2)%%2 + 2F(3)s82
1F (DUMMY ,GT.1.0N-40) WFC(2)=NSORT(DUMMY)
WFC{3)= 0,000
DUMMY= ZF(&4)%22 + 2F(S)ee2’
IF (DUMMY,GT.1.00-40) WFC(3)= 2.0D0*DATAN{DSORT(DUMMY})/DTR
WFC(4)=0.00
IF ((DABS(ZFU4)).GT.1.D=-R).AND.(DABSIZF{5)).6T,1,D~-8)})
WFC{&)= DATAN2I2F(4),2F(5))/DTR
WFCt5)= 0,00
1F ((DABS(ZFU2)).GT." oD-8)AND.{DARS(ZF(3))¢GT.1.0-R))
WFC(5)=DATAN2(ZF12),2F(3))/DTR
WFC(5)=WFC(5)-WFC(4)
00 10 }=1,5
DELWF(I)= WFC(1) ~ WF(1)
DELZF(11= ZF(1) - 7PF(1)
TF2= TF®UTD
TFl= TF2UTS
IF (IPOW,EQ.)1) Bl= DEXP(-A2¢TF)
IF (IPOW.EQ.1) RMASS= 1,D0+A1%(B1-1.ND0+A3%A28TF)
IF (IPOW.,EQ.0) RMASS= 1,D0-A1%TF
AMASS= AMOSRMASS
DELV= ~CC*DLOGIRMASS)
POW= PKW
IF (IPOW.EQ.1) POW= POWE(R1=-A3)
RPOW= POW/PKW

WRITE (6,3000)
WRITE (6,3001)
WRITE (643002} WFC
WRITE (643003)

100

00000010
o0onNnn20
nnonnn2s
00000030
00000060
00000050
00000070
000000R0
00000090
000CN100
00000110
o0000120
00000130
0noNN140
00000150
00000160
00000170
000001 RO
00000190
anonn2o0
00000210
00000220
00000230
Q0000240
00000250
00000260
00000270
000002R0
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000660
00000470
000004R0
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00100570

= it
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WRITE (64,3002) (7FL1)s13145) A00N0SAN
AR ITE (6,3006) 0oNoNNSYN
WRITE (6,3001) NONOOKADO
JF INDFEQL.]1) WRIITE (6,3002) DELWF 000Nk 0
1F (NDPL,ED,2) WRIIF 1643002) (CELWFIT),41=1,43) 00000620 y
GO TO (20. 30), NOP . 00000630
C 00000640
2¢ WRITE (5,3003) 00000650
WRITE (6,3002) DELZF 00000AK0
50 TO 100 00000670 s
C 0GONDARD
D DEL2F(2)= DSQRT(7+H(2)2%247F(3)222) -2PF(2) 00000690 >
DELZF(3)= DSORT(7F(w)nx242F(5)2¢2) ~IPF(3) 00000700
WRITE (6,3011) onnen?yo
WRITE (643002) (DELZF{1)41=1,3) ceonn?20
c 0n006730
100 WRITE (643006} cOoon0740 .~
WRITE (6,3002) 72L0 0none?50
WRITE (6,3008) 00000760
WRITE (643009) TF2.TF1,TF 00000770
WRITE (6430131 AMASS.RMASS nooONNT7ARN
WRITE (6,3014) POWHPUW 000NN 7Q0
WRITE (6,3010) DEIV ONOODRACG
RETURN 00on0s10
3000 FORMAT (35H0 ACTUAL FINAL ORARITAL FLEMENTS ARE} 00000R20
3001 FORMAT {1HOs 10X ,6HA (KM) 18Xy IHE, 20X TH] (DFGI+1GXe 1RHLON ASC NODEOOOQDAR3O
1 (DEG)¢6Xy15HARG PERIG (DEG)) 00000840 -
3002 FORMAT (1PSN23.1%) 00000850
3003 FORMAT (JHO 45X e1%~A (FARTH RAD) 416X 1HH, 22X 4 1HK 422X 4 1HP, 22X, 1HO)  O00DORKO
3004 FORMAT (51H0 THE FRRUP IN THE FINAL 0.E, IS (ACTUAL - DESIREN)) 000N0ORT0
C3005 FORMAT (60HO CLASSICAL O.E., MAY HAVE DISCREPANCY NF MULTIPLES OF 90CONORRO
C 10 DEG) 00000R90
3006 FORMAT (46HO THE CONVFRGFD INITIAL GUESSED PARAMETERS ARE) 00000900
30008 FORMAT (29H0 THE MINIVIZED FINAL TIME 1S) 00000910
3009 FORMAT (1H ,10X.1PN22.15,74 DAYS =,D22.15,104 SECONDS =,1PD22.15,600000920
1H UNITS) 00000930
30010 FORMAT (18H0 LOW THRUST DELV=,1PD25.14+7H KM/SEC) 00000940 2
3011 FORMAT (1HOs5Xs1%~A (EARTH AD)¢9X. 15HSORT{HE®2+4K222) 48X, 00020950 o
1 I1SHSORT I P%R2+0822)) 00000960
30113 FORMAT (]14HO FINAL MASS =,F22.1543)H KG, FRACTION OF INJTJAL MASS 00000970
1=,F22.15) 00000980
30)4 FORMAT (15HO FINAL POWER =, F22.15.32H KW, FRACTION OF INITIAL PDW0000099%0
1ER =,F22.15) 00001000
END 00001010
Y
x(
i,
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ITER MODNRN

6Y6 VERSION

SUBROUTIME ITER(KDUNY N1 ,FUNCT,PRIN)

IMPLICIT REAL2A(A-H.N-8)

VALUES OF THE INDEPFNDENT VARTABLES{INIT AL CURRENT,FINAL)
STEP SIZ2E TO PERTURA x:S TO COMPUTE PARTIAL DERIVATIVES
VALUES OF THE DEPEN :+NT VARIARLESICURRENT,FINAL)

COMMON/ XMMM/X(5) ¢ XSIL5),Y(6)

COMMON ZINT/ITF,1PR.IDIM, IDIM2,MAXNO]

COMMON /T/TF4S.TC,TFMIN

COMMON /DY/ DYDT(6)

COMMON /HIGH/OVIL1.OVI2,1H],ITR

COMMON /7F/FLIM.KSIE?

DIMENS ION YNOMUG) «XNIS)eP{646),COEF(6),DYDTNIS)
N=5

Mz6

INORM= ] TF

18=}

1CONS=1]

1SW20

N 1

KCUNT=0

ITR=0

CALL FUNCTY

1TF=3

KOUNT=KOUNT ¢}

F0=0.D0

DO 15 Is]l,M
FO=FO+Y(])o%2

DO 16 Iz]1,N

DYDTN(I1)= OYDTL])
XN({I)=X(1)
YNOM(T)=Y(])

YNOM{M)= Y(M)
DYDTN{M)= DYDT(M)
TEN=TE

CALL PRTNIKOUNT,NI)
WRITE(6,1011)F0
IF(FJ.LELFLIM)GD TO 90
1F (NI.GT . MAXNOYY GO TO RO
TFLISW.NEL.OIGO TO 27

C COMPUTE NUMERICAL PAR1IAL DFRIVATIVES

17

DO 17 1=l,M

PtI.M)= DYDT(])
WRITE (6,1013)
DO 25 J=1,N

1TR=y

TEMP=X(J}
STEP=XS(J)I*DABS(X(J))

102

00000020
00000030
0000(.060
00000050
0000060
0000070
000000R0
00000090
00000100
00000110
DPO0000120
SPO0O000130
DPOOOVD140
00000150
00000160
00000170
000001480
00000190
00000200
00000210
00000220
00000230
00000240
000060250
00000260
00000270
00000280
00000270
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00000370
00000580

00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570
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TP LUNARSIXIUN) ol Vo' =) MR {VSTEP KN, ) )STFPEXS ()
IF (DARSEXEI) eVl =]0) WRITE (A,1016)
X(J)=x(J))eSTEP

caLL FUNCT
WRITE(6,10001X(J)
WRITE(6H,10013(Y(1)elz] M)
00 20 I=1.M
PlI:J)=tY(]1)=YNOM(]))/STEPRP
X(J)sTEMP

KDUNT=KOUNT+N
WRITE(6,1002)

DO 30 Is? M
WRITE(6,1001)M(PL1J)ed=214M)
CONTINUE

DO 35 I=1.M
CAEF(1)==YNOM( 1}

CALL DCROUTI(P,COER« 'FT40.D0sMe1,IND)
JFCINDJNELO)GOD TO ko

WRITE (6,1015) DEI

DO 40 1= 1M

IF (DABSICOEF(11) .1 T1.1.D~10) COEFLTI)= 0,DO
WRITE(641003i(COFFI1)o1=14N)
SN= COEFIM)

WRITE (6,1012) SN

DO 50 Js1,N
X{J)=XN{J)+COEF{ )
TFaTF4+SN

IHALV=0

IF (INORM.EQ.]1) T1F=1}

1TR=0

CALL FUNCT

I1TF=3

KOUNT2KOUNT+]

Fl=0.D0

DO 52 I=14M

FlasFlev(])*%2
WRITE(641010)F1
IF(Fl.LT,FOIGC TO 55
WRITE(6,1008)
1F(1HALV,EQ.8)GD Tu 95
IHALV=THALV+]

DO £3 J=]1,N
COEF(J)I=COEF(J)/2.PD
WRITE(641000)COEF(J)
X{J)=xN(J)+COEF(J)
SN=SN/2,000

WRITE (6,1C12) SN
TF=T7N+SN

GO 70 51

TFINI=-MAX! J1)73,70.70
Ni-Nle+]

1CONS=NT

FO=F1

DO 76 Uz1.M
SUMDXSCOEF(J)es2+SUMDX

DO 77 I=1.M

103

NOONNS RO
00000590
00N0NAN0
R UL 1]
00000620
00000630
00000640
00000650
00000660
00000670
000006RO
00000690
00000700
00000710
00000720
00000730
000006740
90000750
00000760
00000770
000D07R0
00000790
00000R00
00000R10
C0000R20
00000830
0V0O00R%0
000060850
02000860
LODOORT0
00000RRO
00000R90
00000900
00000910
£0000920
00000930
20000940
00000950
0V000960
00000970
00000980
70710990
00001000
00001010
00001026
00001030
00001040
00001050
00001060
00001070
00001080
00N010%0
00001100
00001110
noon1120
600011°0
00001140
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17

80

85

90
90

95

96

100

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015

— c‘,‘ 4

DD 77 J=l,.M

PUL1yI)=P e )Y 1)=CORFL))/7SUMDX
CONTINUE

1SWe)

GO T0 9

N]1=9999

WRITE(6,41006)

PRINT 1006

RETURN

N129999

WRITE({6,1007)

PRINT 1007

RETURN

WRITE(641005)F0

PRINT 1005,F0

RETURN

IF{NTENL1.ORIRFDL10.0R, ICONS.NELNTIGO TO 100
ICONS=ICONS+1

18=18+]

00 96 y= 1N

DYDT(J)= DYDTNI( )

xXtJ)= XN(D)

YiJdl= YNOM(J)

Y{M)}s YNOM(M)

TE=s TFN

DYDTIM)= DYDTN(M)

ISW=0

PRINT 1004

WRITEL64+1004)

S0 10 10

N1=29999

WRITE(641009)

PRINT 1009

RETURN

FORMAT(/1X.1PDZ3,15)
FORMAT(1X,1P5D23,.15)
FORMAT(211'OPARTIAL DFRIV MATRIX)
FORMAT (1 1HODELYL:S ARE/Z(1X,1PDN22,15))
FORMAT( 35HOFDRM NEW PARTIAL DERIVATIVE MATRIX)
FORMAT(4HOFO=,1PN22.15+23HCASF CONVERGED...FERTIG)
FORMAT( 3RHOEXCEEDED MAXIMUM NUMBER OF 1TERATIONS)
FORMAT (1 6HOMaTRIX SINGULAR)

FORMAT{ 11HOLELX3S ARF)
FORMAT ( 1ONOMETHON CANNOT WORK)
FORMAT(4HOF1=,1PDN23.15)
FORMAT(4HOFO=,1PN23,15)

FORMAT {10HO DEL TF =,1PD23,15)
FORMAT (4O0HO X{1)+DX(]! FOLLOWED AY CORRESPONDING Y)
FORMAT (264HO X(1)=0, SO DX{(1)2XS(1))
FORMAT (15H0 DETERMINENT =,1PD23,15)
END
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00001150
00001160
00001170
00001190
00001190
00001200
00001210
00001z ©
00001230
00001240
00001250
00001260
00001270
00001280
00001290
00001300
00001310
00001320
00001330
00001340
00001350
00001360
00001370
00001380
00001390
00001 00
00001610
00001420
00001630
00001440
00001450
00001460
00001470
00001480
00001490
00001500
00001510
00001520
00001530
0000540
00001550
00001560
00001570
2000154¢
00001590
00001600
00001610
00001620
00001630
00001640
00001650
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C PRTN/PRINN

C

C THIS PROGRAM 1S CALLFEN v TrF ITFRATMIR AND PRINTS
C USED WITH 6 DIM, Y,

C

C
SUBROUTINE PRIN(KOUNT (NOT)

C
IMELYICIT REALBRIA-M,11=8)
COMMON /7 XMMM/X(5) . XS(5).Y(6)
COMMON /T/TFoSeTN,THEMIN

C
Ne$S
Mz6

WRITE (641000}
WRITE (641001) NOT.KOUNT
WRITE (64+1002)
WRITE (641003) (X{J)eJd=1sN)
WRITE (641004)
WRITE (641003) (Y(J)eJz]l,M)
WRITE {6+1005) TF
1000 FORMAT (24H0 1TFR N1, TRAJ. CALLS)
1001 FORMAT (1HNO,16,5%,16)
1002 FORMAT (2HOX)
1003 FORMAT (1X,1P5023.15)
100« FORMAT (2HOY)
1005 FORMAT (S5HO TF=,1PD26.16)
RETURN
END
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a0nnnn1n
nnennn 20
noNonn30
oepnnnis
000004640
00000050
00000060
00000070
00000075
000000R0
000000RS
00000100
onnnn1na
0000010A
00000110
00000120
00000130
00000140
0nnno150
0n0ON1E
10000165
oneecol1 70
0000D1IAR0
00nnNn1s80
0ononN0200
00000210
00000215
00000220
00000230
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C DCROUT/DCROUTA 6 DIM,

10

15
20
25

30

35

40

45

50
55

60
65
70
75
80
85

90
95

98
100
105
110

SUBROUTINE DCROUTIAALR (IIFPSyNT M, IND)
DOUVRLE PRECISIDN A.k.h.PPS'T.S.P.D1.AA
DIMENSION A{6,48) RL61)AALALH)
IND=20

N=K1

DO 6 J=z=14N

D0 & JSI'N

All,J)=AAIT,4)
IF{M)}10,25425

MzN

00 20 1=1,N

DO 15 J=l.N

R{1+J)=0.D0

R{I,1)=1,00

1C=0

11=0

T=DABS(A(1+1) )

DO 35 1=2,N
IFLT-DABS{AIL,1)))30.35,35
1l=1

T=DABS(A(1,1))

CONTINUE

1F(11)140,65,40

IC=1C+1

JF(M}45,55,45

DO 50 J=1.M

S=R(14J)

REY1,J)2RETT,0)

R(11,J)=S

DO 60 J=1oN

S=A(1,J)

Atlyedl=AlTI,d)

Al1l,4)=S

PzA(l,1)
IF{DABS(P)~EPS)T0,70,75
IND=}

D=0.00

GO TO 200

DO 80 J=2.N
All,J)=A01e0)/P
1F(M)85,95,85

DO 90 J=l¢M
R{lyJI=R{1,4)/P

00 170 Ks2,N

KMzK-1

T=-1.00

DO 105 1=K,N

DO 98 J=1.KM
AlTsK)I=AL T K)=A(T,4J)2%A(J4K)
1F(T~-DABS(A(1,K)))100,105,105
T=DABS{A(I,K))

1=}

CONTINUE
1F(11-K)1110+135,110
1C=1C+1

IFIM)I115,1254115

106

0000000

0000000

0000000

36110050
36110060
0060000

0000000

0000000

361100R0
36110090
36110100
36110110
0000060

0000020

36110140
36110150
36110160
36110170
36110130
36110190
36110020
36110210
36110220
36110230
36110240
36110250
36110260
36110270
36110280
36110290
36110300
36110310
36110320
36110330
36110340
36110350
0000000

36110370
36110380
36110390
36110400
36110410
36110620
36110430
361106440
0000000

36110460
361106470
36110480
36110490
36110500
36110510
36110520
36110530
36110540
36110550
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115 00 120 J=1,4M 36110560
SaR(KeJ) 318110670
R{KyJIZR{11,9) 3A1105R0
120 R(114J1=5 38110590
125 DO 130 J=l,N 36110600
S=A(Ked) 36110610
ALK J)=A(TT40) 36110620
130 A(§1,J)=$ 36110630
135 DT=A(K,4K) 35110640
IF (DARS(DT)-EPS) 70, 70,140 36110650
140 P=p*DT 36110660
1F(K=N)145,155, 145 36110670 »
145 KP=K+} 36110AR0D
DO 150 J=KPyN 36110690
DO 148 [=14KM 36110700
148 AlKsJ)=AIKeJ)=AlK, 1)ER(T,) 36110710
150 A{K,J)=AIK.J)/DT 36110720 .
155 1F(M) 16001704160 36110730
160 DO 165 J=1,M 36110740
DO 162 1=2),KM 36110750
162 RIKyJI=RIKJI=AIKsT1I2R( T4 J) 16110760
165 R{KyJI=R(KeJ) /DT 36110770
170 CONTINUE 36116780
1FIMOD(1C,2)1175.1R0,175 36110790
175 P=—P 316110800
180 D=P 36110810 & -
IF(M)1R5,200,185 36110820
185 I1=N 36110830
00 190 K=2,N 36110840
KP=11 36110850
11=11-1 36110860
DO 190 J=1,M 36110870
DO 190 [=KP,N 36110880
190 R(1T,J)I=RUTT,J)=A{ 1T, 112RE14J) 36110890
200 RETURN 36110900
END 36110910 .
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TRAY/TRAJRKN

NFP AND HIGH THRUST,

THIS ROUTINE SETS UP 1HF INPUT TN THE INTEGRAT(IR WHICH
EXTRAPOLATES THE TRAUFCTORY FROM INITIAL YIMF TN
FINAL TIME. IT At SO ~VALUATES THE CHANGE IN TF AND
THE ERROR IN THE FINAL CONDITIONS,

THIS PROGRAM 1S CALLED RY ITER NR RAY -CONTROL

MIN 9, MAX H,

6 DIM, ZERF, T.C. OPTIDNS,

NOP=1-<~ALL S5 FINAL O.E. FIXED, =2~--A,E,I ONLY FIXED.

DYDT USED ONLY IF 1TR= ¢©

IHI= 1 NO WIGH THRUST

2 2 INITIAL IMPULSFS

3 2 INITIAL AND ONF FINAL IMPULSE

4 FINAL IMPULSE

IHI=2 OR 3, ZLO0(5) AND ZERF(5) ARE DUMMIES,

WHE

SUBROUTINE TRAJ
IMPLICIT REAL*8(A-H.0-%). INTEGER (1-N)

COMMON /XMMM/ZLO(5) . DIMMY(5), Z2ERFL6)
COMMON /TRA/TFMAX, DIO, UEB, EW(10)
COMMON 7772(10), DERZ(10)

COMMON /INT/1TF, 1PR. TDIM, IDIM2, NIMAX
COMMON /T/TF, SDs TO. TFMIN

COMMON /ELEM/2PO(S)s 7PFLS)

COMMON /DY/DYDT(6)

COMMON /TC/NOP

COMMON - /POWER/PKWCC8MOyRAD4A) 9 A2,A341PONW
COMMON /A/A,AMU,PI

COMMON /HIGH/DVI1,DV1I2,THILITR

COMMON /F/FLIM,KSTEP

EXTERNAL FUNCT, OUTP
DIMENSION PRMTIS). AUX{R,10)y DP(S), ZS(6)

IE ((IHI.EQ.1).OR.(IH] ,FO.4)) GO TD S
IF {1TR.NE.1) GO TO &

DO 3 1=1,6

15(1)= ZERF(1)

IF (1TR.EQ.4) GO TO 70

HIGH THRUST

UP= (P1/2.D0012ZLOL]1)/DSORT{1.D0+20L0(1)%%2)

CupP= DCOS(UP) .

XK= CUP%(,7500+.25D0=7L0(2)1/DSORT{1.00+2L0(2)222))
DUM=z {1,00+CUP=EXKI=NSORTIICUP-XK)/(CUP+XK))

XJ= DUM=ZLO0(3)/DSORT(1,D0+2L013)%%2)

JM= 2

CALL MAINE(O.D040.D0.XKsUPsXJp1aD0e14IM,DP4DVIL)
CALL OUTHI(JIMGP1,2P0I1)+2P0(2)40.D0,1PRy2.1DIM2)
00 5 1= 1,1D1IM2
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00000010
00000020
00000030
00000040
00000050
00000060
00000070
000000R0
00000090
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
000001R0
00000190
on000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000670
0000046R0
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570
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5 ZU1+1DIM2)= Z 1014 )=2(1+ITIM2)%] Db 000005R0
c 00000590
C NEP 00000A00
C 00n0N610
9 PRMT())= TO 00000420
PRMT(2)= TF 00000630
PRMT(3)= OTO 00000640
PRMT(4)= UEB 00000650
C 00000660
C 2 IS A VECTOR OF STATE AND COSTATE 00000670
c 00000680 )
IF ({IHI.EQ.2)OR.LIH]LED.3)) GO 10 15 00000490 .
DO 10 I=1,101M2 00000700 :
Zt)=2p0L1) 00000710
10 201+1D01IM2)= 2L0(1) 00000720
o 00000730 ;
C EW ARE ERROR WEIGHTS~--INPLT TO THE INTEGRATOR 000007490
c 00000750
15 D0 20 1=1.1DIM 00000760
20 DERZ{1)=ENWL]) 00000770
o 00000780
C FOR ITF LT 3 USE NORM CUTOFF CONDITION 00000790
¢ G00AORND
1F (1TF.LT.3) TF=TFMAX 00000A10
(o 00000820
C CALL THE R-K INTEGRATOR 000008320 _
Cc 00000.. v &> -~
CALL DRKGS(PRMT4Z2.DFk7,1DIMy IHLF (FUNCT »OUTP,AUX) 00000850
1 (IHLF.GT.10) 6N TO 100 00000RAD
o 00000R70
€C 2 1S NOW THE FINAL O.E.. 00000880
(o ZERF THE ERROR IN THE FINAL CONDITIONS 00000R90
(o 00000900
H=0,D0 00000910
DO 30 1=1,10IM2 00000920 )
30 Hz H + Z(I+5)¢DERZ( 1) 00000930 .
2ERFL6)= H =1.D0 00000940 o
1F (191.LT.3) GO TO 35 00000950 .
c 00000960
C FINAL IMPULSE 00000970
. C 000009R0
PSIz (Z(3)%2({7)~7(2)%7(R))21.D-3 00000990
PSIDOT= DERZ(3)27(71)+2(3)12DERZ{T)~Z{2)*DERZIR)-DERZ(2)%Z2(B) 00001000
PSIDOT= PSIDOT*).N-3 00001010
CALL IMPLS(DVI2,JPR,1TR.Z,DERZ,IDIM2) 00001020
c 00001030
C FINAL CONDIFION OPTINN BRANCH 00001040 LX
(o 00001050 4
35 GO TO (40,50), NOP 00001060 ﬁ
c 00001070 v
40 DO 45 I=1,1DIM2 00001080
ZERF{I)= Z{1) =2PF( 1) 00001090
45 DYDT(1)= DERZII) 00001100
GO 70 55 00001110 N
c : 00001120 i
S0 2ERF(1)= 2(1) - 7PF(1) 00001130 .
DUMl= DSQRT{2(2)=82 + Z2(3)9%2) 00001140 :
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7ERF(2)= DUM] -~ 7PF(?2)

DUM2= DSORT{Z(4)*%? o 2(5)e22)

TERF{3)= DUM?2 ~ 72PFI3)

TERFla)=z (2(3)1272(7) - 212)22(R))*]1.D=-3

ZERF(S)= {2(5)22(9) - 2{a)=*2{10))*]1,D-3

DYDT(1)= DERZ(})

DYDT(2)= 0.DO

DYOT(3)= 0.DO

1F (DUM1.GTel.N=-40) DYCT1(2)= (7(2)=DERZ(2) + Z2(3)sDERZ(3))/DuM]
IF (DUM2.GT.1.D=-40) NYDT(3)= (Z2(4)2DERZ2(4) + Z(5)=DERZI5))/NUM2
DYOT(4)= DERZ(3I)*=2(/)+2{3)%DERZ(T7)-DER2{2)22(R)-2(2)%DERZ(AR)
DYDT{%)=DYDT(4)*],.D-3

OYDT(S5)= DERZ(51%72(9)1+7(5)%D:R2(I)I~DERZ(4)*2(10)-214)*DERZ2(10)
OYDT(5)=DYDT(S)#] .D-3

IF (IH]1.EQ.1) GO TO 55

IF (IH1.EQ.%4) GO TO 52

C

C DuUmMy

C
ZERF{5)= Z210({5)-1.D0
DYDT(5)= 0.D0 :
IF (IH1.LT.3) 6O 10 53

C

te 2ERFla)= PSI
DYDT(4)= PSIDOT
53 IF (1TR,GT,0) RETURN

DO 54 I= 146
€ IS(1)= ZERFL(Y)

55 IF (IPOW.EC .) GO TO 60
Asax 1,00~ <+TF
DYIT(6)= Al*H/AG
RETURN

60 Bl= DEXP(-A2%*TF)
26z 1.D0+A1*(B1-1.D0+A2%A32TF)
DYOTL6)= A2*H*(-81/(B1-A3)+Ai*(B1-A3)/A4)
KETURN

[aXaXg

70 D0 75 I= 1,3

75 ZERF( 1Y 2S(1)
DUM=2 ™M'Mr v(4)
IF (K. .éP,EQ.O0) DUM= DUMSZLO(4&)
ZEFT{4)= (1.N0+DUM)I=7S( &)
ZFRF(5)= 2S(5)
«tRF{B6)s (I.D0+DUM)2(7516)+]),D0)=-1.D0
RETURN

DC 85 1= 1,6

B85 2ERFIT)= 2S11)
ZERF(5)e ZS:15)+DUMMY(5)
RETURN

100 17 { MLF.ER.11) WRITE {6,1000)
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00001150
00001160
ononIL70
000011R0
00001190
00001200
00001210
00001220
00001230
00001240
00001250
00001260
00001270
000012R0
00001290
00001300
00001310
00001320
00001330
00001340
00001350
00001360
00001370
00001380
00001390
00001400
00001410
00001420
00001430
00001440
00001450
000n1460
000014670
00001480

00001490 .

00001500
00001510
00001520
00001530

00001540

00001550
00001560
00001570
00001580
00001590
00001600
00001610
00001620
00001630
00001640
00001650
00001660
00001670
00001680
00001690
00001700
00001710
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IF LIHLF.FQ.12) WRILE L4.1001) 00001720
IF {IMLFLEDL,13) WRITE (6,1002) NnNNN1 730
R STOP connyran
‘ C aonn1 750
1000 FORMAT (6840 THF NU-HER OF RISFCTIONS OF THF NDRIGINAL INCREMENT HAOONNLITHO
1S EXCEEDED 10) 00001770
1001 FORMAT (27H0 'NII11AL INCREMENT 1S 2ERO) 00001780 )
1002 FORMAT (S4HO INT:'AL INCREMENT HAS WRONG SIGN OR BOUNDS ARE WRONG)O0001790
oy END 00001R00
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OuTP/OUTPN 00000010
00000020

NEP QoOnnNN30
THIS 1S THE OUTP PROGRAM F(IR THE 00000040
INTEGRATOR--F I XED GUESS TIME ONLY (1TF=3) 00000050
00000060

00000070

000000R0

SUBROUTINE OUTP(1,2.NERZ, IHLF ¢ IDIMsPRMT) 00600090
00000100

IMPLICIT REAL®R(A-H.0-8$). INTEGER (I=N) 00000110
COMMON ZUNTTS/UTS HTM UTH,UTD4UTKM,DTRyDUMMY s UTKW,UTMS2 00000120
COMMON /INT/ITF,1PR.ID.IDIM2,NIMAX 00000130
COMMON /POWER/PKW.CC+AMO,A0,A1442,A3, 1POW 00000140
COMMON /A/A,AMU,P1 00000150
00000160

DIMENSION PRMT(S). Z(10), DERZ(10)s W(5) 00000170
00000180

1F (1TF.NE.3) GO 10 10 00000190
IF (IPR.E0.0) RETURN 00000200
IF (T.EQ.PRMT(1)) N=0 00000210
IF (T.EQ.PRMTI1)) M=0 00000220
N=N+] 00000230
IF ((ToLT¢(.9999999999D0=DFLOAT(M)&(PRMT(2)-PR¥T (1)) /DFLUAT(19R)) 100000240
1 CANDo{ IHLFoLT1411) e ANC. (ToL T4 (99999999900 PRMT(21))1) RETURN 00000250
M=Ma] 00000260
TS=UTS*T V0000270
TM=UTMST 00000280
TH=UTHT 00000290
TD=UTD= T 00000300
IF (IPOW.EO.1) Bl= NEXP(-A2%T) 00000310
1F (1POW.EQ.1) RMASS= 1.D0+A1*(R1-1.D0+A3%#A28T) 00000320
1F (1POW.EQ.O) RMASS= 1,D0-A1*T 00000330
Dv= —CC*DLOG(RMASS) 00000340
AMASS= AMO*RMASS 00000350
POW= PKW 00000360
IF (1POW.EC.1) POW= (B1-A3)*POM 00000370
THR= 2,D0*POW/CC 00000380
AA= THR/AMASS 00000390
H= 0,00 00000400
D0 5 1=1,5 00000410
H= H + ZUI+]DIM2)#DERZ( 1) 00000420
Wil)= Z(1)*UTKM 00000430
Wi{2)=0.D0 00000440
DUMMY=2{2)%52+2(3)1%52 00000450
1F (DUMMY.GT,1.D-40) W{2)=DSORT(DUMMY) 00000460
Wi3)=0,D0 00000470
DUMMY=Z(4)2%2 + 2(5)%%2 00000480
IF (DUMMY,.GT.1.D-40) W{3)= 2.DO*DATAN(DSORT (DUMMY))/DTR 00000490
W(4}=0,.00 00000500
1F ((2(4).NE.O.D0).OR.(2(5).NE.O.NO)) Wl&)I= DATAN2(Z(4)42(5))/DTR 00000510
WiS)= 0.00 00000520
1F ({2(2).NE+0.D0).OR.1Z(3).NE,0.D0O)) WIS)= DATANZ(Z(2).2(3))/DTR 00000530
WI5)=W(5)-W(&) 00000540
10(M3=101M2+1 00000550
00000560

00000570
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WRITE (6,1001) 060005R0
WRITE (6,1002) a00nNHan
WRITE (641003) T. 1S. TH, TDy, DV, N 00000600
WRITE (6,1004) o0NNNARYN
YRITE (6,1005) (Z2(1)s1=1,1D1IM2) 00000620
WRITE (6,1005) W 00000630
WRITE (6, 1013} 00000640
WRITE (6,1012) AMASS.POW,THR,AA 00000650
WRITE (6,1006) 00000660
WRITE (6,1005) (211).1=1DIM3,INIM) 00000670
WRITE (6,1007) 000006R0
WRITE (64,1005} {NERZ(I).1=z1,1DIM2} 00000690
WRITE (651008) 00060700
WRITE (6,1005) (FERZII).I=1DIM3,1DIM) 00000710
WRITE (6,1009) 00000720
PER=2,.D0*PI2DSORY (Z (1)%%3/ANU)RUTH 00000730
APz W(112(1.00+W(2)) 00000740
PEz W(1)*(1.D0O-W(2)) 00000750
WRITE (641010) H. Prk.PE,AP, IHLF 00000760
00000770
RETURN 00000780
10 WRITE (6,1000) 00000790
STOP 00000R00
00000R10
1000 FORMAT (56H0 ITF MUST EOUAL 3--1,E. NEED FIXED ESTIMATED FINAL TIMODOOORZ20
1€) . 00000830
1001 FORMAT (70H0 BEERRXER AR ER AR RSB XEIXEIR XXt Sacn D20 et xR x2x 200000840
I ek khRri) QO0000RS0
1002 FORMAT (SH TIME,10X.10HTIME UNITS, 15X, THSECOANDS,9X 00000860
1 +SHHOURS 3 11X 34RHAYS GX,RHIV (K/S) o 10X,y 1HN) 00000870
1003 FORMAT (1P2N25.7.1P3N15,.7,19//) 00000RA0D
1004 FORMAT (60H0 THE ORRITAL ELEMENTS ARE (ED. FOLLOWED BY CL. IN KM EOOODOB9O
1 DEG)) 00000900
1005 FORMAT (1PSD22.12//7) 00000910
1006 FORMAT {(16H0 THE COSTATE IS 00000920
1007 FORMAT (45H0 THE DERIVITIVE; OF THE ORBITAL ELEMENTS ARE) 00000930
JOOR FORMAT (34HO THE DFRIVITIVE OF THE COSTATE 1S) 00000940
1009 FORMAT (1HOy7Xo11HHAM TLTON. AN,RX, 12HPERIOD (HRS) 47X, 00000950
1 12HPERIGEE (KM).9X.11HAPUGEE (KM} o5X,16HDIV,. TIME STEP) 0000090,
1010 FORMAT (2F20.12,1P2120.1041%//) 00000970
1012 FORMAT (1P4D22.12) 00000980
1013 FORMAT (9X,9HMASS (KG)¢12X e LOHPOWER (KW) 412X+ 10HTHRUST (N}, 00000990
1 8Xs 19HTHRUST ACC (M/S%%2)) 00001000
END 00001010
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FUNCT/FUNCTN

NEP

THIS SUBRNUTINE 1S AN INTFERFACF RETWEEN THE INTEGRATAR ROUITING
AND THE OUANDRATURE RUDTIMF,

THIS POUTINE ADDS THF EFFECT OF ORLATENESS (J2) TN THE DERIV.

ORLATE CALCULATES THE EFFFCT OF 2. RFTURNED AS N2Jy2,.

2 1S A VECTOR OF THE AVFRAGFD STATE AND COSTATE

DERZ? IS THE AVERAGED WEPIVITIVE OF 2

-P1 AND Pl AND THE LIMITS OF INTEGRATION IN THE OQUADRATURE

10 1S THE DIMENSION OF 2

SUBROUTINE FUNCT(Xx,2,0ERZ)

(g VOO0

. IMPLICIT REAL®RLA-H.0-$)
i g COMMON /A/A,AMU,P1

COMMON /7J2/AJ2

COMMON /pOHER/PKHoCCvAMO.AO.A-vAZ'A3.IPOH
ODIMENSION Z{10), DERZ(10)s GL:0),s HL10), D2J2110)
EXTERNAL FCT

Bl= DEXP{=-A2%X)

ey T e e e -

c
1F (1POW.EQ.0) A= AD/(1.D0-A1%X)
IF ((IPOW.EQ.1).AND. [83.GE.B1)) GO TO 20
IF (IPOW,EQ.1} A= AOS(R1-A31/(1.D0+A1%{B1-1.D0+A3#A2¢X))
] 00 2 1=1,10
i 2 DERZ(1)= 0.D0
C

CALL QUAD(=PI, P FCTDERZ+24GoHs10)
F 1IF (AJ2.LE.0.DO) RETUPN
5 CALL OBLATE(AJ2+.24Pn2J2,1)
DD 10 I=1,10
10 DERZ(I}= DERZ(1} + D2y2( 1}

- ————
v
‘

RETURN
20 WRITE (6,1000)
c{ sSTOP
L 1000 FORMAT (% POWER 1S NEGATIVE®)
END

N
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C CONTL
c
‘ C SEP DR NEP, HIGH THMRUST MAY BE INCLUDED.
C THIS IS THE MAIN COMIROLLING PROGRAM FOR FINDING THE
C OPTIMAL TRAJECTORY FOR SATELLITE RAISING
C USING ELECTRIC PROPULSION AND MiIGH THRUST,
C
c
c
’-’. c
IMPLICIT REAL®*B(A-H,0-%), INTEGER (1-N)
COMMDN /INT/ITF, 1PR, IDIM, IDIM2, NIMAX
EXTERNAL TRAJ, PRIN
c
c
c
1, C ALL SETTING OF CONSTANTS AND INITIAL READ AND WRITES
b C ARE DONE BY THE SUBRUUTINE IVPUT
c
’ CALL INPUT
. IF (NIMAX.EQ.0) GO TO 10
WRITE (6,1001)
c
C THE ITERATOR ROUTINE SDLVES THE 2PRVP FOR THE OPTIMAL TRAJECTORY
c
CALL ITER(KOUNT. NI. TRAJ. PRTN)
IF (NI .EQ. 9999) WRITE (6,1002)
‘ WRITE (6,1003)
C
! C DUTPC PRINTS A SUMMARY OF THE O2TIMAL TRAJECTORY VALULES
C
: CALL DUTPCI(KOUNT)
c
C TIME HISYORY DF THE OPTIMAL TRAJECTORY 1S CALCULATED AND PRINTED
c
} 10 WRITE (6,10064)
: _ 1PR=1000000
16‘ {TF=3
CALL TRAJ
c
- ' 1F (N3.E0.9999) WRITF (6,10)2)
' IF (N]J.NE.9999) WRITE (6,1025)
W STOP
{ 1001 FORMAT (18H) ITERATION REGINS)
- 1002 FORMAT (29HC OPYIMIZATION NOT SUCCESSFUL)
) j 1003 FORMAT (43H] CONVERGHD VALLES FOR CPTIMIZED TRAJECTORY)
v 1004 FORMAT (36H1 TIME HISTURY OF DPTIMAL 1RAJECTORY)
1005 FORMAT (30HO PROGRAM HAS RUN SUCCESSFULLY)
i
{
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DRLATE

THIS SUBPROGRAM EVALUATFS THE AVERAGED DERJVATIVF OF THE
STATE AND COSTATE DUE 111 THi ORLATENESS. J2 TERM

ASSUMES EARTH EQUATORIAL RADIUS=1l, Muml, IF NOT C)1 MUST BE
MODIF 1ED, ‘

IF 1J22, EVALUATE D2{1).1=21,5 ONLY,

SUBROUTINE ORLATE(AJ2,2,D202410)

IMPLICIT REAL*R(A~H.0-8)
DIMENSION Z2(10),02J2010)4PJ1445)

Cl= 1,500%A92/2(1)1%%3,5
BlaZ(6)%%2+2({5)%%2

B7= 1.00-6,N0%*R1 + 3,D0%B1**2
D2= 1.D0 = 212)1%%2 ~7({3)%%2
B2z 1.,00/D2%%2

Rbz 1,D00/(1.00+81)

C2= B2*R6

B4= 1,00 - Bl

C3=s C1*C2

D16z B6*B7

D3s C3*D16

D2J2(1)= 0.D0
DZ2y42(2)= 2(3)=D3
DZJ2(3)= ~2(2)#D3
Dbe=g4*C3

DZJ42(4)= -2(5)%D6
D24215)= 2(4)*D6

1F {1J.€E0,2) RETURN

05= ~3.,500%C1/2(1)
B88= C2#D16*05

PJ(1,1)=2(3)%B8
PIL2,1)= -2(2)%B8

812= C2*B4*DS

PJ(3,1)= -2(5)*B12
PJlayl)= 2(4)*B12

D2= ,25D0%02%%3
07= B6*2(2)/D2
89= C1*D16

PJ(1,2)= Z(3)%89¢D7
PI12,2)= -B9*(2(235DN7 + C2}
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R13= C12D7+Ra

PJ(3,2)= ~2(5)%A13
PJiay2)= 2(a)2B13

D9= B86%7(3)/D2

PIl1,3)= B9=(2(3)209 + C2)
PJ12,3)= ~2(2)%89=DN9

Bl4= C1%842D9

PJ13,43)= ~2(5)%B14
PJl4y3)= 2(4)=Bl4

D10z -2.D0*R2*B6%%2

D11=2(4)*D10

012= =12,D0%B4

D13= C1286

D15=C22D12

B10= D13%(2,D00%4R7*D11 + 2141%015)

Pill,4)= Z2(3)%B10
PJ(2,4)= ~72(2)*B10

B15= B4*D1]l - 2.D0*214)*C2
PJ(346)= ~2(5)%C1*B15

Blé= (2*B4

Pll4ys)= C1*(B16 + Z 4)%B15)

Dls= 2(5)*D10

D15= C2*D12

Bl:= D13#(2,D0%872D14 + 2(5)%D15)

PJ{1+5)= Z2(3!%B1]
PJ{2,5)= ~2(2)%B11

Bl7= Dl42B4 - 2.00%#2(5)%C2

PJ(345)e ~C1*(B16 + 2(5)1%817)
PJl-+45)= 216)*C1%817

DO 10 J=1,5

0242(J+5)= 0,J0

20 10 12144

DZJ21J+5)= 02 '2(J+5) =2(1+6)2PJ(]1,J)
RETU RN

END
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C o00n0n20
' C nooonn3n
L THIS IS A MOOIFIED QUANDRATHRE INTEGRATION PROGRAM FOR ononnnan
C VECTOR VALUED FUNCTIONS F0O LINE VARIARLF, 11 INTEGRATES 02000050 "»
€ & (OR Wi OVER x FROM XL 10 xii, THE RESULY 1S5 VY, 00030060 ¢
\ C EVALUATIUN 1S BY A 16 PDINT GAUSS DUADRATURE FOKMULA, 006,070 ;
C 0ONcoonn
; SUBROUTINE QUADI XL o XUsFCToYe29GoeHeN) 20090
{. 3 G100
’ IMPLICIT REAL*8(A-"4.0~8) N0 AN
DIMEISION Y(11,2(1),GL1)4HIL) 1120 P
c 130 ;
A2 ,5D0® {XU+XL) 00000140 ‘
. Bz XU-XL 00000150 :
: Cs 49470066749582697D0%8 00000160 ;
14 K=1 00000170 D
'\ G0 TO 500 000001 R0 t
; 10 10 20 1=1,.N 00000190
- 20 Y(l)s .13576229705R770670-1%G11) 00000200
o Ce .47228751155651629D0%8 00000210
: K=2 00000220
t GO TO 500 00000230
i 30 DO 40 J=x1.N 00000240
; 40 YiI)= Y{1) + .311267619693239460~1%G(]) 60000250
f C= .43281560119391587D0*3 00000260
i K23 00000270 ».
$ GO TO 500 00000280 :
i 50 DD 60 I=1,N 00000290 :
60 Yil)= Y{1)+ ,47579255R412463920-1%G{1) 0000¢ 300 ;
C= «37/7022041775015200%8 000003'0 i
K=6 00000320 ¢
G0 T0 500 00000330
70 D0 80 i=1,N 00000340
80 YOI)® Y1)+ «623144K56277669360~1¢G(1) 00000350 :
C= .30893812220132187D0%8 00000360 |
Ka$ 00000370 | -
GO TO 500 00009380 : «
90 00 100 I=1,N 00000390 :
100 Y1) Y{1) +.747679944CR2FB3TD=1%G(1) N0000400
Cs .2290083888286" 269D0*8 00000410
K=6 00000420
GO TO 500 00000430
110 DO 120 I=1,N ) - 00000440
120 Y{l)e Y()) +,6457R259697501270-1%G(1) 00000450
€= .140801775389562946D0%8 00000460 1
Ke7 00000470 § o
G0 TO 500 00000480 SRS
130 DO 140 I=1,N 00000490 3
140 Y(I)e Y(I) +.94301707522461790-1%G11) 00000500
Ce +47506254918718720)0-1%8 00000510
KeB 00000520
Gu 10 500 00000530
150 DO 16C I=1,N 00000540
160  Y(l)= B*{Y(]) +,947253052215.425D0 1%G(1)) 00000550
RETUPN 00000560
500 CALL FCTiA=CoA+CoZoMoG) 00000570
DD 510 1s1,N 00000580
510 Gill= G(1) ¢ MDD 00000599
GO TO (10306+50,70090¢110¢1304150)4K 00000600
STOP 00000605
END 00000610
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C FC1 00000010
C 10000020
. C THIS SUBPROGRAM 1§ CAILEIY RY THE OUADRATURE PROGRAM AND 0n000030
€ EVALUATES THE INTEGKAND 00000040
c 00000050 @
C 00000060
c 00000070 '
SUBRGUTINE FCTIF).F2.74HeG) 00000080
, c 000000R2
{. IMPLICIT REAL®B(A=H.0-$), INVEGER (1=N) 00000084
: c 00000090 -
COMMON /A/A, AMU4P] 00000100 .
c 00000110 pos
DIMENSION Z{10)+G(10),HI10)48MI5,3)PAM(5,3,5)4VEC(3),X{5),PRA(5) 00000120
c 09000140
M=0 00n00150 )
VN c 00000170 ’
: C EVALUATE M AND PARTIAL OF M WRT STATE 00000180
' : c 00000190
, ; DD 5 1=1,5 00000192
- 5 x(1)1=2(1) 00000194
! 10 CALL EVALMPUX,FofMU,AM,PAM, 1) 00000200
: c 00090220
; C EVALUATE THE COMMON SCALOR FACTOR 00000230
: c 00000240 )
CT=DCOS(F) 00000242 >
ST=DSIN(F) 00000244
RA= 1,0D0-Z(3)%CT -Z2(2)#*ST 00000250
FAC= A%RA/(2,000%P1) 00000260
c 00000270
| C EVALUATE THE UNIT DF M TRANSPOSE LAMBDA 00000280
L c 00000290
) ARBVEC= 0.D0 £100030°
] 00 30 l=1,3 ' 00C00310
VECt11=0.0D0 00000320
00 20 J=1,5 00000330
15‘ 20 VECIT)e VECII) + aMiJ,1)%2(J+5) 00000340 -
30 ABVECs ABVEC + VEC{!)##2 . 00000350
ABVECe DSORT({ABVEC) 00000360
. 00 40 1=1,3 00000370
: 40 VEC(1)=VEC! 1)/ABVEC 00000380
: G 00000390
‘ € EVALUATE THE PARTIAL DF RA WRT X 00000391
- i c 00000392
PRA(11=0.00 00000393 P
Ve PRA(2)=-ST 00000394 Po»
PRA(3)a=CY 00006395 Y
: PRA(4)=0.D0 00000396 :
b 1 PRA(5)20.00 00000397 !
Iy ABVEC=ABVEC /RA cG000398
: c 00000399
X C EVALUATE THE FUNCTION 00009400
Loy c 00000610
o DO 60 1=1,5 00000420
{ G(1)s 0.0D0 00050430
L G(1+45)20,000 00000640
L
- p
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00 50 J=1,3
GlIl= GUI) + AM{1,J)8VECLI)
DO 50 L=1+5
' 50 GU145)= GUI+S) = Z(L+5)%PAM(L,Js1)2*VECLY)

G(l)= FACSG(])

60 Gt1+45)=FAC2{G(1+5)-ARVEC*PRA(]))
IF (M,EQ.1) RETURN
00 70 1=1,10

70 HiT)= GI1)

Ty F=F2
. Ma]
G0 10 10
END
4.
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SURROUT INE EVALMP
THIS SURROUTINE EVAIUATES THE SXx3 MATRIX M aND THE
S5X3X5 PARTIAL OF M WRT x

IF IMFLAG=1, BOTH M (AM) AND TS PARTIAL (PAM} ARE FVALUATED
IF IMFLAG=2, ONLY M (AM) IS FVALUVATED
IF IMFLAG=3, ONLY THE PARTIAL OF M (PAM) IS EVALUATED

SUBROUTINE EVALMP(X. THFTA, AMU, AM, PAM, IMFLAG)
IMPLICIT REAL®R{A-H.U-8), INTEGER (I-N)

DIMENSION X(5), AM{S.3), PAM(5,3,45)

COMMON /EVMP/ X1.Y1.X1DOT,Y1DOT

EN=DSORT{AMU/X{1)2%3)
RHO= DSORT(1.D0- x(2)&32- X(3)%22)
BETA= 1.00/7(1.00 +RH0O)
CT= DCOSITHETA)
ST= DSIN(THETA)
RA= 1.,00=-X{3)2CT -X(2)=*ST
2ETA= Xt{3)2ST-X(2)*(T
BETA3= BETA%%3/(1.D0 -RETA)
X1= XU1)%0(1.D0 =X(2)¢=2*RETAIXCT +X{2)=X(3)3RETA=ST -X{(3))
¥l= X(1I%( (1,00 -X(3)s=2+BETA)EST +X(2)=X{3)*RETAXCT -X(2))
X100T= =((1.,D0 =x{2)=2=RETA)*ST =x(2)2x{3)=RETA*CT)IZEN*X{1)/RA
Y1DOT= ((1.D0 -X{(3)2222BETA)*CT -X{2)%X{3)=BETA=ST)=EN=X(1)/RA
PZl= X{1)>({ZETA*(RETA+X(2)2*22+HETA3) ~(X(2)=BETA -ST)=*CT/RA)
P22= ~X(1)2(=-2ETASX(2)%X{3)=RETA3 +1.D0 +(ST =-X{(2)*BETA)*ST/kA)
P23= X(1)%(=2ETA®X(2)%=X{3)1%BETA3-1.D0 +(X{3)2RETA -CT)=CT/RA)
PZ6= X{1)*(—ZETA*(BETA +X{3)*+2+#BETA3) +(CT -X(3)%BETA)=ST/RA)
IF (IMFLAG ,E0. 2) 6O TO 10
IF DO NOV WANT TO EVALUATE PARTIAL OF M, BRANCH 10 10
AM{141)= 2.D0*X1DOT/(ENS228X(1))
AM(1,2)= 2.00%Y1DOT/({EN*22%X{]1))
AM{1,3)=0.00
DUM= RHOD/{EN=X{]1)%32)
AM(2,1)= DUM2({PZ2- X{2)*BETA*X1DOT/EN)
AM(2,2)= DUM={P264 -X(2)>RETA=2YIDOT/EN)
AM{2,3)= DUMS(X(3)2(¥(5)sY] =X(&)}oX]1))/RHO**2
AM{3,1)= =-DUM=(P7]1 +X{3)2BETA=*X]1DOT/EN)
AM(3,2)= -DUME({PZ3 +Xx{3)1*BETA*Y1DOT/EN)
AM(3,3)= -DUMS{X(2)2(X(5)=Y] —-X(&)%X]1)/RHO%%2)
AM{4,1)=0.D0
AM{44,2)=0,D00
DUM= (1.D0 +X(6)222 +X(5)2%2)/(2.D0%ENEX(])*22%RHO)
AM{&4,3)= DUM=2Y]
‘"(5'1)30000
AM(5,2)=0.D0
AM(S5,3)= DUM*X]
IF (IMFLAG LEQ. 2) RETURN
IF WE ONLY WISH TO EVALUATE M THEN PROGRAM RETURNS HERE

10 Ca= DSORT(AMU/X(1))/RA
P25= X{2)*BETA3
P16= X(3)*BETA3
P29= CA=ST/RA
PZ10= CA*CY/RA
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P220= X(1)®(=2.DO*X(2)*AFTA®CT +X(3)8RETASST «P2522ETASX(2)) 00000580 :
P226z X(1)®(X(2)THETASST 1,00 +PInsX{2)32ETA) 00000590
‘ P2292 X{1)%(X{3)8AETASCT -1,.D0 -P25eX{3)22ETA) 00000600
P235= X(118(~2.ND0*X{3)%AETASST +X(2)3RETACT ~P263X(3)152ETA) 00000610 »
PZ1l= =X1DOT/(2.DOsXt})) 000€0620 {
PZ12= -Y100T/(2.D0*X(1)) 00000630 ‘&
ODUM1= 1.D0 -RA 00000640
PZ13= =CAS(=-2.D0%*X{2)*BETA®ST =X (3)*BETASCT -P25#X(2)¢DUM1)+P29 00000650
‘Y 1 *X100T/CA 00000660
PZ14= -CA*(-X{2)¢RETASCT —PZAXX(2)3DUML) +P210%X10D0T/CA 00000670
PZ15= -CA®(X{3)*BETA*SY +P252X(3)%NUM]) +P292YIDOT/CA 00000680 -
PZ216= ~CA(2,D02x({3)%RETASCT +X{2)=BETA®ST +P262DUMI=X(3)) 00000690 .
1 +P210*Y1N0T/CA 00000700 o
DUM= BETA +X(2) *P25 00000710
F217= 1.D0+ PZ5%X(212(3.D0/BETA +1.D0/(1.DO-BETA)) 00000720
PZ218= (2.00 +PZ17)%P15 00000730
4., P219= Pl17%P16 00000740 -
i DUM2= X(2)}%BETA -ST 00000750 ‘
- P22°.= ~X{1)%(CT*NDUM ~2ETASPZ18 +CTIDUM/RA +CT=STEDUM2/RA%S2) 00000760
, P222= X(1)*(ST*DUM +2ETASP219 ~CTeX(2)#PZ6/RA-CT=226DUM2/RAS22) 00000770
‘ P223= BETA3%(3,D0/BETA +1.00/(1.00 -BETA)) 00000780
) PZ24= P2233P25 00000790
P225=P223%P26 00000800
P227= X{1)8(=~CT#x{2)%X(312RETA3 +2ETASX(3)2(BETA3 +X(2)3P226) 00000810
1 +(STS(BETA +X{2)2P251)/RA +ST*52¢DUM2/RAR22) 00000A20
P228= X(1)2(STEX(2)2X(3)2RETA3 «2ETA*X{2)=(BETA3 +X{313P225) 00000830
1 +X(2)2STEP26/RA +STRCTHDUM2 /RA%%2) 00000840 > -
DUM2= X{3)$BETA-CT 00000850
P230= XU1)®(CT2X(2)*X(3)*RETA3 =ZETA®X{3)*(BETA3 +X(2)%P724) 000006860
1 +CT2X{3)¢P25/RA +CT*STSDUM2 /RA*E2) 00000R70
PI3l= X{1)*(=STEX(2)5X(3)8BETA3 -2ETA®X(2)%{BETA3 +X(3)5PZ25) 00000880
1 +CT*{BETA +X(3)%P26)/RA +CTH%25DUM2/RA*+2) 00000890
DUM= BETA +X(3)%P26 00000900
P232= 1,00 +PZ62X(31%(3.D0/BETA +1.,00/(1.060 ~BETA)) 00000910
PZ33= P232¢P25 ) 00000920 .
P234= PZ232%P26 +2.D0X(3)*HETA3 00000930 i
PZ36= X(1)*(CTEDUM ~2ETA=P233 -STSX(3)*P25/RA ~STee23DUM2/RA222) 00000940 { o
PZ37= X(1)%(=-STRDUM -2ETA*P234 ~ST*(BETA +X{3)2P26)/RA =-ST=CT 00000950 X -
1 *DUM2/RA%%2) 00000960 ;
D0 20 J=1,2 00000970 :
20  PAM(1l.Jell= 3,D0%AMI{1,J)/(2.D0*X(1)) 00000980 i
DUM =2,D02X(1)**27AMY 00000990 :
PAM{1,1,2)= PZ132DUM 00001000
PAMI1,143)= PZ14%DUM 00001010 1
PAM(1,242)= PZ15%DUM 00001020
PAM{1,243)=P216%DUM 00001030
DUMs DSORT{AMUEX(1)) 00001040 Y
CBsRHO/DUM 00001050 1.
PZ238= ~X(2)%CA/RHO®*2 00001060 ¥
P2392 =X{3)*CB/RHO*%2 00001070 i
PAM{2,1¢1)2 AM(2,1)/(2.00%X(1}) 00001080 -
PAM{2,14+2)= -CBSRETASYIDOT/EN +P23R*AM({2,1)/CB +CB*(P227 00001090 !
1 ~X{2)°BETAZPZI3/EN «X(2)3X1DOT*P2S/EN) 00001100
PAM{2,143)= P239%AMI2,11/CB +CR*(P228 =-P262*X(2)2X1DOT/EN 00001110
1 ~X(2)5BETASPZ14/EN) 00001120
PAMI 2529102 AM{2.2)/7(2.D0%X(1)) 00001130
PAM(24242)% PZ3BRAM(2,2)/CB +CR*(PZ36 -BETASYIDOT/EN =X(2) 00001140
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1 CYIDOTEP75/6N ~X(2)3HETAXPZIS/EN) L0001150

PAM(2,243)= P7392AM(2,2)/CR +CRe(P237 =X(2)sY1INOTSP24/EN 00001160

1 “X(2)cHETASP7 L6 /EN) noon1170

PAMIZ,3,1)= AM(2,%)/12.00%X(]}) Q00N11A0 .
DUMI= X(5)8Y] ~X(&)3X] 00001190 | S
PAMI2,3,2)z XU3)¢(XI5)%P729 =X{4)3P220)/{RHOZDUM) +X(2)3X(3) 00001200 .

1 £DUML / (RHO=238DUM) . 00001210 v
PAMI2,3¢3)® DUML/(RHUSDUM) +X{3)8(X(5)8P235 ~X(4)*P226}/ (RHO 00001220

1 RDUM) +X(3)13322DUM] /(RHOSS330UM) 00001230

PAM{2,3,4)= =X{3)%2X1/{RHGSDUM) 00001240

PAMI2,3,5)= X(3)sY]/(RHUSDUM) 00001250 -
PAM(34141)= AMI3.1)/(2.002X(1)) 00001260 o
PAM(34142)= PZ3A3AM(3,1)/CR -CR2(P221 +X{3)&X100T#PZ5/EN 00001270

1 +X{3)*RETASPZ]13/EN) 00001280

PAM{3,143)= PZ39%=AM(3,1)/CR =CR®(P222 +{RETA*X1DOT +X(3) 00001290

1 #X1DOT2P76 +X{3)19RETA*PZ 14) /EN) 00001300 ;
PAM{34251)= AM(3,2)/(2.D0%X(1)) 00001310 ~
PAMI3,2,2)= PZ3RsAM(3,2)/CR ~CR=(PZ30 +X{3)=LY1DOT=PZ5 00001320 ‘
1 +RETASP715) /EN) 00001330

PAM{3,2,3)= P739%ANM{3,2)/CR -CR*(PZ3]1 +{RETA*Y1DOT +X(3) 00001340

1 2YIDOTEP?6 +X{3)%RETAZPZ16)/EN) 00001350

PAM(3,3,1)= AM{3,3)/(2.00%X(1)) 00001360

PAM{3,3,2)= -DUMI/IRHOZDUM) =X[2)%(X(5)%P229 =X(4)%P220)/ 00001370

1 (RHOSDUM) =X(2)322%DUML/{RND2S3EDUM) 00001380

PAM{3,343)= =X{2)2(X{5)%P735 ~X(4&)%P226)/{RHO*DUM) =X{2)*X(2) 00001390
1 HDUM] /7 { RHDZ 2 33DLIM } 00001400 &
PAM{3,3,4)= X(2)%Xx]1/(RHOEDUM) 00001410 -
PAML3,3,5)= -X(2)2Y]/(RHO*DUM) 03001420

25= (1.D0 +X(5)222 +x(&)222)/(2,D0*DUMSRNO) 00001430

P260= -Z5/12.D00%x{1)) 00001440

PZ4al= X(2)%25/RH0*%2 00001450

P242= X{2)*25/RHO%S2 0001460

P263= X(4)/{DUMSRHOD) 00001470

P244= X{5)/(DUMSRKHO) 00001480

PAM{4,3,5]1)2 AM(4,3)/(2.,008X(1)) 00001490 :
PAM(4,3,2)= PZ41%Y1+752P229 00001500 A
PLM{443,3)= P242%Y] +25¢P235 00001510 .
PAM(443,%4)= PZ43sY] 00001520

PAM{4,3,5)= PZassY] 00001530

PAM{S,3,1)= AM(5,3)/(2,008X(1)} 00001540

PAM(5,3,2)= PZ4lsX]1 +252P220 00001550

PAM(5,3,3)= P2425X1 +25%P126 00001560

PAM{5,3,4)= PZ&38X] ¢0001570 ;
PAM{5,3,5}= PZas4sX] 30001580 {

DO 30 K=1,5 00001590

PAM{1,3,K)=0.00 00001600 .
00 30 1=4,5 00001610 Q-
DO 30 J=1,2 00001620 T
PAM(1,J+K)=0.D00 00001630 ¥
DG 40 1=1,3 00001640 ¥
D0 40 J=1,2 00001650 !

D0 40 K=4,5 00001660 :
PAMIT4J¢K)=0.00 00001670 ; .
RETURN 000016R0 o
END 00001690
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C MAINE 00000010 g
C 00000020 !
0 C 00000030
c 00000040 .
c 00000050 B
SUBROUTINE MATNE (EoFo XK \UPoXJoHR s 1MAN,, 1,02 ,TTOT) 00000060 ;
c 00000070
. IMPLICIY REAL®8 (A~H.0-2) . 000000R0
I3 ’ . C 00000090
RS “IMENSION S5(3,7,20)DP(5),D(5) 00000100 .
c 00000110
CGMMON/STR /S 00000120 o
COMMON/BPC/BPO+BPT.E1,P1.OTF 00000130
) c 0700140
’ 103 FORMAT(6F15.10+' FAILED GENERAL TESTS®) 00000150
: c 00000160 , :
34 CALL START (EoFyXKoUPXJ4HRy 191 oNF) 00000170 -
‘i IF (NF)} 399,399,100 000003 R0
L c 00000265
100 J=0 00000270
‘ 1= 1 00000275
‘ BPO=(DSORT{2.D02(1.ND+E) ) -1.D0-E )} /HR 00000280
c 00000290
202 J=J+l 00000300
208 OT1= 0.00 00000347
210 CALL TIME(T2JoDT1+SPANGSITeJ+142)) 00000360 &
220 CALL SWITCHIT4JsSI14J4152)4XsNX,0) 00000370 -
IF (S{I4J+1,22.67.TTOT) GO TO 230 00000371
IF (J+1=JM) 202,307+307 00000380
230 JM= 00000381
307 DIFs TTOT=S(1,JM.1) 00000382
; StIedM+1414)= 1.D0D 00000384
S{1,JM+1415)= 0.DO 00000385
S{I1yJM+1,3)= 0.D0 00000386
CALL DTOUL T4 JMyDTFoJM+141) 00000387
308 RETURN 00000390
399 WRITE (64103) E,FoXK.UPyXJoHR 00000400
RETURN 00000410
END 00000420

A
}‘!

124




Ror

-

e’ .
AT A L 2+ b el AP lisgne. - e

o0 Mo (e NN aNaNaNaNal

Al

STARY

31

SUBROUTINE START (F b o XK UP X I4HRy T4 JoNF}
IMPLIC!T REAL®R (A-~w,0-7)

DIMENSION St(3,7,20)

COMMON/STR/S

S(1+J+12)= DCOS(F)

S(1esJ0131= DSINLF)

SU1:Js10)= 1.D0+4E2S(1,0,12)

RAD= DSORT{S(1,J0.10)}

S(I1,sJe5)= ExS(T,0.13)/7RAD

S{1,J,9)= RADEDSINLVIP)

StlsJdelld= RADENCOSIUP)-XK

SUlede)= (XJESEIoDG)+XKES{T9Us5)) /711, 004XK2{XK+S{],4J,12)))
StlsJobli= HR/ZDSORT{{1.D0+S(1,057)522)%S([4J,10))
StIeJdeb)= XK

StIedeBlz XJTUXK+S{Tode 11 )+IXKES(TodeT)-S{T1,3:5))%5({1,Je9)
IF (J=1) 31+6,7

CALL SWITCH{1,1,0.D0.0X.NF,1)

IF (NF) 31,31,7

StIedel)= 0.D0

S(14J92)= 0.00

St1:sJ+3)= 0.D0

StleJela)= 1.D0

StIyJe15)= 0.00

StIsdelbl= 1.D0

S(Iedel7)= 0.D0

St1sJ918)= 0.D0

S(1,sJ019)= 0.D0

StivJe20)= 0.D0

RETURN

END
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SUBROUTINE TIME (1,0.DT]1,5PAN,DTS)
IMPLICIT REAL®*A (A-H,0-7)
VIMENSION CT(S0).0(50)

FORMAT(RD16.8)
FORMAT(413,6D16.R)
FORMAT(®* FAJLED KSP')

K= 2

K75z 0

IXKS= 20

M= &4

DTNEG= 5.D-10

1F (DT1) 305,500,600

DT(1)= 1.D-6

CALL SWITCH(T,JeNT{1).0()1)sNFy1)
IF (NF) 306,306,501

DT{2)= 1.D-3

CALL SWITCHIT,04NTIK)O(K)4NF,2)
1F (NF) 510,510,503

IF {K=7) 504,306.306

DT(K+1l)= DT(K)I*S.NO

K= K]

60 T0 502

SPAN= (DT(K)=-0T(K-1))/5.D0

GO TO0 79

CALL SWITCHII,J.0T1.001),NF,1)
IF (NF) 2,2,1

DT(l)= DT1

DT(2)= DT(1)+SPAN .
CALL SWITCHIE,J.DT{2),0(2)4NF,42)
IF (NF) 50,504,305

DT(2)= DOT1

Q{2)= Q1)

OT{1)= DMAX1(1.D-6,NT1-SPAN)
CALL SWITCHUI,JoDTL1),0(1)NF,2)
IF (NF) 305,305,50

KS= K-1

GOO0D AT OT{(KS)1,BAD AT DT(KS)+SPAN
KSP= KS+1KS

DO= O(K)-0(K~-1)

DDT= (DTIK=1)1=-DT(K))/D0*Q(K)

IF [DDT=(DINEG-0ODT)) 54,53,53

fF (NF) 75,75,100

IF (KSP=-K) 304,3064,55

DT(K+1)= DTI(K)I+DNT=-NINEG/2.,00

IF ({DT{K*+1)=DTIKS)I+DTNEG)I=(DTIKSI+SPAN=-DT(K+1))) 75,75,56
K= Kel

CALL SWITCH (14JeRTIK)Q(K)NF,2)
D0= Q{K)-0(K=-1)
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76

78
19

80
100

304
305

IF (DO) S51,100,51
IF (K75=-M) 76,176,295

K752 K75+])
K= KS

SPAN= SPAN/S.DO

Kz K}

DT{K)= DTIK=-1)+SKHAN
CALL SWITCHIT+J0eNTIK)O(K)oNFo2)
IF (NF) 50,50.7R
DT = DT{K)+DTNEG

RETURN
WRITE (6,107)

WRITE (6+102) 140.KK75,DT1,SPAN,DT{1),0(1),0T(2),0(2}

WRITE (6,101)
KK= 5)

0{KK)= 1,00
RETURN

END

(O1LIK) L, O(1K) .

‘K319K,
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C SWITCH 00000010 ’
C 00000020
, C 00000030
¢ 00000040 \
c 00000050 Y‘Q
SUBROUTINE SWITCH(1.J¢T.01,NF,KDU) 00000060 i
c . 00000070 ‘
IMPLICIT REAL*3(A=-H.0~2) 00000080
c 00000090
f. DIMENSION S(3,7,20) 00000100 .
T c 00000110 .
COMMON/STR/S 00000120 P
C 00000130
177 FORMAT(8D16.8) 00000140
. 178 FORMAT{5D25.15) 00000150
| o 00000160 )
‘ IF {KDU=1) 40,20.,30 00000170 -
1\ 20 ASK= 1.D0-S{14J09)%501,0+9)=5(1+J+6)25(10J46) 000001R0 :
TF= 1.00-2.008S5(1.J+7)85(1,J,7) 00000190
' 05z SUTeJy5)+(SI10Je6)=S{T19d911)02S(143,7) 00000200
0S8= 8.,D0%S(1,0.7)20S 00000210
: ASKO= ASK*{2.D0*1F-1.D0) ' 00000220
¢ THO= -3,00%(2.00%«TF~1.00) 00000230
. D222 =(2.,D0+TF)2S{1.J0,7) 00000240
D21= -D22%S(14J,6)=-0S&TF 00000250
XE= TF-SU{leJdeb)2%2-11S(14JeB)+S{T0Js5)5S(I4049))2%2+ 00000260
1 (S{10J95)2S014006)=501,Js7))222),5(1,J,10) 00000270
30 F= S(leJell)+T%S([4de6) 00000280
£2= Faf : 00000290
Pz (FeS{1eJe6))%(F+S{103096))+S(10J0s9)%S(10J49) 00000300
A= PE(ASK+F2)-4.ND0%F?2 00000310
XB= SU19JeT)%(2,002P2(F+S{14046))=0,D0¢F)+(S(1,J,5)+ 00000320
1 S(Iede7I2T2S({[edsG) 1%(2.00%F2-P) 00000330
XCz ASKD+0QSR*F+THOSF2+P*XE 00000340
X0= D21+D22%F 00000350
X4z XA=XE-XB2XD 00000360 !
24= XE®XBH*XB+XA%{XD*XD-XE*XC) 00000370 \
Ol= (XC*XC+16.D0%X4)3X4xX4=26%(XCE{XCEXC+18.D0%X41+27.D0224) 00000380
IF (XE) ©49,777 00000390 !
777 IF (01) 93,3 00000400 i
3 PP= 2,D02XC-3.D0=XD*XD/XE 00000410
IF {PP) 4410410 00000420
4 IF (XC*XC+12.D0*X4~PPEPP] 9,9, 10 00000430
9 NFs O 00000440
RETURN 00090450
10 Nfz 1 00000460
RETURN 00000470
40 DER= XD*XD/XE/XE 00000480
TRz DER/2.,D0*{XC/XE-3.D0/4%.D0%DER)+2,D0%* (% /XE/XE 00000490
OP= XC/XE=-3.00/2,.N0*NER n0000495
00= (XD%*(DER=-XC/XE }+2.00%X8B)}/XE 00000560
IF (00) 42441,62 00000510 9
41  S(I4J+1ly3)= 1.D20 00000520
Stledelyléd= =1,00 00000530
S{I+J¢1+15)= 0.0D0 00000540
GO TD 43 00000550
42  PPRs OP+DSORT(XC*XC+12,00%Y ) /XE 00000560
128
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YS= «~DABS(O0) /002DSIRT{ TR/PPR)

S3zs YS=XN/2.D0/XE

Stledele3ddl=z 1.D0/S3

DEN= 1.004P2S(T,0¢143)2S5(1,041,3)
StTed+1l,14)= 2,D0/NEN=-1,D0

StIed+1,15)2 2.002S(1,J+41,3)*DSQRTIP)/DEN
CALL OTDUL B 4JeToedelad) :

RETURN

END
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SURBROUTINE DTDULT.LDT oM ISHW)
IMPLICIT REAL®*R (A-H,0=-7}
DIMENSION S(3,7,20)
COMMON/STR/S

chu= 1,00

Sbu= 0,00

DFz S(l+L,y4)30T

VL= 1,0040F2(S{1eLe6)+S{IsLo1131/S(1,Ls10)

VHz DF2S(1,L+9)/5(14L410)

RADZ2= VLSV +VHEVH

SUTeMuld= SCialel)eDT

StieyM,2)= DT

SUIeMe5)2 SUTeLeSISDFESLIGL,T)

S{IeMeRY)= SUT LoRIEVL=-VHEL(SI 1oL e)0)=1,D0)2S5{]sL,7)~
1 Silete11)%S0{1eLe5))

S{1sM,10)= S(1sL+10)%RAD2

S(IeMy11)= S{1eLs11)4DF

RAD= DSOQRT(RAD2)

CX= VL/RAD

SX= VH/RAD . .

SEIsMy16)m CXBSTT4Le16)=SX8S{T4Ls1T)

S(loMy)1T7)= CX*SU1eLo1?)2SX2S(T,L016)

S(isMy18)= S(IyL,1R)

TXs (CX+S(T14Me16))/7101.D04S(14Ls16))

S{1oMy19)= TXSSTJoloe19)+SX2S 4L e12)

SUI14Me20)2 TX=SU1,L+20)+SX*S(1,Le13)

IF (ISW) 12,12411

COU= S{1sL+1s14)

SDU= S(I.0L+1415)

SOR= SDU/DSORT(S{1,M,10))

SRT= (1.,00-COU)I/S(1.My10)

Trs COUSSRT=SORES{].M5)

TT0= COURS(I4Le7)+SORES(IoMy11)

CSOC= DSORTI(1.D0+S({ 1Ly 71*S{1eLsT)=TTO*TTO}

FPR= CSOC/DSORT(TP)

SlleMeb)z FPRES(],L %)

S({IyMyS)a (COUZSTI1eMeS)¢(S{TaMy10)-1,D0)*SOR)*=FPR/CSOC
S(IgMebl= (SIToLo6)-SOR*SIT¢LsTI=SRTSSIT,+M,11))/FPR/TP
StleMe7)=2 TTO/CSOC

S(IeMy9)2 (COURS{ToLeG)+SORESIToMoR))/FPR/TP
SUIyMeR)s [CDUESIT M R)-SORES{ToLe9)&S(1,M,10))/CSOC
StleMyll)= (CDU*S(I.Molll-SOR*S(onoT)*S(l.M.lO))/FPR
S(lyMe10)e TPES(14M.10)

Tiz S(I.My1T)

SUIoMy1The COURSIT(Me1T)=SDUESIT My 1R)

SileMe1R)e CDUSSIT.M,1R)¢SDUT])

SSIle SU1oMa)9)eS{1,Me19)eS{1,M,20)88(]sM,20)

IF (SS1) 13413410
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S{IeMe12)= COURSITL 4 12)=-SDUBS(14L01)

SEToMy13)= CDUSSE ol o13)4SPUTS{ToLa17)

GO TO 300

SUToMe12)= (SE1,M.17)°S1TaMy 9)=S11,M,18)2S({F,M,201)/551
SU1eMyl3)m (SULoMel=)8SIToMa1O)NSIT M 1T)®S14My20,)/5S1
RETURN
END
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SUBROUTINE QUTHI(JM(P],ADA1T,0MI IPR2,1DIM2}

IMPLICIT REAL®*8 (A=H,0~7)

DIAENSION S{347+20)¢TRI343)4TR113.3),TR3(3,3),2P(10),2(1))

COMMON/STP/S
COMMON /UNTTS/UTSUTMaUTH UTDsUTKMoDTRLUTKG 4UTKW UTMS2
COMMDN /SG/SGN

NA"EL!ST/OUTIJ’A.H.FQA"OMOHOFOU'le'UP'D?'TT

NAMEL 1ST/0UT2/812,0GM3,W3,ALAM3 JALAMG JALAMS,Y2,ALALALE4AL]

NAMELIST/0UT3/2P

RLIENLL

IF {1PR.EQ.0) GO TO 12

00 10 K= 1,20

WRITE (64999) KolSU1odeK)y J=1l4JM1)
WRITE (6,1000)

WRITE (641001

WRITE (6+1000)

D0 100 J= 1,JM}) .

IF ({IPR.EG.ONLANDL{JeGTol)eANDL (UL TeIM1)) GO TO 100
Ale DATAN2(DSOPT(S(14J0191%%248(10J,201%92),S(1,J,416))
OM= 0,00

IF (S(10Je16)eNELL1.0) OM= DATAN2(S(19J920%¢S(14J¢39))
CUM= DATALZ2(S(14J¢13),5(1,J012))

Us DUM=0OM

DUMl= S(14Js10)~-1,.D0

DUM2= DSORTIS(1¢Je10))%2S{10Je5)

€= DSORTIDUM1I**2+4DUM2%%2)

FsU

IF (E«NE.0.DO0) F= DATANZ2({DUM2,DUM];

Ws Y-F

PHMI= DATANIS(14,J.7))

He S(19Js4)*DSORT(S(14J0410))/DCOSE(PHIT)

Hs DABS(H)

UPs DATAN2(SI)eJs9)eS014Jv12)4S114J¢6))

0T= S(l4de2)

TT= St{1sJd01)

IF (JoGTel) GO TO 40

CPHl= DCOSIPH])
Gl= S(lsis8)2CPH]
G2= S(1¢199)2DSORT(S(1,1+10))%CPHI

C SGN= +1.00 IMPLIES AtLAMG 1S POSITIVE
C SGN= -1.,D0 IMPLIES ALAMG IS NEGATIVE

¢

ALAMS= (SGN+1.00)%P1/2.D0
ALAMG= SGN*DSORT(G1*%2+4G2982)

132

00000010
00000020
00000030
00000040
00000050
00000060
00000070
00000080
00000090
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
000001 R0
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000530
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
000094R0
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1F (ALAMG,EQ.0.ND) "D T 16
ALAMS= DATAN2LSGM=(02, SONEGL Y
Wis ALAMS=P]/2.DN0O

ALl= DSORT(1.DO/80)=AL AMS
WD=s Wi

AlD= All

OMD= DM}

GO TO 110

DO 30 M=],3

00 30 N= 1,3

TRI(MN)= TRIM,N)

TR1{M,N)= TR{M,N)

IF (1PR) 52,100,452

W= W

AlD= Al

0OMD= OM

GO T0 110

00 51 M= 1,3

DO 51 N= 1,3

TR3(M,N)= 0.D0

00 51 IK=1,3

TRI{MyN)= TRAI(MeNI+TRIM,IK)*TRL:IK N)
Sl= DSORTITR3(3,1)%=2+TRI(3,2)%%2)
Al3= DATAN2{S),TR3{3,3))

OM3= 0.D0

W3= DATAN2(TR3(1+,2).TR3(1,1))

IF (DABS(SI).LT.1.D~10) GO TG 60
OM3z DATAN2(TR3(%.,1).~-TR3({3,2))

W3z DATAN2(TR3(1.3).TR3(2,3))

2(2)= E*DSIN(W3«M3)

Z(3)= E*DCOS(W3+0OM3)

Zi4)s TR3{",1)/(1.N00¢TR3(3,3))

2(5)= =TR3(3,2)/11,D0+TR3(3,3))
ALAM32 S(19Je@)%(SU1e0e101%SM1ede6)=S()eJdell))I/H
Y2s DSIN(F)I*DSIN{PH]I )+DCOS(F ISPCOSIPHII*S(1,J412)/7DSORT
1 S(1yds10))

DUM= |,D0~E+%2

Ax AQ*H®H/DUM

2l(l)=s A

ALA= ,SDO*DSORT(1.DU/(A=%3[UM) )* (ALAM3-E*Y2)
ALE= DSORT(1.D0/1A®DUMEE3) )2 (Y2-ExALAM3)
Z(1+1DIM2)= ALA

2(2+101M2)= DSINIW3I+OM3 )*ALE
2(3+]01IM2)= DCOS(W=+0M3 )% ALE

ODUM= 2,D0%.DCOS(ATI/2.D0))12&2%AL |
2(4+IDIM2)s DSIN(OM3)*DUM
2(5+101M2)e DCOSIOM3)*DUIM

1¢ (IPR,EQ,0) GO 10 100

W3z W3/DTR

OM3s DM3/DTR

Al3= Al3/DTR

Al= AJ/DTR

OM= OM/DTR

We W/DTR

F= F/DTR

Ls U/DTR
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PHl= PH]/DIR
upP= UP/DTP

no 99 1= l.S

2Pt1)= 20 1)

TP 1+5)=2 2(1+1D102)

WRITE (6,0UT)

WRITE (6,0UT2)

WRITE (6,0073)

Ax A*UTKM

DV= (DT2UTRM/UTSISNSORT(1.0DN/40)
WRITE (6.15G2) J

WRITE (641003)
WRITE 16,1010}
WRITE (6,1010)
WRITE (6.,1006)
WRITE 1651010} A E,Aa13,0M3 W2
WRITE (6,1005)

WRITE (6,1010) F,PHI.LUP,DV
CONT INUE

1241 1= 145)
(2¢1+101M2), I= 1,5)

IF {IPR,EQ.O) RETURN
VRITE (6410000
WRITE (641000}
WRITE (6,41006)

RETURN

Cw= DCOSTWD)

SW= DSINIWD)

Cl= DCOStAID)

Si= DSIN(AID)

COM= 0COS{0OMD)

SOM= DSINIOMD)

TR{1+3)= SWsSI

TR{2+3)= CWeSI

TR{3.3)= CI

TR{3,41)= SI*SOM

TR{3,42)= -SI*COM

TRI1y1)= CWECOM-SWECI®STM

TR{1+2)= CWESOM+SHSCT=COM

TR{2,1)= =SWCOM-CWeC13S0M
TREZy2)= =SHEISOMeCHEC J*COM
1f (J.EQ.1) GO TO 20

50 10 50

FORMAT (14,1P5020.8)

FORMAT (MO, "3533 0328880388 (RTHRRERRERELLL ISR CEENRZORROERR NI )

FORMAT (1HO,°HIGH THRUSTS)
FORMAT (1HO,*0DBI1T =',12)

FORMAT (1HO,'EONINOCTIAL O.E. AND COSTATE/S.F.*1000.°%)

FORMAT (1HO+'CLASSICAL D.E.*)
FORMAT

1006 FORMAT (1HO,*LOW THRUST®)

c
90
C
c
c
100
C
¢
c
110
§
{
f
i
¥
v
f
; (3
| :
s C
¢ 99y,
i 1600
: 1001
2 1002
3 1003
§ 1006
i 1005
¢
H
5
13
i
4

1010 FORMAT (1P5D23,.14)

END
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(IHC, 66X,y *TRUF ANNMALY®, 13X, *PH]
1 9X.'DELTA V (kM/S)?)

ne 61150
uw00011A0
00001170
000ONY1AR0
00001190
00001200
00001210
00001220
00001230
00001240
00001250
00001260
00001270
000012R0
¢0001290
0C001300
00001310
000061320
00001330
00001340
00001350
00001360
00001370
0000173 R0
00001390
00001400
0000141¢C
00001420
00001430
00001640
00001650
000014660
000G14&7C
000016R0
20001490
00001500
30001510
70001520
0001530
00001540
20001550
00001560
00001570
00001580
00001590
00001600
00001610
00001620
00001630
00001640
00001650
00001660
00001670
00001680
(DEG)* 312X, 'UPSILON (DEG)'*,00001690

00001700

00001710

60001720
00001 730
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IMeLS

CALCULATES EFFECT OF ONt FINAL IMPULSE AT MAX, OF PRIMER VECTOR

15

20

1

1

SUBROUTIAE IMPLSINVIZLIPR,ITR,Z24DERZ,1D1M2)
IMPLICIT REAL®B(A-MH.0-$)

DIMENSION Y(22',uV(3),V2(3).R(3),CM(3,3),H(3),E(31,C1(3)
DIMENSIUN 22(5),75(5),M1(3),V1I(3)e2(1)+0FRZ{1}.D25(5}2.710¢10)

COMMON /EVMP/ RT(2).VTL2)
COMMON /A7 A.,AMU,PI
COMMONZUNTITSZUTSUTM UTH UT IeUTKMDTR yUTKG yUTKW,,ITMSS

NAMELIST/FINMI/F,UY,22sRY VI, RoV2,Hob oY YSoFSLT1S,Y0,CM
NAMELIST/FIM2/025 N

DC & I= 1,5

10(1)= 2(1)

2101 1+S)i= 2L 1+1IDIM2)
KK= 0

OF= P1/10.D0

F= -DF

¥S= ~1.00

DO 10 1= 2,21

F= F+DF

CAL: YFIF,Y(1)oUY.210)
I (Yll).LE.YS) GO TQ 10
¥S= yv(l)

IS= 1}

FS= F

CONTINUE

Yil)= v(2}1)

Yi221= Y(2)

FN= FS-DF

FP= FS+DF

Cz= (VUIS)*FP282-V([S+1)2FS3u2)=(VIIS=])*FP202-Y(]S+]1)*FNs22)
+(YUIS=1)8FS#e2-Y{ IS)*FN*=2}

B= (FS2Y{]S+1)-FPEV{IS))-{FN2Y([S+]1)=-FP*Y([S5-1)]}
+{FN2Y{IS)-FS*Y(]1S-1)}

Fz 7(2.00*8)

CALL YF{F,Y0,UY,210)

DO 15 i= 1.2

Rl(1)= RY{I])

viti)= vt 1)

R1(3)= 0.00

vi{3)= 0.D0

00 20 1= 1,3

vitl)= vitl)+DVI2ouvil)
P 2(4}
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110

Q= 215)
1FLAG= )
GO0 TO 200

PG 30 1= 1,3

v2il)=s 0.D0

Ril)= 0.00

00 30 J=1,3

V2(lis V2i1)eCMiT W JIeVILY)
Ril)= RUTISCMLL,LJIXRYLY)
DO 40 1= 1,3

1= 1+1

12= je2

IF (11.6T7.3) I1= 11-3

1F 112.61.3) 12= 12-3
HiI)=z RETLISV2CI2)-RE12)2V{11)
DO SO I= 143

Il= 1+l

122 1+2

IF (11.6T7.3) I1= 11-3

IF (12.67.3) 12= 12-3

Ell)= (V2U11)*H(12)-v2{12)¢H{T1))/AMY

HM= 0.00

VM= 0,00

RAD= 0.00

D0 60 1= 1,3

VM= VMeV2(1)3%2

HMz HMeN{ 1)*%2

RAD= RAD+R{1)%%2
RAD= DSORT(RAD)

H¥M= DSORT(HM)

DO 70 I= 1,3

E(l)= EL1)=-RI1)/RAD
H{l)z HIT)/HM
22t1)= 1,00/7(2.,D0/RAD-VM/ANU)
DUM= 1.00+HL3)
22t4)= HI1)/DUM
2215)= =H{2)/7DUM

Pz 1721 4)

0= 27(5)

1IFLAG= 2

GO T0 200

00 80 I=1.2

22t4-1)= 0.D0

DO 80 J= 1,3

LZt4=1)= Z2206=-1)+E{J1%CMLY,])
KK= KK+l

1F (IPR.GT.0) WRITE (6,FIM]1)

IF (1TR.GT.0) GO 10 140

IF (KK-1) 120, 100,120

00 110 I= 1,5

Isth)= z22t1)

210(1)= 210(1)+DERZI1)*1,.0-2

21011+5)= 2(1+10IM2)+DERZ(I+IDIM2)%]1.D~2

60 10 S
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R
d 00001150
120 DO 130 1= 1,5 00001160 :
. DFR2(I)= (22(11=-2S(1))*1.D2 00001170
D25(1)=DERZ(1) 000011R0
130 2tz 2501) 00001190 }
c IF (IPR.GT.O) WRITE (6,FIM2) 00001200 )
GO T0 160 00001210 t
c 00001220
140 DO 150 l= 1,5 00001230 ,
= Ztt= 22(1) 00001240
: 150 CONTINUE 00001250 s
c 00001260 -
160 I1F {1PR.EQ.0) RETURN 00001270
WRITE (6,1000) 000012R0
WRITE t6,1001) 00001290
WRITE (641000} 00001300
s WRITE (641002) 00001310 o
T WRITE (6,1010) (Z(1),]1= 1,5) 00001320
2Z2(1)= ZU1)*UTKM 00001330
. 22(2)= 0.00 00001340
. DUMMY= 2(2)%22+2{3)%2? 00001350
‘ IF (DUMNMY,.GT.1.D=-40) 22(2)= DSORT{DUMMY) 00001360
22(3)= 0.00 00001370
DUMMY= Z(&)tx242(5)%%2 00001380
_ IF (DUMMY . GT.1.D-40) 77(3)= 2,D0=DATAN(DSORT(DUMMY))/DTR 00001390
i 22ts6)= 0.D0 00001400
IF ((204) NEL0.DC).ORL(7(51.KE.0.D0)) 22(4)=NATAN2(Z(4)42(5))/DTR 00001410 »
22(5)= 0.00 00001420
IF (U2(Z2)eNE.0.DO).OR.(Z{3).NEL,0.DO)) 22(5)=DATAN2(Z2(2)4+213))/DTR 00001430
ZZ15)= 12'5)=22(4) 00001440
c WRITE (641003) 00001450
; WRITE (641010} 22 00001460
¢ 4 F= F/DTR 00001470
¥ WRITE (64,10064) F 00001480
X WRITE {6,1005) Rl 00001490
: 1 WRITE (6+1006) UY 00001500 e
i WRITE (641000} 00001510 .
1?£ ? RETURN 00001520 e
c 00001530 i
1 ¢ 00001540 ,
. : C CALCULATES TRANSFORMATION MATRIX TO EQUINOCTIAL CODRD FRAME 00001550
o c 00001560
. % 200 AB= 1.D0+P*22+0822 00001570
i 1 CM(lsl)c (1.D00-P*6240252) /A8 00001580
e 3 CM{2,1)= 2.D0%P2D,AB 00001590 !
: CM(3,1)= -2,D0=P/AB 00001600 .
W - CHMI1,2)= CMI2,1) 00001610 *
CM(2,2)= (1.D0+P322-0%¢2)/AB 00001620 %
- CM{3,2)= 2.D0%*0/A8 00001630
X CM{1,3)= =CM(Z,1) 00001640
o CMiZ2y3)= =CM(3,2) 00001650
. . CM(3,3)=2 (1,00-P222-0832) /A8 00001660
RN GO TO (25,7514 1FLAG 00001670
vk C 00001680 P
A 1000 FORMAT (1MH0, *252002R00R X202 03022220800 TRssaResaetaasskatesess) 00001690 ’
o 1001 FORMAT {1HO,*HIGH THRUST FINAL ORBIT') 00001700 v
. 1002 FORMAT (%0 EQUINOCTIAL O.Ea*) 00001710 3
w -
v o
b
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1003 FORMAT (90 CLASSICAYL D.F.0) onen1720 f
1006 FORMAT (0 FCCENIRIC LONG. (DFG)Y = 4,F20,10) .

00001780 .

00001730 R
1005 FORMAT (0 RANTUS VFETOR = ¢,1P3N23,14) 00001740 g
1006 FORMAT (*0 IMPULSE DIRECTION = 1,1P3023.16) 000011750 :
: 1010 FORMAT (1P5D23.14) 00001740 i ‘5
: C 00001770 :
; END
i
R

Y

s R

.»:‘1:‘/ -

v

[ o
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CALLED BY IMPLS, CALLS FVALMP

SUBROUTINE YF{F,Y.U.7)

IMPLICIT REAL*8(A-H.0-8)

DIMENSION U(3),R13I)VIZ)IoAM{5:3)oDUMMY(TS5), XIS)42(1"

00 5 1= 1,5

xXt1)= 2(1)

CALL EVAL"P( X'F.I.DO.AM'D’JMMI.Z)
Y= 0.00

DO 20 1= 1,3

utl)= 0.00

D0 10 K= 1,5

UiT)= ULT)I+AM{K,]1)*7(5+K)
Y= Y4U(I V%22

Y= DSORTLY)

D0 30 I= 1,3

Utld)= Ullsy

RETURN

END
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1TER NRS
NEWTON RAPHSON NRS

SPECIAL VERSION FOR “x8 PaRTIAL DER. MATRIX, 8 DIM, YV,

SUBROUTINE ITER(KUUNT.NILFUNCT,PRTN)

IMPLICIT REAL*R{A-H,0-$), INTEGER (1-N)

VALUES OF THE INDEPENDENY VARIABLES(INITIAL,CURRENT,FINAL}
STEP SIZE TO PERIURA XS TO COMPUTE PARTIAL DERIVATIVES
VALUES OF THE DEPENNFNT VARIABLES(CURRENT,,FINAL)
COMMON/XMMM/X(T) 4 3S(R),VIR)

COMMON ZINT/ITF.1PR.INDIM,IDIM2,MAXNOL

COMMON /T/TF+SsTOLTFMIN

COMMON /DY/DYDT(R)

COMMON /F/FLIMKSIEP

ARRAYS USED INTERNALLY BY THE 1TERATOR
DIMENSION YNOM(B) XN(T7).P(8,0),COEF(R)
EQUIVALENCE( YNOM,COEF)

N= 7

M= 8

INORM= ITF

Ni=)

KOUNT=0

CALL FUNCY

1TF=e3

KOUNT=KOUNT+1

F0=z0.00

DO 15 I=1,M
FO=FOeY({1)s22

DO 16 I=1,N

XN{T)=X(])
YNOM(1)=Y(])

YNOM{M)= V(M)

TFN=TF

CALL PRIN(KOUNT,NI)
WRITE(641011)F0
IF(FO.LE.FLIMIGO 10 90
IF (NI1.GT,MAXNOI) GO TO 80

C COMPUTE NUMERICAL PARTIAL DERIVATIVES

17

WRITE (6,1013)

00 17 I=1.M

Pl1,M)= DYDTLI)

00 25 J=14N

TEMP=XI(J)

STEP=XS(J)*0ABS(X{J))

1F ((DABSIX(J))oLTo1.D0-10).CR.{(KSTEP.EQ,1))STEP=XS(J)
1F (DABS(X{J))eLT.1.D-10) WRITE (641014)
XLJ)=X(J)+STEP

CALL FUNCT

WRITE(6,1000)X(J) '
WRITE(641001)(Y(])elul M)

140

00000010
00000020
00000030
00000060
00000050
00000060
00000070
00000080
00000090

PPOCO00100

SP0O0000110

0P00000120
00000130
00000140
00600150
00000160
00000165
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
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33

35

70

80

RS

0
95

DO 20 lI=1,M
Plled)ztYLL)=-YNOM(]))/STEP
XtJ)=TEMP

KOUNT=KOUNT +N
WRITE(6,1002)

D0 30 Iszl.M
WRITE(6+41001)(P(1ed)ed=],M)
CONTINUE

DO 35 I=1,M
COEF( 1 )=~YNOM( 1)

CALL DCROUT(P,COEF,NFT.0.D0OsMs1,IND)
IF(IND.NE.O)GO 7O 8RS
WRITE (641015} DE"

D0 40 1= 1.M

I1F (DABS(COEF(1)).L1.1.D0-12) COEF(I1)= 0.DO
WRITE(651003MLCOEF(T)s121,N)
SN= COEF (M)

WRITE (641012) SN

D0 50 J=1.N
X{J)=XN{JI+COEF(J)

TF=TFN + SN

1HALV=0

IF (INURM.ED.1) 11F=)
CALL FUNCT

I1TF=3

wOUNT=KOUNT+1

F1=0.00

DO 52 I=l,M
Fi=Fl+Y(1)2ep
WRITE(6+41010)F1
IF(F1.LY.FO)GO TO 55
WRITEL5,1008)

IF (IHALV.EQ.10) GO 10 95
THALV=1HALV+]

D0 53 J=1,N
COEF(J)=COEFLJ)/2.00
WRITE(6,1000)COEF(J)
X(J)=XN{J)+COEF(J)

SN= SN/2.D0

WRITE (6,1012) SN

TF= TFN + SN

G0 70 51
IF{(NI-MAXNG1)70.,70,+80
Ni=sNI+1

FO=F1

GO 10 10

N1=9999

WRITE(&6,1006)

RETURN

N]=9999

WRITE(641007)

RETURN

WRITE(641005)F0

RETURN

N1=9999

WRITE(6,1009)

RE TURN
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00000550
00000540
00000570
00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
000006R0
00000690
00000700
00000710
00000720
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1001
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1011
1312
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FORMAT(/1Xe1PD23,1%)

FORMAT(1Xy1PSN23,14)

FORMATI21HOPART L Druly MATRIX)

FORMAT(11HODEL X328 akr Z(1x,1PII24,15))
FORMAT{GHOFO=,1PI2D, 1% 4 23HCASE CONVERGED.e FERTIN)
FORMAT(3RHOEXCEEI'ED ~AXIvUM NUMRER CF IT1TERATICNS)
FORMAT(16HOMATRIX SINGULAR)

FORMAT(11HODELX:S AWF)

FORMAT( 19HOMETHOD CANNMOT WORK )
FORMAT(4HOF1=2,1P1:23,15)

FORMAT(4HOFO=2,1P323,15)

FORMAT (10HO DFL 1+ =.1PDZ34i3)

FORMAT (40HO X{1)eDx(3) FOLLOWED BY CORRESPOMDING Y)
FORMAT (24H0 xt1)=n, SO DX{1)=xSL1))

FORMAT {1SHO DETHRMINENT =,1P0373 15)

END
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C ITER NRN
C NEWION RAPHSON  NRN 00000010
' Cc 00000020
C SPECIAL VERSION FOR 6X6 PARTIAL DER, MATRIX, 6 DIM, v, 00000030 :
c 00000040 p ;
SUBROUTINE FTTER(KNOUNT +NT,FUNCT+PRTN) 00000050
C . 00CNNN60
IMPLICIY REAL$R(A-H.N=8), INTEGER (1=N) 00000070
c 000000R0
. ¢ 00000090 .
: cCXx VALUES OF THE INDEPFNDENT VARTARLESCINITIALLCURRENT FINAL) DPOOOONLI0D ;
C XS STEP SIZE TN PERTURK X:S T0 COMPUTE PARTIAL DERIVATIVES $P00000110 L_; ‘
C Y VALUES OF THE DEPENNFNT VARIARLES{CURRENT,FINAL) NPOLO0D120 '
COMMON/ XMMM/X (51 4XS$(5) ,¥(6) 00000130 .
COMMON /INT/ITF,I1PR.IDIM, 1D]M2,MAXNO] 00000140 d
COMMON /T/TFySsTO.TFMIN 00000150 o
‘ COMMON /DY/OYDT(6) 00000160 - .-
1‘ COMMON /ZHIGH/DVI1.DV12,1HI,ITR 00000170 ‘
COMMON /F/FLIM,KSTEP 00000175 .
P C 00000180 ‘
. C 00000190
= c ARRAVS USED INTERNALLY RY THE ITERATOR 00000200 ;
DIMENSION YNDMI6) 4 XNIS)ePib4y6)4COEF(G) 00000210 ,
‘ EOUIVM.ENCE(YNOM.CDFF) 00000220 '
H c 00000230
! N= § 00000240 -
M= 6 00000250 -
INORM= ITF 00000260
N1=l 00000270
KOUNT=0 00000280
1TR= 0 00000290
i CALL FUNCT 00700300
¢ 1TF=3 00000310
, KOUNT=KOUNT+1 00000320
i £0=0.00 00000330 \ ;
' DO 15 I=1,M 00000340 i ;
S L FO=FO+Y(1)%#2 00000350 , ¥
{ 10 DO 16 I=1,N 00000360 ; ;
XN(1)=Xt 1) 00000370 .
14 YNOM(I)=Y{1) 00000380 1
YNOM{M)= Y(M) 00000390 :
Co TEN=TF , 00000400 :
. CALL PRTN{KOUNT,N1) 60000410 |
i WRITE(6,1011)F0 00000420 ;
. 1F(FO.LE.FLIMIGO 10 90 00000430 ; ,
IF INI.GT.MAXNOI) GO TO 80 00000440 '
o - C COMPUTE NUMERICAL PARTIAL DERIVATIVES 00000450 f;‘
WRITE (6,1013) 00000460 - *g
DO 17 I=1,M 00000470 ]
. 17 P{I,M)= DYDT(I) : 000004A0 }
5 DO 25 J=1,N 00000490 .
N ITRe J 00000500
R TEMP=X(J) 00000510 }
4 STEP=XS(J)*DABSIX(J)) 00000520 o
: IF ({DARSIX:J))elTelsD-10).0R.(KSTEPLENL1)) STEP=XS(J) 00000530 -
! C IF (DABSIX(J))eLT.1.D=10) WRITE (6,1014) 00000540
. X(J)=X(J)+STEP 00000550 v
: .
i
E
A
B
-
;;j.'i
#
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CALL FUNCT
WRITE(641000)X())
WRITE(6,1001)(Y(1)elz=] M)
DO 20 1=1,M
20 PUloJ)=(Y())-YNOM*(1))/STEP
25 X{J)=TEMP .
KOUNT=KOUNT+N
WRITE(641002)
V0 30 I=]1.M
WRITE(641001)(PLLJ)oS=],M)
30 CONTINUE
DD 35 1=]1,M
3% COEf (1)s=YNOM(])
CALL ODCROUT(PyCOEF+I'FT+0.0041y1,IND)
IFCIND.NE.O)GD T0 85
DO 40 1= 1,M

IF (DABS{COEF(I)).LT.1.D-10) COEF(I)= 0,DO

WRITE(6,1003)(COEF(1),1=1,N)
SN= COEF(M)
WRITE (6,1012) SN
DO 50 J=1,N
50 X{(J)=XN(J)+COEF(J)
TF=2TFN + SN
IHAL V=0
IF (INORM.EO.1! T1TF=]
1TR= O
CALL FUNCT
1TF=3
KOUNT=2KOUNT+1
F1=0.00
DO 52 I=sl,M
52 Fl=Fl+v(])e%2
WRITE(64,1010G)F1
IFIF1.LT.FO)GO TO 55
WRITE(641008)
1F (IHALV,EQ.10) GO TO 95
IHALV= I HALVS]
DO 53 Jy=1,N
COEF(J)=COEF(J4)/2.00
WRITE(6,1000)COEF(J)
53 X{tJ)=XN{J)+COEF())
SN= SN/2.D0
WRITE (641012) SN
TF=s TFN + SN
GO TO 51
55 IF(N1I=MAXNG]I)T70.70+R0
70 Nl=Nl+l
FO=F1
GO TO 10
80 N1=9G99
WRITE(64+1006)
RETURN
85 N1=9999
WRITE(6,1007)
RETURN
90 WRITE(6,100%)FO
RETURN
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' _— - - e ,
i
ot i
95 N129999 00001130 '
WRITE(641009) 00001140 :
\ RETURN 00001150
3 1000 FORMATL /i Xs1PD23.15) 00001160 :
1001 FORMAT(1Y,1P5D?3.15) 00001170 )
1002 FORMAT(21HOPARTIAL NDERIV MATRIX) 000011R0 f
1003 FORMAT(L1HODELX:S ARF/(1X,1FD23,151) 00001190 i
1005 FORMAT(4HOFO=,1PN22.15,23HCASE CONVERGED.+FERTLG) 00001200
1006 FORMAT(3BHOEXCEENED AAXIMUM NUMKER OF [TERATIONS) 00001210 .
{ 1007 FORMAT(16HOMATRIX STMNGULAR) 00001220
S 1008 FORMAT(11HODELX:S ARF) 00001230 g
1009 FORMAT( 19KOMETHOD CANNOT WOEK) 00001240 I
1010 FORMAT(4HOF1=,1PN?23.15) 00001250
1011 FORMAT({4HOFO=,1P023.15) 00001260
1012 FORMAT (10HO DEL F =,1PN23.15) 00001270
1013 FORMAT (4OHO X(1)+DX(1) FOLLOWED B8Y CORRESPONDING V) 00001280
, 1014 FORMAT (24H0 X(1)=0. SO NX(1)=XS(1)) 00061290 .
o END 00001300
»
| .
i »
( ¢
¢
-
1
A
! ;
-
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e
4
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TRAJ/TRAYPCS

SEP AND HIGH THRUST

T/'4 DIM, WITH POWER DEGRANDATION,

THIS ROUTINF SETS UP THr INPUT TO THE INTEGRATDR WHICH
EXTRAPULATES THE TRAI-CTURY FROM INITIAL TIME TO
FINAL VTIME, IT ALSO rVALUATES THE CHANGE IN TF AND
THE ERROR IN TME FINAL CONDITIONS.

THIS PROGRAM 1S CALLED RY 1TER OR RY CONTROL

IT CALL THE SURPROGRAM 1HPCG (PREN=-CNRR)

+MIN Jy MAX H,

P DIM, 2ERF, T.C. OPYIONS,

ANOP=1-=ALL 5 FINAL O.E. FIXED, =2-=A,Es]1 ONLY FIXED.

SUBROUTINE TRAJ
IMPLICIT REAL*8(A~H.0-$). INTEGER (1-N)

COMMON /XMMM/ZL0(7). STFPIR), ZERF(8B)
COMMON /TRA/TFMAX, NTO., UER, EW(16)
COMMON /2/72(14), HERZ2(16)

COMMON /INT/ITF, IPR. IDIM, JDIM2, NIMAX
COMMON /T/TFy SDe TO. TEMIN

COMMON /ELEM/ZPO(T7)e 7PFI(S)

COMMON /DY/DYOT(R)

COMMON /TC/NOP

COMMON /HIGH/DV11.NVI12,1H]

COMMON /A/A,aMU, P!

COMMON /NDOD/NODE

EXTERNAL FUNCT, OUTP
DIMENSION PRMT(S5), AUX(16414)4DERZ1{14),DP(5)

IF ((JH1.EQe1)4OR. (IH]LEQ.4)) GO TO 9
+1 i THRUST

UP= (P1/2.00)*20L0(1)/DSORT(1.D0+ZLO(1)%%2)

CupP= DCOS(UP)

XK= CUP2{,75D0+.25002720L0(2;/DSORT(1.D0+2L0(2)*»2))
OUM= (1,D0+CUPEXKISNSORT({CUP=XK)/ICUP+XK))

XJ= DUM*ZLO(3)/D0SORT(]1.00+2)0(3)%%2)

Jhs 2

VAR= Z2P0(3)

1F (NODE.EQ,0) VAR= /[LO(S)

CALL MAINE(O.DO+0eN0XK+UP o XJs1eD0s19IMDP,DVI])
CALL OUTHI(JM,PT+Z2P0(1)+ZP0L2)oVAR.IPR,Z2,1DIM2)
IF (NODE.EQ.0) GO TO & .

ZUIDIM2e4)= Z(IDIM2+4)+2L0(5)¢2(5)

ZUIDIM245)= 2L 1DIM245)=7L0(51%2(4)

00 5 Is 1,5

Z(1+1DIM2)= 20L0(4)82(1¢1DIM2'*]1. D%

00 6 I= 657

ti)= ZPO(1)

21+10IM2)= 20003}
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1 s —/ - - J' o ol PV YN .
Aoe 3
C LOW THRUST 00000580
( 00000590
' 9 DT= {(TF=TO)/LIDINI{ 1 TE=TO)/DTO)+}.DO) 00000600
PRMT{1)s TO 00000610
PRMT(2)= TF 00000620 &
PRMT(3)= DT , 00000630
PRMT{4)= UEB 00000640 t
¢ 00000650
1IF ((IH1.EQ.2).0R. (1IN, FD.3)) GO TO 15 00000660
“d, c 000060670
. C 7 1S A VECTOR OF STA.E AND COSTATE 00000680 -
N0 10 1=1,1DIM2 00000690 v
2t1)=2POLY) 00000700 g
10 ZU1+1DIM2)=2 2L01 1) 00090710
C 00000720
C EW ARE ERROR WEIGHTS--INPUT TO TWE INTEGRATOR 00000730
‘ c 00000740 ~
1~ 15 00 20 1=1,10IM 00000750 ‘
20 OER2{1)=EW( 1) 00000760 ‘
' _ c . 00000770
! C CALL THE P=C INTEGRATOR 00000780
' : € 00000790
| CALL OHPCG(PRMT 47 NFRZ,INDIMy IHLF¢FUNCT DUTP 4 AUX) 00000800
| 1IF (IHLF.GT.10) O TO 100 00000R10
b c 00000820
: € Z 1S NOW THE FINAL 0.E.. 00000830
i 4 2ERF THE ERROR IN TH: FINAL CONDITIONS 00000840 »
| c 00000R%
He0,D¢ 00000860
DO 30 1=1,1D1M2 00000879
. 30 He H + Z2(1+7)=DERZ( ) 00000880
: ZERF{6)= 2(13)%1.D-3 00000890
P J 2ERF{7)= 2(14)%1.D-3 00000900
o DYDT(6)s DERZ(13)%}.V-3 . 000009i&
¥ DYDT(7)= DER2(14)%],D-3 00000920 Co
' 1 TF1=VF*{STEP(8)+1.D0) 00000930 .
CALL FUNCT(TFl4Z,DERZ]) 00000940 ;
H120,D0 00000950 ;o
‘”& f 00 35 I=1,101M2 00000960 :
; f 35 H1=H]1+2(1+7)5DERZ1(T) 00000970
. DYDT(B)e (H1=-H)/(TF1=-TF? 00000980 ‘
- 2ERF(B)= H =1,D0 00000790 ;
i c 00001000 ;
‘“ C FINAL CONDITION OPTION BRANCH 000010.0 |
" c 00001020 '
GO TO (40,50), NOP 00001030 o
5 - c 00001040 -
- 40 DD 45 11,5 00001050 | "h
" 2ERF(1)= Z(1) =2PFLI) 00001060
co 45 DYDT(1)= DER2(1) 00001070
[: . RETURN 00001080
W [ 00001090
§ 50 IERFl4)= (2(3)%2(9)=72(2)92(10))*1,D=3 00001100
{ 4 2ERF(S)a (2(5)82(11)~71(4)%2({12))%1.D=-3 00001110 .
B DYDT(64)= DERZ(3)22(9)+2(3)3DERZ(OI~DERZI2)¢2{10)~2(2)4DERZ{10) 00001120
L DYOT(4)= DYDT{6)®}.N=-3 00001130 .
. OYDT{(S)= DERZ(S)ICZ(]1)1+2Z(5)IsDERZE11)=-DERZ(4)*2(12)~2(4)*DERZ(12} 00001140 .
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DYDY (S)= DYDT(5)%}.N-3 00001150
1S (1H1.LT.3) GO iD 60 600N1160
. 4 00001170
C FINAL HIGH THRUST IMPULSE 000D11R0
¢ 00001190
CALL IMPLSIDVI221PR.0.2.DERZ,IDIM2} 0001200 ‘S
c : 00001210
60  ZERF())= Zl1) = 7PF(]) 00001220
) DUML= DSORTI2(2)%82 + 2(3)3%2) 00001230
'0 2ERF(2)= DUML - 7PF(2) 00011260
: PUY2= DSORTLZ(&)#e2 + 7(5,882) 00001250 .
ZERF{3)= DUM2 - ZPF(3) 00001260
DYDY 1)= DERZ2(D) 00001270 PN
DYDT(2)= 0.DO 0CN01280
DYDT(3)= 0.D0 09001290
IF (DUM].GT.1.D=12) OYDT(2)= (2¢2)sNERZ(2) + Z(3)3DERZ(3))/DUM]1  000013C0
“ \F (CUM2.6T.1.D=12) DYDT(3}s (2(&)2DER2I4) + 2(S)DERZIS))/DUM2 00001310
T C 00001320 -~ .
' C SPECIAL CASE, E=0 AMD/OR 1=0 00001330
. c 00001340
. IF (ZPF(2),NE.0.DO) GO TO 70 00001350
: 2ERF(2)= 2(2) 00001360
ZERF(4)= 2(3) 00001370
DVDT(2)= DER2(2) 000013R0
DYDTt4)= DERZI3]} 00001390
70 IF (ZPF{3),NE.O.NO) RETURN 00001400
. ; ZERF(3)= 2(4) 00001610 >
{ IERF(S)= 2(5) 00001420 -
i . DYDT(3'= DERZ(4) 00001430
DYDT(S)= LERZ(S) 00001660
RETURN 00001450
c 00001660
100 1r (THLF.E0.11) WRITE (6,1000) n00V1470
IF (IHUF.EQ.12) WRITH (641001) 0C001480
IF (IHLF.EQ.13) WRITE (6,1002). 00001490
STOP 00001500
c 00001510 , -
1000 FORMAT (68+0 TFE NUMBER OF BISECTIONS DF THE ORIGINAL INCREMENT HA00001520 : o
1S EXCEEDED 10) 00001530 . :
10C1 FORMAT (27HO INMT1AL INCREMENT 1S ZERO® 00001540
1902 FORMAT (56H0O INITIAL INCREMENT HAS WRONG SIGN OR BOUNDS ARE WRONG)00001550
END 00001560 :

[ PRRNPRR LY. T - A
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TRAJ/TRAJPCN

NEP AND HIGH THRUST,

THIS ROUTINE SETS UP THE INPUT TN THE INTFRRATOR WHICH
EXTRAPOILATES THE I1RAA-CTORY FROM INITIAL TIME TO
FINAL TINE, IV ALSD FVALUATES THE (HANGE IiN YF aAND
THE ERROR IN THE FINAL CONDITIONS,

THIS PROGRAM 1S CALLED RY I1TER OR Ay CNNIRGL

1T CALLS THE SURPROGRAM NHPCLG (PREDICTOR CURRECTOR)

MIN Jo MAX H,

6 DIM, 2ERF, T.C. OPYIDONS,

WJP=l--ALL S FINAL O.F. FIXED. =22--8,E4] ONLY FIXED.

IYDT USED ONLY 1IF JTR= O

"HI= 1 NO HIGH THRUSY
= 2 2 INIT1AL IMPULSES
= 3 2 INITIAL ZND ONE FINAL IMPULSE
=z & FINAL IMPULSE

WHEN [HI=2 OR 3, ZL0(5) AND ZERF(S) ARE DUMMIES.

SUBROUTINE TR2J
IMPLICIT REAL=8(A-H.0-$), INTEGER (1-N)

COMMON /7 XMMM/Z21L0t5)« DUMMYIS) . ZERF(6)
COMMON /iRA/TFMAY, NTO, UER. EW(]10)
COMMON /272110), DERZ2{10)

COMMON /INT/ITF, PR, [DIM, IDIM2, NIMAX
COMMON /T/TF, SO, TO., TFMIN

COMMON JELEM/IPOIS)s 7PFLS)

CONMON /7DY/DYDTI(6)

COMMON  /TC/7NOP

COMMON /POWER/PKW,CL.AND.AD,414,A2,23,1P0W
COMMON sasA,AMU, PI

COMMON /HIGH/DVI1.DVI2,THI,ITR

COMMON /F/FLIM,KSTEP )

EXTERNAL FUNCT, OuTP
DIMENSION PRMTIS), AuX{16+,10)y DP(S5), 2S(6)

TF {{1HI.EQ.1)LOR.{IHI.FD.4)) GO TO 9
IF [ITR.NE.1) GO TO &
00 3 1=1,6
ISU1)=ZERF(]?
4 IF (1TR.CJ.4) GO 10 70
1F (1TR.EN.5) GO TO kO

HIGH THRUST

UPz 1P1/72.00)2ZL0(1)/DSORT(1.,D)+2L0(1)*2%2)

CupP= DCOS(UP)

XKz CUPS{,75D0+.2500%72L0(2)/DSORT{1.N0+2L0(2 %22)})
DUMz (1,00+CUPEXKIPNSORTI{CHP~XK)/Z(CUP+XK))

XJz DUM22L0{3)/CSRY{1.D00+2L0(3)2%2)

JM= 2

CALL MAINE(O.DO+0.00¢XK4UP4XJe1eD0sie9MDP,OVEIL)
CALL DUTHI(JIM,P1,2P0(1)+2P0(2)90.D0+1PRs2,1DIM2)
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D0 5 1= 1.1D1M2
5 211+4101M2)= 2101412 (1+1DIM2)*]1.D6

9 DTz (TF=-TO)/LIDINIL{IF-TO)/0TO)+1.DO)
PRANT(1)= TO
PRNT(2)= TF
PRNT(3)= DT
PRMT(4)= UEB
C
€C 2 IS A VECTOR OF STAYE aAND COSTATE
C
IF ((1H1,EQ,2).0R.{1H]I.FD.3)) GO TO 15
00 10 1=1,1D1M2
1)=2P00 1)
10 Z1J+101IM2)= 2L001)
C -
C EW ARE ERROR WEIGHTS--INPUT TO THE INTEGRATOR
C
15 DO 20 I=1,101M
20 DERZ(1)=EW(])

C
C FOR ITF LT 3 USE NORM CUTOFF CONDITION
C
IF LITF.LT.3) TF=1FMmAX
(o
C CALL THE PREDICTOR-CORRECTOR INTEGRATOR
C .
CALL DHRCG(PRMT,2,DERZ,IDIM, THLF,FUNCT,0UTP,AUX}
IF (IHLF.GT.10) GO YO 100
c
C Z 1S NOW THE FINAL O.E..
C ZERF THE ERROR IN THF FINAL CONDITIONS
c

H=0,00
DO 30 1=1,1D0IM2
30 Hz H ¢ 2{1+5)*DERZ(])
ZERF{6)= H -1.D0
IF (IH1.LT.3) GO TO 35

C

C FINAL IMPULSE

c
PSl= (213)22(7)-2(2)22(R))*1.D-3
PSIDOT= DERZ{3)%7(7)+7(3)*DERZ(T)-2(2)*DERZ(B)~DERZ(2)31(8)
PSIDOT= PSIDOT*1.D-3

C
CALL IMPLS(DVI2,iPR.ITR,Z,0DERZ,1D]IM2)

C

C FINAL CONDITION OPTION BRANCH

C

35 GO TO (40,50), NOP
c

60 DO 45 1=1,1D1M2
ZERF(§)= 2(1) -2PF(1)
45 UYDT(1)= DERZIIE)
60 10 55
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50 26RF(1)= 201} ~ 7PFL1)
: DUMl= DSORTIZ(2)%62 + 2(3)892)
' IERF(2)= DUMY ~ 7PF(2)
DUM2= DSORT(Z2(4)%52 + 2(5)8%2)
ZERF(3)= DUM2 ~ 7PF(3)
ZERFl&G)= (Z(3)%2(7) - 2(2)¢Z(R))*1.D-3
ZERF(S)= (2(5)%2(9) - 2{4)32(10))*1.D-3
DYDT(1 )= DERZ(1)
iy DYDT(2)= 0.DO
. 0YDT(3)= 0.D00
IF (DUM1,GT.1.0-40) NYDT(2)= (Z2(2)¢NERZ(2) + 2(3)1*DERZ(3)})/Dt M]
IF (DUM2,6T.1.0-40) DYDT(3)= (2(4)2DERZ(&) + Z1S)sDERZ(5))1/Dt M2
DYDT{4)= DERZ(3)22(7)+7(3)%DERZ(V)I-DERZ(2)=2(B)-2{2)*DER2Z(R)
DYDT(4)=DYDT(4)%].D~3
DYDT{5)= DERZ(5)97(9)+2(5)¢DERZ(II-DERZ(4)*2(10)-Z(4)=DERZ(]1C)
: , DYDT(5)=DYDT{5)¢].Dn-3
%, IF (IH1.EQ.1) GO 10 55

4 IF (IH1.EQ.4) GO 10 52
. C

: C DuMMY
¢ c

ZERF(S)= 20L0(5)-1.D0
DYDTIS5)= 0.D0
IF (IH].LT.3) GO 10 53

52  ZERF(4)= PSI
OYDT(4)= PSIOOY
53  IF {ITR,GT.0) RETURN

D0 54 I= 1,6
564 2S(1)= 2ERF(])

N ".i

- S5 IF (IPOW.EO.1) GO TO 60
o A4z 1.DO-ASTF
1 DYOT(6)= Al*H/AG
RETURN

c
1¥& 60 Bl= DEXP(-A2*TF)
; A4z 1.00+A1¢(B1~1.D0+A2=A32TF)
B DYDT(6)= A25HE(-B1/(B1-A3)+A1%(B1-A3)/A%)
- RETURN

[aNalal

70 DO 75 I= 1,3

75 ZERF(I)= 28(1)
DUM= DUMMY (&)
1F (KSTEP.EQ.O) D= DUMXZLO(4A)
ZERF({&)= (1.D0+DUM)27S(6)
ZERF(S)= 1S(5)
ZERF(6)= (1.00+DUM)I2(7S(6)+1.D00)~-1.N0
RETURN

80 DD 85 I= 1,6
85  ZERF(I)= 2S(1)
ZERF(S5)= 25(5)+DUMMY(5)
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;
;
H
|
i RETURN 00001720 ;
¢ c 00001730
; 100 1F (IMLE.EQ.11) WRITE (6,1000) 00001740
\ b IF (IRLF.EN.12) WRITF (6,1001) 00001750 '
f 1F (IMLFLEQ.13) WRITF (641002) 00001760 & ;
: sTOP 00001770 s ﬂ
5 C 00001780 :
: 1000 FORMAT {68HO THE NUMBER OF RISECTIONS OF THE ORIGINAL INCREMENT HAG0001790 i
: 'S EXCEEDED 10) 00001800 :
; ‘ 1001 FCRMAT (27H0 INI1IAL INCREMENT 1S ZERO) 00001810
4. 1 1002 FORMAT (54H0 INITIAL INCREMENT HAS WRONG SIGN OR ROUNDS ARE WRONG)00001820 Poa
: ENg 00001830 o
: - o gt
| o
N H
L™
3, ~
4
] :
T
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¢ nuap 0000001 N
c 00000020
C THIS IS A MODIFIEC OUALKATIIRE PRNAGRAM FNR VECTNR VALUFD FUNCTIONS, 00000030
. C COMPUTES INTEGRAL OF Tr= FUNCTION G (PR M) OVER X FROM XL TO X, THE0Q0000040
C RESULT IS Y. ROUTINE USES A & POINT GAUSS OUANRATURE , 00000050 '3
C 00000060
c 00000070
c ¢ 6000R0
SUBROUTINE QUAD( XL XU4FCT4Ye24GoHsN) 0:000090 .
C 00000100 [ -
‘4, IMPLICIT REAL®B(A-H.0-$), INTEGER (]-N} 00000105 \ :
- DIMENSION Y(1),H{1).G{1),7(1) 00000110 o
C 00000130 )
Az ,SDOS{XU+XxL) 00000140
B= XU-XL 00000150
Cz .43056815579702629N0*8 00000160 . i
Ka]l 00000170 -
. 60 TO 50 00000180
g 10 DD 20 1=1,N 00000190
20 YUll= ,17392762256M72693D02G(1) 00000200
¢ C= .16999052179242813D0%B 00000210
. : K=2 00000220
' i 60 10 S50 00000230
E 30 DO 40 I=1,N 000002«0
: 40 Y(I)= BR(Y(]I) + .3260723776312730700%G(1)} 00000250
5 RETURN 00000260 »
: SO  CALL FCTCA=CoA+Ce24HeG) 00000270
N0 60 I=1,N 00000280
60 G(I)=G(1) + H{1) 00000290
GO TO (10,30)y K 00000300
END 00000310
P
¢
1 :
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C NUAD/OVADSA 00000010
C 00000020
, i C Tw=IS 1S A MODLIFIED QUANUATHRE PRNARAM ENUV VECTOR VALUED FUNCTIONS, 00000030 {
: C COMPUTES THE INTERRAL OF THE FHNC"IH)N G (i =) OVFR X FROM xt TO x, 00000040 [
‘ C THE RESULT IS Y. ROUTING USES 8 8 PNINT GAUSS DUADRATURE, 00000050 £
c 00000040 '
c 00000070
c 00000080
SUBROUTINE QUADIXL+X1isFCT oY, 245Gyt oN) 00000090
S c 00000100 .
ST IMPLICIT REALR{A-H.0=8) 00000110 ~
DIMENSION Y(1),H(1).G(1),2(1) 00000120 U
c 00000130 :
: Az ,.5D0% ( XU+XL) 0000C 140
\ BzXU=-XL 00000150 ,
¢ C=.48014492R24ATAR])2110%R : 00000160 X ;
: K=l 00000170 ~
. G0 70 500 00000180
b 10 00 20 1=21,N 00000190
A 20 Y(112.5061426R165]14#130D0-1%G{1) 00000200
C=.39833322R706R1%3710%8 00000210
Py K=2 00000220
§ G0 TO 500 00000230
H 30 DO 40 I=1,N 00000240
{ 40 Yil)sY(1)+.11119051 "22668724D02G( 1) 00000250
C=.26276620695R16449D0%8 00000260 -
| K=3 00000270
GO TO 500 noonn2R0
| SO DD 60 l=1.N 00000290
v ¥ 60 Y(E)=Y(1)+.156R5332293R94364D0%G( 1) 00000300
C=.917173212467R249011-1%8 00000310
; K=4 00000320
I ¢ G0 T0 500 01000330
IS 70 DO 80 I=],N 00000340 .
’ 80 Y(I)=Be(Y(1)+.1B134)1R9168918099D0*G(1)) 00000350 : ¢
L RETURN 00000360 i N
; 500 CALL FCTIA-CyA+CeZsHoG? 00000370 3 o
4 DO 510 I=1,N 00000380 : -
l‘*l 510 G(1)=G(1) + H(I) 00000390 .
, GO TO (10y30+50070)4K 00000400 i
P, END 00000410
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QUAD32

THIS IS A MODIFIED QUALKATUNMFE INTFGRATION PRNGRAM FOR
VECTOR VALUFD FUNCTIONS i1k I'INF VARJARLF., IT INTFGRATES
G (N2 H) OVER X FROM x1 10 xu, THE RESULT 1S Y.
EVALUATION IS BY A 32 PNINT GAUSS QUADRATURE FORMULA,

SUBROUTINE QUAD( XL +XU4FCToYeZoGoHeN)

IMPLICIT REAL*R{A-H,1)-$)
DIMENSION Y(1)42(1)G(1)eHl1)}

Az L5D0% (XU-XL)
B= XU=-XL
C= +498631930924740 +ADO*B
K=]
60 TO0 S00
DO 20 i=1.N
Y(1)z .350930500473504R3D~-2%G1(1])
Cz +49280575577263417D0%8
K=2
60 TO 500
D0 40 I=l.N
Y{l)= Y{(]) + .8B1371973A5452R35D=-2%G(1)
= L4B23811277937532200%B
K=3
G0 T0 500
DL 60 1=1,N
Yil)= Y{1) + .12696032654631030D0-1*G(1)
= ,667453037968+69%4D0*B
K=&
60 TO 500
00 B0 I=1,N
YiI)= Y1) + .171369314565107170-1%G(1)
C= .44816057788302606D0%8
K=5
J TO 500
DO 100 I=1.N
Yill= Y{(I) + ,21417949011113340D-1%G(])
C= .4246838068662R49900%8
K=6
G0 70 500
DO 120 I=14N
Yil)l= Y(I) + .2549902963118R088D-12*G(])
= ,39724189798397120D0%8
K=7
60 7O 500
DO 140 1=1,N
villz Y{1) + .29262046739267774D-1%G(1])
= o366091059370144%#4D0*B
K=8
GO TO S00
00 160 I=1,N
Y(I)= YUI) + .32911111388180923D '*G(}1)
C=°e433152213246510760D0%8
K29
GO T0 500
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170
1RO

190
200

210
220

230
240

250
260

270
280

290
300

310
320

500

510

N0 180 I=]1,N 00000580

Yi{l)= Y(I) & ,3R172¥Q70566242530<-12G1( 1) 000ND590
Cz (293RSTRTIAA204R] ) ANOZR 00000600
K=10 00000610
60 Y0 500 00000620
DO 200 1=]1,N 00000630

Yil)= Y{l) ¢ .3909AY4TH93535]173N=-1%G(1]) 00000640
Cz 425344995446611467000%8 n0000650
K=11 00u00660
6O TO 500 00000670
DO 220 1l=},N 000006R0
ville Y(]I) ¢ 416559621134673378D~-12G11) 00007 »90
C= 21067563R06531767D0%B 00000700
K=12 00000710
60 TO0 500 00000720
D0 240 1Is1,N 00000730

YiI)= Y(1) + .43R26046502201906D-13G(]) 00000740
Ce +165934301141063AR200%8 00000750
K=13 00000760
60 TO 500 00000770
DO 260 1I=1,N 00000780

Yi))= Y1) + .455R69Y39347881942D-1%G(1) 00000790
€= .1196436R112606R54N0%8B 00000R00
K=14 00000810
GO TO 00 00000R20
D0 280 I=1.N 00000830

vYill= Y{l) + .669221995606022830~1*G(l) 00000840
C= .7223598079)139R25N~1*B 00000850
K=15 00000860
GO0 T0 500 00000870
D0 300 I=1,N 00000880

Yil)s Y1) + ,47R19360039637430D~12G(1) 00000890
C= o24153832843R869154D-1%8 00000900
K=16 00000910
GO0 TO 500 00000920
D0 320 I=1l.N 00000930

Y{l)s B2{Y(]) + .4R270044257363900D-1%G(])) 00000940
RETURN 00000950
CALL FCTLA-CyA+Cs24H.G) 0€000960
00 510 I=1,N 00000970

G(l)= G(1) + H(I) 00000980
GO YO (10,30,50,70,90, 110+130¢15001700190,210,23042504270,290,310)00000990
1 X 00001000
END 00001010

156

4 !
wdode .. a

P i




Aad

(9] (ol alalalasEelalaEaleNaNalalaNalalaRaaNalala Ne Wl

(g X g

[aXa N

EARTH?

——

THIS SURPROGRAM SFTS TwF VALUES FOR EARTH®S IRPITAL ELEMENTS
AND CALCULATES THE MEAN anOMALY AT THE INITIAL TIME
D.E. TAKEN FROM BATTIN, 1964, FPOCH 1960 JAN, 1.5, J0£2436935,

INPUT

TL==INITIAL TIME. RFGINNING DF LOW THRUST TRAJ

ouTPUT

Cl1)-~EARTH'S SEMIMAJOR AXIS
((2)~=EARTH'S ECCENTRICITY
C(3)~=ARGUMENT OF PHRIM,.
Cl4)~-MEAN ORRITAL “DTION
C(S)~=-MEAN ANDMALY AT TL
Cl6)=-COSINE OF aNGLt OF ORLIOQUITY
Ct7)-=SINE OF ANGLF nF OBLIOUITY
Cl17)~--LONG, OF N MA(G POLE AT TIME TL
Clt18)~=LAT, OF N. MAG, POLE
Cli19)~-EARTH RDT. FREO,
Cl20)~--2%P1

SUBPROUTINE EARTH

IMPLICIT REALZB(A-H.(-$)

COMKON 70D/ TL
COMMON /TERRA/ C(20)
COMMON /UNITS/UTS.UTM,UTH,UTDsUTKMyDTRyUTKG,UTKW,UTMS2

Ct1) = 1.00

Cl2)= .016726D0
Ci3)= 102.2525300
Cl&e)= ,98560900

MEAN ANOMALY AT EPOCH

AN=

100.1581500-C{3)

80= AN

MEAN ANOMALY AT TIME TL
AN= AN+C(4)*(TL-2436935,.D0}
AN=AN/360.D0
AN=AN-TDINT(AN)

C(S5)= AN®*360.D0=DTR
Ci3)= C(3)*DTR
Cla)= ClLa)=DTR*2UTD

DUM= 23,452DTR
Ct6)= DCOSIDUM)
CUi7)=DSIN(DUM)

CALCULATE THE ROTATION MATRIX FROM EQUATORIAL TO GMT COORD.

BO=" BO+(2.,00%C(21-,25P02C(2)12¢3,sNSIN(RO)+1.25002C (21852

1

¢DSIN(2.DO*RO)+1.0R33333333333300+C(2)#»32DSIN(3,D0%80)
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80z BO+C(3)

Rx=z =NCOSIRN)

RYa =DSIN(ROISC(6)

ROz DSORTIRXS#24RYG%2)
Rx=2 RX/RHO

RY= RY/RHO

C(8)= RXx

Cl9)= =RY

C(10)=
Ctll)e=
cti12)=
Ct1d)=
Cltlae)=
C(15)=
ctiel=

cCt1)e
C{i8}s=
Cti9)=
Ct20)=
ct1ns=

RETURN
END

0.00
RY

RX

0.00
0.00
0.00
1.D0

289,900*D1R

78,6%DTR

359.0170416D0*DTR*=UTD
360.D0=DTR -
Cl1T14C119)%(TL~2436935.00)/7UTD
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ORRIT

THIS PROGRAM 1S USED 10 FRINT POSITION AND THRUST DIRECTION

FOR

A SINGLE ORBIT,

INPUT: Z, 10 DIM O.E. AND THFIR ADJDINTS

10

20

1000
1001

Ay ACCELERATION LFVELs MAY RE SET TO ONE
N, ONE HALF NUMBFR OF POINTS ON DRBIT PRINTED
NCONT, FLAG TO READ DATA FOR ANOTHER ORRIY

IMPLICIT REAL®*R{A-H.0-2)
DIMENSION 7{(10),+R(10),G(10)
COMMON/A/A AMU,P1
NAMELIST/IN/ZAWN

Plz DARCOS(-1.00)
AMU=]1,D0

READ (5,1000) Z.A
READ (5,1001) N

DF= PI/DFLOATIN)
WRITE (6,1N)

DO 20 1=1,4N

CALL FCTIFIoF29Z+He6)
F1=F14DF22,00
F2=F2+DF%2,D0
CONTINVE

READ {5,1001) NCONT
1F (NCONT,.GT.0) GD 10 10
STOP

FORMAT (£25.15)
FORMAT (12!

END
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DIMENSION 2(10)1,G(10),H110),8M(543),PAM(5,3,5),VECI3)4X(5)4PRA(S)

C FCY
C
C CONTAINS PRINT STATFMENTS
C
C
C
SUBROUTINE FCTIF)oF2,7¢H6)
C
IMPLICIT REAL®RIA-H,1)=8), INTEGER (1~-N)
C
NAMELIST/PRF(T/VEC
C
COMMON /A/A,0MU,PL
C
c
M= 0
FsF}
C
C EVALUATE M AND PARTIAL NDF M WRT STATE
C
DO S 1=1,5
5 x(1)1=2(1)

10 CALL EVALMP{X,F,AMU.AM.PAM, 1)
C
C EVALUATE THE COMMON SCALOR FACTOR
c
CT=DCOS(F)
ST=DSIN(F)
RAz 1,000~21(3)%CT =7(2)*ST
FAC= A%RA/(2.0D0%P1)
c
C EVALUATE THE UNIT OF M TRANSPOSE LAMBDA
C
ABVEC= 0,DO
00 30 I=1,3
VEC(1)=0,000
00 20 J=1,5
20 VEC(1)= VECUI) + AM(J.1)%2({Je+5)
30 ABVEC= ABVEC « VEC(])*#*2
ABVEC= DSORTU{ABVEC)
DD 40 I=1,3
4“0 VEC(1)=VEC(1)/ABVEC

WRITE (64PRFCT)

EVALUATE THE PARTIAL OF RA WRT X

(o NaNala BN g

PRAL1)=20,.00
PRA(2)=~8T
PRA({3)=~(T
PRA(4)=0.D0
PRA(5)20,00
ABVEC=ABVEC/RA

(o X

EVALUATE THME FUNCTION
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50

60

70

DO 60 1=1,5
G{l1)e 0.,0N0
GL1+5)=0,0D0
DU 50 J=1,3
Glil1)= GUY) + AMIT.J)BVEC(Y)
00 50 L=1,5
G(1e5)e G(145) = “iL+S5)ePAMILJe 1 )RVEC(J)
G(l)=s FAC2GIT)
GL1+5)eFACR(GI1+45)-ARVECXPRALT))
1F (M,ED.1) RETURN
DO 70 1=1,10

H(l)= GLI)
F=F2

M=}

G0 Y0 10
END
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SURRUUTINE EvaLMp

THIS SURRDUTINE EVAL1IATFS THE H5X2 MATRIX M AND (HE
Sx3xY PARTIAL VF M waul 3
CONTAINS PRIANT STAVEMFRIS

1F IMFLAG=1, ROTH M (AM) AND ITS PARTIAL (PAM) ARE EVALUATEDN

1F

IMFLAG=2, ONLY M (A¥) IS EVALUAYED

If IMFLAG=3, ONLY TrE PAPTIAL OF M tPAM) 1S EVALUATED

1F

1F

SUBROUTINE EVALMPIX. THFTA, AMU, AM, PAM, IMFLAG)
IMPLICIT REAL®A{A-H,0-3), INTEGER (1-N)

NAMELIST/PRINT/ FoXx1.V1

DIMENSION X(S), AM{5.3), PAM(5,3,5)

EN=DSORT(AMU/X(]) )%83)

Pr0=z DSCRT(]1.00~- X(2)282- X({3)%%2)

ARETA= 1.,00/11.D0 +RKHG)

CT= DCOSU{THETA)

$T= DSIN(THETA) ’ N

RA: 14D0-X(3)2CY ~-Xx(2)3S7

2ETa= X(3)sST-x(2)2(T

RETA3= RETA®%3/(1.00 -RFTA)

X1= X{1)%001.D0 =x{21232=4ETL}I*CT «X{2)*X(3)=RETAST -X(3))

Y1= XU1)1%(01aD0 -x(2)2=ZeRETLIRST +X(2)18¥ (3V0RETARCT ~X(2))
X100T= =((1.D0 -x{2)3=2=RETAI2ST ~X{2)=X(3)=REVASCT)I2EN®X(]1)/RA
YI00T= ((1.,00 =x 3)12225RETA)CT =Xt12)=X{3)2RETASST)SENSX (]} /RA
PZ1= X(1)*(ZETA®(HETA+X(2)ee7=RETA] —-(X{2)=RETA -ST)I&CT/RL)
B72= =X{1)e(~2ETASX(2)=X(3)*FETA3 +1.D0 +(ST -X(2)2BETA)=ST/RA)
PZI3z= XU1)=(=-2ETA?X(2)2x{3)*BETA3-;,D0 +{X(3)=8ETA -CT)=(T/RA)
Pla= XU1)*{-7ETA®(R+TA +X(3)222%RETA3) +{CT -X{(3)=BETA,*ST/RA)
1F (IMFLAG .EQ. 3) GO TO 10

F=THETA
WRITE L69PRINT)

DO NOT WANT TO EVALUATE PART AL OF M, BRANCH TO 10
AM{1y1)= 2,D02XIDOT/(ENZZ28X 1))
AM(142)= 2.00*YI00T/(EN®%2%X' 1))
AM{14+3)20.DC
DUM= RHO/(EN®X{])%*22)
AM(241)= QUMR(P22- <!?)2BETAX1DOT/EN)
aML2,2)= DUM=LIPZL -X(2)*RETA=YINOT/EN)
AM{2,43)= DUMS{X{3)2{X(5)8¥Y] -X{4)&X1))}/RHD**2
AM(3,1)= ~DUME(P7] +x{3)=AETA2X]1D0T/EN)
AM(3,2)= ~DUM2({P7- +xX{3)+RETA=Y]INOT/EN)
AM{3:3)= ~DUME{X(2)%(X{5)*Y] ~X{4)=X])/RHO%*32)
AM{4,1)=0.D00
AM{4,2)=0,00
DUM= (1,00 +X{c)es2 +x{5)==2)/{c.) 1BX(1)%828RH0)
AM{ &y 3 )= TUMRY]
AM(541)=0,00
AM(5,2)=0.00
AM(S43)= DUM=X]
IF (IMFLAG +EQ. 2) RETURN
WE ONLY WISH TO EVALVATE M THEN PROGRAM RETURNS HERE
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Cia= DSORT(AMU/X(])))/RA

#75= X(2)*RETA3

P26z X{3)sRETA3

PZY9=s CA=ST/RA

P210= CA=CT/RA

P220= X(1)1%(=2.N0*X(2)*2RFTASCT +X(3)SRETA*ST +P2532EfAex(2}))
PZ226% X(112(XL2)sHFTASST ~1.00 +PZA=X(2)1*7ETA)

P229= X(1)*(X(3)=RETAXCT ~1.00 -PZS3X(3)¢2ETA)

PZ235= X{1)=(~2.D0%X(3)BETASST +Xt2)5RETASCT -P262X(3)%2ETA)
PZ1ll= =X100T/(2.n0%Xx(1)}

PZl2= -Y1D0T/(2.00%Xx(1))

DUMl= }1.D0 ~-RA

PZ13= ~CA{~2.D0%X(2)2RFTA=ST -X(3)=BETASCT -PZ252X(2)sDUM])I+PZ9
1 T o=x1DCT/CA

PZlé= ~CA%(=-X(2)1%RETACT -PZ6%X(2)%DUML) +PZ210sx1D0T/CA

P215= ~CA%{X{3)HETAZST +P7252x(3)¢NUM]) +PZ9:YIDNT/CA

PZibz ~CA%12.D0xx(3)1=RETASCT +X(2)BETA2ST +PZ62DUMI%X(3))

} +P2102Y]110Y/CA

DUM= RETA +X{2, =025

PZ17= 1.00+ PZ5%x(2)¢(3.DO/BETA +1.D0/().DO~-BEYA))

PZ1B= (2.D0 +P217%)*P25

P219= PL17%P26

DUM2= X(2)*BETA -ST

PZ2l= <~X{(1)%(CT2num <7ETAZPZ1A +CTEDUM/RE «CTuST2NUM2/RA%22)
PZ22= X(1)(STXDIM +2ETAXPZ19 =CTEX{2)1%P26/RA-CT*222DUM2/RA%RE2)
P223= BETA32(3.D0/RFIA +1,D0/(1.,D0 -RETAYM)

BZ26= P223%P25

P225=P2232026

P227= X(1)8(~CT*x(2)3X(3)%RETA3 +ZETA*X{3)2{RETA3 +X{2)%P224)

1 +{STS(BETA +x{2)%P25))/RA +ST=x2:DliM2/RARE2)
P228= X(1)*(ST2X{2)=Y{3)*BETA3 +ZETAsX(2)*{RETA3 +X(3)%P225)
1 +X(2)28TEP26/RA +STRCTENUM2/RA%22)

DUM2= X(3)*BETA-CT
P230= X(1)=(CT2X(2)=*Xx(3)*RETL3 -ZETA*X(3)*(BETA3 +X{(2)%P724)

1 +CT2X(3)¢P25/RA +CT2*STHUM2/RAS22)
PZ31= X{1}&(=ST=x{2)>x{3)28E A3 -2ETA=X(2)*(BETA3 +X{3)=P225)
1 +CT=(BETA +X(3)2P26) /1A +CT%228DUM2/RAR*2)

DUM= BETA +X{(3)2P26

PZ32= 1.00 +P262¥(312{(3.00/8ETA +1.D0/(1.00 -BETA)}

PZ33= P132%P125

PZ234= P232%P726 +2.00*x(3)sBE" A3

P236= X{1)=(CT2DUM -2FTA®PZ23]) ~ST2X(3)2P25/RA -STe&28DUM2/RA=%2)
P237= X(1)1={=-ST2DIM ~7ETA*PZ16 -ST=(BETA +X{(3)2P26)/RA -ST=(CT
1 =DUM2/RA%%2)

00 20 J=1,2

PAMI1,Jel)z 3.D00=8M(]),J))/{2.D02X11))

DUM =2,.002x(1)%22/AMU

PAM{141,2)= PZ135DUm

PAM{1+1,3)c PZ14sDUM

PAMI1,2,2)= PZ152DUIM

PAM(1+24+3)=P216%DUM

DUM= OSQRT(A J=2X(11})

CB=RHO/DUM

P238=z -X(2)sCB/RMHO22

P239s ~x({3)2CB/R-0%32

PAM{ 241910 AM(2,]1)/:2.D0=X(1))

PAM{2,1,2)2 ~(B2BFTA=XIDOT/EN +PZ3R2AM(2,1)/CR +CB&(P227
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1 -
PAM(2,143)=
]

PAM(2,2,1)=
PAM(242+2)=
1 »yY
PAM{2,2,3)=
1

PAM(2,3,1)=
MiM)z X(S)=
PAM(2,3,42)=
1 =N
pA"(2.3'3)=
1 DU
PAM{24344)=
PAM(2,3,5)=
PAM(3,1,1)=
PAM(3,1,2)=
1 +X(
PAM(3,1+3)=
1 * X
PAM(3,241)=
PAM(3,2,2)=
1 +BET
PAM(3,2,3)=

_—

X{2)2RF-TASPZ13/7EN =X{(2)*X1DPNTSPY5/EN)
P23922MI2, 1) /CR +CAC(P7I2K =PTH3XI2)1*XN]1DNT/EN
“X(2128 AT T V4 /EN)

AMI2.2)1/712.003%(1))

PIARZAMIDZ ,2)/CR +(R2(PZ236 =RFTASYIDOT/EN =X(2)
100T=E257¢N -X12)%RETARP? 15/7EN)

P7395AM{2,2)/CR +CR3(P73T7 =N{2)2YINNTeP26/EN

“R{2)XKRE1A®P7LA/EN)

AM(2. 11 /7(2.008X{1))

¥l ~x{4)2x]

X(3)e(X(5)2P229 =X(4)3P220)/(RHDEDUM) +X(2)8X(3)

UM ] Z ERWOE-32DUM)

DUML 7 (R=OZMIMY +X(3)8IX(5)¢P235 ~X(4)2R226)/(RKO

M) +X(3)2=2sUM]) /(RHO®*ISDUM )
~X{3)7X]/ {RHOSDUM)

X(3)2Y1/7(RKROSDYM)

AM(3,1)1/7(2.D0%X{}))

PZ3R*AMI3,1)/CR -CA=(P22) +X(3)*X100T*PZ25/EN
3)=BETA®P713/EN)

PZ392AM(3.,11/7C8 -CR®{P222 +(RETA*X1DOT +X(3)

1007226 +X{3)*B:TA2PZ)14)/EN)
AM{3.2)/7(2.D0%X 1))

P23R=AM13,2)/C8 -CB=(P230 +X{3)1*{Y1DDT*P25

A%P215) /EN)

PZ39%AM(3,2)/C8 -CB*(P231 +(RETA*YIDOT +X{(3)

1 #Y1IDOT#PZ6 +X(3)1%BETA%PZ16) /EN)

PAM(3,3,1)=
PAM(3,3,2)=
1 (RH
PAM(343,3)=
1 *0Ul
PAM(3,3,4)=
PAM(3,3,5)=
25= (1.D0 +
P240= -25/1
P24l= X(2)x
P242= X(3)*
P243= X(4)/
Pl44= X{5)/
PAM{64,3,1)=
PAM{G4,3,2)=
PAM{4,3,3)=
PAM{443,44)=
PAM{64345)=
PAM{5,3,1)=
PAM(5,3,2)=
PAM(543,3)=
PAM{54344)=
PA"‘S'B’S’B
DO 30 K=1,5
PAM{1434K)=
DO 30 [=4,5
DO 30 J=1,2
PAM(l'J'K)’
DO 40 1=1,3
DO 40 J=1,2
DO 40 K=4,5
PAM{TyJeK)=
RETURN

END

AM(3,3)1/7(2.008X 1))
=DUM] / {RHOZDUM) =X(2)2(X(5)%P229 ~X(4)%P220)/
0%DUM) =X (2)=22=)UM] /7 (RHO3SISDUN)
=X{2)={(X(5)=PZ35 ~X{6)%xP226)/(RHOZDUM) =X(2)=X(3)
M1/ (RHO=232DUIM)

X{2)%x1/(RHO*DUA)
=X{2)2Y]/(RHOSDIIN)

X(5)2e2 +X{6)222)/(2.D0%DUMSRHO)
2.00%x(1))

25 /7RH0O% 32

25/RHO*32

(DUMERKHD)

(DUM®RHD)

AM{4,3)/(2,.N0%X(1))
PZ641%Y1+25%P 229

PZ42%Y]l +75%P233

Pi63xY]

Plassy]

AM{5,3)/(2.00%X(1))

Pl4lsx]l +752P22)

P162%X1 +252P125

P243ex]

Ploanx])

0.00

0.00

0.00
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