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INTRODUCTION

This report descraibes the digital computer program SWITCH, which heas
been developed for optimization of multaiple-burn vacuum rocket flights.
The analysis upon which this algorithm is based i1s described in refer-
ence [1] and conly the equations actually implemented will be described
here. The report will consist of a description of each subroutine

used in the algorithm as well as a users guide.

The SWITCH algorithm is an application of a shooting method to a two-

point boundary value problem of trajectory optimization. The method
involves guessing initial costate and switchang times (separating burn
arcs from coasting arcs) and propagating state ané costate and their
partial derivatives with respect to initial costate and the switching
times over a complete trajectory. The partial derivatives are then

used to-obtain a Newton Raphson adjustment of the initial costate and

switching times.

RESTRICTTONS

The program generates trajectories consisting of alternating coast and
burn arcs. The first arc may be elther a coast or a burn but the last
arc must always be a burn. All arcs of the trajectories are assumed to
be positive in time with the exception of an initial coast arc which is
allowed to be positive or negative in duration (allows starting the fixst

burn at any position along anitial orbit). The number of burn and coast

[1] K. R. Brown, E. F. Harrold, and G. W. Johnson. "Rapid Optiminzation
of Multiple—Burn Rocket Flights," NASA Contractors Report CR-1430,
September, 19€9.



arcs may vary with a maximum of six separate arcs. Discrete changes in
vehicle mass are allowed conly at the start of coasting arcs, and all

coasting arcs are assumed to have negative orbital energy (elliptical).

The algorithm consists of five basic parts: the input and output rou-
tines (MAIN and OUT), the supervisory routine (SWITCH), the burn routines
{RKGO31, RKSTEP, and YDDRHS), the coast routines {COAST and AMULT) and

the boundary value and linear algebra routines (ADJUST, BVEVAi, and SOLVE).
SUBPROGRAMS

i. MAIN (Input Routine)

—
This routine is presented as a sample input routine. All of the data

necessary to define a case 1s collected in this routine. The follow-

ing table defines the input variables in order with FORTRAN read for-

mats:
TABLE I - INPUT VARIABLES

CARD VARIABLES FORMAT
1 NCASE T2
2
3 PLANS (54) 18a4
4
5 uk, AMASS, HMAX 3F10.1
6 X0E(1) (I =1,6) 6Fl0.1
7 QOE(I) (I = 1,6) 6F10.1
8 c(r) (r=1,7) 7F10.1
9 LEGMAX, ITMAX 212
10 ATP(1,1}; ATP(1,2); 4F10.1
ATP(1,3); ATP(1,4)
11 ATP(2,1); ATP(2,2); 4F10.1
ATP(2,3); ATP(2,4)
10 + L ATP (L,1); ATP (L,2); 4F10.1

-..ATP (L, 4)
(L = LE@Max + 1)
@R



CARDS 2 - 10 + L are repeated for each data case.

The variables are defined on the following page. The main routine
also praints the input gquantities and initiates a case by calling

the SWITCH subroutine.



VARTABLE NAME

1) NCASE

2) PLANS(I)

3) uk

4} AMASS

5) HMAX

6) XOE(I)
7) QOE(I)
8) LEGMAX
9} ITMAY
10) aTp(I1,l)
11) ATP(LEGMAX + 1,1)
12) ATP(I1,2)
13} ATP{(I,3)
14) ATP(I,4)
15y (T}

SYMBOL

=0

VARTABLE DESCRIPTION

Number of cases

ATPHABETIC ARRAY IDENTIFYING EACH
DATA CASE

Universal gravitational constantt

Initial mass of the wvehicle

Maxaimum integration step size

Initial state vector
Estimated initial costate vector

Number of burn and coast arcs

Maximum number of 1terations
allowed per case

TIME AT START OF ARC I
FPINAL TIME

MASS LOSS AT START OF ARC I. ONLY
ALLOWED TO OCCUR AFTER BURN ARCS
(L = 1,LEGMAX)

MASS RATE ATONG ARC I
(I = 1, LEGMAX)

THRUST ALONG ARC I. IF ZERO ARC
ASSUMED TO BE COAST (I = 1,LEGMAX)

Vector of constraints. Definition of
elements of vector depend on boundary
value problem under consideration. For
the rendezvous problem the first six
components of C contain the state of
the target at some time whach is con-—
tained in C(7). For the 5-constraint
mission the first three components of
C contain the desired angular momentum
vactor (H = R x V) and the next two
elements contain the first two elements
of the desired eccentricity vector (E).

Hx V.

T 1)

(E = -
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2. Subroutine Cut (Output Routine)

This routine controls the output operations for the total program.
Aan integer flag variable, WPATH, controls which of three paths the
program will follow.

If NPATH is negative, the SWITCH routine has just completed a burn

arc and %he OUT routine prants varidbles describing the immedrately
Preceding coast (1f one existed) and burn arcs. The coast arc is
described by the state and costate at the end of the arc (X and @),
the integral of 1/RADIUS alcong the arc (PSY), twice the orbital energy
(ALPHA) and the calculated coast time (FT). The burn arc 1s described
by the state and costate at the end of the arc (XF and QF), the mass

at the end of the arc (AM) and the number of integration steps used
along the burn arc (ITBURN). Alsc ocutputted at this time are the orbi-
tal characteristics of the orkit defined by the state of the vehicle
at the start of the burn arc. The semimajor axis (AARXIS), the minimum
radius of the orbit (RMIN), the maxamum radius (RMAX)}, the orbital
energy (ENERGY), the period of the orbit (PERIOD), the angular wvelocity
vector (H) and i1ts magnitude (HMAG), the eccentricity vector (E1) and
1ts magnitude (EMAG), and the radius (RMAG) are used to describe the
orbit. .

If NPATH 1s zero, a full iteration has been completed. The resultant
orbit 1s described by 1its orbital characteristics. The total burn time,
the lengths of the separate burn and coast arcs, the "miss" vector (DC},
the dgterminant of the matrix E (partials of constraint functions waith
respect to the initial costate and switching times), the diagonal elements
of E, the magnitude of the desired changes in control (DU) and control
rate scaled by taime (DUDT), the bound CK on adjustments to be made in QO
and the switching times as well as the vector from whence CK was chosen,
the requested changes in the initial costate and the switching times, and
the switching times and 1nitial costate to be used in the next i1teration

are pranted.

If NPATH is positive, the program has completed the case and summary
tables are printed. The tables include the total burn tame, the lengths

of the separate arcs, the "miss" wvector {DC), DU, DUDT, CK, and initial

~5—



costate for each iteration performed.

This subprogram 1s called by SWITCH and calls no other programs.

Subroutine SWITCH

The SWITCH subroutine supervises the generation of trial trajectories
and the Newton Raphson iterations. The program accepts as input the
initial state (XOE), costate {(QOE}, the vehicle description, and
estimated lengths of the burn and coast arcs. The routine performs
the necessary initializations and calls the COAST routine to compute

the results of coast arcs and the RKGO31l routine to integrate the

burn arcs. At the end of each arc, a new column of the matrix A

9x,q

A

) 1s 1nitralized corresponding to the

of partials
P qu,tl,...,tl

time, ti’ at the end of the arc.



The partials are

]

T
9x,q T _ ex u T
(-———atl )Itl = {0, ¥ ——— o] © 0)|tl

where the sign 1s negataive after coasts and positive after burns. After
the last arc, always assumed to be a burn, the necessary column of par-

tials 1s

-

9x, - . T
(ﬁ%lt = (R, R, 0, w
F

where tF 1s final time.

The SWITCH routine also calculates the switching conditions and the necessary

-

partials of these conditions with respect to initial costate and the switch-

ing times.

The switching condition across a burn arc from tl to t1+l is

Tyltig? ~ Tyle)) =0

where
. T
T.
o = 2T . YR U

v IR13

The gradient of the variable, TV’ with respect to state and costate 1s

3T, gut  3uu'R T LT yR. or
ix,q 3 5 Roety 3 R
' |r| [®] |r|

and the partial of the burn switching condition, C_, becomes

B
3cgy - aTV 3x%,q _ aTV I 9x,q
aqo'tl""'tF ax,qa t1+laqo’tl""t1+l 9% ,q tlaqo,tlt1



The switching condition across a coast from tl to t1+l 1S

- |u] =
1+l tl

lul,,

where

Bul _ 4, o,

9%,q -

__II|

1

Tal* ©

and the partial of the coast switching condition Cc becomes

S |
3qo t1 ,tF %, 't

8%,g _ 3wl Exig

1+laqo'tl""t1+l 8x,q tlaqo,tl,...,tl

After the trajectory has been calculated SWITCH calls BVEVAL to evaluate

the six terminal consitrazints and then calls ADJUST to calculate the Newton

iterate desired. Another iteration is then performed with the new costate, QO01,

and switching times (ATP(I,1l}).

at the end of each iteration a test is made to see 1f the maximum nuuber

-

of 1terations (KMAX) has been exceeded oxr 1f the new ad]ustmentstare less

-

than the tolerances which indicates convergence. When exrther of these occur

NO 1s set equal to zero and a final trajectory i1is computed propagating

only the state and costate (not the partials).

The SWITCH program also calls OUT (the output routine) and controls the

amount of prantout.



Subroutine RXGO031

This program propagates state, costate, and their transition matrix
across a burn arc, using a numerical integration method especially
adapted for the purpose. The inputs accepted as explicit arguments

are the 1nitial state and costate X0 and QO and the initial matrix of
partials Z, together with a desired error level indicator EVT, a step
size limit HMAX, the number LEGMAX of the final leg, and the 1indicator
NO which, 1f zero, suppresses computation of the partial deraivatives.
Other inputs accepted via COMMON are the number LEG of the current leg,
and mass, thrust, and timing for that leg in the ATP array. Explicit
outputs are state and costate XF and QF and the matrix of partials Z at
the end of the arc. Also an integration step count ITBURN 1s an output

through CCMMON.

The program operates by repeatedly calling on RKSTEP to perform Runge-
Kutta mumerical integration steps. For the sake of efficiency, these
steps are grouped into combination steps consisting of three short steps
of 1ntegration of state and costate equations only and one overlébplng
triple length step of integration of state and costate equations and
variaticonal equations. Thus the computationally expensive right hand
sides of the wvariational equations are called only 25% as often as the
state and costate equations. This 1s permissible since the matrix of
partials 1is relatively non-critical for accuracy, for 1t is used only in
linearized Newton~Raphson adjusitments which are only approxXimate anyway.
Also the redundancy in integration of state and costate is useful in esti-
mating integration accuracy so that step sizes can be continually reopti-

mized. The error estimate 1s obtained by the Richardson extrapolaticn

technigque, whach (in this case) estimates the error in the result of the



three short steps to be one eightieth the difference between the
result of the three short steps and the single long step. This
error estimate 1s added in to eliminate the error to the extent
that it was correctly estimated, and it 1s also used to determine
the best step size for the next combination step. The desired
error level for one step 1s assumed to be egual to the length of
the step divided by the length of the entire burn arc, times a
desired level for the total error over the burn arc. Estimated
error 1s compared with desired error after each step, and step
si1ze for the next step i1s then altered by the fourth root of the
ratio between the two. [Note: actual adjustments involve exror

squared so that an e2ighth root actually appears in the program.]

When the burn arc is the last of the trajectory, RKG031l also calls
YDDRHS to obtain partials of state and costate with respect to final

time TF and stores these partials as a final column of the Z matraix.

Subroutine RKSTEP

This subroutine performs a single fourth-order Runge-Kutta integration
step on a system of second order differential equations for a matrix

function Y consisting of € rows and at most 13 columns. The calling

Program suéplles the following ainput values as explicit arguments:

YN = 1nitial value of Y
YDN = a1nitial value of the first derivative of Y
TN = initial time

H = step size

-10-



2
[

flag variable

2
a)
I

number of coluuns in excess of 6 to be advanced as
explicit arguments

and RKSTEP calculates the following values which are returned:

¥YNL value of ¥ at T™N + H

YDNL value of the first derivative of Y at TN + H

If the flag variable, N, 1s positive, then the first 6 + LEG columns

of Y are advanced. Otherwise, only the first column is advanced.

The method of attack consists of letting ¥ = F{Y,t) represent the

differential equation of the matrix Y. Then, with

Dl = H*F (YN, TH)
H 1 H
= * — fuind
D2 H*F (YN + 2(YDN + ZDI)’ ™ + 2)
D3 = H*F (YN + H* (YDN + %92) , TN + H)

¥YN1 and ¥DNL may be evaluated as

1
* —_— %
YN1 YN + H* (YDN + 6(Dl + 2 D2))

YDN1

1
= —— *
YDN 6(Dl + 4 D2 + D3)

Evaluations of the form H*F(Y,t) which appears in the above eguations

are accomplished by calls to subroutine YDDRHS.

-11-



6.

- Bubroutine YDDRHS

This subroutine performs an explicit evaluation of a matrix function

YOD = H*F (Y,T) consisting of 6 rows and at most 13 columns. The calling
program supplies values of the input variables Y,H and T and a flag vari—
able N as explicit arguments. YDDRHS then calculates an appropriate value of
¥DD which 1s returned as an explicit argument. If the flag wvariable, N, 1s
peositive, then the fairst 6 + LEG columns of YDPD are computed. If N is non-
positive, theh onl§ the first column of YDD is calculated. The parameters

UR, AM, LEG and ITBURN and the matrix AT? are transmitted wvia labeled common

block /CCPINJ/.

The matrix YDD may be partitioned

RD
YDD = sjuﬁ - = WDD

and ¥ may be partitioned

Y

Y
S -

k: %}
where RDD, UDP, R & U are 3 X 1 matrices (3-vectors) and WDD and W are

6 x (LEG + 5) matrices. Using standard vector-matrix notation, RDD, UbbD,

and WDD may be expressed in terms of R, U and W as

IR _ ATP(LEG,4) U

RDD = = NE AM1 ToT
T
UoD = 3uR ESI 11U3
R] (R]
WDD = BW

=] B



where p = UK and the matrix B 1% given by

The 3 x 3 sub-matrices of which B 1is composed are given 1in terms of

R and U as

)
L RR-I)

B = ——(3
11 ]RIB I’R|2 3

-

T

B, = (1. -8, 1 ATP(LEG,4)
12 ‘73 |U12 (Ul M1
T T
= _ s RR, 3R T T, 3u_
B,, = (I, JIRlz) [R|5 + (RU” + UR) |R15

-13-



Subroutine COAST

This program takes the ainitial state (RO,V0), initial costate
(DRO,DVO) , plus the desaired coasting time and calculates the

final state (R,V), final costate (DR,DV), and the matrix of par-
tials of final state and costate with r;spect to wnitial state

and costate. The state and costate vectors are transferred by
labeled common ACOAST. The calling segquence contains as inputs

the gravitational constant UK, a flag variable NO, ATP and LEG

which are used to calculate the coasting time. IF NO eguals zero
only state and costate are propagated. IF NO 1is nonzero the par-—
tials are also calculated. The calling seguence also includes PHI
and DPHI which are (6 x 6} matrices of partlaié. PHI 1s the par-
tials of final state {costate) with respect to initial state (co-
state). DPHI 1s the partials of final costate with respect to
initial state. The labeled common, WCOAST, transfers PSY (the in-
tegral of |R|“l over the coast), ALPHA {(twice the orbital energy),
and FT (the calculated coast time) to the output routine (QUT).

The general solutions for the two-body problem are presented in ref=-
erence [2]. The equations presented in the paper by Goodvear are im-—
plemented as presented for the closed form calculation of R, V and PHI.
It was noticed that the partials of final costate with respect to
1nitial state (DPHI) was egual to the formal differential of the PHI

matrix corresponding to letting costate be considered to be the dif-

ferential of state (this fact i1s derived [1]). The variablie names in-

.

[2] W. H. Goodyear. “Completely General Closed-Form Solution for Coor-
dinates and Partial Derivatives of the Two-Body Problem," The Astro-
nomical Journal, Vol. 70, No. 3, Apral, 1965, pp. 189-192,

-14-



ternal to COAST are a one-to-one mapping of the names used in the
Goodyear paper. The differential of a variable is specified by a
D 1n front of the variable name (.e.g. 80 - DSO). It should be
noted that final costate 15 evaluated as the differential of final

state (DR,DV).

This program 1s called by subroutine SWITCH and calls a special

purpose matriX multiply routine AMULT.

~15-



VARIABLE DEFINITIONS

VARIABLE NAME

COAST ROUTINE VARIABLE DESCRIPTION
1) RO Initial radius
2) VO Initial velocity
3) DRO Initial control {(u)
4) DVO Inxtial control rate (1)
5) R FINAT RADIUS
6) v FINAL velocity
7) DR FINAL CONTROL
8} DV FINAL CONTROL RATE
9) PHI PARTIALS OF FINAT, STATE/costate

with respect to initial STATE/costate

10} DPHT PARTIATLS OF FINAL COSTATE
with respect to initial state

11) PSY Y as defined in reference [7l] {(Goodyear}
12) ALPHA Twice oxbital energy
13) PT Calculated coasi time

-1ls-



Subroutine BVEVAL

This program is used for evaluation of the six right end and (PER~-
HAPS) transversality conditions which are needed to specify the
desired final orbit. The program computes the difference DC be-
tween the desired value of the termainal constraints and thear
actual wvalues as determined from XF and QF. It also computes the
matrix E of partial derivatives of the raght end conditions wath
respect to Q0 and the switching times. Two ver51on; of Lubpéogrém
BVEVAL are presented here: one for a five-constraint orbital in-

jectron with time origin free, and the other for rendezvous which

involves a full complement of s1x constraints on final state.

The five—constraint version of the program assumes the six terminal
conditions consist of the angular velocity vector, the first two
components of the eccentricity vector, and one transversality variable
at TF. The program calculates the partial deravatives of these con-—
straints with respect to XF and QF and multiplies them by the matrix Z
{partial derivatives of XF and QF with respect to QO and the swatching
times) to form the matrix E of partial deraivatives of the terminal
constraints with respect to QO and the switching times.

The rendezvous version of the program uses as constrained terminal vari-
gbles the full state wveactor at f£inal time. In this case the C wvector
which specifies the terminal manifold contains the state of the target
vehicle in its first six components and the corresponding time in its
seventh component. In eorder to form the DC vector, the state of the
target vehicle 1s propagated to T_ and subtracted from the actual XF.

F

The matrix of partials of right end conditions with respect to Q0 and

=17



the switching times becomes for this case the first six rows of the
"

Z matrix except that the partial derivative of target state with

respect to TF 1s subtracted from the last column of E to produce

the matrix of partial derivatives of the DC vector with respect

to Q0 and the switching times. The rendezvous version of BVEVAL

prints the state of the target vehicle at TF following each iteration and

praints the orbatal characteristics of the target orbit after the first

iteration.

The BVEVAL subroutine 1s called from SWITCH and calls no other routines.

Subroutine ADJUST

This subprogram adjusts the initial costate vector (Q0) and the
switching times (ATP({1,1)} based on linearized relations between
these quantities and a vector C of constraint functions which is
desired to change by an amount DC (the "miss"™ vector). The inputs
are Q0, ATP, E (the matrix of partials of C with respect to Q0 and
the switching times), 2 (the matrix of partials of state and costate
with respect to Q0 and switching times) and LEGMAX. The vector DC

?

appears as an additional column of the E matrix,

The explicit outputs from the routine are new initial costate (Q0O)
and new switching times (ATP(I,1)), the magnitude of the desired
change in the initial control vector (DU) and the magnitude of the
desired change in the initial control rate vector times total mission

time (DUDT}. The bound CK on adjustments allowed on Q0 and the switch-

-15-



ing times and the vector A containing the maxamum allowable changes
in the switching times and QO are passed directly to OUT via labeled
common WADJ. The matrix E may also be considered an output since 1t

1s altered during the execution of this program.

The desired change in the Q0 vector and the switching times (tl;
1 = 1, LEGMAX) 1s obtained by solving the following simultaneous

equations:

[ AQO
Atl
3¢ :
Ac = i .
[ ago,tl,...,tF )
[ AtF_

by calling subroutine SOLVE. The desired change in the Q0 and the
tl‘s is placed in the LEGMAX + 7 column of the E matraix.

.

In qrder to insure convergence only a fractlon)CK,of the desired
linearized changes in initial costate and switching times is ac-
cepted. CK 1s determined as the largest number (S1) compatible

with the following restrictions: the magnitude of the change 1nd
the initial control vector (DU) 1s limited to .2, the magnitude

of the change in the initial control rate (DUD) i1s limited to .0003
and the length of the burn and coast arcs 1s allowed tc change by

at most 50%. ([Thas prevents arc durations from disappearing or
becoming negative.] Hawever, no restriction 1s placed on the allow-
able change 1n the duration of initial coasts. This allows for the
possibility of negative initial coast durations, i.e. the first burn

may begin before the (arbitrary) epoch to Tf 1t 1s optimal for i1t to

do so.

-39~



The new QO and switching times are then defined by adding to their
previous values increments equal to CK times the Newton Raphson
increments. The new Q0 vector is then normalized such that its

first three components (1) have a magnitude of unity.

This subprogram is called by SWITCH and calls SOLVE.

~-20-



10._Subroutine SOLVE

This program solves a system

6+LEGMAX

A X =AaA _,i=1,...6 + I1LEGMAX; L = 7 + LEGMAX
I=1 117 1L

of linear simultaneous equations for the unknowns (Xj). The inputs
are the elements of the matrix a, with last column (A(I,% + LEGMAX))
containing the right hand sides of the equations and LEGMAX specify-
ing the number of equations to be solved. The output 1s the same
matrix A with the last column replaced by the solution vector X and

the other columns destroyed (by the Ganss-Jordan reduction transforma-

tions used to solve the linear system).

The solution is obtained directly by Gauss-Jordan reduction without
generating the inverse of the coefficient matrix as an intermediate
result. ITn order to avoid undue round off errors, at the ith stage of
the reduction process the unreduced rows are sorted such that element
1+ 10of row 1+ 1 1s at least as large in magnitude as the corresponding

element of any later row. This has no effect on the ordering of the solu-

tion vector.

This program 1s called from ADJUST and calls no other routines.

-21-



APPENDIX I

SWITCH Program Listing



FILE:.S?ITQHD FORTRAN P21 CAMBRIDGE MONITOR SYSTEM
Tl X 22 TS 3 MAIN BOUTIVE s ook e kb e e ok

TAPLICIT REAL*3{A-d,0-%) SHTIONONTO
COMHON/CCPINJ /UK ,AT2 {7,4),3d,LEG,ITRURY SRIOQ020
COMMON/WIN/PLANS(54) ,N00T,LOGIC SWINOQ30
DIMENSION C(12), Q0E {&) , L0E(86) SWICOOLD
1 FORAAT(7FI10. 1) SHINONSD
C BEAD IRTEGER VARIABLE ¥WCASE , RIGHT ADJUSTED IN COLUHMNS 1-2 , HHICH SHIC0060
€ IS5 THE NUIBER OF DATA CASES FOLLOWING SWIC0070
NIN=2 SYUINNON8O
NOUT=8 SUI0009Q
READ (NIN,3}) NCASE SEICO100
NC=D SEIQCQ110
) NC=NC+1 SEIONQ120
LOGIC=0 SWIQ0130
¥RITE (VWOUT,H6) XNC SEICO149
& PORMAT (1H1,13H CASE NJMYBER ,I12,//) SEICC1SD
READ({NIY,10) PLAVWS SHIQ0160
10 FORMAT(18aL) SHINO170
WRITE (NOUT, 10} PLAYNS SWIN0180
C FIRST THREE CARDS OF EACH CASE CONTAIN ALPHABETIC INFORWUATIONW IN SWINO190
C COLUHNS 1-~72 DESCRIPING THI CAST BEING SOLVED SEINN200
READ (NIN,1) UK, 84255, HAAY SHI00210
C THE ¥EXT CARD CONTAINS THE GRAVIATIONAL CONYSTANT , UK ,{(COLS 1-10}, SUINN220
C THE INITIAL /AASS OF THE VEHICLE , AMASS , (COLS 11-20) AND THE MAXINOM SWIQO0230
C ALLGY¥A3BLE IHTEGRATION STEP SIZE , HMAX , (COLS 21-30) ALL UNDER SHELOO 280
C FORHMAT F10.1 SWIOQ250
READ{NIN, DXOE SHI00260
C THE WNEXT CARD CONTAINS TFF SIY{ VECZTOR XOFE WHICH IS THE INITIAL STATE SWION270
C OF THE VEHICLE UWDER A 6F10.1 FORMAT. SWIN0D280
READ (NIN,1)Q0E SHINN290
C NEXT IS THE INITIAL COSTATE VECTQOR , CONTROL AND CONTROL RATE(QOE) SYINO300
C UTNDER 6F10.1 FORJAT. SHIN0 310
READ (NIN, 1) (C{T),I=1,T7) SHIN0N329
C THE 7-VECTOR , €C , IS RZAD NZILT UWDER & 7F10.1 TORNAT. THE VECTOR SWI003390
C CONTAINS THE DESIRED VALUES OF THE RIGHT END CONSTRAINTS OF THE SHINO340
C MISSCN. THE BOUYNDARY CONDITIONS FOR A RENDEZVOUS MISSON ARE THE STATE SHINO3S0
C (LOCATED IN FIRST SIX COMPONENTS OJOF C) AND CORRESPONDING TIMNE{IN C{7)) SWINO36D
C DEFINING THE ORBITAL PIOSITICHN Crf THIE TARGET VEAJICLE, FOR THE SWIQ0370
T S5~CCNSTRAINT MISSON¥ THE FIRST Td4RES COUPONENTS OF C CONTAIY THE SWI00389
C DESIHED ANGULAR MOHENTUY VECTOGR(H= R X V) AWD THE NEXT TW0O ELEMENTS SHINQ390
C OF C CONTAIN THE FIRST THO EIEZNENTS OF THE ECCENTRICITY VECTOR (E). SHIONUNN
READ {¥IH,3) LEGMAX,IMAX SEINO 410
T THE NUMBER OF BURN AND COAST ARCS , LEGHNAXY , AWD THE MAYXIMUMN NUJBER OFSWICO4Zz20
T ITERATIONS ALLOUYABLE , THMAX ,APPFAR OW THE NEXT CARD WITH A 2I2 FORMATSWIOQU3(
3 TORMAT (212) SHIQOLLD
] FORMAT (4710.1) SPIOOUSH
Li=LEGHAYX+1 SHIOGusN
READ(NIN,4)y (TP (I,1),A7B{(I,2),AT7P{I,3),ATP(I,4) ,X=1,L1H SHIOOU70
C ATP KATRIX CONTATNS A ROY DESCRIPING VEHICLT CHARACTERISTICS FOR EACH SWIOONUBQ
T SEPEFRATE ARC., ATP({(I,1) - TIME AT START OT ARC I , ATP (I.,2) - 11355 LOSSSWIONLGD
C AT START OF ARC I (ONLY AFTaR 3JEY ARCS) , ATP(I,3) - ¢ASS RATD ON ARCSHIDOS0O0
C I , ATP(I,4) — THRUST ALONSG ARC I (IF ZEROC ASSUMED COAST)., ATP ARRAY SWICO510
C ALSO HAS A ROY¥ CONTAIWING FIVAL TINE(TF=ATP (LEGHMAX+1,1)}. THE MATRIX SWIONNS20
C IS IKPUTTED GHND ROY PEGF CARD UNDER A 4F10.7 FTORMAT. SHINN530
WRITE (NOUT,100) UK,AMASS, d03Y, THAaX,LEGHAY SWIONQO540

A-1
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T

00 FORMAT('CGRAVITATIONAL CONSTANT='F10.2,' INITIAL ¥ASS='E16. 8,7 MAYXSYIONOS550
1 INTEGRATION STEP='"F¥1J.3,/' HAX NUMBER OF ITERATIONS='I3,' NUMBER SWIQN560

20F SEPERATE ARCS=!',I3,/) SWINH570
WRITE(NOUT,101) (ATP (T,1),4TR(L,2),AT?(I,3),ATP (I,4),I=1,L1) SRI00580

101 FORMAT('0'35X' ATP ARRAY'//,3X'TIME'13X'DELTA MASS'10X'HASS RATE' SWI00590
113X THRUST' // (1X,4E20.8)) SWI0D600
WRITS (NOUT, 102) X08, Q08, (C(T),I=1,7) SHIND610

102 FOR¥AT (17HOINITIAL STATE X0,6717.7/16H ESTINATED Q0,6F17.7/ SWI00620
116HODESIRED FINAL C,7E16.8/) SFIN0630

CALL SHITCH(ANASS,LEGNAL, T1AX,C,Q0F,Y0E, HHAX) SHINOG6UD
IF{SCASL.GT.NC) GO T8 5 SHIN0650

STOP SWIO0660

END SWINNBETO
SUBROUTINE OUT(X,Q,¥F,0F,LEGHAX, NPATH) SWION680
I4PLICIT REAL*8{A-H,0-2) SHI00690

C ROUTINE FOR PRINTING DATPA. ¥ , O —-STATE AND COSTATE AT BEGINNING OF  SWICD700
€ ARC JUST COINPLETED. XF , QF - STATE AND COSTATE AT END OF ARC. NPATH -S¥WI0Q710
C INTEGER VARIABLE CONTROLLING PRINT OPTIONS{ IF NEGATIVE - END OF LEG ,SWI00720
¢ IF ZERO — END OF ITFRATIOY , IF POSTIVE - END OF CASE ). SHT00730
COMMON /CCPINJ /UK ,AT? (7,4) ,44,LEG,ITBURY SWIONDT40
COUNMON/WIN/PLAJS (54) ,¥0UT, LOGIC SYIN0DT750
CONAON/WADI /A (8) ,CX SHIN0T769
COU4ON/HCOAST/PSY, ALPHA, FT SWI0O0770

COHhON /4S¥IT/2(12,13),7C(12) ,DU,DUDT,E VY, BURNT ,KCOUNT SWINO780
DIMENSION X{8) ,H(3),E1(3),TIHE(50,7),DC1{50,12),0U01(50) ,DUD1(50) SWINQ730
DIMENSION RC1(50),2(8},%X7(6) ,QF (6) ,CK1(50),CQ0 (57, 6) SWIN08I0
IF(¥PATH) 1,2,2 SWIN081D

1 LEGI=LEG-1 SHIG0820
IF(LEG.LT.3) WRITEZ(NOUT,49) KCOUNT SYIN0830

40 FORMAT (1HO,17HITERATION NUJLEER ,I3,/) SHIN0B4O
IF(LEG.EQ.T) GO PO 2 SWIDN0850

YRITE (NOUT,10) LEG1,¥,Q SWINO860

C QUTPOUT STATE AND COSTATS AT END QF COAST SWINODRBT7D
10 FORHAT (20X ,94COAST ARC,/25%,8HLEG=, SHINCS8RD
1I2,1X12ESTATE AT =¥D,1%,56E14.56,/30Y, T44COSTATE AT END,1X,6E1L.6) SWIO0890C
WRITE (¥OUT,22) PSY,ALP4A,FI SHINDI9ND

C COAST ARC PARAMETERS — PSY = INTFGRAL OF 1/R OVER COAST , ALPHA = SWIO0N910
C THYICE THE ORBITAL ENER3Y , FT = C\LCULATED COAST TIXE SHI00920
22  FORMAT (30X, 4HPSY=,%14.6,5%X,59ALPHA=,E14.6,5%,22HCALCULATED COAST TSWIN0O930
1INE=,E14.6) SWIN09UD

2 B (1)=X{2)¥X(6)-Z (3) ¥ (5) SWINN950
C CALCULATION OF THE ORBIIAL FLEZENTS FOR THAE ORBIT DEFINED BY X SERI02960
H{2)=X (3) %X (4) ~X (1) *X (5) SWIND970

H(3) =X {1) *X(5)-X (2) *X {4} SWIONIS8O
HM=DSQORT (H (1) %2+ H (2) ¥ *2+H (3) ¥%2) S¥I00999
RU=DSQIT (X (1) %%2+Y {2) %22+ X {3) %*2) SWIN1000

E1{1) == (X{1) /RY+ {H {2) *X {6) =T [3) *X (5) } /UK) SHIN1010
E1{2)=- {X{(2) /R4+ (H {3} *X (2)~8 (1) *X (6) ) /UR) SWIN1 020
E7{3)=— (X (3) /R¥+ ({ (1) <X {5) -0 {2) *X (£} ) /UK) SWI01030
EN=DSQRT (E1 (1) ¥%2+51(2) #%2+E1{3) *%2) SHIN104D
ENERGY=—UK/RH+.5% (X {4) %22+ (5) %%2+X (6) *%2) SHI01050
AAXIS=-UK/ (2.0*ENTRCY) SWIC1060
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RHIN=AAXIS* (1.0-E}) SWI01070
RAAX=AAXISH(1.0+8M) SHIC1080
PERIOD= (6.2831853) *DSQIT{DABS(AAXIS**3/UK)) SYIN1090
IF(NPATH.GE.0) WRITI(NOJT,41) SWI01100

41 TFORMAT (22X,30HRESULTANT ORBIT SPECIFICATIONS) SWIC1110
WRITE (NOUT,11) AAXTS, BMIN, E¥AX, ENERGY,P ER I0D, ¥, H,EH,E1, RY SEIN1120

11 FORMAT (25X, 15HSEMIMAJOR AXI3=,E14.6,1X5HRMIN=,B14.6,1X5HRHAYX=,E14 SWI01130
1.6, 1X7HENERGY=, B14.5,/254,7HPERIOD=,F 14,6, 1XSHHNAG=,E14.6,1X8HH VESWIQ1140
2CTOR, 3214,6,/25X5H5456=,214.6,1X8HE VECTOR,3E14.6,1X5HRMAG=,E14.6)SWIN115)

IF(NPATH)5,6,6 SWI01160

5 YRITE (NOUT,12) LEG,X7,QF,A ¥, ITBURY SWI01170
C OUTPBYUT STATE , CCSTATE 1¥D MaSS AT END OF BURN SWIN11890
12 FORJAT (20X,8H3URY ARC, /25X, 44LEG=,I2, 1X12HSTATE AT END,1X6E14.6,/SWIOT190
130X, 14HCOSTATE AT END,1X6E14.6,,/30X,19HHASS AT END OF LEG=,B1L.6, SWI01200
25X, ! NUNBER OF INTEGRATION STEPS IN BURN ARC='Il) SKI01210

IF (LEG.LT.LEGXAX) 3IETURY SHI01220

RC=NOD { KCOUNT-1, 59) SHIN1230
KC=RKC+1 SHIO1280

Do 7 I=1,LEG SWI01250

7 TIME (XC,I)=ATP(I+1,1) =A7P (T, 1) SHI0N1260
RETURN SWI01270

6 1L6=6+LEG SHI01280
TIHE(KC,7) =BURNT SWI01290

WRITE (NOUT,13) TIHE (XC,7), (TINE(KC,I) ,I=1,LEG) SHIC1300

T QUTPUT TOTAL BURN TIME AND LENSTY O ARCS SWI01310
13  FORMAT (20X, 1AdTOTAL BURN TIYE=,E14.6,1X9HARC TIMES,1X#E14.6,/61X SWI01320
12EB14.6) SWIN1330
TF(NPATH.GT.0) GO TO 3 SHI01340
DETE=1.0 SHI N 350

DO 4 I=1,L6 SWIO01360

&  DETE=DETL*E {I,I) SWIN1370
YRITE(¥OUT, 14) DC,DTTE, {3 (T, T} ,I=1,1L6) SWIN1380

C PRINT VECTOR OF ERRORS IN 30UJNCARY CONDITIONS (DC) AND DETERMINANT AND SWIC1390
£ DIAGONAL LLEHENTS OF HATRIX OF PARTIALS OF BOUNDARY CONDITIONS WITH  SWIDN1L0C
C RESPECT TO INITIAL COSTATE AND SYITCHING TIMES SHIN1410
14  FORNAT (25X ,2HDC,1X6E14.5,/28%X,6E14.6, /25X, 1TYDETERAINANT OF E=,  SHUIN1420
1E14.6,1¥134DIAGONAL OF E,4F14.6,/25%,8E14.6) SWIN1430
Li=LEG+T SHIOT4E0
L2=L1+1 SWI0N1450

¥RITE (NOUT, 15) DU,DUDTI,CK,EVTE, (A {I) ,I=1,L2) SHIOTL6D

15 TFOBRNAT (25%,3HDU=,E14.5,5H DILT=,E14,.6,4H CK=,E14.6,5H EVI=,E14.6/ SHIO147(
125%, 1 0HCRK=dIN OF ,7E13.5) SWIN1480
L7=LEG+7 SWIQ1L90

§RITE (NOUT,30) {E(I,L7) ,I=1,L6) SYIN1500

30 FORMAT (/25X66HCHANGS REQUESTED IN INITIAL CCSTATE,SWITCHING TIMES SWIC1510
1AND FINAL TIME,/254,6%14.6,/35%,6E14.6) SHI01520
WRITE (NOUT,16) KCOUNT,QF, (ATP{I, 1) ,I=2,1L1) SHIN1530

16  TFORMAT{1X,24BEND OF ITERATION NUMBER ,I3,/15X,7HNE? Q0 ,6E14.6,/ SVI0154¢
115%,16HNCY SWITCH TINES,1XoR14.6,//) SHI1550

Do 8 I=1,%6 SHI01560C

CQO (KC,I)=0F (1) SWIN1570

DC1 (XC, I) =DC (I) SWI0T1580

8 DC1 (KC,I+6)=DC (I+5) SWIN1590
CK1({KC) =CK SHIN1690

DU1 (KC) =DU SHIN1610
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DUD1T (K C) =DUDT SHT01620
KC1 (XC) =KCOUNT SHIN1630
RETU RN SHTIO1640
3 KCP=KCOUNT SHI01650
IF (KCP.GT.50) KCP=5) SWIN1660
XC1(XKC) =KCOUNT SYT01670
YRITE (NOUT,115) PLANS SWI0N1680
115 FORYAT (1H1, {18a4)) SHI01690
YRITE (NOUT, 17) SWI01700
17 FORMAT (180,504, 184SUYYARY TASLES,//, TXOHITEZRATION, 1X15HTOTAL BORNSWIO1710
1 TIME,21%X,29HLENGTY OF 3U3N AND COAST ARCS,/2¥6HJU4BER,//) SHI01720
DO 9 I=1,KCP SHI0173)
g 9RITE (NOUT, 18) KC1{T),TI¥Z(I,7), (TINE{I,J),J=1,1EG) SHIO1740
18  FORMAT(3X,I3,5%,7815.7) SHI01750
WRITE (NOUT,19) SHIO01760
19  FORMAT(1HO,//1¥9HITSRATION,39X,36HZRROR IN BOUNDARY COWDITIONS-DC{SWIC1779
11-8) ,/2X,6HENUMBER,//) SHT01780
RC1(XC)=KC1(RC-1} + 1 . SWI01790
IF (KCOUNT.LE.50) KCP=KCP-1 SHION1800
4RITE (NOUT,20) (XC1(I}, (PC1(L,d},J=1,8),I=1,KCP) SWIN1810
20 FORMAT (3%¥13,5Y¥,8E14. 6) SHI01820
WRITE (NOUT,21) i SFI01830
21  FORMAT {1HO,//1X9HITERATION,25X,8HDC (9-12),33X,2HDU, 12X, 4EDUDT, 12X2SEIC 1840
1HCK ,/2X6uNUMBER, //) SHIN1850
WRITE (NOUT, 18) (KC1(I), (DC1{I,J) ,J=9,12) ,DU1(I),DUDI(I),CK1(I},I=1 SWIQI860
1,KCP) SWIO1870
YRITE (NOUT ,51) SWIN1880
51 PORMAT(THO,//1X9HITZRAPIOVY,30X,37HNEW QO GENERATED BY PRESENT ITLRSHION1890
1ATI0N, /2 X6HNUMBER,//) SHT01900
J=0 SWIN1910
WRITE (NOUT,52}3,Q SWIC1920
52 FORNMAT(3XI3,5%,56E16.8) SWIN1930
WRITE (NOUT,52) (XC1(I), (CQI(I,d),Jd=1,6) ,I=1,KCP) SHIO01940
RETU RY SWI01959
END SWIN1960
SUBROUTINE SWITCH (A’1ASS,LECHAX, LddAX,C,00E,X0E,HHAY) SWINON10
IHPLICIT RZAL*S (A—4,0-2) SWI00020
CONMON/CCPTNI /UK, AT? (7,4) ,34%,LEG, ITBURY SWICOC30
CONUION/WSHIT/E(12,13),DC(12) ,DU,DUDT,EVT, BURNT, KCOU §T SHINOOUO
COMMOE/ACOAST /X0 (6) ,CD(6) ,XF{6) ,OF(6) SWI00050
DIMENSION C(12) ,Z(12,12),X9% (6) ,001 (6) SHINON060
DINENSION QOE (6) ,DUMAY (13),PHI(6,6) ,DPHI(6,6),DZ(12,12) SFIQN0070
KCOUNT=0 SRICI080
NO=1 SHIN0090
L7=7*LEGHA X SHIO001D0
L6=6+LIGHAX SWIND 110
EVT=1.E-8 SWT00120
KMAX=THAYX STI00130
L1=LEGIIAY+1 SHTC0140
PO 2 I=1,6 SWINO0 150
2 Q01 (I}=00E (T) SWINO160
gk ook Bk okok ok ot ok ok ok ok dokok kb SWINN170


http:IF(KCOUNT.LE.50
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START OF EACH ITERATICYH
koo Rk kR kR kR R Rk k ok k
1 LEG=1
MTEST=0
AM=AMASS
KCOUNT=KCOUNT+1
BORNT=0.0
C INITIALIZATION OF STATA({XJ) AULD COSTATE{Q0D)
DO 3 I=1,6
Q0 (T) =001 (1)
3 X0 (T)y=Y0E ()
ITNITTALIZATION OF !ATRIYX OF BARTIALS

O

AND SWITCHIXNG TIMES

O nn

RESPECT TO INITIAL COSTATE A¥D SWITCHING TIMES
DO 4 I=1,12
E{I,13}=2.0
DO 4 J=1,12
E(I,J)=0.0

i Z(I,d3)=0.0
DO 5 I=1,6
5 Z{I+6,T)=1.0
LEG5=6
LEG6=7
IF (ATP {1,8))6,7,5

C CALLED T0 PRCPAGATE COAST ARCS
C PHI(I,J) - PARTIAL OF STATE AT ZND OF COAST HWITH RESPECT TO STATE
T AT START CF COAST .
C DPHI(I,J) - PARTIAL OF COSTaAalu AT END OF COAST WITH RESPECT TO STATE
C AT START COF CQAST
7 CALL COAST (PHI,DPHdL,0%,L3G,ATP,NO)
DO 30 I=1,6
I6=116

DO 30 J=1,LEG5
DZ (I,d)=0.0
DZ{16,J) =0.0
DO 30 K=1,6
DZ (1,J) =DZ {I,J) +PHI (I,K) %Z (£ ,J)
30  DZ(I6,3)=DZ(I6,J) +PdI [I,K) *2 (K+6,J) +DPEI(I,K)*% (K,J)
C UPDATE MATRIX OF PARTIALS %
DO 31 I=1,12
PO 31 J=1,1EGS
31 %(I,3)=DZ(I,J)
UH=DSQRT (QF (1) *¥2+QF (2) %2207 (3) *%2)
CBAU=ATP (LEG+1,4) / (AN%04)
C ADDITION OF NEW COLUMN TC 2 CORRESPONDING TO TIME AT END OF COAST
DO 8 I=1,3
8 Z (I+3,LEGS) =~CBUU%)F (I)
IF (LEG.LE. 1) GO TO 173
C CALCULATION OF SWITCHING CONDITION AND CORRESPONDING PARTIAL
E (LEGS,L7) =UnP-UHN -
DO 9 J=1,LEGS
E(LEG5,J)=-E (LE&5, J)
DO 9 K=1,3

Z{I,J) PARTIAL OF STATE AY¥D COSTATE WITH RESPECT TO INITIAL COSTATE

E(I,d) PARTIAL OF RIGHT END VARIABLES AND SHITCHING CONDITIONS WITH

SYSTEM

SWI00180
SWIC0180
SWIN0200
SWI00210
SWI00220
SWIN0230
SRIcH2490
SHI00250
SWI00260
SHWICO270
SRT0028¢
SRI0N0290
SHICO300
SEIN0310
S¥IQ0320
SWIONO0330
SWICO340
SHWIQQ350
SWIC0350
SWICO370
SHINO380
SHIO0390
SHIC0400
SWIQO410Q
SHI00420
SFIOOH30
SYIONCL4nN
SHIN0450
SHIOOY6O
SFION0LT0
SHIOo0L80
SRICO U930
SWIQOS500
SKINO510
SWIN0520
SWIDOS530
SWI00540
SYT 00550
SHT00560
SWINQ570
SWI00580
SHIONS90
SHINO06Q0
SHRI0C610
SHIG0620
SWIN0E30
SHI0064Q
SRIQ0650
SRI00660
SWIN0670
S9I00680
SHWION069O
SWIROT720
SWI00T710
SWI00T20
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9 E(LEGS5,J)=E (LEG5,J) + (QF {K) /U4) *Z (K+5,J)
173 LEG=LEG+1
LEG5=LEG+5
LEG6=1EG+6
MTEST=1
GO TO 12
C CALLED TO PROPAGATE BURY ARCS
C X0(Q0) - STATE(COSTATE) AT STAXT OF BOURY
C XF(QF) - STATE(COSTATEL) AT EN¥D OF SURN
6 CALL RKG(031(X0,Q0,XF,QF,%,EVT,H148%, LEGHAX, NO)
BURYT=BURNT+ATP (LES+1,1) -ATP (LECG,1)
CALL OUT({XC,Q0,XF,QF,LEGYAY,~1)
IP (LEG.GE.LEGHAX) GO TO 12
UN=DSQRT (QF (1) *QF (1) +QF {2) *QF (2) +QT (3) *QF (3} )
UMP=UH
CBMU=ATP (LEG,U4) / (AM%UH)
ADDITION OF NE4 COLUIiN OF Z CORRESPONDING TC TIME AT END OF BURW
DO 14 I=1,3
14 Z{I+3,LEG5)=CBMU*)IF (I)
CALCULATICN OF PARTIAL OF CONTROL(U) KAGNITUDE WITH RESPECT TO
INITIAL COSTATY AND SWITCHING TIY3S
D0 15 J3=1,LEGH
DO 15 K=1,3
15  E{(LZG5,J)=E{LEG6,J) +(QF (X) /U4) %7 {K+6,3)
IF{LEG.LE.1) GO TG 170
CALCULATION OF TRANSVERSALITY CCYDITION AND CORRESPONDING PARTIAL
PITH RESPECT TO INITIAL COSTATE AND SWITCHING TIMNES
12 R2=XF (1) ¥XF (1) +XF (2) ¥4 (2) +{F(3) ¥XF{3)
RS=YFP (1) #QF (1) +XF (2) ¥QF (2} + {F {3) *QF {3)
C3=-UK/ (R2%DSQRT (R2))
Cli=-3. N%C3%RS/R2
E(LEGS,L7) =XF {8) *0F {4} +¥T (5) *QF (5) + {F (5)*QF (6} -C3%RS
1 -E {LEG5,17)
DO 16 I=1,3
DOIILY (I)=-C3*QF (I) ~CU*XF (1)
DUNHY (I+3) =QF (I+3)
DUNHY (I+6) =—C3*XF(I)
16  DUASY (I+9)=XF (I+3)
DO 17 J=1,LEG6
DO 17 K=1,12
17  E(LEGS5,J) =—DUAAY {K) *2 {X,J) +3Z {LEGS, J)
IF (KTEST.LE.Q0) GO TO170
HTEST=0
DO 172 J=1,LEGH
172 E(LEGS,J)=—E (LEGS, J)
E(LEGC5,LEGS) =0.
LEG=LEG-1
170  IF{LEG.GE.LEGYAX) 50 T0 18
Do 19 I=1,6
QO({I}=0F (1)
19 X0 (I)=XF (I)
LEG=LEG+1
LEGS=LEG+5
LEG6=LEG+5
IF (ATP (LEG,H4) .8Q.9) GO T0 7

CAMBRIBGE MONITOR

SYSTEN

SWIC0730
SWIOO740
SWICO750
SWICOT60
SHIGOTTO
SYIC0780
SWI0OT790
SAIN0B00
SEIN0810
SWIODN820
SWIC0830
SWIOO0840
SHI00850
SWI0OB860
SHINNETH
SHICO830
SY4I0C890
SHIO0S9A0
SHNIS0910
SHI00920
SHIOCS30
SEIQ0942
SHI00950
SHICOSAHN
SHIQ0970
SWINGeR’D
SRIN0O9SO
SRI01000
SWI01010
SWI010290
S¥IN1030
SEI0I04¢C
SWIO105D
SHI0106D
SFIC1070
SYI0Nieso
SWI01090
S¥IC1100
SWIC1110
SHI01120
SWI01130
SHIGT114D
SWLIO01150
SHIC1160
S¥IG1170
SWIO1180
SWI01190
SHI01200
S¥I01210
SWION1220
SEIO1230
SHIO1240
5%101250
SHI0T1230
SWIN1270
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GO TO 6 SWIN1280
C CALLED TO CALCULATE RISHTI END VARIABLES SWIG1290
C XF — FIWAL STATE , QF - FINAL COSTATE SWIO01300
18 CALL BVEVAL(XF,QF,Z,C,E,DC) SETIN1310
Do 20 1I=1,6 SRI01320
I6=I+5 SWI01330
E(I,1L7)=DC{I) SWIO01340
DC (I6)=E{I6,L7) SWIN1350
20 E{LEG6,I)=001{L} SEI01360
IF (FO.EQ.0) GO TO 79 SWIN1370
C CALLED TO SOLVE SIAULTANEOUS BQJATIONS AND DETERHINE NEY INITIAL SWIC1380
C COSTATE AND SWITCHING TIMES . Q01 — IMITIAL COSTATE SEI0 1390
CALL ADJUST (@J1,E,%,DU,DUDT,LEGHAX,ATR) SHIN1400
CALL OUT({XF,Q0F,X0,D01,LEG4A%,0) SHINT1410
IF (KCOUNT.GE.X1AX) G0 TO 78 SWIO1420
IF(DY.GT..0001.AND.DUDT.ST..001) GO TO 1 SEIN1430
C ALLCHNS PROPAGATION OF NEJ TRAJECTORY WITHOUT CALCULATION OF PARTIALS SWICGT440
78 NO={ SHIDTU5O
GO TO 1 SHIO 1460
73 CALL OUT (XF,Q0%,X7,CF,LEGT3X,1) SHIC1470
RETURY SWID1480
END SWIOT1490
SUBROUTINE RKGO31(X2,00,KF,QF,%,EVT,HNAX,LEGNAX,NO) SHIN0900
IMPLICIT REAL*S (4-E,0-7) SHIG0910
T THIS ROUTIYE GOVERNS THT PROPAGATION OF BURN ARCS BY CALLING THE SWIG0920
Z NUMERICAL INTEGRATICY BGUTINZS., IT DETERMIVES THT INTEGRATION STEP SWIN0930
T SIZE{H) BY AN ESTINATIVS ERRDR 1FTER EACH INTEGRATION STEP. SWIC0940
C X0 AND 00 ARE STATI AND COSTAIZ AT START OF ARC. XF AND QF ARE STATE SWIDOH950
= AND COSTATE AT END OF AKC. % IS 4ATRIX OF PARTIALS. SY¥IDO96D
CO4HON /CCPINJ /UK ,3T2 {7,%) ,44,LEG, T TBURN SWIN0970
DISENSION X0 (6) ,00(5),XF(6),0FP(6),2(12,12) ,¥Y¥(6,13),¥DN(6,13), SHIGOYIBO
1Y3H(6,13) ,¥YD34(6,13),Y4(5,13) ,¥DN(6,13) ,EY(6) ,EYD (6) SRICN99N
ITBURN=0 SHI0N1000
LEG6=LEG+5 SAIC1010
po 1 I=1,3 SHIN1020
¥H (I, 1)=X0 (I} SWIN1030
¥YN(I+3, =00 (I) SHI0I1040
YDN (I, 1) =X0{I+3) SHI01050
¥DN{I+3,1) =Q0 (I+3) SHID 1060
0o 1 J=2,1EG6 SWI0N1070
J1=J-1 SEIN1080
YN(I,d)=2(1,J1) SWIN10%0
YU (I+3,J)=2{I+6,J1) SHIO1100C
YDN(I,J)=2Z {I+3,31) SUIC1110
YDV (I+3,J)=2(I+9,d1) SWIC1120
TF=ATP (LEG+1,1)} SHIG1130
TO=ATP (L3G, 1) SEINT140
H=DSIGMN (HAAY,TF-T0) SWI01150
TH=T) SHIC1160
GO TO 7 SYI01170
BO3=H/3. SWINT180
ITSURN=ITBURN +1 SHIN1190


http:IF(DU.GT..0001.AND.DUDT.3T

FILE; SHITCHD FORTRAN P71 CAMBRIDGE MOWITOR SYSTEHN

C TALL RXSTEP TO PERFORM NOHMERICAL INTEGRATION SHI01200
CALL RKSTEP(YN,YDV,TV,Y3H,Y03H,H,N0,LEG) SWI01210

CALL RESTEP(YY,YDN,1IN,¥#,¥p%,H03,0,LEG) SWIN 1220

CALL RASTEP(YH,YDM,TN+H03,YY,YDH,H03,0,LEG) SWI01230

CALL RKSTEP(Yd,YD4,TN+HC3*2,,YH,¥YDH,HO03,0,LEG) SWIN1240

Do 3 1=1,6 S¥IN1250

EY (I} =. 1253E-1% (Y4 (I, ) -¥34 (I, 1)) SWIN1260

3 EYD(I)=.125E-1* (YD1 (I,1)-¢I3dA(I,N) SHIN1270
EV2KIN=1.E~13%(YDM(1,1) *TDA(1,1) +¥YDH (2, 1) *¥YDed (2,1} + SHI01280

1YDM (3,1)*YDH {3, 1)) SHIN1290
BVL2=DHAX1{EVT* (H/ (TF-T{) ) %2, BV24IY) SWINT300
R=(ZYD (1) *¥EYD(1) +RYD {2) *EYD (2) +EYD (3) *EYD(3) ) /EVL2 SEI01310

C UPDATE STATE , COSTATE AND PARTTIALS SWI01320
D0 5 I=1,6 SWIG1330

YN(I, D =Y (I, 1) +EY () SEIQ1340

5 YDW (I,%)=YDH{T,1) +EYE [I) SWIN1350

DO 6 I=1,6 SWI01360

DO 6 J=2,LFG6 SWI01370

YN (I,J)=Y3H(I,J) SHI013890

6 YDN(I,J)=Y¥YD3H(I,J) SWI01390
IF{ DABS(H) .GE. DABS(TT-TY) ) GO TO 8 SHIO1400
TN=TN+H SWIC1L10

IF (R.LT, 0.04) R=.04 SHIN1420
H=H/R*¥%*.125 SWIN 1430

T DETERMINE STEP SIZE(H) PCF JEXT INTEGRATION STEP SHICT4U4D
7 IF { DABS(H) .G6T. DA3S{IF-TV) ) B=TL-TN SHIN1450
IF{ DABS{H) .GT. HdaX) B=DSIGN (HNAX,H) SWI0 1460

GO TO 2 SHIG1470

8 IF(LEG, LT.1EG 1AX) GO TO 1€ SHIQ148D
T CALCULATICN OF PARTIAL OF XF AND QF WITH RESPECT TO FINAL TIJUE (TF)  SWIO1490
ONE=1.D0 SHIN1500

CALL YDDRHS (YN,¥YD3H,CVE,\TP (LEG+1,1),0) SEI01510
L6=6+LEGIAK SWIN1520

DO 11 I=1,3 SWIN1530

7 (I,L6)=YDN(I, 1) SHI0 1540
Z{I+3,16)}=YD34 (I,1) SWIN1550

% {(I+6,16) =¥YDN {I+3, 1) SHI01560

11 Z{I+9,L6)=YD3H{I+3,1) SWIN1570
10 DO 12 1=1,3 SHIN1580
XF(I)=YW(I,1) SWIN1590
XF(I+3)=YDN (I, 1) SET01600

QF (T} =YW (I+3,1) SHIN1610

QF (I+3) =YDN(I+3, 1) SEI01620

DO 12 J=2,1EG6 SKI01630
J1=3-1 SHIO16L0

Z (I,J31)=Yu(X,d) SHIN1650
Z(I+3,J1)=YDN(I,J) SWINT660
Z{T+6,J1) =YN {I+3,J) SHIC1670

12 7 (I+9,J1)=YDN(TI+3,J) SHIN1680
AM=AN-ATP (LEG,3) *#(APP (LES+1,1)-ATP (LEG,1) ) -ATP(LEG+1,2) SHIN1690
RETURN SRIN1700

END SKILO01710


http:IF(LEG.IT

PILE:" SYITCHD TFORTRAN ©P1 CA{IBRIDGE MONITOR SYSIEM

TOnNo

Ntk OO

C

SUBROUTINE RKSTEP(YN,YDON,TN,YN1,YDN1,H,N,LEG) SHIN001D
IMPLICIT REAL*8 {(A-d,C-Z) SWI0O020
THIS PROGRAJ ADVANCES ¥Y¥ AND ¥YDN BY A STEP OF SIZE H TO YN1 AND YDNT SWICCO30
USIKG A FOURTH-ORDER RUNGE-KUTTA NU#ERICAL INTEGRATIOW SCHEHE. IF N SHI0O0040
IS POSITIVE, ALL ELENENIS CF TWE SATRICES Y¥ AND YDN ARE® ADVANCED. SEWIN0QS50

OPHERWISE ONLY THE FIRST COLUMY OF EACH MATRIX IS UPDATED. SWIO0060
DIMENSIONY YN{6,13),YDN(5,13),01(6,13),D2(6,13),D3(6,13),Y(6,13) SWIQ0070
1,Y871(6,13),IDN1(6,13) SHIQONGBO
JMAX=1 SRIC0090
IF(N.GT.0) JYAX=6+1343 SHI00100
H2=.5%H SWT00110
CALL YDDRHS (YN,D1,H,TN¥,N) SWI00120

DO 1 J=1,J8AX SWI0NO0130

Do 1 I=1,6 SWINO140

1 Y(I,J)=YU(I,J)+H2%(¥DV(I,J)*+.25%D1(I,d)) SWIONO 150
CALL YDDRHS {Y,D2,H,TN+d2,H) SHIOO 150

DO 2 J=1,J4AX SHIO0N170

Do 2 I=1,6 SWI00180

2 Y(I,Jd)=Y¥(I,J) +H*{¥YDN(I,d)+.5%¥D2 (I,J)}) SWIN0199
CALT YDDRHS (Y,D3,H,TN+d,¥) SHI0N0200

DO 3 Jd=1,J¥AX SWI00210

DO 3 I=1,6 ) SWI00220
YN1(I,d)=YN{I,J)+H*(YDN{I,J)+(D1(I,J) +2.%D2(I,d))/6.) SWIN0230

3 YDN1{I,J)=YDN{I,J)+{D1(I,J)+4.%D2 (L,d)+DB3(I,J)) /6. SHION240
RETURN SUIND 250
END SWIN0260
SUBROUTINE YDDRHS(Y,YDD,d,T,N) SHINO 270
IMPLICIT REAL*8 (A-d,C-Z) SHI00280
THIS PROGRAM CALCULATELS THE RIGHT dAND SIDES OF THE DIFFERENTIAL EBOQUA-SWIN0290
TIONS DETINING THE SECONLC TIME DERIVATIVES OF R, U AND W. YDD IS A SWIN0300

HHATRIX CONSISTI¥G OF RDPD, UDD AND WDD., Y CONSISTS OF R, U AND W. H IS SWICO310
THE STEP SIZE OF PRESENT STEP, T TS PRESENT TIME AND N IS AN TNDICATORS¥IONQ320

DETERMINING WHETHER ¥DD IS TO BE CALCULATED AT THIS EYECUTIOV . SWIC0330
CONMON/CCPINI /9&,AT2(7,4) ,A1,LEG,ITBURN SWIOO 340
DIAENSION Y{(6,13),YDD{6,13),3(3),U(3),B(6,6) SHINN350

COMPUTE BASIC QUANTITIES COMMON TO MNANY COMPONENTS OF YDD. SWI00360
LEGH=6+LEG SWI00370

DO 1 I=1,3 SWIOO 380
R(I)=Y (I,1) . SWIN0390

1 U{T) =Y (I+3,1) SWINOU00
AM1=AN— {T-ATP (LEG,1) ) *ATP {LEG, 3) SWIDOHTO
R2=1./ (R {1) %R (1) +R (2} *R {2) +R (3) *R (3)) SYIOOu20
U2="T. /(U (1) *U (1) +U (2) ¥T (2} +T (3) *U {3)) SHIN0L3D
UM=DSQRT (U2) SUT 00440
RU=R{1) *U (1) +R{2) 3 U (2) +& (3) =0 (3) SYION 450
ALPHA=—H*UK*R2%DSQRT {R2) SHIOOU60
BETA=H*UM%ATP (LEG,4) /3 41 SHINOLTO
GAIMA=-3.* ALPHA%R2%RD SHIOOuS0

Do 2 I1=1,3 SWINQLIN
COMPUTE RDD AND UDD. SHIO00SN0
¥YDD (I,1)=R(I) *ALPHA+D (I)*BETA SUI00510

2 YDD (T+3,1) =2 (I) *GANAA+ D (I) *ALPHA SHIND 52D



FILE: SWIZCHD FORTRAN P1 CAMBRIDGE MOWITOR SYSTEH
C "DECIDE WHETHER WDD IS REQUIRED AT THIS TIME. SRI00530
21 IF(¥.LE.Q) BETURW SWI00S540
C COMPUTE ADDITIONAL QUANTITIES COYMON TO MANY COMPONENTS OF WDD. SHI00550
DELTA=-3,*ALPHA¥R2 SHICO0S60
RPSIL=—BETA*U2 SHIOOBT0
ZETA==-5.%GAKMA®R2 SWIN0589
C COMPUTE THE MATRIX B YEEDED IN THE MATRIX FQUATION WDD=B*W. SWI00590
D0 3 J=1,3 SYI00600
RRJI=DELTA*R {J) SWIG0610
RUJ=EPSIL* U (J) SYID0620
URI=ZRTA*R(J) +DELTA*T {J) SHIO00630
DO 3 I=1,3 SWIN0640Q
IF (I.BEQ. J) GO0 TQ 7 SHI00650
B(I,J)=R(I)*ERJ SWI00660
B (I,J+3) =0 (I) *]0J SHIN0ETN
B(I+3,J)=R (I)*URJ+U {I) *RRJ SWIN0680
GO TO 3 SWI00690
7 B(I,J)=R(I)*RAJ+ALPHA SWIN0T00
B(I,J+3)=U (I)*RTJ+3ETA SHION0T10
B(I+3,d) =R (I} *URJ+U (I) *RRI+CA MM SWIN0T20
3 B(I+3,J+3)=B(I,J) SWI00730
C PERFORY THT MATRIY MULTIPLICATION B%*W TO GET WDD. SWIN0 740
DO 5 I=1,6 SHIN0750
DO 5 J=2,LEG6 S9I00760
sun=0. SHIN0T770
DO 4 K=1,6 SKIN0789
4 SUA=SUA+B(I,K)*Y (X, J) SYI0N0790
5 ¥YDD (I,J)=SUH SWT 00800
IF(LEG.LE.1) RITURY SHI0081D
PRDDJI=BETA/AK1 SKIN0820
DO 6 J=8,LEG6 SRI 00830
RDDEB=PPLDu* (ATP(J-7,3) ~ATP (J-6,3}) SWI00BU0
po 6 1=1,3 SRI00850
C CALCULATT PORTION OF ¥DD DRPENDEVS OF DISCRETE CHAYGES IN JASS RATE  SWI00860
6 YDD(I,J)=YDB(I,J) +RDCHAB*T (I) SWIN08T70
RETURN SWIO0880
END SHIN0890
SUBRQUTINE COAST (P:I,DPHI,UX,LEG,ATP,NO) SAIN0010
THPLICIT REAL*8 (A~1i,0-3%) SEI00020
THTS ROUTINE PROPAGATES STATE, COSTATE AND THE PARTIALS OVIR COASTING SWIC0030
ARCS USING A CLOSED FOR{ UNIVERSAL VARIABLE SOLUTION TO THE THO-BODY S¥I00040

c

c
C PROBLEH. PHI = PARTIAL OF STATZ{COSTATE) AT END OF ARC UITH RESPECT TOSYION059
© INITTAL STATE(COSTATE). D24YI= PARTIAL OF FINAL COSTATE ¥ITH RESPECT TOSRIQ006D
C INITIAL STATE. UK IS UMIVERSAL GRAVIATIONAL CONSTANT. LEG TELLS 7HICH S®I0N070
€ ARC PROPAGATING., ATP ARRAY CONTAINS SWITCHING TINES AND MASS DATA. 3UIC0080
C IF NO FQUALS ZFRO ONLY STATT A M COSTATE PROPAGATED. SHIN0090
COHUCN/Y9COAST/PSY,ALPHA,FT SHI00100
COnMON/CCOAST/ANY (2,2} ,BNY (3,3} ,XX0(6,6) SYI00110
1,DAN(2,2) ,DBNN{3,3) ,DXX0 (5,5) . SYI00120
COMMNON/ACOAST /RO (3) , V0 (3),ER0 (3),DV0(3),R(3),V(3) ,DR (3} ,DV(3) SWIN0130
c RO, VO STATE AT START OF COAST , R,V STATE AT END OF COAST  SHI00NT1UQ
C DRO,DV0 COSTATE A STARYT OF COAST , DR,DV COSTATE AT END OF COAST SFIN0150

a-10



FORTRAN P1 CAMBRIDGE MONITOR
DIMENSTON PHT (6,6),DPHI (5,6) ,ATP (7,04) ,HO(3)
TIME OF COAST
T=ATP (LEG+1,1)-ATP (L3G, 1)
Jiup=0
REC=DSQRT (RO {1)*RD {1) +RO(2) * RO {2} +RO {3) *R0 (3) )
DRMO= (RO (1) *DRO (1) +R0 (2) *DRJ (2) +RG { 3) #*DRO(3)) /RMO
SIGO=R0 (1) *V0 {1} +RO(2) ¥V0 (2) +30 (3) *VD (3}
DSIGO= (VO (1)*DRO (1) +VI(2)*DRO(2) +VO (3)*DRO{3) +RI (1) ¥DVO (1)
T+RO(2)*DVO {2) +R0 (3) *DVI(3))
ALPHA=VO (1) *VO (1) +VD (2) VD {2} +V0 (3} =V O (2) -2 .* VK /RO
HO {1} =R0 {2) *V0 (3)-R0 {3) *V0 {2)
HO(2)=RO ({3} =V0 {1}—-RD {1} 270 (3)
HO(3Y=RO(1)*VO (2)-RI (D *TD (1)
PO= (HO (1) *HO (1) +H0 (2) *HQ {2} +HO {3) *HO {3) ) /UK
P5Y=T/70
ALPSQ=DSQRT (-ALPHA)
83 ALPSY=PSY*ALPSO
S0=DCOS {A12SY)
S1=DSIN {ALPSY) /ALPS?D
LC ITERATIVE SOLUTIOCH rOR UNIVERSAL VARIARLE
52=(S50-1.0) /ALPUHA
S3=(S51-PSY) /ALPHA
FT=RHO®ST1+S5IGI*S2+UJK*S3
R¥=3M0%30+STG0*S1+UK*52
IF(JUMP.EQ.1) GO TO 84
PSY=PSY+ (T-FT) /RH
IF {DABS (T~FT) .GE.DABS{T)*1,D~5) GO TO 83
JUNP=1
GO TO 83
84 FH1=~-UK%S52 /R0
F=1.0+FNM1
FD=-UK*S1/ {Ru*RIiif)
G=FT-0K*S3
GDh1=—UK+¥S2/RH
GD=1,0+GD A1
UKR3=UK/ (RH*RN*RM)
UKRO3=0K/ { RL10* RMO¥ 3M0)
DALPH=2.0% (V0O (1) *¥DVI{1) + VI {2) *DVO (2)+V0 {3) #DVO (3) +UKRO3 = (
1RO (1) *DRO (1) +RD {2) *DEJ (2) +R2 (3) *DRO (3}))
DAPA=DALPH/ALPHA
DAPAR2=DAPA/ALPHA

12

DPSY=- [DRUD*ST1+DSIGI*S2+RADIE (PSY*S0—-51) *DAPA* , 545 IG0* (PSY*S1* .5—

152) *DAPA+UK* (PSY-1,5%S1+E5Y*S0%.5) *DAPA2) /Ril
DS0=(ALPHA*DPSY+.5%2SY*DATLPH) #S1
DS1=S0*DPSY+ (PSY*S)-S1) *DAPA*.5
DS2=S1*DPSY+ (. 5*PSY*S51-S52) *DAPA
DS3=S2%DPSY+ (PSY-1.5% 51+, 5%P5SY*S0) *DAPA2
Sl= (S2-PSY*PSY%.5) /ALPHA
DSL=S3%*DPS Y+ (PSY*PSY*,5-2, C*S2+ ., 5%PSY*S1) *DAPA2
S5= (53-PSY¥PSY*PSY/6.0) /ALPHA
DS5=SU*DPSY+ (PSY*PSY*PSY/6.0+ (2.0%PSY-2.5%51+.5%*PSY%50) /ALPHA)
1=DAPA2
U=S2% ET+UK* (PSY*54—3.0%55)
DU=DS2%FT+UK* (DPSY#*S4+PSY*DSU-3, 0%DS5)
DRM=S0%*DRHC+DSN%*RHI+S1¥DSICI+DST*STLO+UK%DS2
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SYSTEN

SWI00160
SHI00170
SHI00180
SWIN0190
SWION0200
SWI00210
SWI00220
SWIN0230
SUINN2490
SWIN0250
SYIONN260
SWION0270
SYT00280
SWIC0290
SWINO300
SWION310
SWI00320
SHIO0330
SHICN340
SWIONQ 350
SWIND350
SHINO370
SWI00380
SHWION0390
SWIQGHL0D
SHICOH1O
SHINO 420
SHIC0830
SHINOuug
SWICO450
SWIN0460
SWICOALT0
SHICHL89
SWIOD490
SWIN0S500
SHIO0510
SWI00NS20
SHIOO 539
SHIGOS540
SWIN0550
SHIQOS560
SHICONS70O
SRI00580
SWI0N590
SWICRGN0
SHIN0B10
SWI00620
SHICN630
SHIOOBHD
SHICDB50
SHIN0660
SHIO0670
S¥I00680
SHI00 690
SRINGT00



FILE:

4

SWITCHD PORTRAN P

DF=(-UK*DS2-FM1#DRY¥0) /RMO
DG=-UK*DS 3
DG D= (- UK*DS2-CDM 1% DRH) /R
ROT=RHO*RY
DRO 1=R¥*DR Y0+ DRU*RN)
DFD={-UK*DS 1~ PD*DRO 1) /RO 1
DO 4 I=1,3
DR (I) =RO{I) *DF+70 (I) *DG+DRI (T) *F+DVO (I) %G
R (I) =RO (I) *F+VD ({I) %G
DV (I)=RO (I) *DI'D+7Y0 (I) ¥DGD+DR) (I) *FD+DV 0 {I) *GD
V (I)=RO(I)*FD+ V0 (I) *GD

R,V STATE AT END OF COAST
DR, DV COSTATE AT END OF COAST

IF (NC.EC.0) BETURY

CALCULNTICN OF PARTIALS

DUKR3=-3,0*0 KR3*D2U /R

DURD3=-3,0%UKRO3*DI¥0,/310

S1RC=51/RU0

DSTRO= (DS1-STRO%DRD) /R1Y)
S18=S1/RH

DS1R=(DS1-S1R¥DRN} /R4

R02=1.0/ (REO*RN0)

R2=1.0/ (RU=RH)

GUKO03=- U*0RR O3
DUOUX3=-DU* UKRI3~-U* DURN 3
ANN (1, 1) =-FD*STRO-F11¥R792

ANN (1,2)=-PR%35?
ANN (2, 1) =FN1%STRI+TUXD3
ANN (2, 2) =PH1%S2

- DUNMI=ANN(1,1)

DAN (1, 1) =~ FD*DS 1RO~DFD*ST1RO+UKRO3 #DS2+ DURDI*S?2
DUNAY=DAN {1, 1)

DAN (1, 2)=-DFD%S2-73%n52
DAY ({2, 1) =FA 1*DS1RI+DF#S 1R C+DUUK3
DAN(2,2)=FH1*DS2+DF%S?
CALL ANNLT
DO 5 TI=1,3

DO 5 J=1,3

DXX0 (I,J) =DBNY¥ (I,J)

XX0 {I,J3)=3%N8 (T, )

DO 6 I=1,3
DXX0(I,I)=DXX) (I,I) +DF
XX0(I,I)=XX0{I,I)+7

ANN (T, 1)=aNN{1,2)

ANN (2, 1) =ANN {2,2)
ANE(1,2)=-GDHT1+S2
AWN(2,2) =G%S52-0

DAN (1,1)=DAN(1,2)

DAN (2, 1) =DaAN (2,2)
DAN(1,2)=-GDM1¥DS2~FGD%S 2
DAN(2,2) =-DU+DG:S2+G%DS)D
CRLL 24ULT

Do 7 I=1,3

Do 7 J=1,3

J3=J43

A-12

CAMBRIDGE HONITOR

SYSTEM

SHI0NT710
SWI00720
SEI00730
SHI0OT740
SWI00750
SYT00760
SHIODT70
SWIO0 780
SHINO790
SWIQ0809
S¥IN0810
S¥IN0820
SHI00830
SWIQOs840Q
SHI00850
SWIN0860
SHI00870
SAIN0830
SHIN0830
SWI00900
SHIG0910
SHIN0920
SHI0NO0G30
SWINN9L0
SHI 00950
SWI00950
SEIG0970
S¥INN930
SWIND99D
SWI01000
SWI0T1010
SRIN1020
SKIO1030
,SHI01040
SHI01050
SWI01060
SRIN1070
SHI 01080
SKI01090
SHEO1100
SHI01110
SWI01120
SWI01130
SEIOT140
SKIN1150
SHIO01169
SWIO1170
SWI0T180
SWINT199
SHI01200
SHI01210
SHI01220
SHI01230
SHIC1249
SHI01250
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FILE:" SWITCHD FORTRAN Pt

10

11

12

50

DXX0 (I,J3) =DBNN(I,J)

X0 (I,Jd3) =BNN(I,J)

D0 8 I=1,3

I3=I+3

DXXD (I,T3)=DXX0(I,I3)+DG
XX0(T,I3) =XX0{I,I3)+G
ANN(2,1)=-2NN{(1,1)
ANN{2,2) =-ANN(1,2)

ANN {1,1)=—FD*S1R-GDHT1%]2
ANN(1,2)=U%UKR3-GDAT=S1R
DAN(2, 1) =-DAN(1,1)

DAN (2,2)=-DAN(1,2)

DAN({1,7) =—DFD*51R-FD*DSIR+JKI3*DS2+DUKR3 *52
DAN(1,2)=-GDHM1*DST1R~-DGD*S 1R+DU*UKR3I+U*DUKR3

CALL ANULT
no 9 1=1,3
I3=1+3
DO 9 3=1,3
J3=J+3
DXXD{I3,J3)=DBNY (I,3)
XXO0(I3,J3y=BNN(I,T)
Do 10 I=4,5
DXX) (I,I)=DXXD (I,T) +DGD
XL0(L,T)=XX0(I,I) +5D
ANN(1,2)=3EN (1,1}
ANN (2,2)=ANN(2,1)
ARK {2,1)=-DU ¥:1
ANN (1, 1Y =—-FD* (50/8371+R2+302) -JUKO3 *UKR3
DAN(1,2Y=DaN({1,1)
DAN(2,2)y=Da¥% {2, 1)
DAN(2, 1) =-DUIYY

DAN (1,1)=-UUKO3*DUXR3-DUUKI*UXR3I-DPD* {SO/ROT+R2+R02) —FD* { {(DSO-SO=

TDRO1/R01) /RO1-2.0% (R2%DRA/RJI+02%DRHMO/R¥O) )
CALL ANULT
PO 11 1=1,3
I3=I+3
po 11 3=1,3
DXXO0(I3,J)=DBYN (T, J)
XX0(I3,J)=BNN(I,J)
Do 12 I=1,3
I3=I+3
DXX0 (I3, I) =DXX0 (I3,I)+DFD
XX0(I3,I)=XXD (I3,I)+FD
XX0 PARTIAL OF X? WITH RELSPECT TO X0
DXX0 PARTIAL OF QF #ITY 3IEZSPECT TO XU
DO 50 I=1,6
DO 50 J=1,6
PHI (I,J) =XX0(I,J)
DPHT (I,J}=DXX0 (I,J)
RETURN
END
SUBROUTINE ANULT
IMPLICIT REAL*8 (3A-H,0-7)

SPECIAL PURPOSE HATRIYX JIITPLICATION ROUTIHE

COMNON/CCOAST/ANN (2,2) ,BAN {3,3) ,XXD (6,6)

A-13

CAUBRIDGE MONITOR

SYSTEY

SHI01260
SHI01270
SWI01280
SHI01290
SWI01300
S#I01310
SEIC1320
SHI01330
SHI01349
SE¥I01350
SRIN136D
S¥WI01370
SWION1380
SHION1390
SWID1400
SHION1410
SWXotazo
SWIO1430
SWIO1440
SHIN1459
SHIOT460
SWIN14790
SWIO1489
SRIO1190
SHIC1500
SWI01510
S¥IN1520
SHIN1530
SRIL 1540
5¥I01550
SWIO1560
SWIN157¢C
SWIG1583
SHIN1590
SEIC1600
S¥IN1610
SWI01620
S¥I01630
S5YIgiean
S¥I01650
SHIN1660
SHI01670
SHI01680
S¥I01690
SHIGT700
S¥I01710
S¥I01720
SWI01730
SHIQ17490
S¥I01750
SWIO1760
SWIf1770
SWIiG1780
SWIC1790
S¥IN1820



FILE: SWIYCHD FORTRANW P21

1,DAN{2,2) ,D3N¥N(3,3) ,D¥XD (6,6)

COHMON/ACOAST/RO(3) ,V0(3),DR0O(3),DV0 (3) ,R{(3},V(3),DR(3),DV(3)

DIMENSION DA{(3,2),a(3,2)
po 1 1=1,3
Do 1 J¢1,2

DA(I,J)=DR (I) *A¥N (1,J) +DV (I) *ANN (2,J) +R (I} *DAN (1, J) +V (I) *DAN(2, J)

1 A(L,J) =ANE (1,J) *R (T) +A NN (2,J) =V (I)
pc 2 1=1,3
Do 2 J=1,3

DBNN (I, J) =R (T, 1) *DRO (J)+2(I,2) =DVO(J) +DA(I,1)

2 BNN(T,J)=A(Z,1) ¥RO{(J)+A {I,2) *V0 (J)
RETURN
EUD

SUBROUTINE ADJUST(Q0,%,2,D0,DUDT,LEGHAX,ATP)

IMPLICIT REAL*8 (a~H,0-7)
CONMON/WADJ /A (8) ,CK

DIMENSION Q0 (5),E(12,13),2(12,12),aTP (7,2)

C SOLUTION OU SIMULTANEBOUS EQUATIOHNS
CALL SOLVE(E,LEGHAX}
L7=LEGHAX+T
DU=DSQRT({E(1,L7)*E{1,L7)+8{2,L7)

#E(
DUD=DSQRT (Z(#,L7) *B (4,17) +E (3, L?)*E(S
T}

DUDT=DUD* (ATP (LEGMAX+1, 1)-ATP (1,
A{1) =.2/DU

A {2}=.0003/DUD

A(3) =1.0

)

IT{(ATP({1, 4).%5 £) a(3)y=(.5%(aTP (2, 1) -ATP(1,1}) /DABS{E{(7,L7)})

CR=DHIY1 (1.D0, 4 (1) ,A (2} ,A (3))

C CALCULATION OF BOUYD({CK) OW CHANGES ALLOWED IN INITIAL COSTITE

C AND SYITCHING TIMES
DO 8 I=2,LEGHAX
I2=T+2

A(T2y=(.5%(ATP (T+1,1)—-ATP (T,1)) MNABS(E(I+56,L7)~

8 CK=DHUIN1{CK,A(I2))

C CALCUIATIGHN OF HEW INITIAL COSTATE AND SWITCHING TIHES

DC 6 I=1,6
ATP(I+1,1)=ATP(I+1,1) +CK*E (I+5,L7)
6 Q0 (I) =00 {I) +CK*E(I,LT)

UM=DSORT (Q0 (1) *Q0 (1) +C0 (2) *39(2) +Q0 (3}*Q0 (3))

Do 7 I=1,56
7 Q0 (I) =QG0(I) /T4
RETURN
ZND

SUBROUTINE SOLVE (A, LEGUAYX)
INPLICIT RFAL¥8 (A-H,0-%)
DINENSION A{12,13)
L6=5+LEGJAAX

L7=7 +LEGHAX

DO 6 N=1,16

A-14

CAMBRIDGE

*R0 (J) #DA (I, 2) *V 0 (J)

LTYy+E(3,L7) *E(3,L7))
L7}+?(6 L7TY*E{6,L7})

MONITOR SYSTEM

S¥WIN1810
SHI0182D
SHT01830
SHTQt8L0
SHI01850
SWI01860
S¥IC1870
SHIN1880C
SWIN1890
S¥I019384
S¥I01910
SWI01920
SWI01930

SWIC1500
SWI01510
SWTI01520
SWIN1539
SHI01549
S¥IL1550
SEI01560
S¥Id1570
SWI015890
SHIO1I590
S5¥I01600
SWID1610
SHION1620
SWIOT630
SWIC1640
SEI01650
SFI01660
SHIN1670
SWI0168D
SHIN1690
SYIN1700
SWICT1710
SHIG1720
S¥I0T730
SWIO1740
S¥I01750
S¥INT760
SHINT1770
SWI01780
SWIC1790

SWIG1800
SWI018190
SWIN1820
SWI01839
SWI01840
SHWIN1850



FILE:

OO aalo

ad

N

PROBLEX

SWIBCHD

IBIG=K

FORTRAN

DO 1 I=H,L6
IF( DABS({ A (I,N)

CONTINUE

IF {IBIG.EQ.¥} GO TO 3

DO 2 J=N,L7

0=3 (¥, J)

A(N,J)=A{I3IG,d)
A (IBIG,J) =0
DO 5 I=1,L6

IP(I.EQ.N) GO TGO 5

O=A(I,N) /A (N ,N)

M=¥+1

bo 4 K=H,L7

A(I,K)=A(L,K)-Q*a (Y,X)

CONTINUE
CONTINUE

Do 7 1=1,16

A(E,L7y=A(I,L7)/2{I,T)

EETURN
END

SUBRCUAINT BVEVAL({XF,QF,Z,C,%,DC)
IUPLICIT REAL*8 (A-H,0-7%)

21

) -GT.

THIS VERSIONW DEALS ®ITH
YHERE THE FIiVE

DABS{A (IBIG,H)))

CAMBRIDSGE

IBIG=I

MONITOR

A FIVE~CONSTRAINT RIGHT-END BOUNDARY-VALUE

CONSTRAINED FUNCTIONS ARE THE THREE COMPON-

SYSTEM

SHID1860
SHI01870
SWI0188D
SHIC1890
SWI01900
S¥I01910
S¥I01920
SATI01930
SWIOT940
SWI01950
SWI01960
SH¥I01970
SHIN1989
SWIC1990
SWI02000
5¥I02010
SWI02020
SRI02030
SHEI02040
SHI02050
SHIG2060

BYEONO 1N
BVEQQOC20
BVE00Q30
BYEQQOD4 O
BYEQQGQS50

ENTS OF THE ORBITAL AMGYLIAR VELOCITY VECTOR (R CROSS V) AND THE FIRSTBVENQ060
YECTOR 44G3E DIRECTIQN IS THE DIRICTION OF

EFFECT,

EXCEPT THE

COMMOY/CCPINJ /UK, ATD (7,4) ,A1
DIMENSION XF (56),C(12),BC(12),G6(7,6),2(12,12) ,E(12,13),R{3) .,V (3)

THO COMPONENTS OF THE
PERICENTEE AND WHOSE 4a¢NITUDI
ALL OF THE
MEAN

1, QF(5) , DUAHY (12)
LEGS5=6+LEG

Do 1 1=1,

3

R (I} =XF(I)
V(1) =XF {I+3)

R2=R {1) #%2+R(2) *#2+3 [3) #%2

G{1,2)=V(3)
G(1,3)=-V(2}
G(2,3)=V (1)
6(1,5)=—-R (3)
G(1,6) =R{2)
6(2,6Y=-R(1)
RN=DSQRT (R2)

R3=RM=R2

Cl=—T.0/RA+ (V1) ¥%2+V (2) *%2+7 (3) #%2) /UK
C2=—(R(1) *V (1) +R(2) *V (2} +R {3)*V (3) ) /UK
DO 4 I=1,
DO 3 J=1,

3
3

ANOHALY,

G,ITBURN

IS THE ORBITAL ECCENTRICITY.
SIY CLASSTCAL ORBITAL ELEMENTS ARE CONSTRAINED
YHICd IS

THIS,

BVELO07D

INBVEQO(CBO

3VEC00SO
BYEQO 190
BVEQO110
BYEQD 120
BVEQQ 130
BVECO140
BVEOQ 150
BVEQOO 160
BVE(CQ0170
BYE(CD180
BVEOQ 190
BVENQ200
BVEQO210
BVECO 220
BYECQ230
BVEQOO240
BVEDO0250
BYE(QD 260
BVYEQGQ270
BYE(02890
BYEQG 250
BVECQQ 360
BYEC0310



£ILLEz.

W

10

17

FORTRAN P1

SWITGHD CAMBRIDGE

IF(I.LE.J) GO TO 2
G(I,T)=-C(J,T)
G (T,J+3)=-G{J,T+3)
G(T+3,J)=R{I)*R (J) /R3-V(T) «V {J) /UK
G(I+3,J+3)= (R{I}*V (J)*2.~V () *R (J)) /UK
G (I,I)=0.
G(I,I+3)=0.
G(I+3,T)=G{T+3,I)+C1
G{I+3,I+3)=G({I+3,I+3)+C2
po 5 I=1,3
DC {I}=0.
DO 5 J=1,3
DC (I} =DC (T) +6 (I,T) %3 {J)
Do 8 I=1,2
SgH=0.
oo 7 J=1,3
SUM=SUN+G (I,J) * DC{J)
DC (I+3)=C(I+3) +R(I) /RU+S04/UK
Do 9 I=1,3
DC(I) =C(I) -DC(I)
po 10 I=1,5
Do 10 J=1,LEGH
E(I,J)=0.
Do 10 £=1,6
E(I,J)=E(I,J)+G (I,X) *Z(X,J)
RS=YF{1) *QF [ 1) +XF (2) *QF (2) +XF (3) *QF(3)

C3=-UK /R3
Cl=-3.0%C3%*RS/R
DC(6)= XP (4) ¥OF (4) +XF(5) *QF (5) +XF (6) *QF (6) ~C3¥RS

po 16 I=1,3

DUMJY (T) =-C3*QF (I) ~C4*XF (1)
DUASY (I+3)=QF (I+3)

DUMYY (I+6) =-C3¥XF (I}
DUXMY (T+9) =XF (I+3)

Do 17 J=1,LEGH

po 17 k=1,12
E(6,J) =—DUMHY (X) #Z (K, J) +E (6, J)
EETURN
END

SUBROUTINE BVEVAL(XF,NF¥,3%,C,E,DC)
IHPLICIT REAL*8 (i-H,0-Z)

THIS VERSION OF BVEVAL IS TOR & CONSTRAINT RENDEZVOUS MISSIONS
THE FINAL ORBIT IS SPECISIED BY A RADIUS , VELOCITY AND TTHE
CONTAINED AS INPUT CONSTANIS IN THE C VECTOR

COMMON /CCPINJI /UK ,ATP (7,4) ,A,LEG,ITBURY
CONUON/LIN/PLANS (51) ,¥00T, LOGIC
DINENSION XF(6),0F(6),2(12,12),C{12),E(12,13),DC(12),B0 (3},V0 (3)

1,80 (3) ,V(3) ,R3),E1(3)

PROPAGATE RADIUS AND VELCCITY OF FINAL 02BIT TO FINAL TIdE
S=ATP (LEG+1, 1) ~C({T)

A-16

MOBITOR SYSTEH

BVEQD320
BYEQOG330
BVEDO340
BVECO 350
BVEQO360
BVEQ0370
BVE00 380
BVEO0390
BVEQG400
BYECQO410
BVEQO420
BYEQOL3O
BVEQOOL4LO
BYEQQ 450
BVEQQU60
BYEOO47T0
BYEQO480
BYEOO 490
BVEQO500
BYE00510
BVYEOQ 520
BYEQQ530
BVECOS540
BVEQD550
BVEQD 560
BVEQOS70
BYEGO580
BYEQO590
BYEQGO6D0
BYEQD&1D
BVEQO 620
BVEQOG30
BVEOQGUD
BVEQO650
BYE0OD 6560
BYE0Q67D
BYE00680
BYE0D690Q
BVEQO 700

BYEQO0D010
BVEQQ(C20
RVEQON3D
BVEQOO40
BYEODQOSG
BYEQQO60
BVEDQOTO
BYEQDO080
BYEQQQ90
BVEDO 100
BYEOD 110
BVEOOD12(Q
BVEDO 13D



FILE:

40

83

SHITCHD FPOBTRAN ®B1 CAMBRIDGE MONITOR

DO 40 T=1,3

RO (I)=C ()

V0 (I) =C (I+3)

JuMp=0

RA0=DSQRT (RO (1) ¥R (1} +RI(2) * RO (2) +RO {3) *R0(3))
SIGO=RD {1) *VO0 {1} +RJ (2) *V0 (2} +RO (3) *V0 (3)
ALPHA=TVO {1) %V0 (1) +VO (2) *VD {2) +V0 (3) *VO0 (3) -2 .*UK /R YO
HO (1) =RO (2) *¥ 0 (3} -0 (3) *V0 (2)

HO {2) =RO (3) %V0 {1)—RJ (1) *¥0 (3)
HO(3) =RO (1) *V0 {2)—=21 (2) *V0 (1)

PO= {40 (1) *H0 (1) +HO (2} =30 {2) +HD (3) *HO (3) ) /UK
PSY=T/P0

ALPSQ = DSQRT (~ALPHA)

ALPSY=P SY¥ALDS)
50=DCOS (ALPSY)

S1=DSIN (ALPSY) /ALPSC

C ITERATIVE SOLUTION FOR UNTVHERSAL VARIABLE

84

6

100

52=(80-1.0) /ALPHA
S3= (S1-95Y) /ALPHA
PT=RYO0*51+SIGI*52+JK*53
BE=RMO*®50+SIGI*S51+JK*52
IF(JUXP.EQ.1) GO TO 384
PSY=PSY+ {(T-FT) /RN
IF{DABS(T-FT) .GE.DPABS (T} *1.D-5) GC TC 83
JUAE=T
GO TO 83
CONTINUE
Ful=—UK*S2/RHD
P=1.04+781
FD=-UK*S1/ (RH%RU0)
G=FT-UK*33
GDM1=—0UK*52/RH
GD=1.0+GDM1
DO 4 I=1,3
R{I)=RO(T)*F+V0Q [I) %G
V (I)=RO (I) *FPD+ V0 (I) ¥GD
DC(I)=R{I)-Y¥F (1]
DC(I+3}=V(I)-XF {I+3)
R2T=R (1) **2+R{2) ¥*x2+R {3} *=*
R3IT=R2T:DIQRT {R2T)
LF¥FG5=LEG+5
po 5 1I=1,56
DG 5 J=1,LEGS
E(I,J)=%(I,J)
D0 6 I=1,3
E{I,LEG5+1}=Z(I,LEG5+1)-V {I)
E{I+3,LEGS5+1)=2(I+3,LEG5+1) +R (I) *UR/R3T
WRITE {¥OUT,100) R,V
FORMAT (20X, U2HTARGETY VEIZHICIT PFPINAL POSITION AND VELOCITY, /25X,
12HR ,3814.6,5%,28V ,3%14.6)
IF{LOGIC.GT.0) RETU:N
LOGIC=1
E1(N)y=~{RO(T} /RMO+ (5D {2)*V:) (3)-HO (3} *70(2)) /UK)
ET1(2)=— (RO (2) /RMO+ (HO {3} *VI (1) —HO (1) *VD (3) ) /JUK}
ET1(3)={R0(3) /RNO+ {40 {1} *VD(2)-HO (2)*VD {1}) /UK)

A-17

SYSTEM

BVEOO140
BYE0CD 150
BVEOO160
BVEOD170
BVEOD 180
BYECQ 190
BVE00200
BYE00210
BYED0220
BYE00230
BVED0240
BVEQ0250
BYE00260
BVYE00279
BYEND 280
BVECD290
BVYE00300
BYE00310
BVEON320
BYE00330
BVE00340
BYE00 350
BVEQQ36D
BVE00370
BVEDD 380
BYE00390
BVEOOUOO
BVEQOLT0)
BYEOOUL20
BYECDO430
BYEDOLY O
BVENO450
BVEQOLEO
BVEOOL70
BVEOQ480
BVEQQ490
BYE00500
BVE0Q510

BVEOO 520 -

BYEQOS530
BVEOOS40
BVEOOS550
BVEOOS60
BVEQQS570
BYEDO580
BYVEGO0530
BVEODG60D
BVL00610
BYEDND620
BVEDOD 630
BYEOQ64D
BVEOC650
BVEQO660
BVEQGETO
BYEO0680



FILE: SWITCHD FORTRAN D1

EMAG=DSQRT (B1 (1) *%2+81 (2) #*2+E1 (3) **2)
)

HiIAG=DSQRT{PO*0K
AAXIS=-UK/ALPHA
ENERGY=.5*ALPHA

PERTIOD= {6.2831853) *DSQRT (DABS(AAXIS**3/UK))

RuIN=RAAXIS* (1,0-EXAG)
RAAY=AAXTS* (1. 0+F1AG)

WRITE {NOUT,10 1) AAXIS,RMIN, BMaX, ENERGY,PERIOD, HYAG,H0,ENAG,E1

CAMBRIDGE HMONITOR

SYSTEXM

BVEQO0690
BVEOQ700
BVENOT710
BVECD 720
BYE00730
BVEQQ740
BVEOD TS50
BVEQCDOT60

101 FORMAT(22X,27HTARGET ORBIT STECIFICATIONS,/25%,15HSENIMAJOR AKIS=,BVL00770

1E14.6,1X5HRNIN=,B14%.5,1X54R{AL=,E14.6, 1X7HENERGY=,E1¢.6,/25%,
27HPERIOD=,B14,6,1X5H:0AG5=,814,6 ,1X8HH VECTOR,3E14.6,/25X5HENAG=,

3214.6,1X8HE VECTOR, 3E14.5)
RETORH
END

A-18

BYECO78N
BVEQD790
BVEQGE0Q
BVEOGOE10
BVZ 00820



APPENDIX II-1

INPUT FILE and OUTPUT LISTING
for 5-CONSTRAINT MISSION



FILE: FILC FTNAZ2FI01 21 CAMBRINGE MONTTOR  SYSTEM

1
TEST CASE NUMBFR 2 F92 JIUBLE PRFCISION DECK
S-CONSTRAINT 4 44 DI3RFS PLANE CHAMGE CASE RUN (N T/7/69
APRIL 28,1970
398601.5 12644651, 100.
4551.308594719.8398425.05763245.5990610 -5, 4170895-.0118389
+ 4601788 —,8868545 0413273 -.7004394 =,0010504 -.N0N4NB]
65248.47%¢ 62230,797 —-93136,.685%

410

934, 0.0 0.0 N7
2047.6868 2.0 22384,405 92336,438
2302,.8677 0.D 0.0 2.7
21032.055 0.0 22384.40%5 12386.438
21150,.852 2,7 N0 Y



CASE NUMBER 1

TEST CASE WUMBER 2 FDR DOUBLE PRECISION DECK
S—-CONSTRAINT 4 44 DEGREE PLANE CHANGE CASE RUN ON 7/7/69
APRIL 2841970

GRAVITATIONAL CONSTANT= 398601.50 INITEAL MASS= 0,126446510 08 MAX INTEGRATION STEP= 100.000
MAX NUMBER OF ITERATIONS= 10 NUMBER OF SEPERATE ARCS= 4

ATP ARRAY
TINME DELTA MASS , MASS RATE THRUST

0.9340000¢D 03 0.0 0.0 0.0

0.20475868D 04 0.0 0.22384406D 05 0.929864380 05

0.23028677D 04 0.0 0.0 0.0

0.21032055D 0% 0.0 0.22384406D 05 0.92984&438D0 05

0.211508520 05 c.0 0.0 0.0
INITIAL STATE X0 4551.3085900 4719. 8398400 25.0576324 5.5990610 -5.4177895 —-0.71138389

ESTIMATED QO 0.4601788 -0.8868545 0.0415273 ~0.0004394 -0.0D10504 =0.0304081
DESTRED FINAL C 0.652484060 05 0.62230797D 05 -0.931565688D 05 0.0 0.7 0.0 0.0
ITERATION NUMBER 1
COAST ARC

LEG= 1 STATE AT END 0.566318D 04 —04326767D 04 —0,356733D 01 -0.391783D 01 -0.675935D 01 -0.3182020-01
COSTATE AT END ~0.722406D 00 -0.129057D 01 ~0,3238770 00 -0.114317D-02 0.648873D-03 -0,147330D-03
PSY= 0,170086D 00 ALPHA= -0 ,6088930 02 CALCULATED COAST TIME= 0.1113690 24
SEMIMAJOR AXIS= 0,6545634D 04 RMIN= 0.5653121D0 04 RMAX= 0.656146D 04 ENERGY= =-0,30N4448) 02
PERIOD= 23.52T7118D0 04 HMAG= 0.510819D 05 H VECTOR D.T798617D 02 0.194182D 03 -N,5108150 95
RN EMAG= 0.231029D-02 E VECTOR 0.8254970*0? -0.,230879D-02 -0.864741D-05 RMAG= 0.653829D0 04 ;
BURN ARC ~ o ~
LEG= 2 STATE AT END 0.426351D) 04 ~0.504586D 04 ~0.745324D 02 -0.T7175290 01 -0,721793D 01 -0.583854D 00
COSTATE AT END ~0.969136D 00 -0.107409D D1 -0.3450460 00 -%.7569490-03 0O.19N789D-102 -0,2598350-04
MASS AT END OF LEG= 0.,693258D 07 NUMBER OF INTEGRATION STEPS IN BURN ARC= 3
CCGAST ARC
LEG= 3 STATE AT END =0.317618D 05 0.2596260 05 0,302691D 02 0.111210D0 01 0.1199750 0! 0,.941506D0-01
COSTATE AT END ~-0.625811D-01 -0.3221320 00 0.158030D0 01 0,2782580-04 ~0.6460410-05 0,.100802D~04
pPSY=  0,7617530 00 ALPHA= -D,.16T7481D 02 CALCULATED COAST TIME= 0.187292D 35~
SEMIMAJOR AXIS= 0.2379980 05 RMIN= 0.454557D N4 RMAX= 0.41057290 05 ENERGY= -0,.837407) 01
PERIOD= 2.3654000 05 HMAG= 0.6709070 N5 H VECTOR 0.240808D 04 9.302406D0 04 —0.669792D 25
EMAG= (.724931D 00 E VECTOR 0.571933D 0N -0.4454400 00 0.4512110~-03 RMAG= (0.410228D N5
BURN ARC 1
LEG= 4 STATE AT END -0.3156326D 05 0.260821D 05 0.148952) 03 0.105813D0 01 0.73038BYD N0 2,.2761930 21
COSTATE AT END =-0.592583D-01 ~0.,322899D 00 0.1581430 0! N.2811410-04 -0.644141D0-05 0,.899433)2-75
MASS AT END OF LEG= (.4273380 07 NUMBER 0OF INTEGRATION STEPS IN BURN ARC= 2
RESULTANT ORBIT SPECIFICAT IONS
SEMIMAINR AXIS= 0.29560530 05 RMIN= 0.176885D 05 RMAX= 0.415220D 1% ENERGY= -0.56731930 01
PERIOD= 0.5069490 05 HMAG= (0.9944200 05 H VECTOR 0.536648D 05 (.6538370 05 ~0.522855D 95
EMAG= 0.4025210 00 E VECTOR 0.330946D 00 =0.219748D 00 0.6487838D0-01 RMAG= 0.409990D 05
TOTAL BURN TIME= 0.3739780 03 ARC TIMES N.111369D0 04 0,2551810 03 0N.187292D A5 0,1187970 13

(] 0.115836D 05 -0.315293D 04 —0.4087120 05 ~0.3303460D NI D.219748D NN N, GTE?RTD-NE
-2.231283D0-03 -0,126509D 00 9N.1915530-04 N.0 0N 7.0
DETERMINANT QF E= 04.46917LiD 06 DIAGONAL OF € 0.3438380D 06 2.58259TD N6 0.4544080 04 =0, T4T3240 N3
-0,448433D 03 0,3764130 03 -0.115034D-01 0.291%542D-04 —0.440405D=-03% 0.277357D~-07
D= H.713125D-01 DUDT= 0,208593D 01 CK= 0.1000000 01 EVT= 0,100000D-07
=Ty 97 A 299440 N1 A 20970 "1 SL10INMNT AT 0 1L TAR 92 T 2TN6TD N1 nLB20R8Y 0t


http:398601.50

CHANGE REQUESTED IN INITIAL COSTATE,SWITCHING TIMES AND FINAL TIME
—-0,1832390-01 —0.1268250-01 -0.677398D-01 -02.5593B10~34 ~N.439104D~04 -0.7483110-04
0.7850230 02 O0.7090780 02 ~0.338887D 04 -0.337746D D4

END OFf ITERATION NUMBER 1
NEW QO 0.440731D 00 -0.897259D 00 -0.261461D-01 —2,493984D-03 -2.1N9154N-N2 -0.,.4817080-03
NEW SWITCH TIMES 32126190 04 0.237378D 04 0Q.17643220 05 D.177734D 05

ITERATION NUMBER

2

CDAST ARC
LEG= 1 STATE AT END 0.533120D 04 —-0.378316D 04 —0.56D4647D 01 —0.453386D N1 —-0,63642TD N1 —-D.3128150-01
COSTATE AT END -0.9923850 00 -0.129764D N1 ~0.405562D0 00 -0.130251D-02 0.837206D-03 -D.418768D-N4
PSY= 0.182094D 00 ALPHA= -N.608893D 02 CALCULATED COAST TIME= 0.1192190 24
SEMIMAJOR AXIS= (.654634D 04 RMIN= 0.653121D 04 RMAX= 0.6561456D 04 ENERGY= —0.304446) 02
PERIOD= 0.527118D 04 HMAG= 0,510819D 05 H VECTOR 90.798617D 02 0.194182D0 03 -0.5128150 D05
EMAG= 0.231029D-02 E VECTOR 0.8254970-04 -0.230879D-02 ~0.B64761D-05 RMAG= 0.653713D 04
BURN ARC
LEG= 2 STATE AT END 0.381945D 04 -0.536248D 04 -0.77627423 02 -0.7T8%26200 01 -0.640016D 01 -N,5957890 30
COSTATE AT END -0.126917D 01 -0.1029120 01 -7.39819%D 00 —-N.898216D-03 0.123767D-02 N.10n313DN-03
MASS AT END OF LEG= 0.710258D 07 NUMBER OF INTEGRATION STEPS IN BURN ARC= 3
COAST ARC
LEG= 3 STATE AT END -—0.252695D 05 0.2535680 05 0.737217D 02 0.131941D 01 0.129997D 01 N.11n184D 00
COSTATE AT END 0.2298150 00 0.2970480 00 0,170795D 01 2.3%5534D-N4 ~0,393675D~04 -2,759553D-05
PSY= 2,708845D 00 ALPHA= ~0.188264D 02 CALCULATED COAST TIME= 0,152694D 25
SEMIMAJOR AXIS= 0.2117250 05 RMIN= 0.654643D 04 RMAX= 0.357986D 05 ENERGY= —(C.941319D0 0]
PERIOD= 0.3065970 05 HMAG= 0.664230D 05 W VECTOR 0.269808D 04 0.2881558D 06 -0.563055D0 05
EMAG= 0,690805D 00 & VECTOR 0.4888430 00 -0.488100D0 00 -0,132043D-02 RMAG= (0,357983D 05
BURN ARC
LEG= 4 STATE AT END -0.250786D 05 0.255462D 05 0.215366D 03 0.163953D 0! 0.15647570 01 0.2253330 01
COSTATE AT END 0.234419%D0 00 0.2919100 00 0.170683D 01 O0.351670D-04 -0.3956850-04 ~-0,952655D-05
MASS AT END OF LEG= 0.418797D O7 NUMBER OF INTEGRATIDN STEPS TN BURN ARC= 2
RESULTANT ORBIT SPECIFICATIONS
SEMIMAJOR AXIS= D0.337465D 05 RMIN= 0.316603D D05 RMAX= 0.358327D 05 ENERGY= =-0.590582) 01
PERIOD= 0.616956D 05 HMAG= 0.1157580 06 H VECTOR 0.5721090 05 0.5608635D 05 -~0.832263D 25
EMAG= 0.618197D-01 E VECTOR 0.373544D-01 ~0.486690D-01 -0,.7592820-02 RMAG= 0.357993D 0%
TOTAL BURN TIME= 0.3777930 03 ARC TIMES 0.11921%D 04 0.2475860 03 0.152694D0 05 0.130207D 03

DC 0.803755D 04 0.5367320 04 —-0.,1012980 05 -0.373544D0-01 0.486690D-01 -0.118181D-04
7.1098620-04 -0,669537D-01 —0.228043D-04 0.0 NN 7.0
DETERMINANT OF E= 0.904181D 06 DIAGONAL OF E 0.165663D 06 -0.268231D 06 ~0.770109D 03 -0.570899D0 03
0.3481330 03 -0,200770D 04 0.143213D~-01 0.2719790-04 0,3834920-n2 0.443291D-07
DU= 0.4647370-01 BUDT= 0.186750D0 01 CKX= 0.10N000D O]l EVT= 0.100000D-07
CK=MIN OF 0.43035D 01 0,27051D 01 0.100000 N1 0.141919 02 0,22269D 01 0.12645D 02

CHANGE REQUESTED IN INITIAL COSTATE,SWITCHING TIMES AND FINAL TIME
~0.243784D0-0) -0.1306300-01 0.37347T70~01 0.275731D-04 -0.1654470-04 0.1061760-07
0.166599D 02 0.253832D0 02 0.345380D 04 0.3448660 04

END OF ITERATION MNUMBER 2
NEW @0 0.4159030 00 —-0.909340D 00 0.1118950-D01 -N.4659080-03 -n,11n6890-N2 -D,.3IT5147D-N3
NEW SWITCH TIMES 7.2142850 04 0,.,239916D 04 0,2109700 05 0.212220D 05



ITERATION NUMBER 3

COAST ARC
LEG= 1 STATE AT END 0.5254610 04 -0.388844D 04 ~n,656638D 01 —-N.45659590 N1 ~N.6273080 Ol -N.311316)-")
COSTATE AT END -0.104533D 01 ~0.130990D Q1 -0.3128010 00 —0.130499D-0N2 (0.873293D-0% -2.627670D-~D4
PSY= 0.184643D 00 AtPHA= -0.608893D 02 CALCULATED CODAST TIME= 0.120885D 04
SEMIMAJOR AXIS= 0.654634D 04 RMIN= 0.653121D0 04 RMAX= 0.656146D 04 EMFRGY= ~0.304446D 07
PERIDD= 7.527118D0 04 HMAG= 0.510819D 05 H VECTDR 0.7986170 02 0,1941820 03 -0.511815D 15
EMAG= 0.231029D-02 E VECTOR 0.8?25497D-04 -0.230879D-12 -D.864T610-05 RMAG= 0.653689D 04
BURN ARC
LEG= 2 STATE AT END 0.3640100 04 —-0.5495030 04 —-0.6T71915D0 02 —-0.808135D 01 ~-D.6273090 0l -0.4854941D0 Q0
COSTATE AT END -—0.132761D 01 -0.102640D0 01 -0.314121D 00 -0.860159D-03 90.128918D-02 0.519496D-D4
MASS AT END OF LEG= 0.690731D0 07 NUMBER 0OF INTEGRATION STEPS IN BURN ARC= 3
COAST ARC -
LEG= 3 STATE AT END -—0.305264D 05 0.,304263D 05 0.26035320 02 0.102638D0 01 2.1179740 01  0,7473823-01
COSTATE AT END 0.4243350 00 0.3795620 20 0.158398D0 01 0.393261D-04 -0.355595D0-04 9.551415D-D5
pPSY=  0.7513740 00 ALPHA= —-0.160457D 02 CALCULATED COAST TIME= 0.186978D 05
SEMIMAJOR AXIS= 0.248%160 05 RMIN= 0.6547560 04 RMAX= 0.431357D 05 ENERGY= —-0.802286D 01
PERIOD= 0.3896550 05 HMAG= 0.673190D0 05 H VECTOR 0.224327D 04 0.230823D 04 =-0.672420D 35
EMAG= 0.736428D 00 E VECTOR 0.5088200 NN —~0.532379D0 00 -0.,1300290~02 RMAG= 0.431nn1D 05
BURN ARC
LEG= 4 STATE AT END -0.303657D0 05 0.306003D0 05 0.1514670 03 0.159281D0 01 0.164430D 01 0.2116040 01
COSTATE AT END 0.429241D0 00 0.375098D 00 0.158461D 01 0.391126D-04 -0.358365D-04 0.452803D-05
MASS AT END OF LEG= 0.4107950 07 NUMBER OF INTEGRATION STEPS IN BURN ARC= 2
RESULTANT ORBIT SPECIFICATIONS
SEMIMAJOR AXIS= 054521290 05 RMIN= n.429755D DS RMAX= 0.4745020 05 ENEPGY= -0.44080%) o1
PERIOD= 0.9567620 05 HMAG= 0.134081D 06 H VECTDR 0.6419550 N5 0.641927D 05 -0.985707D 235
EMAG= 0.4948430-01 E VECTOR -0.418249D-N1 0.7365650-01 ~D.1182150-D01 RMAG= 0.431101D 05
TOTAL BURN TIME= 0.38L368D 03 ARC TIMES 0.120885D 04 0.256310D0 03 0.186978D 05 0.125053D 03

pC 0.105187D 04 —-0.196191D 04 (.5514010 04 0.418249D0-01 ~0.238565D-01 0.636164D-05
=0.795336D~-05 0.240634D0-01 0N.143150D-04 0.0 t.0 T )
DETERMINANT OF E= 0.2188250 07 DIAGONAL NF E 0.989428D 0% 0.172%4159D 07 —0. 4948480 03 -0.845924D 03
—0.3032159D0 04 -0.1730550 04 ~0.2217750-01 0.124779D-04 -0.119%60D-02 0,292216D-0n7
DU= 0.219740D-02 DUDT= 0.4744450 00 CK= 0.1000000 01 EVFT= 0.10000QD-07
CK=MIN OF 0.910170 02 O0.12828D 02 0.100000 0} 0.135420 03 0.571580 03 0.421190 03

CHANGE REQUESTED IN INITIAL COSTATE,SWITCHING TIMFS AND FINAL TIME
=0.6127830~-03 -0.305946D-03 -0.2087930-02 -0.193894D-05 -N,307218D-05 ~0.231016D-04
0.365356D0 01 0.2707190 01 -0.136491D 02 —0N.137975D 02
END OF ITERATION NUMBER 3 .
NEW Q¢ 0. 4152900 00 -0.909644D 00 0.910157D~02 —-0.467846D~03 ~-0.1109960-02 -0.3982670~02
NEW SWITCH TIMES 0.214650D 04 0.2401870 04 0,210833D0 05 (.212082D 05



-TERATION NUMBER 4

COAST ARC
LEG= 1 STATE AT END 0.5237540 04 -0.3011320 04 —0.668006D 01 - .4608704D O -0.6252750 D1 -0.310971D~01 .
COSTATE AT END -0.1056820 01 ~0.131006D 01 —0,232533D 00 -0.13)8260~02 0.8881900- 03 -0.5615397D-04
P3¥= 1.185201D 00 ALPHA= ~D.608893D 02 CALCULATED COAST TIME= Nn,121280D N4
SEMIMAJDR AXIS= 0.6546340 04 BMIN= 0.653121D0 04 RMAX= N.656146D NG ENFRGY= —0. 3044460 N2
PERIOD= 0.527118D 04 HMAG= 0.510819D 05 H VECTOR N.7986170 02 0.194182D D3 -0,51n815D 0%
EMAG= 0.2310290~02 E VECTOR 0.825497D-04 —0.2308790-02 -0.864T6LD-05 RMAG= 0,6536840 04
BURN ARC '
LEG= 2 STATE AT END 0.3623370 04 -0.550437D 04 —0.697098D 02 -0.809332D0 0! -0.623232D 0} -0.5071120 ON
COSTATE AT END ~-0.133891D 01 -0.1025370 Ol —0.332682D 00 -0.863044D-N3 0,129790D~02 N.5976072D-04
MASS AT END OF LEG= 0.692849D 07 NUMBER 0F INTEGRATION STEPS TN BURM ARC= 3
COAST ARC
LEG= 3 STATE AT END -0.290933D0 05 0.304724D OS5 0.688227D 02 O0.L141140 O DJ.111211D 01 0.7985640-01
COSTATE AT END 0.362727D0 00 0.3432090 00 0.164449D Q1 0.337839D-04 =0.389777D-04 0.235147D-Db
PSY=  §.796702D 0O ALPHA= ~0.1637&8D 02 CALCULATED COAST TIME= 0.186B15D 05
SEMIMAJOR AXIS= D0.243394D 05 RMIN= 0,654735D 04 SMAX=  0.421315D 05 ENERGY= ~0.81884°D p)
PERIOD= 0.377899D 05 HMAG= (0.672126D 05 H VECTOR 0.2356870 04 0.2401820 94 -0.571283D N5
EMAG= 0.730998D 00 E VECTOR 0.5027790 00 -0.53N6320 00 -0.133323D-02 RMAG= 0,421306D 05
BURN ARC
LEG= 4 STATE AT END ~0.289236D 05 0.306344D 05 0.196081D 03 0.161638D0 01 0,1517500 01 0.213385) 01
COSTATE AT END 0.366931D0 00 0.338826D 00 0.164445D 01 0.3354050-04 ~0.3520420-04 ~0.859687D-D6
MASS AT END OF LEG= 0.413246D 07 NUMBER DF INTEGRATION STEPS IN BURN ARC= 2
RESULTANT ORBIT SPECIFICAT IONS
SEMIMAJOR AXIS= 0.421672D 05 RMIN= 0,421057D 05 RMAX= 0.4222870 05 ENERBY= —-0.4T72644D 01
PERIOD= 0,8617320 05 HMAG= 0.129645D 06 H VECTOR 0.6507L7D Q5 0.520356D N5 -0.934083D 05
EMAG= 0.145836D-02 FE VECTOR -D.1204020-02 0.244341D-0% ~0.8225350-03 RMAG= 0.4213170 05
TOTAL BURN TIME= 0.380273D 03 ARC TIMES 0.121250D0 04 0,2553630 03 0.1868150 05 0.124910D0 03

oG 9.1767030 03  0.195200D0 03 0.251654D 03 0.1204020-02 =0, 244341D~04 —-0.5670360-04
~-3.228701D-06 0.3041250-03 -0,338336D~06 0.0 0.0 0.0
DETERMINANY OF E=  0.173700D 07 DIAGONAL OF E  0.7064140 05 0.102992D 07 -0.103T762D 04 0.579469D n3
~0.230050D 04 ~0.3916890 03 ~0.209508D-01 -0,103926D~04 -0,8341490-02 0.2790160-07
W= 0.196291D-02 DUDT= 0, 1908270-01 CK= 0,100000D 01 EVr=0.1000009-07
“CK=MIN 9F- 0.101890-03- 0.31873D-03- 0. 100000 O 0.76645D 04 0.199530 02 0,65427D 03

CHANGE REQUESTED IN INITIAL GOSTATE,SWITCHING TIMFS AND FINAL TIMF
—0.3020010-03 —0.1185070-03 0.1935920-02 0.8548050~06 24391291006 0.459566D-07
-0.9511650 00 -0.903245D D0 0.459106D 02 0.4600610 02
END OF ITERATION NUMBER 4
NEW Q0 0.4142870 03 -0.909760GD 00 0.1103750-01 —0.4669900-03 —0.1109560-02 -0,3982270-03
NEW SWITCH TIMES J.2145550 04 0.240096D 04 0.211293D 05 0.212543D 05



ITERATION NUMBER

5

COAST ARC
LEG= 1 STATE AT END 0.5241990 04 —0.390537D 04 —0.665748D 01 —~0.4679930 01 ~N.6258060 01 -1,311761N-11
CASTATE AT END —0.105476D D1 —0.1310740 N1 ~0N,3321880 00 —N.130R86D-02 0.B8B61N30D-02 -0,642T4ND-04
PSY= 0.185056D 00 ALPHA= -0.608893D 02 CALCULATED COAST TIME= 1nN.1211550 24
SEMIMAJOR AXIS= 0.654634D 04 RMIN= 0.6531210 04 RMAX= 0.656146D 04 ENERGY= —N.304446) 02
PERIOD= 0.527118D 04 HMAG= 0.5108190 05 H VECTOR 0.798617D 02 0.1941B2D0 03 ~0.510815D 05
EMAG= 0.2310290-02 E VECTOR 0.825497D-04 -0,230879D0-02 -0.864761D-05 RMAG= D0.653635D 04
BURN ARC
LEG= 2 STATE AT END 0.362978D 04 —-0.550056D 04 =0.697194D 02 =0.808573D 01 -N.624170N N1 ~N.KRCLTHISD 0N
COSTATE AT END -0,1336950 01 ~0.102650D 01 ~0.333038D 00 -0.8634310-03 0.129608N-02 0, 577480D-04%
MASS AT END OF LEG= 0.692742D 07 NUMBER DF INTEGRATION STEPS IN BURN ARC= 3
COAST ARG
LEG= 3 STATE AT END -0,291240D 05 0.304933D 05 0.705079D 02 0.114296D 01 0.110834D 01 0. 798441011
COSTATE AT END 0.3580200 00 0.3394620 00 0.164571D 01 0.334425D-04 ~N.3470960-04 0.4356750-06
PSY= 0,757596D 00 ALPHA= —0.1636470 02 CALCULATED COAST TIME= 7.1872830D 05
SEMIMAJOR AXIS= 0.243574D 05 RMIN= 0.654736D N4 RMAX= 0D.421674D 05 ENERGY= ~-0,8182353) 01
PERIOD= 0.378318D 05 HMAG= 0.6721650 05 H VECTOR 0.23565560 04 0.240597D 04 —0.671321D 35
EMAG= 0.73L196D 00 E VECTOR 0.503535D 00 ~0,530187D 00 ~0.1325790-02 RMAG= 0.4216700 05
BURN ARC
LEG= 4 STATE AT END ~-0.2895430 05 0.3065470 05 0.1981160 03 0.161297D 01 0.1571974D nl  n.213852n 01
COSTATE AT END 0.362185D 00 0.3351090 00 0.1645693 01 0.3320200-04 -0.3493240-04 -1.5587123D-26
MASS AT END OF LEG= 0.412975D 07 NUMBER QF INTEGRATION STEPS IN BURN ARC= 2
RESULTANT ORBIT SPECIFICATIONS
SEMIMAJOR AXIS= 0.421738D 05 RMIN= 0.421675D 05 RMAX= 0.421802D 05 ENERGY= —0.472570) 01
PERIOD= 0.861936D 05 HMAG= 0.129656D 06 H VECTOR D.652565D 05 0.622387D 05 -0.921584%D 05
EMAG= 0.150358D-03 £ VECTOR —0.1102900-03 0.1017730-03 —0.926277D-05 RMAG= 0.4216750 05
TOTAL BURN TIME= 0.3804170 03 ARC TIMES 0.121155p 04 nN,.2554110 O3 0.187283D 05 0.125005D 03

DC -0.811518D0 Ol —-0.794244D 01 0.167323D0 01 0.110290D-03 -0.101773D~03 0.271221D-08
0,257114D-0C8 0.853220D-04 0.140462D-09 0.0 0.0 0.n
DETERMINANT OF E= (,1745620 07 DIAGONAL DF E 0.703419D 05 0.1040800 07 -0.102216D 04 0.5676710 03
-0, 2088640 04 —~0,318760D 03 —0.206541D~-01 —0.1225450-04 -0.883181D0-02 0.276103D-07
DU=  0.795462D0~05 DUDT= 0,275393D-03 CK= 0.100000D 01 EVT= 0.100000D-07
CK=MIN OF 0.251430 05 9,22136D 05 0,10000D 01 0.191050 06 0.266000 05 N, 475140 0%

CHANGE REQUESTED IN INITIAL COSTATE,SWITCHING TIMES AND FINAL TIME
0.7278420-05 0.3296250-05 0.670297D-06 —0.T311780-08 0.509422D-08 -0.102108D-07
-0.216644p-02 —-0,149800D-02 0.3505320 20 0.337377D OO

END DOF ITERATION NUMBER 5
NEW QO 0.414994D0 02 -0,909757D 00 0,110381D0-01 -0.4656997D-03 ~-0.,11095560-02 -0.3982310-03

NEW SWITCH FIMES 0.2145550 04 0.240096D 04 0.211296D 05 0.2125460 05



ITERATION WNUMBER

6

COAST ARC
LEG= 1 STATE AT END 0.5242000 04 —-0.390535D 04 —-0,665041D N1 —-D, 4679910 01 -0.625877D 01 -0.3110610-01
COSTATE AT END ~D.105475D 0) -D.131074D Ol —0,332196D 0D ~0.130B83%0-02 0.886096D-02 -0.56427T71D-04
PSY= 0.1850560 00 ALPHA= -0.608893D 02 CALCULATED CNAST TIME= 0.121155D 24
SEMIMAJOR AXIS= 0.5654634D 04 RMIN= 0.653121D 04 RMAX= 0.656146D 04 FNERGY= ~0.304446) 02
PERINN= 0.527118D 04 HMAG= 0.510819D 05 H VECTOR 0.7986170 02 0.1941820 N3 -0.510815D0 05
EMAG= 0.,231029D0-02 £ VECTOR 0.8254970-04 —0.230879D-02 —0.8647610-05 RMAG= 0.653685D D4
BURN ARC
LEG= 2 STATE AT END 0.362978D 04 ~D.5500560 04 ~0,697216D 02 -D.B08573D 0 -0.624172D 01 -0,.507353D 00
COSTATE AT END ~0.133694D 01 -0.102649D 01 -0.333047D0 00 —0.863428p-03 0.,129677D-02 0.570483D-04
MASS AT END OF LEG= 0.56922741D 07 NUMBER OF INTEGRATION STEPS IN BURN ARC= 3
COAST ARC
LEG= 3 STATE AT END -0.291242D 05 0.304936D 05 0,705177D 02 0.114297D 01 0.11783205 N1 N.7984610-01
COSTATE AT END 0.35807T10 00 0.339482D0 00 N.,164577D 01 0.334445D-04 -0,347111D-04 0,434B24N-N6
pPSY= 0.757602D 00 ALPHA= —0.1636460 02 CALCULATED COAST TIME= 0.,1872860 25
SEMIMAJOR AXIS= 0.243576D 05 RMIN= 0.654736D 04 RMAX= 0.421678D 05 ENERGY= -0.818228) 01
PERIOD= 0.378323D 05 HMAG= 0.6721650 05 H VECTOR 0,235664D 04 0.2406060 04 -0.671321D 35
EMAG= 0.731198D 00 E VECTOR 0.5035380D 00 -0.5301880 00 —0.132578D-02 RMAG= 0.421674D 0N
BURN ARC
LEG= 4 STATE AT END ~0.289545D N5 0.3065500 05 0,1980970 03 0.161296D 01 0.1509660 N1 0.213823D0 21
COSTATE AT END 0.362236D 00 0.335129D 00 0.164575D 01 0.3320390-04 —0.3493290-04 ~0.658745D-06
MASS AT END OF LEG= 0.412953D 07 NUMBER OF INTEGRATION STEPS IN BURMN ARC= 2
RESULTANT ORSIT SPECIFICAT IONS
SEMIMAJOR AXIS= 0.4216800 05 RMIN= 0.421679D 05 RMAX= 0.421680D 05 EMERGY= -N.4725635)
PERIOD= 0.361756D 05 HMAG= 0.1296470 06 H VECTOR 0,6524850 05 0.522309D 05 -2,331567TD N5
EMAG= 0.122783D-05 E VECTOR -0.8396160-06 0.895822D~06 0.103491D0-07 RMAG= 0.421679D 05
TOTAL BURN TIME= 0.380404D 03 ARC TIMES 0.,121155D 04 0.255412D 03 ©0.187286D 05 0.124992D 03



TEST CASE NUMBER 2 FOR DOUBLE PRECISION DECK
5-CONSTRAINT : 44 DEGREE PLANE CHANGE CASE RUN DN 7/7/69
APRIL 28,1970

I TERATION TOTAL BURN TIME

NUMBER

WV PN =

ITERATION
NUMBER

WA WP

ITERATION
NUMBER

UL Wpg-

!
TTERATION
TNUMBER

Apb@N—=D

—-0.8115180

0.3739779D
0.3777935D
0.3813682D
0.3802733D

03
03
03
03

0.3804167D 03

0.3804042D

0.803755D

0.105187D 04

C.176703D O

03

3

0.11136870
0.1192189%
0.1208849D
0,1212503D
0.1211551D
0.1211549D

SUMMARY TABLES

LENGTH OF BURN AND CDAST

0.25518090 03 0.18729190
0. 24758640 03 0.1526941D
0.2563098D 03 0.1869733D
0. 25536340 03 0.1868147D
0.2554113D0 03 0.1872829D
0.2554120D 03 0.1872864D

05
05
05
05
05
05

ARCS

0.11879700
0.1302070D
0.1250584D
0.12490990D
0.12500540
0.1249922D

03
03
03
03
03
03

0.13155310-04
—0.2280426D-0%
Q. 14315010-04
-0.33833560-06
0.1404625D~09

0.46017880D
0.44073071D
0.41590337D
0.41528959
0.41498679D
0.41499400D

09
00
0Q
0o
09
07

4 D 5367320 04 -0,101298D 05
~0. 1961910 04 0.551401D 04
0 i1952000-03 - 0.251654D 03

ERROR IN BOUNDARY CONDITIONS-DC(1-8)

-0.37356440~01%
0. 418249001 -0.2365650-01

-0.115836D 05 -0,315293D- 04 —0.408712D 05 ~0.330946D 00 0.219748D 00 0.676267TD-05 —0.291283D- -03 -0, 1265090 00
0.486690P~01 ~0,118181D0-04 O, 1098620*0%‘“0.6695370—01
0+626164D-D5 -0, 7953360—0$
0.1204020-02 -0.2443410-04 ~0:5670360~06 —0.,2287010-06
0. 257174008

0. 240634001
0.3041250-03
0. 853220D~n4

0. 10003002
0. 10000000
0.,10000000
0. 10090002
0.100000%

~0.39826711D~0%
-0.398227390-03

01 —0.794244D O1 0.167323D 01 0.1102900-03 -0.1017730-03 0.271221D-08
HCI9-12) . v U DUDT

0.0 0.0 ~ 040 0.7131254D-01 . 0.2085934D 01

0.0 0.0 0.0 0.4647367D-01 0.1867498D 0}

0.0 0.0 0.0 0.21974000-02 0.4744453D 00

0.0 0.0 G.0 0.19629130-02 0.19082710-01

0.0 0.0 0.0 0.7954616D-05 0.2753928D-03

NEW QO GENERATED 8Y PRESENT ITERATION

-0.83585450D0 00 0.415273000-01 -0.43940000D-03 ~0.105040000~02 —0.40810000D-03
—-0.89725850D 00 —0.26146131D~01 -0.493983660-03 ~0.109153850~02 —-0,48170783D-03
-0.909339970 00 0,11189524D-01 -0,46590771D-03 -0,110688850-02 —0.37516651D~03
—-0.90964373D 00 0.91015700D-02 -0.46784552D-03 -0.110995800-N2

-0.90976048D 00 0.11037467D-01 ~0,46698982D-03 ~0,110956460-n

~0.90975719D 00 0.11038137D-01 ~0.46699713D~03 -0,110955950-0? —0.39823N6"D-N3



APPENDIX II-2

INPUT FILE and OUTPUT LISTING
for RENDEZVOUS MISSION



FILE: FILE FTO2r001 B CAMBRIDGE

1
TEST CASE NUMBER 2 FOR DOUBLE PRECISION DECK
RENDEZVOUS , 44 DEGREE PLANE CHANGE (7/8/69}
APRIL 28,1970
398601.5 126H46517. 100,
4551,3088 4719.843 25.057641 5,5990612 -5.4170902-.0118389

4601788 -.BB68545 .0u15273 ~.0004354 -.,0010504 -.0004081

-28954.51430655.047 198.07783 1.6129526 1.5096618 2,1382224 21254.526
410

934, 0.0 0.0 0.0

2047.6868 0.0 22384.406 92986.438

2302.8677 0.0 .0 0.0

21032.055 0.0 22384, 406 92986.438

21150.85%2 0.0 0.0 0.0

HONI TOR

SYSTER

BPAGE N01



CASE NUMBER 1

TEST CASE NUMBER 2 FOR DOUBLE PRECISION DECK
RENDEZVOUS , 44 DEGREE PLANE CHANGE (7/8/69)

APRIL 28,

1970

GRAVITATIONAL CONSTANT= 398601.5C INITIAL MASS= O0.12644651D (08 MAX INTEGRATION STEP= 100,000
BAX NUMBER OF ITERATIONS= 10 NUMBER OF SEPERATE ARCS= 4

TI ME

0.93400000D
0.20476868D
0.23028677D
0.21032055D
0.21150852D

INIFIAL STATE X0
ESTIMATED QO

ATP ARRAY

DELTA MHASS MASS RATE THRUST
03 0.0 0.0 0.0
o4 0.0 0.22384406D 05 0¢,92986438p 05
0y 9.0 0.0 0.0
05 0.0 0.223684406D 05 0.92986u438D 05
85 0.0 0.0 0.0

4551.3088000 4719.8430000 25.0576410 5.5990612 -5.4170902 -0.2118389
0.43601788 -0.8868545 0.0415273 ~0.0004394 -0.0010504 -0.0)04081

DESIRED FINAL € -0.28954514Dp 05 ‘0.306550u7b 05  0.19807783D 03 0.16129526D 01  0.15096618D 07 0.213822240 01  0.21254526D 05

ITERATION NUMBER

1 .
CORST ARC o B
LEG= 1 STATE AT END 0.566318D 04 -0,.326767D 04 -0.356782D 01 -0.391782D 01 -0.675935Dp 01 -0.318202n-0%
COSTATE AT END -0.722807D 00 -0.129057D 01 -0.323877D 00 -0.114317D-02 0,.648871D-03 -0, 147330D-03
. . Bs¥= 0,170086D 00 ALPHA= -0.608892D 02 CALCULATED COAST TIME= 0.111369D 04
. SEMIMAJOR AXXS= 0.654634D 04 RMIN= 0.653122D 04 RMAX= 0.5656147D 0% ENERGY= -0.304486D 02
! PRRIOD= 0.527113D 04 HMAG= 0.510820D 05 H VECTOR 0.798618D 02~ 0.194182D 03 -0.510815D 05
EHAG= 0.231018D-02 B VECTOR 0.831756D-04 -0.230866D-02 -0,B864613D-05 RMAG= 0.653829D 04
BURN ARC
LEG= 2 STATE AT END 0.426352D 04 ~0.504586D 04 -0.745324D 02 -0.717528D 01 -0.721794Dp 01 -0.583854D 00
COSTATE AT END -0.969137D 00 -0.107410D Q1 -0,346046D 00 -0.756952D-03 0,100789D-02 -7, 259838D-04
. ¥A55 AT ERD OF LEG= 0.5933258D 07 NOMBER OF INTEGRATION STEPS IN BURN ARC= 3
COAST ABC
LEG= 3 STATE AT BND ~0.317621D 05 0.259625D 05 0.302587D 02 0.111208D0 01 0. 112976D 01 0.941503D-01
COSTATE AT END -0.626227D-01 -0.322131D 00 0.158030D 01 0.278217D-00 -0.5645883D-0% ( 10087°3Dp-04
PsY= 0.761752p 00 ALPHA= -0, 167481D 02 CAICULATED COAST TIME= 0.187292D 05
SEAIMAJOR AXIS= 0,237998D 05 RMIN= 0.654658D 04 BMAX= 0.410531D 05 ENERGY= ~0.8374040 {1
PERTOD= {.365402D 05 BMAG= 0.670907D 05 H VECTOR ©.240808D 04 0.302006D 04 -0.669793p 05
ENAG= 0,728932D 00 B VECTOR 0.571934D 00 -0.445340D N0 0.4512390-03 RMAG= 0.410230D 05
BURN ARC
LEG= 4 STATE AT END -0.316329D 05 0.260821Dp 05 0.7148941D 03 0.17058110 01 0.780402D n¢  0.206199D M
COSTATE AT END ~0,593005D-01 -0.322897Dp 00 0.158143D 01 0.281100D-084 -0,643979D-05 0 899515D-05

#ASS AT END OF LEG= 0.427338p 07 BUMBER OF INTEGRATION STEPS IW BURN ARC= 2
TARGET VEHICLE FINAL POSITION AND VELOCITY
R -0.291209p 05 0.304977p 05 -0.2356038D0 02 v 0.159695p 01 0.152651Dp 01 {.213827n 01

TARGET ORBIT SPECIFICATIONS
SEMIMAJOR AXIS= 0,421678D 05 RMIN= 0.821677D 05 RMAX= 0.421679D 05 ENERGY= -0.472637D 01
PERIOD= 0.861752D 05 HMAG= 0.129646D 06 H VECTOR 0.6520483D 05 N,.622307D 05 -0.9315670 1§
BMAG= 0.266008D-05 E VECTOR 0.170160D-05 -0.203762D~05 -0.169346D-06

RESULTANT ORBIT SPECIFICATIONS
SE¥TIMAJOR AYIS= (.296051D 05 RMIN= 0.176883D 05 RMAX= 0.415220D 05 ENERGY= ~0.673196D D1
PERIOD= 0.506945D 05 HHMAG= 0.994416D 05 H VECTOR 0.536687D 05 0.6%53842D 05 -0.522841p 05
E8AG= 0.H302527D 00 B VECTOR (.33n9u48D 00 -0.2197580 00 0.648665D-01 RNAG= {.409992D 0=

TOTAL BURW TIME= 0.373978D 03 ARC TINFS 0.111369p 04 0.255%181D 03 N 1872920 AR O 1197a7p "3



http:398601.50

bnc 0.251195D 04 0.441559D 04 -0.172545D 03 ©£.538835D 00 0.746112D 00 0.762818D-01
~-0.291278D-03 -0.126%12D 00 0.191551p-04 0.0 0.0 n.n
DETERMINANT OF E= -0.492687D 10 DIAGONAL OF E -0,252892p 05 -0.160285D 04 0.803543D 02 0.590142D 05
~0.176823D 05 ~0.245039D 04 -0,222588D 00 -0.333908D-04 -0.212493D-01 0.374570n-05
D= 0.101254D2 00 DUDT= O0.165794p 01 CK= 0.100000D 01 FPVT= 0.100000D-07
CK=MIH¥ OF 0.19752D 01 0.36582D 01 0.10000D 01 0.69923D 03 (.25975p 03 0.11923p "2

CHANGE REQUESTED IN INITIAL COSTATE,SWITCHING TIMES AND FINAL TIME
-0.565514p-01 -0.329611p-01 -0.772514p~01 -0,.166398D~04 ~0.7138860-04 -0.367702D-04
0.873701D 02 0.875525Dp 02 0.123604p 03 0.118622D 03
END OF ITERATION NUMBER 1
NEW QO 0.401574p 00 -0.915137D 00 -0.355424D-01 ~0.453720D-03 -0.111608p-02 -0.0442607D~N3
NER SWITCH TINES 0.213506D 04 0.239042D 04 0.211557D 05 0.212695D 05

IIERATION NUMBER 2

COAST ABC
LBEG= 1 STATE AT END 0.529070D 04 -0,.383939D 04 -0.632351D 0t -0.4601050 01 ~0.631605D 01 -0.312033D-01
COSTATE AT END -0.106080D 01 -0.133603D 01 ~0.374985D 00 -0.134022D-02 0.870025D-03 ~0.204363D-04
PsSY¥= 0.183450D 00 ALPHA= -0.608892D 02 CALCULATED COAST TIME= 0.120106D 0&
SEMINAJOR AXIS= OQ.654634D 04 RMIN= 0.653122D 04 RMAX= 0.656147D 04 EHNERGY= ~0.3048446D 02
PERIGD= 90.527119D 04 HMAG= 0.510820D 05 H VECTOR 0.798618p 02 0,.194182p 03 -0,510815D 05
EMAG= 0.231018D-02 E YECTOR 0.831756D-04 -0.230866D-02 -0.864613D-05 RMAG= 0.653700D OU
BURN ARC
LBG= 2 STATE AT ERD 0.369857D 04 -0.545243Dp 04 —0.746042D 02 -0.800957D 0t -0.632648D 01 -0.%543%005D 00
COSTATE AT END ~0.17351568D 0t -0.705384Dp 01 -0.362839D 00 -~0.897869D-03 0.129670D-02 0.114184D-D3
MASS AT END OF LEG= 0.692849D 07 NUMBER OF INTEGRATION STEPS IN BURN ARC= 3
COAST ARC
LEG= 3 STATE AT END ~0.287717D 05 0.302228D 05 0.102612p 03 0.118885Dp 01 (C.108231D N1 (.871027D-01
COSTATE AT END 0.261560p 00 0,275796D 00 0.179783D 0% (0.291824D»-04 -0,325724D-04 -0.107309D-04
PSY= 0.7613%2D 00_ ALPHA= ~0.165123D 02 CALCULATED COAST TIME= 0.187652D 05
SENIMAJOR AXIS= 0.201397p 05 RMIN= 0.654735D 04 RMAX= O0.417320D 05 ENEBGY= -0.825615D 01
PERIOD= 0.373256D 05 HMAG= 0.671694D 05 H VECTOR 0.252143D 04 0.262808Dp 04 -0.670705D 05
E¥aG= 0.728772D 00 E VECTOR 0.506813D 00 -0.523686D 00 ~0.146705D-02 RMAG= 0.417282D 05
BURN ARC
LBG= 4 STATE AT E¥D -0.286210D 05 0.30359% 05 0.210473D 03 0,147978p 01 0.134725D 01 G 195011D 01
COSTATE AT END 0.264870D 00 0.272081D 00 0.179655D 01 0.289874p-08 -0.327111D-04 -0.118530D-04

MASS AT END OF LEG= 0.438081D 07 NUMBER OF INTEGRATION STEPS IN BURN ARC= 2
TARGET VEHICLE FINAL POSITION AND VELOCITY
R ~9Q.289304p 05 0.306776D 05 0.230041D 03 v ¢ 161525Dp 01 0,150722Dp 01 0,213821D 01

RESULTANT ORBIT SPECIFICATIONS
SEMIMAJOR AXIS= (.352788D 05 RNIN= (.288256D 05 RMAX= 0.8%17319D 05 ENERGY= -0.5649310 01
PERIOD= 0,65%9448D 05 HMAG= 0.116583D 06 H VECTOR 0.589215D 05 0.561255D 05 -0.834855D 05
EMAG= {.182918b 00 E VECTOR 0.1291%1D 00 -0.129428D0 00 0.416719D-D2 RMAG= (. H17245D 05
TOTAL BURX TIME= 0.369178D 03 ARC TIMES 0.120106D 04 0.255363p 03 0.187652p 05 0.113815D 03

DC  -0.309362D 03 (0.317683D 03 0.195678Dp 02 0.135471Dp 00 0. 159980D 00 0.188098D 00
0.176786D-004 -0.857154D-01 -0.224461D-08 0 ¢ 0.0 0.0
DETERHINANT OF F= 0.345157D 10 DIAGONAL OP E -0.207878D 05 -0.185524D 04 0.618760D 02 -0.850652D 05
~0.824959p 04 -0.225935Dp 04 -0.300208p 00 O0.1447148P-03 0.528743p-02 0.508284D~-05
pu= 0.5553620-01 DUDT= 0,102966D &1 CK= 0.100000D 01 EVT= 0.7100000D-07
CK=MIN OF 0.36013p 01 0.59249D 0% 0.10000D 01 0. 12304D 05 0.24180D 03 0,50047H M

CHANGE REQUESTET IN INITIAL COSTATE,SWITCHING TIMES AND FINAL TIUE
0.177390D-01 0.575240p-02 0.523117D-01 -0,176409D~04 0,774860D-05 0.468245D-0H4
0.107927p 02 0.108031%D 02 -0.280006D 02 -D.168308D 02
END OF ITERATION NUMBER 2
‘ NER QO 0.418663D 05 -0.907985D 0D O0.167435D-01 -0.470636D-03 -0.1106A3D-N2 -0,395174D-N3
NEW SWITCH TIMES N.214585Dp G4 0.200122D 04 0.211277D 05 £.212526D 0§



ITERATION NUMBER 3

COAST ARC
LEG= 1 SIATE AT END 0.524060D 04 -0.390723D 0L ~0.665974n 01 -0,468215D 01 -0 6256400 N1 -0 311033D-N1
COSTATE AT END -0.104918D 01 —-0.130487D 01 -0.328919p A0 -0, 130332D-02 0.8R5114D-03 -0.70u4827D-04
PsY= 0.185101D 00 ALPHA= -0,60883%2D 02 CALCULATED COAST TIME= 0,121185D 04
SBMIMAJOR AXIS= 0.654634D 08 RMIN= 0.653122D 04 RMAX= 0.656147D 00 ENERGY= -0,304446D0 02
PRRYOD= 0.527119D 04 HMAG= 0.510820p 05 H YECTOR 0.798618D 02 0.194182p 03 -0.510815D 05
EMAG= 0.231018D-02 E VECTOR 0,831756Dp-04 -0.230866D-02 -0.8645613D-0% RNAG= 0.653685D 04
BURN ARC
LEG= 2 STATE AT END 0.362823Dp 04 -~0.550177D 04 -0.695469D 02 -0.808B656D N1 ~0.623%91D 01 -0.506510D 0N
COSTATE AT END ~-0.133008D 01 -0.102130D 01 -0,331484D 00 -0,859594p-03 0.129238D-02 0.899343In-08
MASS AT END OF LEG= 0.692826D 07 NUMBER OF INTEGRATION STEPS IN BURN ARC= 3
COAST ARC
LEG= 3 STATE AT END -0.290958D 05 0,304904Dp 05 0,704041p 02 0.114525D 01 0.7110708BD 01 0.797194n-01
COSTATE AT END 0.392962D 00 0.353330D 00 0,163520D 01 0.354282D~04 -0,361030DP~04 (O 143025N-05
psy¥= 0.757655D 00 ALPHA= -0.163720D 02 CALCULATED COAST TIME= 0, 18726040 15
SEMIMAJOR AYIS= 0,243465D 05 RMIN= 0,654738D 04 RMaAX= O0.421457D 05 ENERGY= ~-0.878600D 01
PERIOD= 0.378065D 05 HMAG= 0.672142D 05 H VECTOR 0.235273Dp 04 0.280013p 04 -0.671301D 05
EMAG= 0.737T076D 00 B VECTOR 0.50343%Dp 00 -0.530113D 00 -0.130912D~02 RMAG= 0,421454D 05
BURN ARC
LEG= 4 S5TATE AT END -0,289233D 05 0.306526Dp 05 0.197156p 03 0,165880D 01 0,152538D 01 0.212397D 01
COSTATE AT END 0.397374p 00 0.348802D 00 0.163531D 01 0©,351832D-04 -0, 363556D-0& 0,341915D-N45

MASS AT END OF LEG= 0.413055D 07 NUNBER OF TNTEGRATION STEPS IN BURN ARC= 2
TARGET VEHICLE FINAL POSITION AND VELOCITY
R -0.289575D 05 0.306522D 05 0.194053D 03 v 0.161266D 01 0,150997D 01 0.213822p 01

RESULTANT ORBIT SPECIFICATIONS
SEMIMAJOR AXIS= O0.427401D 05 EMIN= 0,.820893D 05 BMAX= (.433908Dp 05 ENERGY= -0.466309D 01
PERIOD= 0.879353D 05 HMAG= 0.730508D 06 H VECTOR 0.648045D 05 0.517591D 05 -0.9496538D 05
EMAG= 0.152255D~01 E VECTOR -0.622105D~02 0.132014D-01 0.434007D-02 R¥AG= 0, 421447D 05
TOTAL BORN TIME= 0.380359p 03 ARC TINMES 0.121185D 04 0.255374p 03 0.187268D 05 0.124985D 03

pC -0.342972D 02 -0.407828D 00 ~0.310306D 0% ~0.461416D-01 ~0. 154 154p-01 0.142555D-01
-0.157282p-05 -0.905817D-02 0.3264420-05 0.0 0.0 0.0
DETERMINANT OF E= 0.596844D 10 DIAGONAL OF E -0.218607D 05 -0.243782D 04 0.163160D 03 -0, 166005n NS
-0.113989D 05 -0.253055D 04 -0.326874D 00 -0.812435Dp-n4 -0.919880D~02 0, 586795D-05
DU= 0.682015D-02 DUDT= 0.113840D 00 CK= 0.100000D 01 EVT= 0.100000D-07
CK=MIN OF 0.29027p 02 0.53545p 02 ©.10000D 01 O,32478D 04 O0.43636D 04 0.33982p 04

CHANGE REQUESTED IN IRITIAL COSTATE,SWITCHING I'IMES AND FINAL TIME
-0.363203D-02 -0.177758D-~02 -0.557877D-02 0.359956p-05 -0.292653p-05 ~0.314151D-05
-0.2943%9p 00 ~0.255003p 00 0.789075D 01 0©0.187236D 01
END OF ITERATION NUMBER 3
NEW Q0 0.415026D 00 ~0,909741D Q0 0.%11645p~01 -0, 467025D-03 -0.110953D-02 -0.398306D-013
NEW SWITCH TIMES 0.214556D 04 0.240097D 04 0.211295D 05 0.212545D 05



ITERATION NUMBER

COAST ARC
LEG= 1 STATE AT END 0.524198D 04 -0.390539D 04 -0.665058D 01 -0.U67995D 01 ~0.625804D 01 ~0.3%1061D-01
COSTATE AT EFD -0.105469D 01 -0.131068D 01 -0.332243D 00 -0.130879D-02 0.886090D-03 -0.544332D-04
PSY= 0. 185056D 00 ALPHA= -0.608892D 02 CALCULATED COAST TIME= 0.121156D 0O
SEMIMAJOR AXIS= 0.654634D 0% RMIN= (0,653122D 04 BRMAX= 0.656147D 04 BNERGY= -0.3044846D 02
PERIOD= 0.527119D 04 HMAG= 0,510820D 05 H VECTOR 0.798618D 02 0.194182D 03 -0.510815D 05
EMaG= 0.231018p~-02 E VECTCR 0.831756D0-04 -0.230866D-02 —-0.864613D~05 RMAG= 0.653685D 0&
BURN ARC
LEG= 2 STATE AT END 0.362975p 04 -0.550059p O4 -0.697346D 02 -0,.808575D 01 -0.624167D 01 -0.507672D 00
COSTATE AT END -0.133687D 01 -0.102644D 01 -0.333130D 00 -0.863374D-03 0.129603D-02 0.5631630-04
MASS AT END OF LEG= 0.692738D 07 RUMBER OF INTEGRATION STEPS IN BURN ARC= 3
COAST ARC
LEG= 3 STATE AT END -D.291283D 05 0,.30#4936p 05 O0.704947D 02 0. 114296D 01 0.110832D 01 0.798645D-01
COSTATE AT END 0.358181D 00 0.339522p 00 0.164611D 01 0.334510D-04 -0,.3471548D-04 0.458234D-06
PsYs 0.757600D 00 ALPHA= -0.163646D 02 CALCULATED COAST TIKE= 0.187286D )25
SEMIMAJOR AXIS= (0.2u3576D 05 RMIN= 0.658736D Of RMAX= 0.421578D 05 ERERGY= -0.8182280 01
PERIOD= 0.378323D 05 HMAG= 0.672165b 05 H VECTOR 0.235724D 04 0.280658D 04 -0.671321D 05
EMAG= 0.731198D 00 E VECTCR 0.503537D 00 -0.530188D 00 -0.132549D-02 RMAG= 0.421674D 05
BORN ARC
LEG= 4 STATE AT END -0,289545D 05 0.306550p 05 0.198022D 03 0. 1512870 01 0.150952Dp 01 0.213770D 01
COSTATE AT END 0.362347D 00 0.335170D 00 0. 164610D 01 0.332106D-0% -0.349383p-04 -0.635341D-N6

¥ASS AT EFD OF LEG= 0.413008D 07 NUMBER OF INTEGRATION STEPS IN BURHN ARC= 2
TARGET VEHICLE FINAL POSITION AND VELOCITY
B -0,289545p 05 0.306550D0 05 0,128056D 03 v 0.161295D 2% 0.150966D 01 0.213822D 0%

RESULIANT GRBIT SPECIPICATIONS
SENIMAJOR AXIS= 0.421548D 05 RMIN= 0.421416D 05 RHMAX= 0.421679D 05 ENERGY= -0.472784D 01
PERIOD= 0.861351D 05 HMAG= 0.129626D 06 H VECTOR 0.852323b 05 0,.5622156D 05 -~0.931500D 05
E#MaG= 0.312659D-03 B VECTOR 0.223096D0-03 -0.218821D-03 0.100806D-04 RMAG= 0.421679D 05
TOTAL BUBN TINB= 0.380380D 03 ARC TINES 0.121156D 04 0.255413Dp 03 0.187286D 05 0.1724963D N3

DC 0.134915D-01 0.445962Dp~-0% 0.346548D-01 ©.830917D-08 0.140930D-03 0.5209750-03
-0.377933Dp-08 -0.432389D~-03 0.520904D-07 0.0 0.0 9.0

DETERMINANT OF E= 0.598783D 10 DIAGONAL OF E -0.217546D 05 -0,245682D 04 0.142653D 03 -0.197807D 05

-0.113223p 05 -0.251065p 04 -0.325230D0 00 -0.901942n-084 -0.8288%1D-02 (.592425D~N5

Du= 0.137203D-03 DUDT= 0.174784D-02 CK= 0.100000D 01 BYT= 0.100000D~-07

CK=MIN OF 0.14577p 04 0.34878D 04 0.10000D 01 0.98475D 05 D.14340Dp 07 0.24517D 04

CHANGE REQUESTEED IN INITIAL COSTATE,SWITCHING TIMES AND FIKAL TIMNE
-0.354769D-04 -0.177964D-04 -0.1313370-03 0.308003p-07 -0.333872D-07 0.7302100-07
-0.228685D-02 -~0.358370p-02 -0.101139D-01 0.153723Dp-N1
END OF ITERATION NUMBER 4
NEW QO 0.474991p 00 -0.909759D 00 0.110331D~-01 ~0.466994D-03 ~0.110956D-02 -0.3982330-03
NEW SWITCH TIMES - 0.214555D 04 0.240096D 04 0.211295D 05 0.212545D 05



ITERATION NUMBER S

COAST ARC

LEG= 1 STATE AT END
COSTATE AT END

BSY=
SENTIMAJOR AXIS=
PERIOD=

EHAG=
BURN ARC

0, 185056D
0.527119D 04

0.231018p-02 E VECTOR

LEG= 2 STATE AT END
4 COSTATE AT END

MASS AT END OF LEG=

COAST AGRC

LEG= 3 STATE AT END
COSTATE AT END
Psti= 0.757600D

SEMIMAJOR AXIS=
PERIOD=

EMAG=
BUEN ARC

LEG= 4 STATE AT END
COSTATE AT END

MASS AT END OF LEG=
FINAL POSITION
R -0.289545p 05 0.30655%tD 05 0,198089D 03

TARGET VEHICLE

0.526199D 04 -0,390538D 04 -0.665051 01 -N, 8679930 01 -0.6258950 01 ~0 3IT19610-01
-0.1054760 071 -0. 1310740 01 -0.332199D 00 -0.130885D-02 0.886103D-03 -0.642700D-04
on ALPHA= ~0.608892D 02

0.654634D 04 RMIN=

CALCULATED COAST TINE= 0.121155D 0&

0.653122D0 04 RMAX= 0,656147D 04 ENERGY= -0.304446D 02
HMAG= 0.5170820D 05 H YECTOR 0.798618D 02 0.194182Dp 03 -03.510875D 05

$.831756D-04 -0.230866D~02 -0.864613D-05 RMAG= (.653685D 04

0.362977 04 -0.550057D 04 -0.697216D 02 ~-0.808574p 01 ~0.628169D 01 -0.5075520 20
~0.133695D 01 -0.102649D 01 -0.333047p 00 -0.863428Dp~03 0.129607D-02 O0.5705580-04

G.692741D 07

~0.291243D 05 0.304936D 05
0.358079D 00 0.339477p Q0
0o ALPHA= -0.163646D 02

0.2483576D 05 RMIN=
0.378323D 05 HMAG=
#.731198D 00 E VECTOR

0.672165D 05
0.503537D 00 -0.530189D 00 -0.132577D-02 RAAG= 0.421674D NS

NOMBER OF INTEGRATION STEPS IN BURN ARC= 3

0.705106Dp 02 0. 114296p 01 0N 1108330 01 0.793460D~-01
D.TEUST7D 01 0.334458D-04 -0.347118Dp-04 0.4734409D-05
CALCULATED COAST TIME= 0.187286D 05

0.654736D OU4 RMAX= O,.421579D 05 ENERGY= ~0.818228D 01

H VECTOR

0.235665D 04 0.280605D 04 -0.671321D 05

-0.289545D 05 0.306%551D 05 0.198089D 03 0.1612950 01 D0.1509660 01 0 213822D D1
0.362244Dp 00 0.335124p 00

RESHULTANT ORBIT SPECIFICATIONS

SEHINAJOR AXIS=
PERIOD=

BHAG=

TOTAL BURH TINE= 0.380404

DC ~-2.384675D-03

0.148425D-10
DETERMINANT OF E=
=-0.113305D 05
DY= 0,518046D~07 DUDT=
CK=HIN OF

0.38607D

0.421678D 05 BRMIN=
0.861752D 05 HMAG=
0.,271196p-05 B VECTIOR

D 03 ARC TINES

0.317517p-04 ~0.196088D-04
0.460771D-06 —-0.240278D~10 0.0
0.599534D 10 DIAGONAL OF B -0.,217534D 05 -0.245960D 04 O0.142443Dp 03 -0,191503D 05
-0.903365D-04 -0.827456D~02 0.592797D-05

0.100000D 01 EVT= 0.,100000D-07

~0.257111D 04 ~0,325336D 00
0,182016D-05 CK=
07 0.33492Dp 07

0.412954Dp 07
AND VELOCITY

v

0.164576D0 01 0.332053D-04 -0.34%347D-04 -0.659162D-06
RUMBER OF INTEGRATTON STEPS IN BORR ARC= 2

0.161295D 01 0.150966D 01 0.213822p M

0.421677D 05 RMAX= 0.421679D 05 ENBRGY= -0.4725637D 01

0.129646D 06 H VECTOR 0.652483D 05 0.622307D 05 -0.931567Dp 05
0.1719750-05 -0.208828D-05 -0.190480D-06 RHMAG= O.421679D 05

0.121155Dp 04 0.255412p 03 0.187286Dp 05 (0.712u992D 03

0.10000D 01

0.131628p~06 (.173770p-07 -0.1745280-07

0.0 0.0

0.78409Dp 08 0. u48664D 10 0,99215D N8

CHARGE REQUESTED YN INITIAL COSTATE,SHWIICHING TIMES AKND FINWAL TIME

0.342414b-07

., END OF ITERATION NUMBER 5
NEW QO 0.414991p 00 -0.909759p 00

NEW SWITICH TIMES

0.160488D-07

0.354073D-07

-0.355641D~-10 0.243606D-10 -0.785175D-1¢

0.956533p-06 0,258524p-05 0.660976D~06 O,310746D-07

0.214535D 04

0.2u0096D OB

0.211295D 05

0.110332p-01 -0.866994p-03 ~0.110956D-02 -0.398233p~07

0.212545D 05



ITERATION NUMBER

6

COAST ARC

LEG= 1 STATE AT END 0.524199p 0% -0.390538D 04 -0,665051D 01 -0.467993D £1 -n.6£25805D 01 -N,3110610-01
COSTATE AT END -0.105476D 01 -0.131074D 01 -0.332199D 00 -0.130885D-N2 0,B85193D-N3 -0 682709D-04

PsY= 0.185056D 00 ALPHA= -0.608892D 02 CALCOLATED CORST TIME= 0.121155D &
SEMINAJOR AXIS= 0.654634D 04 RMIN= (.653122D 04 ERMAX= 0.656147D O4 ENERGY= —0.308445D 02
PERIOD= 0,527119D 04 HMAG= 0,510820D 05 H VECTOR 0.798618D 02 0.194182D 03 -0.510815D 05
EXAG= 0.231018D-02 E VECTOR 0.831756D-04 ~-0.230866D-02 ~0.864613D~05 RMAG= 0,653685D 04
BURN ARC

LEG= 2 STATE AT END 0.362977D 04 -0.550057D 04 -0.697216D 02 —-0.808574D 01 -0.624169D 01 -0,507552n NI
COSTATE AT E¥p -0.133695p 01 -0.102649D 0% -0.333048D Q0 -0.863428D-03 0, 129607D-02 0, 570558504

MASS AT END OP LEG= (0.692741D 07 NOUMBER OF INTEGRATION STEPS IN BURKN ARC= 3
COAST ARC

LEG= 3 STATE AT END -0.291243D 05 0.304936p 05 0.705106D 02 0.114296D 01 0.110833D 01 0.798460D-01
COSTATE AT EMD 0.358079D 00 0.33%4770 00 0.164577D 01 0.334458D-04 -0.347118p~-00  Q,438416D-06

PSY= 0.757600D 00 ALPHA= -0.71636460 02 CALCULATED COAST TIME= 0.187286D "5
SEMINAJOR AXIS= 0,243576D 05 RMIN= 0.654736D 04 RMAX= 0.421679D 05 ENERGY= -(0.818228D 01
PERIOD= (.378323D 05 HAMAG= 0.672165D 05 H VECTOR 0.235665%D 04 0.240605D 04 -0.671321D 05
BEMAG= 0.731198D 00 E VECTOR 0.503537D 00 -0.530189D 00 -0.132577D-02 REAG= O0.421675D 05

BURN ARC

LEG= 4 STATE AT END ~-0.289545D 05 0.,306551p 05 0.198089D 03 0.161295D 01 0.150966D 01 0.213822n 01
COSTATE AT END 0.362245p 00 0.335125D 00 0.164576D 01 0.332053D-04 -0.349347D-084 -0.659155D-06

MASS AT END OF LEG= {Q,412954D 07 NUMBER OF INTEGRATION STEPS IN BURW ARC= 2
TARGET VEHICLE PINAL POSITION AND VELOCITY
R -0.289545Dp 05 0.306551D 05 0.198089D 03 v 0.161295p 01 0,.150966D 01 0, 273822D 01

RESULTANT ORBIT SPECIFICATIONS
SEMINAJOR AXIS= 0.421678D 05 RMIN= 0,421677D 05 RMAX= 0.421679D 05 ENERGY= -0.#72637D 01
PERIOD= 0.861752D 05 HMAG= O, 1296860 06 H VECTOR 0.652u483D 05 0.522307D 05 -0.931567D 05
. EMAG= 0.266009D-05 E VECTOR 0.170161D-05 -0.203768p-05 -0.169356D~-06 RMAG= 0.421679D 05
TOTAL BURN TIME= 0.380404D 03 ARC TIMES 0.121155D 04 0.255412Dp 03 0.187286D 05 0.123932Db 03



TEST CASE NUMBER 2 FOR DOUBLE PRECISION DECK
RENDEZVOUS , 44 DEGREE PLANE CHANGE (7,/8,/69)

APRIL 28,1970

ITERATION TOTAL BURN TIME

NOKBER

il 2 WK -

LTERATION
NUMBER

(SN R VLI & QY

ITERATION
NUMBER

Lo wh -

ITERATION
NUHWBER

NMEWN O

0.3739779D 03
0.3691784p 03
0.3803586D 03
0.380379D 03
0.3802038D 03
0.3804038D 03

0.251195D 04
-0.309362D 03

-0.342972p 02 -0.407428D 00
0.445962D-01
~0.384675D~-03 0.3175170-04

0.144916D-01

0.1915511Dp-04
~0.2244607D~084
0.3264418D-05
0.5209039D-07
~0.2502782D-10

0.46017880p 00
0.40157417D 00
0.41366804D 0)
0.81502616D 02
0.41499068D 00
0.41499071D 00

0.1113687D
0.1201057p
N.1211850D
0.1211555D
0.1211553D
0.1211553p

0.441559D 04
0.317683n 03

0y
04
04
04
o4
o4

SUMMARY TABLES

LENGTH OF BURN AND COAST ARCS

0.2551809D
0.2553634D
0.2553738D
0.2554131p
0.2554118D
0.2554118D

03
03
03
03
03
03

0.1872919D
0.1876524D
0.1872644D
0.1872858D
0.1872857D
0.1872857D

05
05
05
05
05
05

0.1187970D
0.1138150D
0.1249849D
0.1249665D
0.1249920D
C.1249920D

03
03
03
03

03

ERROR IN BOUNDARY CONDITIONS-DC {1-8)

-0.172545D 03

0.
0'

1956780 02

0.538835p 00 0.746112D 00

0.135471D 00

0.159980D 00

0.762818D-01 —0.291278D~03 -0. 126512D 00

0.188098D 00 0.176786D-04 -0,.857154D-01

3465480-01

DC (9-12)

NEW

-0.88685450D 00
~0.31513656D 00
~0,90798498D 00
-0.90974098D 00
=0.90975876D 00
-0.90975875D 00

Q0 GENERATED BY

0.41527300D-01
-0.35542380D-01
0.16743494D-01
0.11164458D-01
0.11033122D-01
0.11033157D-01

~0.310306D 01 -0.461416P-01 -0. 154154Dp~01
0.830917p-04
~-0.196088D-04 0.13162BD-06

0.140930D-03
0.1737700-07 -0.174528D-07 0O, 148425D-10

0.142555D-01 -0.157282D~05 -0, 905817Dp-n2
0.520975p-03 -0.377933D-08 -0, 432389p-03
0.460771D-06

e} DuUnT cK
7 0,7012535D 00 0.1657938D 01 0.1000000D 01
0.5553624D-01 0,1029662D 01  0,1000G00D 01
N.6890147D-02 9.1138397D N0 0,1000N00D 01
0.1372028D0-03 0,1747843D-02 0, 10000000 01
0.5180462D~07 0.1820162D-05 0.10000002 01

PRESENT ITERATION

-0.43940000n-03
~0.45371994Dp~03
~0.47063562p~03
-0.046702498D~03
~0.46699417D-03
-0.46699421b-03

=0.10504000D~02
=0.11160821D=~02
=0.11066283D-02
-0.11095285Dp~-n2
~-0.11095618D-02
=0.11095618D-N2

-0.40810000D-073
-0.442607190~013
~0.39517370D-03
~0.39830576D-03
=0.39823272D-03
~0,39823280Dp-01



