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FOREWORD

This report describes work performed under Contract NAS5-11193 for the
NASA Goddard Space Flight Center. It consists of two parts. PartI presents the
analytical development and Part II describes the SWINGBY computer program,
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ABSTRACT

SWINGBY is a segmented two-body low thrust interplanetary swingby trajectory
and performance optimization program. The program explicitly includes both planeto-
centric and heliocentric phases by linking together a series of two¥ody, low thrust
trajectories that are alternately planetocentric and heliocentric. At the patch points, the
position and velocity are continuous, although the gravitational acceleration is discon-
tinuous. Particular attention is given to the severe sensitivity problem inherent in
swingby trajectories, and the program is designed to greatly alleviate the problem.

Wide flexibility is provided in selecting the performance index and in specifying boundary
conditions, Provisions are also made for generating optimum single leg trajectories.

The indirect method of optimization is employed,
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PART 1

ANALYSIS AND PROBRLEM DEFINITION



Symbol

NOMENCLATURE

Definition

Vector of control parameters.
Arbitrary set of unit vectors.

Coefficients in polynomial expression for power variation
with solar distance,

Reference thrust acceleration, equal to the thrust evaluated
at 1 AU divided by the initial spacecraft mass.

Coefficient in equation for propulsion system efficiency.

Vector of parameters representing arbitrary functions of the
boundary values of the state variables.

Coefficients in the expression for the initial spacecraft mass.

Jet exhaust speed of the low thrust propulsion system.

Constant appearing in the equation for the propulsion
system efficiency.

Eccentricity of the launch hyperbola,

Eccentrlclty of the hyperbolic trajectory approaching the
target planet prior to the retro maneuver.

Unit vector in the direction of thrust.

Scalar function defined by equation (88),

Hyperbohc anomaly of the launch hyperbola at the sphere of
influence,

Scalar function defined by equation (157).

Hyperbolic anomaly of the target planet approach hyperbola at
the sphere of mfluence
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Definition

Right hand side of general first order differential equation
before and after, respectively, an event which causes the form
of the differential equation to change.

General form of the vector of discontinuities in state variables.

Element of G associated with the mass ratio.

Planetocentric angular momentum vector at the closest
approach point of the swingby planet.

Step function, equal to one inside the swingby planet sphere
of influence and equal to zero outside.

Step function, equal to one if the switch function is positive
and equal to zero if the switch function is negative.

Inclination of the heliocentric trajectory relative to the ecliptic
plane,

Unit vectors along the axes of an inertial Cartesian coordinate system,
i directed toward the Vernal Equinox, k along the ecliptic North
Pole, and J =k x .

Inclination of the launch hyperbola relative to the equatorial
plane of the launch planet.

Inclination of the approach hyperbola relative to the equatorial
plane of the target planet.

Variational Hamiltonian.

Flag set equal to zero for optimal thrusting within swingby
planet sphere of influence and equal to one for imposed coasting.

Flag set equal to one if the low thrust propulsion system is to
be jettisoned prior to the retro maneuver and equal to zero
otherwise,

Flag set equal to one if a retro stage is to be employed and
equal to zero otherwise.

Flag set equal to one if the low thrust propellant tankage is to
be jettisoned prior to a retro maneuver and equal to zero
otherwise.
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Definition

Tankage factor of retro stage,
Structural factor of spacecraft;
Low thrust propellant tankage factor.

Swingby planet scientific package mass factor.

Unit vectors along axes of Cartesian coordinate system associated
with launch planet; n is direction of launch planet North Pole,

1 along the vector kxn,andm =n x71.
e e e

e e

Unit vectors defined as above, except associated with the
swingby planet.

Unit vectors defined as above, except associated with the
target planet.

Inert mass of the retro stage.

Net spacecraft mass.

Initial spacecraft mass.

Low-thrust propellant mass.

Retro propellant mass.

Low thrust propulsion system mass.

Retro stage mass.

Spacecraft structural mass (proportional to initial mass).

Low thrust propellant tankage mass.

- Mass of scientific package jettisoned at the swingby planet.
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Definition

Lagrange multiplier vector used to adjoin state variable
discontinuities to the performance index.

Heliocentric position vector of the swingby planet.

Net conditioned power.

Heliocentric position vector of the launch planet.

Beam power of the propulsion system.

Reference power of the propulsion system, evaluated at 1 AU,
Heliocentric position vector of the target planet.

Vector function defined by equation (26).
Heliocentric distance of the spacecraft.
Heliocentric position vector of the spacecraft.

Spacecraft position relative to the launch planet at exit from its
sphere of influence.

Radius of the launch parking orbit.
Radius of the launch planet sphere of influence.
Distance from the center of the swingby planet.

Planetocentric position vector of the spacecraft relative to
the swingby planet,

Radius of the swingby planet sphere of influence.

Spacecraft position relative to the target planet at entry into

o its sphere of influence,

Apocenter distance of the final orbit about the target planet,
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Definition

Pericenter distance of the final orbit about the target planet.

Radius of the sphere of influence of the target planet.

Dummy variable of integration,

Value of s at which the sphere of influence is crossed.

Time,

Arrival date at the target.

Date of departure from the launch planet.

Time at the sphere of influence of a planet.

Date of swingby.

Time within the sphere of influence of the target planet.
Time within the sphere of influence of the launch planet.

Vector of control variables.
Heliocentric speed of the spacecraft.
Heliocentric velocity of the spacecraft.

Characteristic speed required at the launch parking orbit
to achieve the specified launch energy.

Escape speed at the launch parking orbit,
Same as v .
e

Speed relative to the launch planet at exit from the sphere

~ of influence.

Final heliocentric velocity vector.
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Definition

Speed relative to the swingby planet at closest approach,

Incremental speed required of the retro stage.

Speed relative to the target planet at pericenter of the approach
hyperbola before the retro maneuver.

Speed relative to the target planet at entry of the sphere of
influence.

Hyperbolic excess speed at the target planet,

Hyperbolic excess velocity at the target planet.
Hyperbolic excess speed at the launch planet,

Vector of state variables.

Cartesian components of the final heliocentric position.
Limiting value of the arbitrary function x(s) at s=s as s
approaches sp from s > sp. P

Limiting value of the arbitrary function k(s) at s=s_ as s
approaches sp from s <sp. P

Specific propulsion system mass.

Ratio of instantaneous power to power at 1 AU. Also denotes
heliocentric flight path angle in discussion of end conditions.

Flight path angle relative to the launch planet at exit from the
sphere of influence.

Flight path angle relative to the swingby planet.

Flight path angle relative to the target planet at entry into
the sphere of influence.

Derivative of the ratio of instantaneous power to reference power

with respect to heliocentric distance.
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Definition

Constant increment of science package jettisoned at the
swingby planet.

Total mission duration.
First leg flight time.
Second leg flight time.

Propulsion system efficiency.

Derivative of efficiency with respect to jet exhaust speed.
Magnitude of the vector A.

Vector of variables adjoint to the state variables.

Function defined by equation (66),

Lagrange multiplier adjoint to the reference thrust acceleration.

Lagrange multiplier adjoint to the low thrust jet exhaust speed.
Vector of variables adjoint to the heliocentric position vector.
Lagrange multiplier adjoint to time.

Vector of variables adjoint to the heliocentric velocity vector.
Magnitude of AV .

Lagrange multiplier adjoint to the mass ratio.

Gravitational constant of the sun.

Gravitational constant of the launch planet.
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Definition

Gravitational constant of the swingby planet.
Gravitational constant of the target planet,

Ratio of instantaneous spacecraft mass to initial mass. Also,'
Lagrange multiplier used to adjoin function defining discontinuity
time to the performance index.

Function defined by equation (24) or, for the more general
problem, by equation (49).

Switch function, defined by equations (81).

Time interval between the swingby passage point and the sphere
of influence of the launch or target planet.

Performance index.
Augmented performance index.

Partial derivative of ¢ w.r.t. reference thrust acceleration.
Partial derivative of ¢ w.r.t. jet exhaust speed.

Partial derivative of ¢ w.r.t. time.

Partial derivative of ¢ w.r.t. arrival hyperbolic excess speed.
Partial derivative of ¢ w.r.t. departure hyperbolic excess
speed.

Partial derivative of ¢ w.r.t. mass ratio.

General form of the end condition constraints.

Angular position of spacecraft measured in the osculating
heliocentric trajectory plane from the line of ascending node
positive in the direction of motion.
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Definition

Angular position of the spacecraft at the launch planet sphere of
influence, measured in the planetocentric trajectory plane from
the line of ascending node, positive in the direction of motion.

= w - L
es yes

Angular position of the spacecraft at the swingby passage point
measured in the osculating planetocentric trajectory plane from

the line of ascending node, positive in the direction of motion.

Angular position of the spacecraft at the target planet sphere of
influence measured in the planetocentric trajectory plane from
the line of ascending node, positive in the direction of motion.

="%s_‘yts'

Longitude of the ascending node of the heliocentric trajectory
on the ecliptic plane measured eastward from i.

Longitude of the ascending node of the planetocentric launch
hyperbola on the launch planet equatorial plane measured
eastward from ?;e .

Longitude of the ascending node of the osculating planetocentric
trajectory relative to the swingby planet on the planet's equatorial
plane measured eastward from 1p

Longitude of the ascending node of the planetocentric arrival
hyperbola on the target planet equatorial plane measured

eastward from Zt .

Denotes that () is evaluated along first and second trajectory
leg, respectively. -

First, second, and third time derivative of (), respectively.
First and second derivative, respectively, of () w.r.t. s.

Denotes prescribed value of () in Appendix A.
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INTRODUCTION

The fact that significant performance gains may be achieved with the use of
swingby (gravity-assist) trajectories for certain ballistic interplanetary and solar
system missions has been known for some time. These gains may either be realized
in terms of increased scientific payload for a given mission duration or, conversely,
in terms of a reduction in flight'time at littie or no cost in payload. Swingby missions
to nearby planets that appear particularly promising include Mercury probe missions
past Venus 1 and short-duration round-trips to Mars employing a swingby past Venus

on either the out-bound or homebound legs. Because of its great mass, Jupiter

has received much attention as a potential swingby planet for such missions as out-of-

the-ecliptic, solar, and deep space probes,4’ o and flybys of the outer planets.

The extent to which the use of swingby trajectories are applicable to interplanetafy
and solar system missions employing electric propulsion can only be conjectured at
the present time, because no concerted effort has been made to assess the performance
of this particular combinatioﬁ of trajectory profile and propulsion system. The singular
contribution to this subject is by Flandro,8 who showed that significant performance
gains may be achieved for Jupiter swingby missions to the outer planets by using solar
electric propulsion on the Earth-Jupiter leg. He obtained the low-thrust swingby tra-
jectories by linking the appropriate post-Jupiter bailistic continuation trajectory to an
optimum low-thrust Earth-Jupiter flyby trajectory. This is probably not the optimum
swingby trajectory; however, for solar electric propulsion, it may be a good approxima- |

tion to the optimum. Flandro did not compare the performance of low-thrust swingbys

I-11



with that of low-thrust direct flights to a specific destination. However, his data were
compared to the author's unpublished low-thrust flyby trajectory data to the outer
planets for the same launch vehicle and specific propulsion system mass. This
comparison indicated that a payload gain of 30-50 percent or, conversely, a reduction
in mission duration of 25 percent, may be achieved through the use of the Jupiter

swingby for low-thrust missions to Uranus or Neptune.

The potential attractiveness of low-thrust swingby trajectories has not been
overlooked in the past. The present absence of definitive information on the subject is
simply due to the fact that it is an exceedingly difficult problem,and no computer
programs capable of treating the problem are currently available. The generation of
optimum low-thrust trajectory data for direct flights from Earth to a specific destina-
tion is no simple task, and introduction of the dynamics and the effects of an intermedi-
ate planetary encounter greatly magnifies the complexity and increases the dimen-

sionality of the problem.

In this report, the necessary groundwork is laid for t‘t;e development of
a patched-conic low-thrust swingby trajectory optimization computer program. The
problem to be treated is explicitly stated and formulated for solution by an indirect
method of optimizaj:ion. The Pontryagin‘Maximum Principle is then applied to yield
the necessary conditions that must be satisfied by the solution to the problem. Through-
out the formulation of the préblem and sélution, care is taken to assure maximum
flexibility in choosing the type of missiqn, the mode of operation, and the variety of

~ boundary conditions.
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PROBLEM FORMULATION

Desired Program Features

The problem we seek to solve is that of finding an optimum low-thrust trajectory
employing a gravitational assist from an intermediate planet. We wish to obtain the solu-
tion of this problem within the framework of a patched-conic formulation. That is, two-
body motion is assumed throughout the mission with planetocentric motion assumed
within a planet's sphere of influence and heliocentric motion outside. At the sphere of
influence the trajectories in the two reference frames are patched so as to maintain

continuity in both position and velocity.

To provide as much flexibility as possible in the operation of the program, a number
of program options and features are desired. Among these are the following:

1) Permit optimal thrusting or imposed coasting within the sphere of

influence of the swingby planet.

2) Allow specification of constraints on the swingby trajectory in terms of

passage distance, passage speed, and/or inclination to the planet's equator,

3) Permit end conditions compatible with missions to non-specific space points,
such as distance or inclination out-of-the-ecliptic, heliocentric distance,

etc., as well as flyby and orbiter missions to any of the planets.

4) Incorporate a sufficiently general propulsion system model to permit simu-
lating either nuclear-electric or solar-electric propulsion with high thrust

maneuvers at each end.
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5) Relate Earth-launch conditions to capabilities of specific launch vehicles.

Thrusting within the spheres of influence of either the launch or target planets will not
be permitted; however, motion and time within the spheres are included in the formula-

tion,

Propulsion System Characteristics

The low thrust propulsion system model will assume constant jet exhaust speed
(i.e., constant specific impulse) for both nuclear and solar electric systems. For solar
electric systems, the net conditioned power will be taken as a function of the heliocentric

distance, i.e.,
b () =P, Y() | (1)

where pC (r) is the net conditioned power at a distance r from the sun, p0 is the net
conditioned power at 1 AU, and ‘% represents the variation in power as a function of

distance. It will be assumed here that 7 is of the form

s

o i/2 @)

1
Y TS Y
r

with the a, being a set of input constants satisfying the constraint

2.a, =1 ; | (3)‘

It is possible that the right side of (2) may bé negative for certain values of r.

If this occurs, it is understood that ¥ (r) will be set to zero.
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For nuclear electric propulsion systems, the same formulation will be employed;

however, we will impose the identity

Y =1 (4)

The overall efficiency, 7, of the propulsion system will be taken as a function of the

jet exhaust speed, c. The specific form assumed is

n=——s )

where b and d are input constants. Thus the jet, or beam, power, pj, of the pro-

pulsion system is

pj=npc=n7po=7moaoc/2 (6)

where a0 represents the thrust acceleration at 1 AU and mo is the initial spacecraft
mass. The mass of the propulsion system, mps’ is assumed to be linearly proportional

to the power at 1 AU, i.e.,

m s = ep, ()

where « denotes the specific mass of the propulsion system.

Spacecraft Mass Components

In addition to the propulsion system, the spacecraft is assumed to be comprised
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of low-thrust propellant and tankage, structure, retro propulsion system, and a mass
package that is jettisoned upon approach of the swingby planet. The masses of these
various systems will be denoted mp and m ¢ for the propellant and tankage, respec-
tively; ms for the structure, mr for the retro propulsion system, and mX for the
package jettisoned at the swingby planet. The spacecraft mass in excess of these items
will be termed net spacecraft mass and denoted mn. Then the initial spacecraft mass

is written as the sum of these components as follows:

m “=m +m-+m+m-+m+m-+m (8)
0 ps p t s r X n

The initial spacecraft mass is equated to the payload of the specified launch vehicle,
which is related to the launch energy (departure hyperbolic!excess speed). Since the
launch vehicle payload capability may be closely approximated with a simple exponential

equation in the characteristic velocity, we assume mo to be of the form

-v /b
_ c 2
m0 ble -b3 9)
where f———z——-z—
Vc='\/v°°d +Ve (10)

with Ved being the departure excess speed and Ve the escape speed from a 185
kilometer circular orbit, and b 1’ bz, and b3 are input constants representing a

specific launch vehicle. The low-thrust propellant and tankage masses are evaluated
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mp = J;; (-m) dt (11)
o

mt = ktmp (12)

where to and tf denote initial and final times, respectively, m is the propellant

flow rate of the propulsion system, and kt is a specified proportionality factor. The

structure mass is linearly proportional to the initial mass, i.e.,

m =k m K (13)

with k being a specified constant. The retro propulsion system is comprised of
S
propellant, mpr, and inert mass, mi, which are evaluated as follows:

-v /e

_ _ _ s . _ rr
mpr = (m0 mp mX Jpsmps ]tmt) (1-e ) (14)

m =km (15)
where jps and j ¢ are input flags, equal to one if the low thrust propulsion system and
tankage are to be jettisoned prior to the retro maneuver and equal to zero otherwise,
vr is the velocity increment to be supplied by the retro stage, c. is the retro jet exhaust

speed, and kr is a specified constant. The mass of the science package jettisoned at

the swingby planet is written

m_ = AmX + kxmo (16)
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where both Amx and kX are specified constants.

Equations of Motion

The two-body equations of motion of the spacecraft outside the sphere of influence

* .
of any planet may be written: -
ay
L o’ -. R
R = ho T B (17)
r
a 'y
p=-h — (18)
o c

where a; ¢, and v are as defined previously, R is the heliocentric position vector,
r= IRI, v is the ratio of instantaneous mass to initial mass, ET is a unit vector in
the direction of thrust, p is the gravitational constant of the sun, and ho is a step
function,equal to one if the low thrust propuls’ion system is on and zero if the propulsion

system is off. Within the sphere of influence of the swingby planet, two-body motion

relative to the planet is assumed and the acceleration may be written

. ao‘y Rp
Rp = (1-5,) ho_ = ety -r-3— (19)
p
where we define
R =R-P 20
p | (20)

*Upper case letters denote vectors, lower case letters with bars denote unit
vectors, and all other lower case symbols denote scalars.
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R =R-P (21)

with up being the gravitational constant of the swingby planet, rp = l Rp |, and P

and P are the position and velocity, respectively, of the swingby planet. The flag
j is input,equal to one if imposed coasting within the sphere of influence is desired
c

and equal to zero otherwise. Finally, we make the assumption that, within the sphere

of influence,

ﬁ=%ﬁ§ (22)

where P is the acceleration of the swingby planet as obtained from whatever

ephemeris model is being used. P, P and P are functions only of time.

The equations (17) and (19) may be combined by introducing the Heaviside

step function hp with properties

_J1if p>0

hp Q0 if p<o (23)
where =yr =T 24

P=r s~ Ty (24)
with rps being a specified value representing the radius of the sphere of influence
of the swingby planet. That is

ay '
R = -1 —o—. a - _E. -
R=( ]chp) ho ” e~ K r3 hpQ (25)
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where Q=u P ~-y—-P (26)
p 3 3
r r
p
Also, we may write
ao'y
o=~ (1-jh ) b —- (27)

Consequently, equations (25) and (27) represent the complete set of equations of
motion and are valid throughout both the heliocentric and planetocentric phases of the

~
trajectory.

Expanded State Equations

Our problem is to determine the optimum direction of éT as a function of
time and the conditions under which ho_ switches optimally between zero and one,
subject to the condition that the spacecraft pass within the sphere of influence of the
swingby planet. We also seek optimum values of selected boundary conditions as
well as certain propulsion system parameters. Two optimization criteria are of
particular interest—maximum net spacecraft mass and minimum mission duration.
This optimization problem begins upon leaving the sphere of influence of the launch

planet and terminates upon entry into the sphere of influence of the target planet.

This would be a standard problem in the calculus of variations were it not for the
express and implied constraints imposed at an intermediate point of the problem (i.e.,
at the time of swingby). Variational problems with intermediate point constraints are

treated classically using a technique known as the D enbow transformation. The purpose
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of the Denbow transformation is to convert the original problem with intermediate point

cc;nstraints into one with only end-point constrqints. This is accomplished by separating
the path into a series of segments, the end-points of which are the end and the intermediate
constraint points of the original problem. A dummy variable of integration is then intro-
duced which is linear in time but scaled such that the time duration of each segment
corresponds to the interval [0,1] of the dummy variable. Finally a complete set

of state variables is introduced for each segment, and equations of motion are developed
with the dummy variable as the independent variable of integration. The standard Varia-

tional calculus approach may then be applied to the expanded set of equations of motion.

We will employ this general approach by separating the total mission into two
segments, the first corresponding to the launch-to-swingby planet trajectory and the
second corresponding to the swingby-to-target planet trajectory. Specifically, the point
at which the two segments are separated is the point of closest approach of the swingby
planet. A slight deviation from the standard application of the Denbow transformation
will be pursued because we wish to commence the integration of both trajectory segments
at the swingby planet and proceed in both directions to the launch and target planets.

. It is thought that this approach will help to reduce the sensitivity of the boundary value

problem and thereby facilitate convergence.

In pursuit of our objective, we introduce the notation of pre-subscripts 1 and
2 to distinguish between variables associated with the first and second trajectory segments,
respectively. Now, eliminate the second-order differential equations in favor of first-.

order equations by introducing the velocity vector, V, in the state; i.e.,
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ao ly 4
} = -1 h a - cmn— -
1V ) e 5 1% T3 1B 1P a® (28)
1 r
1
a__y
. . 01
TR S LV
for the first segment, and
oR =,V
. aoz'y -
oV = (dg oh ) 9Py v 2T T 32 2l 29 (29)
r
2
aoz" ;

oV =~ Al Zh;) e o

for the second segment. To convert these equations to the dummy independent variable,
which will be denoted s, it is necessary to specify the relationships between time on
each segment and s. Let 1ts and 2ts represent time on the first segment at the
sphere of influence of the launch planet and time on the second segment at the sphere of
influence of the target planet, respectively, and denote tsw as the time of closest
"approach of the swingby pianet. Then, since we wish to integrate in both directi‘ons from

the swingby closest’approach point, we specify that s = 0 corresponds to the closest

approach point of both segments and s =1 corresponds to departing the launch planet
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sphere of influence on the first segment and entering the target planet sphere of influence
on the second segment, Denoting lt and 2t as time along the first and second segments,

respectively, and defining the parameters

1 sw 1s
(30)
ZT - 2ts - 1:sw
then time on each segment is related to s as follows:
t=t -
1 sw IT S
(31)
t=t +
2 sSwW ZT S
Denoting derivatives with respect to s with the prime, one obtains by inspection
t' = -~
1 17
(32
! =
ot T o7
Furthermsre, since
y=d d _t
(Or=d (ya
(33)

2( )=d2( )/d 21;

the expanded set of equations of motion with s as the independent variable is immedi-

- 1-23



ately obtained from the chain rule;i.e.,

= R ' = -
B RV

ao 17

' = ‘.]t’.:_ [... o __u_ h ]
AR AL L K PP L L ML e PP
1 r
1
Y
. ol
V= o (1- h
VT Y ST R e S
1= R 4+ =
of TRt =, ToV
a
vi= Vot [(13 h) h Jo2” o Q]
2 c2'p 20 v 2°T SRPLIY)
2
a__y
V= 4= i 02
2V 2"'2t 2T @ ]czhp) 2h0' c

Equations (32) and (34) constitute the complete set of equations of motion; equations

(32) are included because time must now be considered as a state variable since it has

been replaced as the independent variable of integration but still appears explicitly in

(34) through the ephemeris terms in Q.
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Boundary Conditions

To maximize the flexibility and usefulﬁess of the program, it is desirable to
provide for as many and as varied boundary conditions as possible. The possible varia-
tions in the coordinate systems and specific parameters in which one may wish to express
boundary conditions are astronomical, Consequently, it is necessary to decide at the
outset upon the types of missions that the program is to be capable of treating and to

define a reasonable set of parameters that will be of interest for each mission,

We are specifically interested in unmanned scientific missions, originating at
the Earth, which swing by a planet enroute to some ultimate destination, Therefore,
there are three points along the trajectory where the imposition of boundary conditions
will be of general interest. The first point is, of course, at Earth departure, the second
is at the swingby point, and the third is at the final destination. The specific boundary
conditions provided for are listed in Appendix A. The considerations given in selecting

these are indicated in the following paragraphs.

The assumed sequence of events in the Earth-departure phase is as follows:

1) The launch vehicle places the spacecraft in a 185 kilometer altitude circular
parking orbit about the Earth.

2) At the éppropriate point in the parkinrg orbit, the upper stage of the launch
vehicle injects the spacecraft onto an escape trajectory with an excess

speed v q
3) The spacecraft coasts to the sphere of influence of the Earth where the

electric engines are turned on and the first heliocentric segment then begins.

The initial time of the problem (i.e., launch date) will be taken as the time of injection
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of the spacecraft onto the hyperbolic escape trajectory, even though the optimization
problem does not commence until several hours later when the spacecraft reaches the
sphere of influence. We are interested in boundary conditions at the sphere of influence
where a total of eight degrees of freedom exist, six to define geocentric position and
velocity, one to define mass, and one to define time (time is the one degree of freedom
necessary to convert from geocentric to heliocentric position and velocity). Of these
eight, two are used in specifying the radii of the parking orbit reo and the sphere of
influence res ; two others, v, d and time at the sphere of influence 1’cS , will be
made available as independent parameters of the problem which may be fixed or optimized;
and one, the initial mass ratio is, by definition, required to be unity. The remaining
three degrees of freedoni are left open and will be determined as an output of the
solution. The specific equations representing the constraints at Earth are given in
(A.4) with pe denoting the gravitational constant of Earth and Pe (1) denoting the
position of Earth at time 1t(l). Note that the second of equations (A.4) is required

because we have introduced a new variable v, which is not independent of the state

d
variables. The optional constraints on time at the sphere of influence and departure

excess speed are represented by the first of equations (A.8) and (A.9). It may be

helpful to note at this point that the required equality of 1’c(l) and the independent parameter

lts is not expressly written in the Appendix A. This is not an oversight but simply a
recognition that the required equality is trivially satisfied on all trajectories because
it is used as the stopping condition of the numerical integration. A similar situation

exists at the target between 21:(1) and 2ts.

If it is desired to fix the launch date (i.e., the date of departure from the

parking orbit about Earth), the constraint (A.14) is imposed where tw d is the time
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within the Earth's sphere of influence, starting with injection from the parking orbit,

and is computed as follows:

_ 3 -
tog (ue/vmd) (e sinhf -f ) (35)
with
_ 2
ee sl+ reovmd /“e
(36)
r v 2
f =cosh—1 [(1 +-—e-s—f-(l)/e ]
e M e

At the swingby point, there are a total of sixteen degrees of freedom -- eight
related to each‘of the two segments. Half of this total are used in the simple statement
that the state is continuous at the swingby point. These are represented by equations
(A.1) in Appendix A. Because of the desire to provide the capability of fixing such
swingby trajectory parameters as radial distonce, speed, and inclination, it is helpful
to introduce the polar coordinates of the planetocentric position and velocity at the
swingby point. Of the six coordinates required, three are, of course, the passage
distance rp, the passage speed vp, and the inclination to the swingby planet's
equator ip. A fourth coordinate, whose choice is convenient, is the flight path angle
-yp which, by definition, is zero at the passage point. The fifth and sixth coordinates,
which are chosen somewhat arbitrarily, are the angle Qp ~defining the orientation of
the line of ascending node of the swingby trajectory and equatorial planes relative to the
autumnal equinox of the swingby planet,and the angle c% defining the angular position of

the spacecraft in the plane of motion relative to the line of ascending node. The statement
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that yp is zero is equivalent to the first of equations (A.3). The latter five equations

in (A.3) provide a mathematical definition of the other five polar coordinates. In

these equations, the unit vector ﬁp is a specified vector representing the normal to the
swingby planet's equatorial plane in the direction of the planet's spin about its polar

axis, and k is the unit vector normal to the ecliptic in the direction of the celestial
north pole. The autumnal equinox of the swingby planet is defined as the direction

along (1_<xﬁp). Because we h;we chosen to employ plane;ocentric rather than heliocentric
coordinates as independent parameters of the problem, the six equations represented by
(A.2) are required to relate the two coordinate systems. The options of constraining
the passage distance, speed and/or inclination are represented by equations (A.6),

while similar options for mass ratio and time of swingby are represented by (A.7).

At the destination there again are eight degrees of freedom and the manner in
which these are used as boundary conditions will depend upon the particulér type of
mission under investigation. For example, if the ultimate destination is a planet,
it is most convenient to write‘ the boundary conditions in planetocentric coordinates.

On the other hand, for space probe missions, the only meaningful coordinate system

in which to express the boundary conditions is heliocentric. Specifically, we are
primarily interested in providing boundary conditions that are consistent with four
basic types of missions. These are the planetary orbiter, the planetary flyby, the
deep space or solar probe, and the out-of-the-ecliptic missions, Associated with each
of these mission types are parameters of common interest that will be made available

as boundary conditions.
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For planetary orbiter and flyby missions, the point at which we must concern
ourselves with the eight degrees of freedom is the point of entry of the target planet
sphere of influence. The sequence of events within the sphere of influence is basically
the mirror image of that at Earth departure. For orbiter missions the spacecraft
coasts from the sphere of influence to the pericenter of the planetocentric hyperbolic
trajectory, where a chemical retro stage is employed to inject the spacecraft into an
elliptic capture orbit, The ﬂyby; missions are identical except no retro maneuver is
performed. In either case, the parameters of primary interest are the final pericenter
distance r, ., the radius of the sphere of influence r

tf

excess speed vqoa . Since these are direct counterparts of the primary parameters

b 1 and possibly the arrival

at Earth departure, the equations of constraint at the target for planetary missions are
very similar to those for Earth departure and are given in (A.5) where M, denotes the
gravitational constant of the target planet. The optional constraints on the independent

parameters, vwa and 2ts are represented by the latter of equations (A.8) and (A.9),

respectively, while the optional constraints on final mass ratio and arrival date are given
in (A.13) and (A.15), respectively. In (A.15), the parameter twa , which is the
time within the target planet's sphere of influence to the point of closest approach, is

computed in a manner analogous to that of t 4 inequations (35) and (36). That is,

d
tma is given by

37)

- 3 . _
tma = (“t/vcba ) (et sinh f ¢ f t)
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where

2
=1+
€ =1t Van /K

(38)

2
r, v
= cosh L [(1 , 18 wa_)/et J
t

t K

For purposes of computing the retro propellant requirements for planetary orbiter
missions, the assumed retro maneuver will be comprised of an impulsive thrust
maneuver at the pericenter of the planetocentric approach hyperbola. Thus, the retro

velocity increment, Vr’ may be written

24, T
2 t ta
v =/vm + 20 /r.—/———- (39)
r a t tf rtf(rtf+rta)

where r ta is the apocenter distance of the desired final capture orbit. This value of

v, is then used in (14) to evaluate the retro propellant requirement.

Boundary conditions of solar and deep space probes are generally stated in terms
of a final solar distance with possible limitations on either time or mass. For extra-
ecliptic missions, the boundary condition is more than likely to be inclination to the ecliptic
with possible constraints on radial distance, mass, and/or time. For such conditions,
it is most convenient to work in a polar coordinate system. However, there also exist
many problems which fit in either of these categories for which Cartesian coordinates

are more appropriate. Examples include problems for which the final space state (i.e.,
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position and velocity) is completely specified or extra-ecliptic missions for which a
specific component of position or velocity normal to the ecliptic plane is to be achieved.
Consequently, the capability of expressing end conditions in either Cartesian coordinates,
as represented by equations (A.18) - (A.20), or polar coordinates, as represented: by

equations (A. 21), will be provided. B

Certain optional constraints are required for all types of missions. These
include constraints pertaining to the engine parameters, such as equations (A.10) and
(A.11), and to the net spacecraft mass, given by (A.12). The individual segment
flight times and the total mission duration are also parameters of interest for most
missions and are provided as optional constraints through equations (A.16) and
(A.17). Of course, since there is no sphere of influence at the destination for probe

and extra-ecliptic missions, the time interval twa is taken to be zero.

Starting Conditions

Given a set of planetocentric polar coordinates of the spatial state at the
swingby point, one must then transform to the ecliptic Cartesian coordinate system
in which the integration is performed. This is quite easily accomplished after first

forming a planetocentric equatorial Cartesian coordinate system with unit vectors

T,p , 'rh_p , and Ep along the orthogonal axes. Recall that ﬁ'p is along the polar axis of

the swingby planet and is input in the ecliptic Cartesian coordinaté system with unit

vectors ?, ]T, and k. Providing Hp is not input collinear with E, then define

kxn
' (40)

‘k}',:___
P Ikxnl
p
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That is, Zp is defined to be directed towards the autumnal equinox of the swingby

planet. Tf np is input such that
lkxn [ =0 (41)
p ;
then we will arbitrarily set
Zp =-1 | . (42)
Finally, the right-handed set is completed by defining

m =n x4 (43)
P P P

The planetocentric position and velocity vectors may then be written

F (0)=r ,:(cosw cosQ) -sinw sinQ cosi_) 4L +(cosw sinf)_+sinwcos§ _cosi )m
2'p P p p p U A p P p P PP

+ sinw sini_n J (44)
P PP

zﬁ 0) =v [—-(sinw cos§l +cosw sin{) cosi )E —(sinoi)sinﬂ -cosw cos§l cosi )I-I-i
p p p p p p pp p p p p p

+ cosw sini_n ] (45)
P P P

which yield sz(O) and 2Rp(O) in the ecliptic system since fp, m, and n_ are
known in that system. The final step required is to convert from the planetocentric

ecliptic to the heliocentric ecliptic by simply adding the position and velocity of the

swingby planet, i.e.,

L2



2R(O) = 2Rp(O) + 2P(O)

(46)
= R + P
2V = R (0) + P(0)
Clearly, continuity considerations at the swingby point coupled with the identities
P(0)= P
1 ,(O) 2 © .
(47)

20) = ,P()

yield the vectors 1Rp(O), 1Rp(O), 1R(O), and 1\/ (0) immediately.
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NECESSARY CONDITIONS

To outline the necessary conditions that must be satisfied by the solution to the
optimization problem at hand, it is helpful to first restate the problem in a general
form. To this end, let the state at any point s in the interval [0, 1] be denoted

X(s), and require that X(s) satisfy the differential equations

X(s)' = F1[X(s) , Us), A, s] 0<s<s_

(48)
X(s)' = F2[X(s) , Uis), A, s] sp<s <1

where the prime denotes derivatives with respect to s, U(s) is a vector of control
variables and A is a vector of control parameters. The point s=sp is determined

from the constraint

p[X(sp')] =0 (49)

The superscript minus implies the limit as s approaches sp from the left. At

s=sp, we also admit the possibility of a discontinuity in the state of the form

. )
X(Sp ) - X(Sp) = G (B) (30)

where B is a vector denoting parameters related to the boundary conditions of the

problem. The boundary conditions are expressed in the general form

v[X(@©), X1), A, B]=0 | | N (51)

I-34



Except at s=sp, X(s) is required to be a continuous and piecewise-differentiable
function of s, while U(s) is required to be piecewise-continuous and differentiable ex-
cept at a finite number of points. The problem to be solved is that of choosing

U(s), A, and B so as to minimize the function
¢[X(@1), A, B] (52)
subject to the satisfaction of the constraints (51).

To verify that the original problem is contained in the more general problem
stated above, note the following observations. The sixteen state variables of the
problem (i.e., the position and velocity components, mass ratio and time on each of
the two segments) are represented by X(s). The dummy variable s and its range are
taken to be the same as in the original problem. The control variables, thrust direction
and the switch step function ho ,» are contained in U(s), whereas A includes the engine
parameters ao and c¢ . The crossing of the sphere of influence occurs at <s=sp at
which time the governing equations of motion switch from F 1 to F2 . The value of
sp is determined by the satisfaction of (49), which is equation (24) in the original
problem. The capability of accounting for jettison ing a mass package at the swingby
planet is provided through (50). All boundary conditions specified in the preceding
section are contained in the general set given by (51), and the general form of ¢ covers
both net spacecraft mass and time, which are the primary performance indices of immedi-

ate interest. Note that the assumption to minimize ¢ does not restrict the generality

of the problem,since ¢ may be equated to the negative of a function which is to be maxi-
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mized. The vector B is introduced with the intention of using its elements, which would
be functions of the initial and/or final values of one or more of the state variables, as
independent parameters in the solution of the boundary value problem. It may be argued
that, since the intercepts of the swingby planet sphere of influence may not occur at the
same value of s on the two segments, there should be one additional equation repre-
sented in (48) covering the range _sp 1<s <sp2 where Sp 1 and sz denote the two
values of s where the crossings occur. Technically this argument is correct; however,
because the equations of motion for the two segments are completely uncoupled, the
corner conditions at the two points of discontinuity are also uncoupled. Consequently,

the general equations to be derived for one point of discontinuity may then be applied to

the crossings independently.

The general approach to the solution of the problem stated above may be found
in most textbooks ‘of optimization theory employing the indirect method. The approach
employed here is similar to that of Reference 9. We begin by writing the augmented
function @¢* by adjoining to @ the constraint equations (48) - (50) through the intro-

’____,ductioh of a set of Lagrange multipliers as follows:

¢+ =¢+vp+N-[x<s;> -X(s)) - G ®)]

,Sv 1
p
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where v, N, and A(s) are the multipliers. We then seek the necessary conditions

for which ¢* is a minimum, i.e., for which

dg* =0 (54)

Proceeding formally, one may write

x_ 39 ) 3 ¥ __ . dx(s-
d¢” = 53y 49X + 35 dA+ sz - dB+ ) (Sp>
3G
+ N [dX(s - dX(s ") - 57 dEB]
0 3F 3F 3F
f A [GX'--——éx-aU GU_W 0A ] ds
1 3F, 3F, oF,
+fs+ A- [6X' _ﬁ_ X - gl-f—&U—ﬁaA] ds (55)
p
and noting that
SZ sz Sz
| a-exyas=n-ex|?- [, (A 6x) as (56)
S X S S
1 1
6X = dX - X'ds | (57)
89 S
dF _ | dF
and J‘SlA-—aK.GAdS_(J.Sl (A -g-A-)dS>dA (58)
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then (55) may be rewritten

S 3F, 1 3F,

- AT P RIS VOV
p

ap - - + ) +
+[V§(§§ -N+ A ] axe ) [N - As ) ] ax(s )

1
+ rg T - (g = ___B_Q__ .
+ [A(sp) - X (sp) - A(sp) - X (sp )] dsp + XD dX(1) + [A dX]

- ’ N+A--—l 60X ds - A—afl 6U ds
0

j L I LN PV -
S

p

, i L
Because the variations in X(sp ), X(sp ) and sp are independent, the satisfaction

of (54) requires that the coefficients of these variations be zero, i.e.,

op

V—m;):)—N+A(Sp)=O

+
N - A(sp) =

(60)
Ay ex ) -AET) - X'sT) =0
p p/ p p)
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Now eliminate N from (60), multiply the first of equations (60) by X (sp'), and

add the latter of (60) to obtain
- + + - ”
' A 1 - X! = (6
vo'(s )+ (sp_>(X<sp) X'(s)) ) =0 (61)

Solving for v and substituting into the first equation of (60) then yields the jump con-

ditions in the adjoint variables A(s) at s=sp.

As )= A+ Ae)) (X6 - X6))) s 62)

X
( ) (sp )

A parameter that will be of particular interest shortly is the variational Hamiltonian

j defined
ji(s) = A(s) - X'(s) (63)

The latter of equations (60) indicates that j is continuous at s =sp. The variations in
A, B, X(0) and X(1) are not totally independent but are related through the differen-

tial form of equations (51), i.e.,

oW ¥ v ) _ ,
dv= X0 dX(O) o) dX(1) + 53— dA + == dB =0 (64)

Consequently, these constraint equations (64), combined with the collection of remaining

terms outside the integrals in (59), i.e.,
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(22 : (38 _ At 3GV, 39 ol
(= +AA> aa+ (35 - AE) =) 4B + gz AX() + [A-ax]) =0 (65)

together lead to the particular necessary conditions known as transversality conditions.
These conditions are formed by eliminating from (65) as many differentials as there
are equations in (64). The differentials remaining after this is done are totally
independent and, setting their coefficients to zero individually, produces the trans-

versality conditions. In writing (65) we have employed the relationship

Sp BFl 1 BFZ
AA=—jO A-B—A— ds - S+A'a—A— ds (66)
p

Finally, we are left with the integral terms in (59) and, since the variations in state
and control variables are independent, the satisfaction of (54) requires that the in-

dividual integrands be zero. This, of course, leads to the well-known necessary conditions

known as the Euler-Lagrange, or adjoint, equations.

BFI _
! = = — 0<s <
A A X s sp
(67)
BFZ .
A= - A—™ s <ss1
oX p

and the optimal control equations
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A—t = 0<s<s

(68)

+
A=—=0 s <s<1
P

In terms of j, the variational Hamiltonian defined in (63), these equations may
equivalently be written

! —

=- = (69)

= =0 (70)

The satisfaction of the preceding conditions assures the satisfaction of (54). The
trouble is that the solution of (54) is not generally unique since any extremum of ¢*
(and therefore @), whether it be a minimum, maximum or saddlepoint with respect to
the control parameters and variables, will satisfy (54). Furthermore, to this point in
the formulation of the general solution, the class of admissible control variables has
been implicitly limited to be continuous, unconstrained functions of s . In the original
problem, ho represents a control variable that is both constrained and discontinuous,

Hence, it is necessary to admit as possible solutions a larger class of control variables,

Both of these problems are analyzed in detail in both References 9 and 10,

and the development of the results will not be repeated here. The answer to both
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problems is given by what is now known as the Maximum Principle. Basically this
principle states that, out of all admissible controls which result in the satisfaction

of all end and transversality conditions, the control which minimizes the function ¢

is that which results in the maximum value of the variational Hamiltonian j at every
point along the path. This principle does not require that the maximum of j be a
stationary maximum; thus in the case of h(J , one simply selects the particular value

which yields the larger value of j.

In summary, the necessary conditions that ¢ be a minimum are that:

1) The control is chosen to maximize the variational Hamiltonian, j, which

depends on the adjoint variables, A, that are governed by the differential

equations (69) ,

2) The control parameters and open boundary conditions are chosen to satisfy

the transversality conditions (65) subject to the constraints (64) ,
3) The adjoint variables may be discontinuous at points of imposed discon-

tinuity in the derivatives (i.e., at s=sp) and the jumps are given by (62).

It may be helpful to note at this point that the use of the Maximum Principle
yields a local minimum of ¢ with respect to the control variables but not necessarily
with respect to the control parameters and open boundary conditions. With respect to

these parameters, ¢ may be a maximum, a minimum, or a saddle point.

A well-known property of the variational Hamiltonian is that it is a constant of
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the motion providing the dummy variable s cdoes not appear explicitly in the state

equations. This is easily shown as follows. Differentiating (63) yields
jl - A’ X!+ A X" (71)

But, from (69) and noting that

oX' oX'

M = 1 +t ——
X oX X os
(72)

and 3 _ 4 X

oX oX
then

ox!' X! oX!' X!

"= A= X'+ A= X'+ Ae—=A— 73

'=-Azg X' +Ag X s s (73)
Thus, since X' does not contain s explicitiy.in the problem of interest, we must
have

i'=0 (74)

which implies j is a constant.
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THE SOLUTION

Optimal Control Equations

To determine the optimum thrust direction along the path and the points at whicn
the engines are switched on or off, one must first consider the variational Hamiltonian,
j. Denoting )\x as the variable adjoint to any state variable x, the variational

Hamiltonian for our problem is
— . ! + . 1 + i + ! + . ! + . ! + 1 -+ +1 7
R B ALY ALY A R oR AV AV A (75)

or, after substituting equations (32) and (34),

T T ) o
where
Y v
= - (1- o1 A 1
P77 MgV - g by by v GAV e T Y 3 (1 v ik
1
. (1 v 19 "M | T
Y v
. . Y7 s 02 .5 _2 .
o) T AR 2V T Wi ph) b v GAY Br - T N -5 GAy B
. zr
- th (ZAV-ZQ) oA | (78)
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The division of j into two terms, one term associated with each of the two trajectory
segments, serves to emphasize the fact that the equations are completely uncoupled;

therefore, the maximization of 1j and _j independently is identical to the maximiza-

2

tion of j. Because of the particular form of (73) and (74), it is possible to maximize

lj with respect to léT and 1ha_,and 2j with respect to zéT and zho.simply by

inspection. Since the coefficients

Y a oY

a
ol .
) .h and 1~ i, th) 2ho

h
clplolv

1-j
oV

are both non-negative, then it is seen that 1j is maximized with respect to léT
by choosing 1§T diametrically opposed to lAV, and 2j is maximized with respect
to 2éT by choosing 26T aligned with 2AV' That is to say, we choose 15 T such

that

1Aviitr TNy (79)

where X = | 1AV| , and choose & such that

oMy 287 = oy (80)
where 2)\.V= | 2/\7 l After incorporating these results in the expression for j, the

conditions for switching 1ho and 2ho between their permissible values of zero and

one are also determined by inspection. Defining the s‘witching functions, lo and Y
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1
= F —
19710 T 1My
(81)
_ 2
27 " oAy T oMy
then the optimal choices for lhcr and 2h0' are clearly
h :f0if o<0
1o (1 if 100
(82)
_ [0 if o<o0
2ho {1 if §c>0
Upon substituting these results in (73) and (74), one then obtains
=(1 - ) Olyo A V+-1"—( +. h (A-.Q-_A
1 Jclploll/l 1°R"1 14y 1R 1 p1™ 1Y "1t
1
(83)
3027
i = - et + - —-
SR PP LU v 20 2Mr 2V~ 3 GAY R - ,h ooy 29 * oA
of

Euler-Lagrange Equations

The Euler-Lagrange equations (69) for the problem of interest here may be
‘written by inspection using (72) and (77) with (20), (21), and (26) recalling that

P, P, and P are functions only of time.
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a__y*
§ o= s ol _H _ uu
18R 17{(1 Je1P0 1% Tr 1% R 518y T (AR R
11 r
1 1"
b 3u
P ___.E . SH
Hh 5N 5 GAv 1R 1Ry 3 1Ayt 5(1 v Rw{
lp 1p 1 1"
Ay 1mhk
a_ vy
- s ol
DR LA L L 2 My
1
“ . Sup . ces
Mt pLT(lAV 1 )_:'5"' GAy 1B (B P) *ahy 1P]
1'p 1'p
(84)
N—-T{(l ) _h OZWUR—E-A+§E(A-R)R
2R ooPd oy v 2% 32%vT "5 LWhviaa
2 2 r r
2 2
" 3, .
} D _ P _B 3K 1
2P L7320 5 B R 2 3 oMy Ay SRR (L
r r r
2p 2°p , 2 2
2 yv= " 2T
a _y
A 02
2y 2T Moy oy =5 92y
vV
2
" .
V= 2+ h | P
M= Tl LT3 (A D) T QA 2R)(R P)"Lzsz ]
r r
2p 2'p :
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where * denotes d7y/dr. Anticipating a desire to optimize the engine parameters

ao and c¢, and the time increments _T and 27' , it is convenient to introduce at this

point the concept of adjoint variables associated with each of these parameters, as implied

in equation (66). That is, define -
9 gj
! = . L i
A a aa ;A c oT
o ) 2
. . (85)
A' = - _a_J.. . A" - .é.i
1" 7 o T 2T 821'

which, using the initial conditions

A @ =X 0= X (0)=,) (0)=0

(86)
o)
lead to the integrals that are needed in the first term of the transversality condition
(65). Using (76) and (83), equations (85) become
17 oY
'o=a - -j h) h —
My =T @018 1B T 19 2T 0R ) BBy o0
o] 1 ' 2
(87)
2, ‘y 2
! - h e
Mo = 1T 021 =3 2 My T chhp?zc 2 oty



Jump Conditions at Sphere of Influence

The equations for the jump conditions are given in general form by (62).
It is interesting to note that, in the second term on the right hand side of (62), the

quantity

f= 1_ A@ﬂ-00$ﬁ-xw§3) (88)
' P p p
P (Sp)

is a scalar. Therefore, it becomes clear that any particular element of A is dis-
continuous at s=sp only if p is an explicit function of the state variable to which
that element of A is adjoint. For our problem, p is a function of R and ft;

hence, we may expect discontinuities only in AR and At_ .

To evaluate the scalar f for each of the two segments, it may first be noted

from (24) that

;
1 »
T (8 = T (RS R Gs))

1P =1 n 48 =
ps

1 Plp
(89)
r

"2Tzrp<2sp)="rp Ry GS)

2P == 5T S) R (5))

Then, in writing the discontinuities in the state variable derivatives
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+ ‘ 2 AYAR! c \ :]
V! - v = h - -
V) VI Gs =T ] Yo 1V NN, /T visy 1
1 '1p 11
a Y
+ - ol
t - ' = s
1Y G5 1Y Q%) T 1T 1P o
(90)
a vy A i
N [ 02 2V, J
5V 555) = oV S,) = 5T g ol oV <2AV )t oQ
a Y
+ - 02
V! - ! = e i ———————
e S P LS PP M
where v(s+)= v(s—)+m /m (91)
1 1p 1 1p X o0
the expressions for the two scalars 1f and 2f become
i ,o(s )
_ 1 cl 1p /1 1 ) AL
! F {1hoaoly[ Vi) 1A\ vsh  wis- ]lAV 1Q}
P 17 1% 1745 1Y%
(92)
Y
=_._1_[' —O.E... .
of T Ueale o 20 Yy 2Q:|
2 p 2

with all variables being evaluated at s =ls; unless otherwise indicated., Finally, upon

noting that
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R r
i ip
(93)
3 - P
ip N iRp i
dt r
i ip
for i =1 or 2, then the discontinuities in the adjoint variables may be written
f
+ - 1
A = A -
12rG%) T 18rG5p) * T 1D
f
+ -1
= — e— . P
%G5 T MG T T (R D)
lp
(94)
f
+ , - 2
= \ R
ARlsy) =, AgrGsy) ST 2D
+ - f .
Zkt(zsp) =«:‘£>\t(28p) - ;r; (ZRpOZP)

It is interesting to note t,hat, although the adjoint variables may be discontinuous,
the last of equations (60) ind ,l}ate that the variational Hamiltonian j is continuous at
s= lsp and s=zsp. Itisa gy,’“‘_hple extension to prove that 1j : and 2]‘ are also con-

tinuous functions at the discontin_uity poinfs and, like j, are;constants of the motion.
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Transversality Conditions

Undoubtedly, the most complex and tedious aspect of the application of the
necessary conditions is that of developing the transversality conditions., To a large
extent, the flexibility of a trajectory optimization program is measured by the
variety of combinations available in specifying (or not specifying) boundary conditions.
Since each combination of open and fixed boundary conditions generally leads to a
different set of transversality conditions, the number of potentially interesting sets is
exceedingly large. Consequently, the transversality conditions developed here will
be limited to those concomitant with selected proklems of the missions discussed
previously in the PROBLEM FORMULATION section, for which the specific boundary con-

ditions permitted are listed in Appendix A.

As stated previously, the transversality equations are obtained from the simul-
taneous solution of equations (64) and (65). Since A and B appear in these equations,
it is necessary to first define the elements of these two veciors. In the development of
the necessary conditions, the vector A was included to encompass any engine parameters
which one may wish to optimize. For the problem at hand, such engine parameters are
the initial thrust acceleration a_ and the jet exhaust speed c. The vector B was in-
tended to represent independent parameters of the boundary value problem which are
not state variables. Specifically, we shall include in B the hyperbolic excess speeds,

v, and v_, at departure from Earth and arrival at the destination, respectively.

d a
Additionally, B shall include the polar coordinates of the planetocentric position and
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velocity at the closest approach point. These are rp, vp, ip, Qp, and ai) . Note
that only {ive coordinates are required since we have defined the point of interest to
be the closest approach point, which implies flight path angle (and true anomaly)
is zero.

The vector G of discontinuities in the state variables contains, for the problem
of interest here, all zero elements except for the one associated with massratio on the

first segment. Furthermore, this one non-zero element is a function only of one ele-

ment of B, the departure excess speed v, q° Denoting the non-zero element of G

as gu , then

mx Amx
gU - m - m * kx (95)
o o
such that
og . Amx dmo _
v . 2 av (36)
mo od

where the derivative dmo/ dv is obtained by differentiating the curve fit of the

°d
launch vehicle performance data. Finally, upon noting that 1)‘v is continuous at

s= one may write
lsp’ y

A G gB=- 2 (s ) e dv (97)
p’ 3B 1"v 17p moz dv .~ =d
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The performance index ¢ is permitted to represent either the negative of

the net spacecraft mass or the total mission duration. Since

-9 . 3 . o2 .
dp = =+ dA + == dB+aX(1) dx(1) (98)

the contribution of the performance index to the various terms in (65) is found by

forming the total differentials

dg = - dm_ (99)

if net spacecraft mass is to be maximized, or

dg=d (At ) (100)

if mission duration is to be minimized. Considering first the case of maximizing

net spacecraft mass, note that the mass of the low-thrust propellant may be written

mp = mo(l-zu(l)) - mx | (101)

Substituting this into (8), rearranging and solving for mn yields

aaoc .
my = my [p0) ) ke -k @k - 2 ]+ k, Am
(102)
-v /e oa ¢
. rr . . . o 1.
i Atk ) (1-e ) {mo[zva) e N T AL Amx}
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where jr is input one if a high—thrust retro maneuver is to be performed and zero

otherwise. Differentiating (102) and changing signs then gives the desired result

-v /e

am, = [, 0 0o ) (222 ]

1 . B
- I;l-: {mn-kt Amx [I“Jt]r(1+kr) (l-e

—vr/c
i.1l+tk) v e aa ¢
r r g . 0
¥ = {mo[zv(l) T i ]+th Amx} Vea
e NV, +2;4t/rtf
—vr/cr
-m_ [ (k) - (1+k) (L+k ) (1-e )] d,u(1) (103)

where 7+ denotes dr/dc which is obtained from the differentiation of (15).

Proceeding to the case of minimization of the mission duration, one immediately

obtains from the definition of At

’ i.e. ’
= - +
Atm zt(l) lt(l) + tcd twa (104)
the differential d(Atm)
ot ot
dAt )=d t1) -d.t1) + —9 qv  +—22 gy (105)
d og
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With some alegebraic manipulation, the two partial derivatives indicated in (105)

are obtained by differentiating equations (35) - (38) in the form

ot t ' . )
=d =-3 =d + 2 |_(e coshf -1)r -(e -coshf )r 1
v v 2 . LYe e es ' e e eod
od od Vv e sinhf
od e e
(106)
atma twa 9
5o =-3 z + 5 [(etcos hft—l) rts—(et-cos hft) rtf]
®g ®a v e sinhf
o t t

Denoting ¢X as the partial derivative of ¢ with respect to any parameter
x, where ¢ represents either of the two permissible performance indices and
¢x 'is the coefficient of the differential dx in the appropriate equations (103) or

(105), expand the general equation (65) in terms of the parameters of the problem

at hand, i.e.,

1
[ . . . . + '

AR TR A VA d v A d b Aptd Ry Ayrdy Y 2>‘udzu+2>‘tdth0

Amx dm0

A + '
+ <¢a + . )dao+<¢c )xc)dc+<¢v +1)\V(lsp) 5 Tv >dV°°d
o o) od mo od
+
+ A d T (1)dT
+ =

+ ¢V°°a dea+¢2v(1)dzv 1) +¢1t(1)d1t(1) ¢2t(1)d2t(1) 0 (107)

where, from the solution of the latter two of Equations (87),
A ==10 5 A (1) ==

and where, by definition
lerz dit(O) -d 1t(1) dz'r = dzt(l) -d zt(O).

We now seek to derive, for all specific problems of interest contained in the class of

_problems stated in the problem formulation, the various transversality conditions
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arising from the mutual satisfaction of equation (107) and the differential form of

the appropriate (i.e., appropriate for a given problem) set of constraint equations in

Appendix A.

To begin, consider the boundary conditions at the swingby point, i.e., at
s=0. Letting x represent any one of the eight state variables, it may be seen from
(A.1) that

d x(0) = d_x(0) (108)

Since (A.1) is always applicable, we may employ (108) to eliminate the differentials

dlx(O) from (107). Once this is done, terms of the form
(IAX(O) + ZAX(O)) d x(0) (109)

appear in (107), and it is helpful from the standpoint of abbreviating notation to

introduce

A =2 00+ ) () m (110)

That is, the lack of a pre-subscript 1 or 2 will imply the sum and it will be under-
stood that we are considering the point s=0. Now remove from equation (107) the
terms pertaining explicitly to the point s = 0. Using the notation indicated in (110),

these terms are written

-AR- d2R(0) - AV' d2V(O) - AVdZV(O) - ()\tflj —2j) d2to | | (111)

where the solutions of the differential equations for IAT and 2)\7_ have been employed.
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In general this expression may not be equated to zero because it is possible for the
variations in 2t(O) to be related to varia,t}ons in other dates through the constraints
(A.16). However, we may replace the variations in the heiiocentric position and

velocity with those referenced to the swingby planet through the use of (A. 2), i.e.,

dR(0) = P(0)d,t(0) + dsz(O)

(112)
d,V(0) = ,B(0) d,(0) + dsz(O)

Upon substituting (112) into (111), collecting terms, and noting that there are no
additional constraints involving Rp(O) and i%p(O) other than (A.3) and none involving

21/(0) other than the first of (A.7), one obtains

AR- dsz(O) + AV’ dsz(O) =0 , (113)

A 4,v(0) =0 (114)

Furthermore, in the absence of both the constraints (A.16), we have the additional
condition
« PO)+ A PO)+ X+ _j-j =
(AR 9 (0) AV 2P(O) Xt 1] 2J)dzt(O) 0 (115)
If 2u(O) is specified through the first of equations (A.7), then (114) is identically

satisfied, since d2V(0) is zero. But if 2v(O) is left open,then (114) can only be

satisfied if the coefficient of dzv(O) is zero. This leads to the transversality condition
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A, = A0 + ) (0) =0 (116)

Similar arguments lead to the result that, if the swingby date 2t(O) is not fixed and

if the conditions leading to (115) are met,

GARO* R ARON PO+ (AL O +,A0(0) -, BO)+ X (0)+,) (0)F i-,3=0 (117)

The constraint equations (A.3) are equivalent to the equations (44) and (45) which
define 2Rp(0) and 2I'{p(O) in terms of the five independent polar coordinates rp, Vp,
ip, Qp, and u.f) assuming -yp=0. By differentiating (44) and (45) and introducing

the angular momentum at the swingby point, defined by

H = R (0)x R (0 118
b= 2RO X R (0) (118)
one obtains
1 rp : - p2 P(O)
dsz(O) = T sz(O) drp+;’— 2Rp(0)d (.%'*‘ (npszp(O))de r Vv sini pd lp
p PP P
(119)
) v oR _(0)
d, R 0 = = oR (O dv -—‘l oR (O)dw+(n x R L) dQ +—2-———p——Hdi
p p p rp«psmlp P p

which may be substituted directly inio (113). Because of the independence of the

resultant differentials, the satisfaction of (107) requires that
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(A

7 9B (O))drp=0

R (0))dv =0
(A ()) v,

VvV 2

2 =
[rp (Ag R (0) (A SR 0)) ]d w =0
(120)

f(A xR (0)) (Avszp(O))]d0p=0
[(np- GROO) (Ap H )+ @ - R 0) Ay H) ]d L=

As before, the satisfaction of (120) is achieved either by fixing the independent
parameter, which means the differential is zero, or by leaving the independent parameter
open and forcing the coefficient to zero, which yields the transvex:sality condition. Thus,
the transversality conditions which must be satisfied if wp and/or Qp are left unspecified

are, respectively,

2 . T 2 . =
T (AR @) +yAL0) 2Rp(O)-vp(1AV(0)+2AV(0)) oR(0) =0

(121)
n - [(1AR(0) # AR 0) %R O+ (A 0)+, B0 0) )xzﬁpm)] =

The other three transversality conditions
(1AR(0) T oAR(0) oR (0)
(A + A, 0] 2I’%p«» =0 a22)

(np- 2Rp(O) ) (lAR(O) -i‘-zAR(O) ) Hp+ (np- sz(O)) (lA.V(O) +2AV(O)) ‘H
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are imp;i)sed if rp, vp, and/or ip, respectively, are left unspecified.

ngonsider now the transversality conditions arising from the fact that the state,
at Earth departure, is not entirely specified. Collecting the terms within the square

brackets of (107) that pertain to the Earth-departure phase, we have
1/\R(l) . le(l) +1AV(1)- y le(l) +1Av(1)d1u(1) +1At(1) dlt(l) (123)

We first note that the third term in (123) may be eliminated immediately because
the requirement that 1V(l) always equal one implies that the differential d 1ll(l)
vanishes, Converting to differentials of geocentric position and velocity with the

equations

d,R(1) =dR (1) + P_(1)d t(1)

(124)
d1V(1) =d Re(l) + Pe(l) dl‘t(l)

expression (123) may be rewritten
1AR(1) -d Re(l) +1AV(1) . dRe(jt) + [1AR(1) . Pe(l) +1AV(1)° Pe(l) +1At(1)}31t(1) (125)

where Re (1) represents the geocentric position of the spacecraft and Pe is the helio-
centric position of Earth, both evaluated at date 1t(1). The bracketed term in (125)

may be combined with appropriate terms on the left side of (107) such that, if there are
no constraints placed on the launch date, the first segment flight time, or the total

mission duration, then one must have . |
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g p . _
[¢1t(1)+1AR(1)- Pe(1)+1AV(1)- Pe(1)+1)\t(1)ludlt(1) =0 (126)

Consequently if 1t(l) is not fixed, we are left with the transversality condition

@ + AR(l) . Pe(1)+1AV(1) . Pe(1)+1)\t(1) +1j =0 (127)

t
VRS
Turning attention to the first two terms of (125) , we seek to write Re (1) and ﬁe(l)
(and hence dRe(l) and dRe(l)) in terms of the two fixed parameters reo and res

and the independent parameter v Of course, three additional parameters are

4
necessary to uniquely define Re (1) and ﬁe(l). An example of the three additional
parameters would be the two angles defining the direction of Re (1) plus an azimuth
angle defining the velocity heading. However, since the physical problem is independent
of the particular choice of the three additional parameters, the transversality conditions
associated with any specific set of three must be equivalent to those for any other set.
To make use of this fact, first consider any vector X which is written in terms of

its magnitude x and a series of angles o, B, +¥,--, which define the orientation of

X relative to a fixed coordinate system. Let these angles be defined such that they
represént rotations about the unit vectors 5., b, E, - - -, respectively. Then, in
general, dX may be written

dx=-§-. dx + @ x X) da+ b x X) dB+ (c x X) dy+ - - - (128)

T
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e

Applying this result to our problem, we first note that if one is given Lo’ res’ and

Vg the dynamics of the motion at the sphere of influence are also known. That is,

the speed vS and flight path angle ‘yes are computed

2
= +
ves A/vﬂf*d 2Me/res
(129)
-1 I: 2 7
= +
yes cos ;reo“/éwd 2“e/reo /res Ves ]
Consequently, denoting as Oi’ a,, and oz3 the three independent angular rotations
required to specify Re(l) and f?e(l), we may write
1) =R , , o
R (1) =R, (o %y O ]
(130)
: = R , o a
Rea) Re l:Ves’ yes, 1’ az’ 3]
Note that Tog is not included as an argument of Re since it is always fix.ed. Now,
since ozl, o 9’ o 3 are completely arbitrary, for convenience we select them to be
the necessary rotations about the unit vectors 1, 'j, and l_{, respectively. Thus,
from (128)
= + i + (ic
dRe(l_) (ix Re) doz1 g x Re) d‘az k x Re) da3
(131)
. I.Re ﬁeXRe .
_ e ‘ PR Tt - .
aR (1) = =2 dv__ +( xRe)d‘yes (xR )de + (xR )de,+ kxR )da,

es IR xR |
e e
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and from (129)

od
dv. = —— dv
es v od
€es
(132)
P Ovm d(ve 2-v 2)
d'yes == 2 —= dvaod
v v (R'R)
eoes e e
where
_ 2
Voo »/de+2pe/reo (133)

Upon substituting (131) into the first two terms of (125), collecting and rearranging
terms, and setting the coefficients of da 1 daz, and da3 to zero, one obtains

the vector of three transversality conditions
Re(l) X 1/\R(l) + Re‘l) X 1AV(l) =0 (134)

where 0 is the null vector. An additional term involving de q arises from the first

two terms on the right side of the latter of equations (131). Forming the dot product
of AV(l) with these two terms, employing the relations (132), and adding to the term in-

volving de d in (107), one obtains an expression which, if there are no constraints on the

may be written

reference power or net spacecraft mass and no constraints involving tw q’

2 2

v v, -v )
od . €0 eB \
[T A - r@w+ - (LA, R Q)
v 2 [1 A% e (Re(l)'Re(l) <1 A"/ e )]
Am dm
X 0 -
lkv(ls )-;—2—- —— + ¢ } dV = (135)
o
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Then, if v d is left open, one is left with the transversality condition that the

coefficient of dvm in (135) must vanish.

d
Proceeding immediately to consider the transversality conditions at the destina-

tion for planetary missions, recall that the independent parameters of interest are

direct counterparts at the two ends, and that the options available for specifying or

leaving open the spatial end conditions at the two points are identical. Hence, the

form of the transversality conditions are identical and we may simply write them

down. Because three degrees of freedom are left open in defining the planetocentric

spacecraft position and velocity vectors, Rt(l) and Rt(l) respectively, at Zt(]_),

we require that
R (1) x ,A (1) + Rta) x A1) =0 (136)

Alternate forms of the transversality conditions (134) and (136) are presented in

Appendix B which possess properties more amenable tosolution by numerical means

than those given above. Hence, the conditions as given in Appendix B are recommended.
If Vma is not specified and there are no constraints involving tma or net

spacecraft mass, then the condition

2 2
v (Ve =V, )
©q . tf ts . _ o
3 [2/\7(1) R.(1) + R <2Av R, (1) ) ] e, =0 (187)
Ve (R,(1)' R, (1)) ©a

must be satisfied. If the final mass ratio is not fixed and the net spacecraft mass is

not constrained, then

A ) + 8

=0 ,: | | (138)
oV .

I-65



and if there are no constraints involving 2‘t(l)

¢2t(1) +2AR(1) . Pt(1)+ 2AV(1) . pt(1)+ zxt(l) ..2]' =0 (139)

For probe and extra-ecliptic missions, the transversality conditions associated

with final mass ratio and time are the same as for planetary missions with

t = = 1'>t(1> =P @)= (140)

whereas those associated with the spatial coordinates are different but are considerably
simpler. For example, if the final boundary conditions are expressed in the Cartesian
coordinate system, any compornent of the position or velocity that is left open gives

rise to a transversality condition requiring the vanishing of the variable adjoint to

the open component. That is, if 2x(1) is left open, then

2kx(l) =0 (141)

is a transversality condition to be satisfied. If a retro stage is permitted, it will be
assumed that the direction that the retro incremental velocity is imparted will be

left open. Defining the vector

Vaoa = 2V(l) - Vf N (142)

with magnitude Vegw W see from (128) that

v
__®a ~ - .
V(1) = ——dv_ +@xV_)da +®xV_)da (143)

g

2

1-66



where a and b are unit vectors about which the two independent rotations ozl and

o 9’ which define the orientation of Vma, are made. Then forming the dot product

y@-d V(l =~V <2A.V(1) v a) v ot (VmaszV(l))(a_ldalJrEdaZ) (144)

=¥}

and imposing the condition that the coefficients of daz1 and do 9 must vanish inde-

pendently if (107) is to be satisfied, we see that since a and b are arbitrary we

must have

- )
V x 2AV(1) 0 {145)

®°a

which implies Vma must be collinear with 2AV(l). Substituting this result into the
first term on the right side of (144) and adding to the term containing dea in

(107) yields for Vea unspecified
+
® —2xva>=0 (146)
a

The ambiguity in sign arises because (145) requires that Vooa either be aligned with

or opposed to 2AV(l). The correct sign is dependent upon the sign of ¢V - . Since
@g
kv(l) is non-negative, the;::arrect choice of sign is the opposite of the sign of

) . For maximizing net spacecraft mass, ¢V is positive; hence the negative sign
Vma ©g .
is chosen in (146). For minimum mission duration, ¢V is zero and the choice of

g
signs is immaterial.

If polar coordinates are employed for end conditions of probe or extra-ecliptic

missions, the transversality conditions may be obtained in a manner analogous to that
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employed for the conditions at Earth, However, because of potential interest in the
four parameters r, v, ¥, and i at the final point, we will select two specific
additional parameters consistent with these to complete the set of six needed to uniquely
define 2R(l) and 2V(1). In particular, we select the osculating elements ), defining
the longitude of ascending node, and w, defining the angular position in the plane of
motion relative to the ascending node, The four angles involved represent rotations

.about four unit vectors as follows

V)X R(1) )
Y - = -a

L,V x R
- Ex%Ra)sza» _:

lkx(,R()x, V(1))

(147)

Q: k

JRM)X, V(1) )
W: = a

LROx, V)

Proceeding as before, using (128), one obtains
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<2AR(1) R )dzr 1) =0

(2AV(1) + V() ) d,v(1) = 0

(v x A m)dyw =0

|

(148)

b - [2R(1) x AL )+ V(1) x 2AV(1)]d2i(1) =0
k. [23(1) x A1)+, V(1) szVa)] 4,8(1) =0
a - [2R(1) x, AL M)+, V@) x, A Q) :] d, (1) = 0

Thus, the transversality conditions, caused by leaving open any of the six polar parameters
r, v, % i, §, and w are given by the coefficients of the appropriate differentials

in (148).

Providing there are no constraints imposed on either the reference power or
the net spacecraft mass, the transversality conditions which result in optimum thrust

acceleration and jet exhaust speed are written by inspection of (107), i.e.,

g tA_ =0 . (149)

yields the optimum ao, while
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6 +X =0 (150)

yields the optimum c.

The preceding constitutes a complete list of the transversality conditions for
the original problem in the absence of any constraints (A.11) - (A.17). The effect

of introducing any one or more of these constraints will now be discussed.

It will be assumed that, if the reference power is constrained in the form of
(A.11), at least one of the two engine parameters, ao and c, will be left open. I

a_ is open, we eliminate dao from (107) using the equation

dm

da =-a [(-—l-—i)dc+—1-—-9 dv . | (151)
o o c n m0 ded od ,

Multiplying this expression by the coefficient of dao in (107) and adding the two
resulting terms to the corresponding terms in (107), it is immediately seen that the b
effect of fixing the reference power is to eliminate the two conditions (149) and (150)

in favor of the one condition

¢c+>\c-ao<¢a +>‘a)(%_-—:;t)=0 | (152)

o o

and to add the term

m dv (¢a * Xa ) | | (153) :
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to the coefficient of dvm in (135). If a0 is fixed, then (149) is no longer applicable,

d

and dc is eliminated from (107) using

dc=—<—i—-n*) 1 9 4y (154)

and the effect of fixing reference power is to eliminate (150) while adding the

term

-1 dm
1 n* 1 o
( c T ) (%”‘c) m_ dv_, (155)
to the coefficient of dvm d in (135).

The specification of net spacecraft mass is meaningful only if it is not the
performance index. Therefore, we will assume that (A.12) will only be employed
if mission duration is to be minimized. We will also assume that if m is fixed,
the final mass ratio 2!/(1) will be left open so that dzu(l) may be eliminated from

(107) using (103). From (103) it is seen that, if the reference power is not fixed
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an 1 dm0
v . Hl_‘:mn -k Am, (1 - ]tfr) ] av (156)

od o) od

—vr/c
-a_r_n_r_l _ (m e m jr(1+kr)vm e
vaa p x 0t t]ps ps / >
RYA SN +2“t/rtf
amn
3,1 o [ (1+ky) - (1+]jk,) fr]
where
, -Vr/cr

fr =i, @k ) (1-e ) (157)

If the reference power is fixed, the net spacecraft mass is independent of both a,
and c. Consequently,the right-hand side of the first two of equations (156) are then

zero and the third becomes

amn 1 , d'm0
ov mo [mnﬂnps-ktAmx_fr (Jpsmps_]tktAmx) ] dv& d

(158)
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Thus, solving for dzv(l) yields

om om om om om

=_] 0 I L | . DI
au) = - [ da 4= do k5 dvrst dv ]/ 3 vy 99
0 od ®3 2

Since ¢ is zero when ¢ is mission duration, the only term in (107) containing

2V(l)
dzu(l) is the one with the coefficient zk l)(1). Upon multiplying (159) by 2)\v(l), sub-
stituting into (107) and collecting terms, it is seen that the effect on the transversality

conditions of fixing m is to add the term

an amn
-2AU0J = / 3U0) (160)
o) 2
to the left side of (149); to add the term
amn amn
MO 5/ 5,(1) (161)
to the left side of (150); to add the term
an amP
- A (1) / 5= (162)
2y avm d azu(l)
to the coefficient of de d in (135); and to add the term
om amn
(163)

- (1) — /
2"y avma azv(l)
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to the left side of (137). Furthermore, the transversality condition (152) and the

additive terms (153) and (155), which arise when reference power is fixed, must
be modified when m is fixed. The modifications are made by simply replacing

¢a with the term (160) and by replacing ¢c with (161). Note that both ¢ and

a
0 0

@ are zero when ¢ is mission duration.
c

Finally, consider the effects 6n the transversality conditions of specifying various
dates and/or flight times through equations (A, 14) - (A.17). First, it may be noted
that the only parameters other than times that are involved in equations (A.14) - (A 17)

are v_ and vma. Consequently, only the transversality conditions associated with

d

the dates and the excess speeds can be affected, and these effects are completely
independent of those associated with fixing either the net spacecraft mass or the

reference power.

If it is desired to prescribe the launch date, then from (A.14)

3t 4
d tl) - 5— dv__ =0 (164)

ood d

and the transversality condition (127) is eliminated in favor of an additional term to

be added to the coefficient of dv‘=° in (135). This term is

d

3t
. I . od
[¢1t(1)+1AR(1) b W)+ Ay B 1)+ 1>Lt<1)+1]]_a.v_m_d (165)
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Similarly, prescribing the arrival date as per (A.15) results in the elimination of

(139) while adding the term

3t
. .o Ll ®g
- [gs by + 2 AR P AW B+ A1) -5 | 53 (166)

2 ®a

to the left side of (137) providing, of course, that the arrival excess speed is left

open. Note that (166) is zero for probe and extra-ecliptic missions because of (140).

Fixing the flight time of the first segment implies that

atwd
dv =0 (167)

va d od

d t(0) - d_t(1) +

where the identity between 1t(O) and 2t(0) has been employed. If, in addition, the

launch date is specified through (A.14), one obtains the simple result
d,t(0) = 0 (168)

which is, of course, equivalent to fixing the swingby date. Whenever alternate choices
of specifying constraints are available, the preferable choice is the one that employs the
specification of independent rather than dependent parameters, because that choice
reduces the dimensionality of the boundary value problem. If both launch and swingby
date are left open, d 1t(l) may be eliminated from (107) using (167), and the results
are 1) to replace equations (117) and (127) in favor of their difference, and 2) to add

in (135). Similarly, specification of the

the term (165) to the coefficient of dv_ d
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second segment flight time with open swingby and arrival dates results in replacing
equations (117) an'c\i“é (139) with their difference, and in adding the term (166) to the
left side of (137). If both segment flight times are éonstrained, the three transversality
conditions (117), (127), and (139) are replaced with the sum of (127) and (139)

less (117), the term (165) is added to the coefficient of dvmd in (135), and the

term (166) is added to the left side of (137).

Providing both la:nch and arrival dates are left open, a constraint on total

mission duration leads to

3, A,
dyt(1) - d_t(1) + 3

ded + > dvaoa =0 (169)
od ®ga

Therefore, after eliminating dlt(l) from (107) using (169), one finds that the effect
on the transversality conditions is to eliminate (127) and (139) in favor of their sum,

to add the term (165) to the coefficient of dv_ . in (135), and to add (166) to the

d
left side of (137). Various combinations of fixed mission duration with fixed segment

flight times or dates are equivalent to problems treated above, and the transversality

conditions are identical to those for the equivalent problem.
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APPENDIX A - BOUNDARY CONDITIONS

Planetary Missions v

For missions involving the use of an ephemeris to define the position and
velocity of the destination as a function of time, the following boundary conditions

must be satisfied. At the swingby point (s=0)

(RO - ,R©) =0

VO - V) =0

(A.1)
1u(O) - 2u(O) =0
1t(O) - 2t(O) =0
which assure continuity;
2R(O) - 2P(O) - sz(O) =0
(A.2)

pV(0) - PO) - R (@) =0

which relate heliocentric and planetocentric Cartesian components of spacecraft

position and velocity; and

sz(O) - sz(O) =0
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|2Rp(0) | - = 0
‘sz(O)I_ Vp =0
R (0)x R (0)) n - i =0
(2 p( )x2 p( )) np rpvpcomp A3

R (0)-n_-r sini sinw =0
2'p P P P P

R '-xﬁ -r Exr-m cos  cos w -8in ! sinw cosi)=0
2'p (k D) P' p‘( p p P p P’

“which relate the planetocentric Cartesian coordinates to the polar coordinates used
as independent parameters of the problem. All of these equations are satisfied trivially

(i.e., inputs are chosen such that the equations are satisfied). At Earth departure,

the constraint equations are

R -P,Mm)|-r =0

—5
. 2 e _
|1V(1) - Pe(1)| v S+ — =0

od
es

(A. 4)
(RM - P @)x (VD) - P @)l - 2, e _
G e 1 VA ey LoV Vag T

VD -1=0
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The first three equations of (A.4) assure compatibility with the assumption of
ballistic transfer from the low altitude Earth parking orbit to the sphere of influence,

while the latter results from the definition of v. At the destination, the constraints are

|2R(1) - P.(1) | - r =0

: [ 2 2H
Ly - Pyl -+ —— =0 (A.5)

>a rts

. / , )
[GRM) - P,a)x (V@) - Pap | -1y Wy "+ — =0

whieh assure compatibility with the assumption that the spacecraft coasts from the

sphere of influence to the pericenter distance Tip where the high thrust maneuver,

if there is one, is performed.

To provide program flexibility, a number of constraints are optional. Among

these are most of the independent parameters, such as the polar swingby parameters,

(A. 6)

. '-ce t .cbl
| ]
[en)
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the mass ratio and time at swingby

MO -V =0

sw
(A.7)
t0) -t =0
2 (0) swW
the times at the sphere of influence
tQ) - t =0
H0) -t
(A. 8)
2t(l) - 2ts =0
the depariure and arrival excess speeds
v, q- v, q =0
v =-%¥ =0 (A.9)
©g  ®3
and the engine parameters
a -a =0
o o}
(A.10)
c-¢c=0

where the tildes denote the desired values. Of course, being independent parameters,

equations (A.6) - (A.10) are all satisfied trivially by input.
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Other optional constraints which may be of interest in specific problems

include the reference power

aaocmo/Zn—po=O (A.11)

the net spacecraft mass

m -m =0 | | (A.12)

the final mass ratio

sz(l) - l7f =0 ' (A.13)

and certain date and flight time parameters such as launch date

1t(l) - tmd - fo =0 ‘ (A. 14)
arrival date
2t(1) + tma - ff =0 (A.15)

individual segment flight times

~

- At. =0

: 1t(O) - 11:(1) + twd 1

(A.16)
ot +t - t(0) - At, =0
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and total mission duration

- + +t -At =0
2t(1) 1t(1) tmd oa Am

Certain combinations of the optional boundary conditions above are mutually exclusive

(A.17)

because they are not independent. An example would be the combination (A.14), (A.15),

and (A.17). A careful examination of equations (A.7) - (A.17) will uncover several
other examples. Of course boundary condition (A.12) is not permitted if the net
spacecraft mass is to be maximized; likewise, (A.17) is not permitted if mission

duration is to be minimized.

Probe and Extra-ecliptic Missions

For any mission for which the destination is not given by an ephemeris, the
permissible boundary conditions are identical to those in the preceding paragraphs,
with the exception of equations (A.5) which are replaced. It shall be understood,

however, that the time interval twa is zero.

In place of equations (A.5), a number of optional final conditions will be

permitted. Among these will be the individual Cartesian components of final position

2x(l) - xf= 0
' 2z(l) - zf =0
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and/or velocity (assuming no retro maneuver)

K1) =i, = 0
y1)-y.=0

2 t (A.19)
J2(1) - 2.0

If a retro maneuver is permitted, then (A.19) is replaced by the single equation

|2V(1) - vfl =V, =0 (A. 20)

In the latter case, the retro incremental velocity is taken to be equal to vma. The
remaining boundary condition possibilities that are of particular interest in this type

of problem include the following polar coordinates:

|2R(1)| -1, =0

L,V -V, =0

-1 (A.21)
sin | |,RW VO /| ,R)| [,va)| ] - ¥, =0

cos_l[(zR(l)XZV(l)) ‘k/ |2R(1)x2V(1) |] -1, =0

{[kx (Z‘R(I)XZV(l))]xi— }-k

-1 -
tan [ [kx(zR(l)sz(l))]x’f 1 %=0
RO x [kx (RW)x, V(1) ]} - (RO x, V(1)

=0

11 2
tan - W,
[ [LROx, V) | Tkx (RM)x VAT 2»R(l.) ] f
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APPENDIX B - ALTERNATE BOUNDARY AND TRANSVERSALITY

CONDITIONS FOR PLANETARY MISSIONS

Consider the vector transversality condition (136) that must be satisfied upon

entry into the sphere of influence of the target planet, i.e.,

RtszRH'RtszV:o (B.1)

with all quantities being evaluated at s=1. An important observation that may be
made from this equation is that, if it is to be satisfied, the four vectors Rt’ Rt’

ZAR and 2/\] must all lie in the same plane., Consequently, fcr the converged
solution, the vectors 2AR and ZAV define the plane of motion of the hyperbolie approach
trajectory relative to the target planet at the time of entry into the target planet's

sphere of influence. Thus, if we define the unit vector n, along the planetocentric

t
angular momentum vector, i.e.,

" TR xR 5.2
then for the converged solution we will have

A x
ﬁt=i|2 sziR| (B.3)
| 2AV 2" R i

If one is given the vectors ZAR and ZAV at the sphere of influence, then the direction

of the planetocentric angular momentum vector (and hence the inclination of the hyper-
bolic trajectory relative to the ecliptic plane) is known except for the ambiguity in signs.
Once this ambiguity is resolved, then the inclination of the planetocentric hyperbola
relative to the ecliptic plane is

- &) ©<i <m | (8. 4)

i=cos!@
t .

t

i
i
£
i
i:
|

SRR N E NN
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where k is the unit vector normal to the ecliptic. Furthermore, the ascending node
of the planetocentric hyperbola on the ecliptic plane relative to the vernal equinox direc-

tion is given by

Q, = cos ! (Zt 1) = sin © (Zt - ) (0=Q =2m (B.5)

where i is the unit vector in the ecliptic plane in the direction of the vernal equinox
and j completes the right-handed Cartesian coordinate system; 4 is a unit vector

t
in the ecliptie plane in the direction of the subject ascending node and is given by

kxn
7 =t (B.6)
t - - .
Ikxntl

Thus, except for the ambiguity in the sign of ﬁt’ the optimal orientation of the planeto-
centric hyperbolic arrival trajectory is known. There remains only one degree of
freedom in specifying the position and velocity of the spacecraft at entry of the sphere
of influence. Let this degree of freedom be represented by the angle wts between

Lt’ the direction of the line of nodes, and Rt’ the planetocentric position vector at
entry of the sphere of influence. The optimum value of this angle may be obtained by

" solving for the root of the r_lt - component of the vector equation (B.1). That is, we

seek the value of wts which results in the satisfaction of

ﬁt . (RtszR + Rtszv) = ZAR . (ﬁtht)' + 2Av' (ﬁtxﬁt) =0 B.7)

Rewriting the cross product terms

ntht = rtS (- sin wts Lt + cos wts mt)
(B. 8)
-~ r . = . - ]
= -— : + -
yERL = = Vg 008 (W %) 4 tsin(w -y ) m
where == :
m, =n x4 : B.9)
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and Ty Vts, and Yts are the (known) planetocentric radial distance, speed, and
flight path angle, respectively, at entry of the sphere of influence. Then, through the
use of double angle formulas, substituting (B.8) into (B.7) and rearranging terms,

the following expression is obtained for wts

1| TieGAg @) - v, feos YAy &) -sin Y Ay ™yl

u%s = tan - - -~ -
TGRS GAG 4 Heosy (A my]

(B.10)

Clearly this equation for a%s yields two solutions, one differing from the other by

T radians. Consequently, there are two ambiguities, one associated with the choice
of nt and the other with U%s’ that must be resolved before a unique set of parameters
representing the position and velocity upon entry into the sphere of influence can be
defined.. Once these ambiguities are resolved (or a choice is made for numerical
testing), the planetocentric position and velocity at the sphere of influence may be

evaluated as follows:
= -l - : r + . +8i N v
R =1 [(cos w_ cos Qt sin i _sin Qt cosi)i +(cos w sin Qt sin w cos S'%cos i) ]

+ sin aéssm i k ] (B.11)

I = - vy /0 + ~ s O - in . _ ~ L
R Vig ,: (sin W €08 Qt cos w sin Qt cos lt) i -(sin w g5 Qt cos , COs thos lt) i

t t t t t
+ ~ . s .
cos wts sln lt k ] (B.12)
where
wts_ - %s T ytﬁs (B.13)
The combination of the three end conditions (A.5) and the three components of (136)
~may then be replaced with the six equations represented by
R(1)-R_ -P,(1)=0
2 t t
(B.14)

oB(L) - R - P (1) =0
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The equations (B.14) are recommended over the combination of (A.5) and
(136). The reason for this is that the functions involved in equations (A.5) are basically
quadratic, non-negative quantities, the desired roots of which are frequently difficult
to isolate numerically because they lie near the bottom of a trough. The equations
(B.14), on the other hand, contain functions which behave linearly over considerably
larger changes in the independent parameters in the vicinity of the solution and, hence,

are more amenable to numerical solution.

The physical end conditidns and associated transversality conditions that must
be satisfied at exit from the launch planet sphere of influence for swingby mission are
identical in form to those for the target planet. Hence, an alternate set of boundary
conditions may be written for departure from the launch planet that are identical in
form to those given above for arrival at the target planet. Specifically, the alternate

conditions may be written

JR@) -R - P_(1)=0
(B. 15)
JRW-R_-P (1)=0

where Re and i{e are the planetocentric position and velocity of the spacecraft at

‘departure of the sphere of influence and are given by the equations.

=r [(cosw cos ) -sinw sinfl cosi )i +(cosw sinQ +sinw_ cos cosi )]
e es es e es e e es e es e e

+sin w sini k ] (B. 16)
es e '

R =v [—(sin&: cos ) +cos & sin{) cosi )i -(sin@ cosw cos® cosf cosi )j
e es es e es e t es es es e e

~ - 7 ‘
+ in i i .17
cos wes sin lek | B.17)

where _ 1 AVx 1 AR

L LA A
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(B.18)

R s S
Qe—cos (&e i) = sin (&e j)

-1 res(lAR. me) Ves [cos 7es (1AV. L_e) -sin yes (lAV' me)]

w =tan .
es - ] - =
res(lAR Le) ¥ Ves [sin Yes(lAV Le) T8 Yos (1AV me)]

Note that again two ambiguities appear in the equations for selecting the optimum

position and velocity vectors.

There is insufficient information available at this point to resolve the ambiguities
that have arisen above. Before any decisions are made, it is important to understand
the reasons for and sources of the ambiguities. Consider first the sign of the vectors
ﬁt and ﬁe. Clearly these represent uncertainties in the sense of the planetocentric
motion at the target and launch planets, respectively. That is, the uncertainty is as to
whether the motion is posigrade or retrograde in each of the two cases. It so happens
that there will exist a locally optimum solution for each case; hence, the ambiguity in
the choice of solutions. At the launch planet, the choice is clear; one must pick the
posigrade orbit from launch vehicle payload considerations. It is also likely that posi-
grade orbits at the target planet would also be desirable. However, this may not
necessarily be true, particularly if a notable payload advantage is available with the

locally optimum retrograde solution.
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Once the direction of motion is chosen, there remains at each terminal the
ambiguities in the selections of wts and wes. The important point to remember
regarding these choices is that one of the two possible choices for each variable
represents a local optimum while the other is merely a saddle point solution. That
is to say, given the best possible choice of all other parameters, of the two possible
choices of the w at one end, the one choice is the best one could possibly make and
the other is the worst choice. At the present time there is no known mathematical
proof available as to which solution is optimum. However, past experiences with many
numerical examples have indicated that the appropriate choice is the one that results
in a planetocentric velocity vector that is nearly diametrically opposed to the primer
vector (the other solution makes them nearly aligned). This information is offered at

this point merely as a suggestion rather than a rule; consequently the user should

exercise care to investigate this ambiguity for each mission application,
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i
APPENDIX C - ALTERNATE PROCEDURE FOR PROBLEMS

WITH IMPOSED COASTING WITHIN SWINGBY PLANET'S SPHERE OF INFLUENCE

Due to the extremely rapid and large fluctuations that are known to occur in
certain of the adjoint variables in the close proximity of a planet, a very sensitive
relationship exists between the end conditions at the launch and target planets and the
guesses of these adjoint variables at the passage point. Consequently, there exists a
correspondihgly sensitive boundary value problem that has exhibited extremely poor
convergence qualities. A method has been developed, however, which greatly allevi-
ates this difficulty in problems in which coasting flight is imposed within the sphere

of influence of the swingby planet,

If thrusting is not permitted within the ic,phere of influence, a given set of the
six passage conditions rp, vp, ip, Qp, wp, and tp completely define the spacecraft
path within the planetocentric phase. This also implies, of course, that the behavior
of the adjoint variables within the sphere have absolutely no effect on the planeto-
centric path, As a consequence, it is possible to completely disregard the adjoint
variables within the sphere by simply moving the point at which the adjoint variables
are guessed from the passage point to the crossings of the sphere of influence. That
is to say, rather than guess two sets of adjoint variables (one for each leg) at the
swingby point, one instead guesses a set for the first leg at entry of the sphere and
another set for the second leg at exit of the sphere. The spacecraft states at entry
and exit are easily written as explicit functions of the state at passage using the
Therefore, one may start the optimization problem at the swingby planet's sphere
of influence on both legs by simply defining s = 0 to represent entry of the sphere on
the first leg and exit of the sphere on the second leg. In this way the consideration
of the behavior of the adjoint variables in the sphere of influence is comipletely avoided,
and the new independent parameters(same functions, but evaluated at a different point)

are considerably more stable and less sensitive.



The implementation of the above technical approach is relatively simple.
The state and adjoint equations remain unchanged except for the simplification that
results upon recognizing that the step function hp is identically zero throughout the
interval s =0 to s =1. The only significant changes are the expressions for the
boundary conditions at s =0 and the concomitant changes in the transversality

conditions.

To obtain the new boundary conditions at s =0, define

s g M
vole vl 2B
p
rv 2
e =1+ P =p
p I-‘p

such that the time tmp and the travel angle szs between the passage point at a

distance rp and the sphere of influence at a distance rps are given by

7]

t = p(e sinh f —f)

°°pv3p P p
*®p

l'bps = cOS_l[é:EI:; (ep+1) B 1) /ep ]
2

-1 r svm
where f =cosh [<1+-L—-P—>/e ]
P “p p

Then the speed vps and flight path angle yps at exit of the sphere are obtained

from the equations




y =t (2 s )
s 1+e cos
P p wPS

The planetocentric positions iRp(O) and velocities iRp(O)’ i=1or 2, may then
be written

R 0O=r {l_cos w + cos § -sin (w + sin{l cosi :l-l:
lp() ps L L (pwps) P (pwps) p p-p
-+ [cos (W +YP )sinQ +sin(w+P_)cos§ cosi ]rﬁ
- p 'ps P P ps b p p
+sin (WY )sini n }
( P wps) P P

. — wiy - + —] -
R (0)=v {-[sin Wty - cos Q) +cos (w + - sin§? cosi | 4
L P( ) ps ( p ¢I3'f5 ‘)’ps) p ( p ¢PS yPS) p p_l P

[' (W +§ +y )sinQ -c¢ (w:ra,b +'y ycos 2 ¢ si]_
- | sin Y - i - cos - ) m
Y q)PS ps p P ps ps p P p

X

- + -
+ cos (W + -y sini n }
( p a‘bpS pS) P p

where the upper sign applies for i=1 and the lower sign for i=2. This convention is

also employed throughout the remainder of this appendix, The unit vectors 4 , m

_ p
and np are as defined in equations (40) - (43). The actual boundary conditions for

the state are then given by
VOo)y=P ¢ +t )+ R (0
YO =P Tt )+ R (O
=Pt + + )
RO =Pt )+ R (0)

t0)=t *t
i P =p
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= +
VO 1Vp mx/mo

vo=v
oV (0) 2%
The general form of the transversality condition remains essentially unchanged

from (107) except that the second term in the coefficient of dvco , Which arose due to

the discontinuity in mass at s = 1sp, is absent. Since the poin1cz1 at which the mass

is discontinuous now occurs at s=0 rather than 1sp, the equivalent of this term arises
directly from the quantity 1)LV(O) d 1V (0) contained in the bracketed term. We concern
ourselves here only with those terms in (107) pertaining to the boundary s =0, since
all other terms and conditions remain unchanged from the main text. That is, we
desire to derive the appropriate equations which will replace (116), (117), (121),

and (122).

The differentials of the boundary conditions above are written
d.V(©O)=P ¢ + ) @dt *dt_ ) +d R (0
(VO =P i) @t Fdt ) +dR ()
d.R(0) =Pt *t ) @t *dt )+dR (0
(RO) =Pt H_ ) @t ) +dR (0)
d t(0) = dt +dt
1 p *p

d.v©)=dv - X2 gy
1 p
m

d,v(0) =dv_

where _
_ np X Hp 1 _
diRp(O) = (np X iRp(O,)) d Qp+ <-l-l-p—s—m—ll-) X iRp(O));l 1p+ Tp (priRp$O))(dwp+d szs)
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. lh (0) - . n xH .
dR (0)= P dv +@ xR (0)d +(—p—.1?— x R (0) di
ip Vos ps pip p hpsml ip p

1 : - +
+ A M xR O) @w +dy  =dy )

Butsince t _, v , ¥ and ¥ are functions onlyof r and v_ (assuming
®p° ps  ps - ps p p
rpS is a specified constant), it is possible to write for dx, where x represents

any one of the four parameters above,

dx = aéj—_{- drp + 2: dv
p p P
and thereby eliminate all differentials except those of the state at swingby. The

equations for the indicated partial derivatives are:

Btm 7} Arr I (e coshf —1)/ r
P-P B (e +)sinhf -3t +-L5 PP (5. P +1)coshf )]
or 2 2Lv p P ®p Vv e sinhf r p p
P rpva ©°p ®*p P P ps
atwp vp 2rp erq rp
= i - + ~. ol ’ T v— {
5V 2[V slnhfp 3t°°p Y (epcoshfp 1)1 z coshfp)]
P Vo, P ©p p s
v
ps “P
Brp ZV
' P ps
oV \
ps _ D
oV \
p ps
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QY r \'s

ps . -2.B D
arp <COS wps 2r > By e smz,b
o) 2r v r

¢’ D <cos¢> -—E->
ov L e siny r

Y pp ps
% cot y 7}

= _1\

or rp r v 2 /

P P ps
% cot ¥ v2

ps _ __ ‘ps ( P _1>
dv v v 2

b b DS

Extracting from (107) only those terms pertaining to the boundary s =0,

and substituting the above differentials, one may then write

FET—

2
—Y [lAvdVH\R dR+A du+xdt]+ A (Dd 0 - A _(1)d,t0)

Amx dm(‘)
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where all adjoint variables and state variables appearing on the right hand side are

evaluated at s=0, and where the notation

t =t -t
ps p «p
t =t +t¢
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has been employed.

The first term on the right hand side of the equation above is added to the

other terms in (107) containing dvm and replaces the similar term containing

d
1)L U( 1sp) that was discarded earlier. The coefficients of the remaining seven differ-
entials constitute the new transversality conditions that were sought. Note that the
condition associated with mass ratio remains unchanged while those associated with

p
legs is no longer equal. The conditions associated with rp and vp contain a number

t, w‘p’ Qp, and i differ slightly due to the fact that the state at s=0 on the two
p

of new terms due to the dependence of the state at entry and exit of the sphere of

influence on those two parameters.
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SWINGBY PROGRAM USER'S MANUAL

Introduction

SWINGBY is the name given to the segmented two-body low thrust swingby
trajectory optimization program. SWINGBY is a program conceived to yield optimum
low thrust trajectory and performance data for missions incorporating a swingby of
an intermediate planet enroute to the desired destination. It is designed to accomplish
this in a manner which minimizes the effects of the high sensitivities of the problem on
the behavior of the boundary value problem. The program is also suitable for gener-
ating ballistic swingby trajectories in the patched-conic mode,

This manual provides the user with the necessary instructions and information
to operate the program. The manual contains a general program description, a
statement of the major program capabilities, features and options, a detailed descrip-
tion of the program inputs and outputs, a summary description of the individual sub-
routines which comprise the SWINGBY program, a statement of the program machine
requirements, and a sample problem,.
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General Program Description

The SWINGBY program is designed to generate optimal low thrust interplanetary
trajectories incorporating a gravitational assist (swingby) of an intermediate planet,.
With the appropriate choice of inputs, the program can also generate standard trajec-
tories with no swingby maneuver. A patched conic trajectory formulation is employed
such that the overall mission trajectory is comprised of a series of appropriate
planetocentric and heliocentric arcs which are connected or linked together at the
spheres of influence of the planets. Continuity in both position and velocity is maintained
at these patch points, although a discontinuity in gravitational acceleration will exist
across any sphere of influence.

Swingby trajectories are strongly dependent upon the relative angular positions
and motion of the planets involved. An analytic ephemeris of each planet is included
in the program and is used to determine the position and velocity of a planet on any
particular date of interest. In the ephemeris the elements of the planetary orbits are
expressed as quadratic functions of Julian century relative to an ecliptic reference
frame of date.

The indirect method is used in generating the optimal trajectories; i.e., the
solution is taken to be that which satisfies the Necessary Conditions as derived by the
application of the Pontryagin Maximum Principle. To obtain an optimal trajectory it is
necessary to solve a set of non-linear ordinary differential equations representing the
motion of the spacecraft simultaneously with a like set of equations which are adjoint
to these equations of motion. During thrust phases these equations are solved by
mimerical integration using a fourth-order Runge Kutta technique. The independent
variable of integration is the generalized universal anomaly B defined implicitly
through the equation

. n
B=w/r
where L is the gravitational constant of the attracting body, r is the distance of the
spacecraft from that body and n is an input constant. For coast phases a closed form

solution of the differential equations is used and is evaluated at constant intervals of a
universal anomaly defined implicitly by the equation

B=i/r

The technical approach employed in calculating the trajectories takes cognizance
of the high sensitivities of the post-encounter leg to the conditions at swingby. To mini-
mize the effects of these sensitivities in solving the boundary value problem, the com-
putation of all trajectories is begun at the closest approach point of the swingby planet.
The Earth-to-swingby planet leg is integrated backwards starting in the planetocentric
reference frame at the closest approach point. The integration proceeds to the sphere
of influence of the swingby planet at which time the motion is switched to the heliocentric
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reference frame., The backward integration then continues to the time at which exit

from the Earth's sphere of influence is desired. The swingby planet-to-target leg is
integrated forward in the same manner to the desired time of entry of the target

planet sphere of influence (or simply to the final time for area missions). Thus, the
dependent parameters of the boundary value problem include conditions at both Earth
departure and target arrival, and the independent parameters are basically the conditions
at closest approach of the swingby planet,

Because the above formulation still exhibits rather serious sensitivity problems,
an alternate formulation is also available in the program as an option. In this alter-
nate formulation, which has proven to greatly alleviate the sensitivity problem, the
optimization problem begins at the entry and exit points of the sphere of influence,

This is accomplished by prohibiting the use of thrust within the sphere of influence such
that the planetocentric motion of the spacecraft is strictly two-body and the behavior

of the adjoint variables inside the sphere may be completely ignored. The physical
passage conditions are still employed as independent parameters of the boundary value
problem, but the adjoint variables at passage are replaced by the same variables
evaluated at the sphere of influence.

The mission profile is based on the assumption that the spacecraft departs
from a low altitude orbit about the launch planet with a velocity in excess of that
necessary for escape from the planet's gravitational field. The initial mass of the
spacecraft is a function of the hyperbolic excess speed at departure and is evaluated
through a formula that approximates the performance of a specified launch vehicle.

The option is provided for including in the mission profile a high thrust retro maneuver
at the target. A choice of end conditions representative of a wide variety of planetary
orbiter and flyby missions as well as area missions are available.

The low-thrust propulsion system is assumed to be power-limited with constant
jet exhaust speed. The propulsion system efficiency is written as a function of the jet
exhaust speed while the power is assumed to be a polynomial function of the solar
distance. Imposing the condition that power be constant is an input option.
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SWINGBY Program Capabilities

In addition ic the analytic ephemeris mentioned in the preceding section, the
program contains for eacli planet a set of constants including the gravitational constant,
the equatorial radius, the radiuz of the sphere of influence, and the ecliptic longitude
and latitude of the North Pole., The assumed values of these constants are presented
for all nine planets of the solar system in Table 1. Because of the uncertainty of many
of these parameters, the capability of overriding the built-in values by input is pro-
vided. Any combination of the nine planets in the solar system may be assigned as
the launch, swingby, and/or target planets.

TABLE 1

Planetary Constants

Planet Gravitational Planet Sphere of Longitude of Latitude of
or Sun Constant Radius Influence North Pole North Pole
(km3/sec?) (km) (106km) (deg) (deg)
Sun 1.327180x1011 - - - -
Mercury *  2.175620x104% 2500. .113 90. 90.
Venus 3. 248534x10° 6100. .616 90. 90.
Earth 3.486032x109 6378.165 .928 90, 66.556
Mars 4.297780x10% 3415, 577 355. 855 64. 552
Jupiter 1.267069x108 69880, 48.188 247.238 87. 840
Saturn 3.791794x107  57540. 54.502 78. 957 61.933
Uranus 5.786726x106  25500. 51.746 77.437 -7.930
Neptune 6.976309x106  25000. 86. 069 312. 342 61.218
Pluto 3.317819x10° 6350. 26. 958 90, 96.

The program also contains a complete set of constants which characterize
the low thrust propulsion system. Those presently stored in the program are repre-
sentative of expected sclar electric propulsion technology in the mid-to late-1970's.
To facilitate the study of changes in technology or of other types of propulsion systems,
the capability of overriding by input all of the built-in propulsion system constants is
provided. The assumed form of the variation in power with solar distance is

n
y={ 1 . a,
7\ mn = i
r

-i /2)

4 co
OL”
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where 7y denotes the ratio of power at any distance r to power at r =1 AU, a are

a set of constant coefficients representative of a particular type (and design) of A power
source, and m and n are a pair of exponents introduced to provide more flexibility
in writing y. The efficiency 7 of the propulsion system is written

2
n:——b_c..__ +e

2
c +d2

where c is the jet exhaust speed, and b, d, and e ave a set of coefficients repre-
sentative of a particular propulsion system.

The spacecraft is divided into a number of mass components including low thrust
‘propellant, propulsion system (prof)ortional to power at 1 AU), tankage (proportional
to propellant), structure (proportional to initial mass), swingby planet science package,
and retro stage. Any mass remaining is termed net spacecraft mass. A complete set
of proportionality factors is built into the program and the option is provided for
overriding any or all of them. The retro stage is itself divided into two components,
the propellant and the inert mass. The latter is assumed to be proportional to the
retro propellant. The swingby planet science package is a mass component that is
jettisoned upon entry of the swingby planet sphere of influence. Mathematically, it is

expressed as the sum of a constant mass increment and an amount proportional to the
initial mass.

The initial mass mo. of the spacecraft is calculated using the equation

m_=b —Vc/l?z-b
o 1° 3

where Vc is the velocity of the spacecraft at departure of the parking orbit and

b.,, b,, and b_ are three constants which represent the performance of the prescribed
launch vehicle. ~Currently, there are stored in the program, sets of the three coefficients
representative of 24 existing and potential launch vehicles. These coefficients were
computed using a least squares curve fit to launch vehicle performance data contained fs
in Reference 11, Of course, the data are valid only for cases for which the Earth is

the departure planet. In those cases involving departures from planets other than Earth
or for launch vehicles other than those included in the library or for cases in which the 3
initial mass is independent of launch vehicle capability, a feature which permits user 2
specification of the three coefficients is provided.
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An option is provided permitting one to employ a high thrust retro stage at the
target. The magnitude of the velocity increment cancelled by the stage may be fixed
or optimized, but the direction is always optimized. For planetary missions the
increment is always imparted at the closest approach point to the target such that the
injection point lies on the apsis cf the final planetocentric orbit. Input flags are made
available which provide the options as to whether or not the low thrusi propulsion system
and/or tankage are to be jettisoned prior to the retro maneuver.

The switching on and off of the electric propulsion system is generally determined
by the switch function, a variable arising in the solution of the optimization problem.
The switch function nominally governs the operation of the propulsion system in the
heliocentric phases and within the sphere of influence of the swingby planet. However,
thrusting is not permitted within the spheres of influence of the launch and target planets.
An option is also provided which permits one to override the switch function and impose
coasting when within the sphere of influence of the swingby planet. In heliocentric
phases coasting is arbitrarily imposed for solar electric propulsion systems when the
solar distance is less than about 0.47 AU. This is because the stored coefficients
used in the mathematical representation of the power ratio v lead to negative values
- of vy at distances less than this critical radius. This is, -of course, a physically un-
realizable situation and is rectified simply by setting y equal to zero. With the option
of inputting a new set of coefficients for 9, one must also input the value of the critical
radius, if any.

The most difficult part of generating optimum swingby trajectories is, of
course, the solving of the two point boundary value problenmi. The basic philosophy
of the iterator used to solve this problem is given in Reference 13. This iterator is
extremely versatile and has been found to possess very strong convergence properties
for low thrust trajectory applications. For bourndary value problems in which the
number of dependent and independent parameters is equal, the iterator is basically a
Newton-Raphson technique. If there are more dependent than independent parameters,
the iterator will yield a (weighted) least squares solution. And, if there are more in-
dependent than dependent parameters, one has the option of using the degrees of free-
dom to extremize any specified function. Much of the versatility of this iterator is due
to the fact that any function that is available as a dependent parameter is also available
as a performance index when operating in this latter (optimize) mode. In this optimize
mode, the iterator has been found to have a sizable radius of convergence, but the rate
of convergence is somewhat slow since it is a direct parameter optimization technique.
Nevertheless, it has frequent utility because it permits one to consider a new or different
performance index on a moment's notice with absolutely no reference to any associated
transversality conditions. One additional feature that is available with this iterator is
the capability to declare an interval constraint for any dependent variable. Unlike a
normal constraint for which the variable is driven to the center of a specified tolerance,
the interval constraint requires only that the variable be within specified bounds. If
this condition is satisfied, the iterator operates as if the dependent variable were not
constrained. The partial derivatives required by the iterator are evaluated by per-
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turbing the nominal trajectory and employing finite differences.

A total of 30 independent parameters are made available in the program for
possible optimization or specification. These include the spacecraft position and
velocity relative to the swingby planet, the mass ratio and the time at swingby, the
times of exit from the launch planet's sphere of influence and entry into the target's
sphere, the hyperbolic excess speeds at the launch and target planets, and the reference
thrust acceleration and jet exhaust speed. The remaining 16 independent parameters
consist of two complete sets of adjoint variables (Lagrange multipliers), one set to
begin the backward integration of the first leg and the other to begin the forward integra-
tion of the second leg. Of course, not all of the 30 available independent parameters would
be flagged for any one case. A feature is included which attempts to reduce as much as
possible the number of independent parameters (and hence the order of the boundary
value problem) for all swingby trajectories. In any case where a degree of freedom is
left open in specifying the state of the spacecraft at swingby, there results a trans-
versality condition involving the state and the two sets of Lagrange multipliers, that
must be satisfied by the solution. Each such transversality condition is used to elimi-
nate one of the multipliers of the first leg as an independent parameter. This feature
is not available when using the alternate formulation discussed in the preceding section,
The planetocentric position and velocity of the spacecraft at swingby is expressed in
terms of the radius, speed, flight path angle, inclination, node angle, and angular
position relative to the node. Of these the flight path angle is always taken to be zero
because this is essentially the definition of a swingby or closest approach point. The
remaining five position and velocity parameters are optionally available as independent
parameters,

Although a maximum of 34 dependent parameters are computed for any one case,
a great many more parameters are actually available for use in the boundary value
problem. In many instances the same core location is used for several mutually ex-
clusive dependent parameters. The specific choices for a particular case are selected
by input flags. The first six dependent parameter possibilities consist of a combination
of physical constraints and transversality conditions associated with the exit of the
sphere of influence of the launch planet. These conditions are compatible with the specified
sphere of influence radius, the specified radius of the circular parking orbit, and the
assumption of ballistic transfer from the parking orbit to the sphere of influence along
a trajectory with energy defined by the departure hyperbolic excess speed. The second
set of six dependent parameters relate to the position, velocity, and/or associated trans-
versality conditions at the target and several forms of the constraints are available.
Under one constraint mode setting, the target is assumed to be a planet or other finite
body moving along a specified ephemeris, and the available dependent parameters are
identical in form to the first set of six associated with the launch planet. There are
two other target constraint modes, both of which are included for use in area missions.
The two modes differ in that one permits specification of the constraints in Cartesian
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coordinates and the other in polar coordinates, In both of the latter two modes, one
specifies through an input trigger whether the constraint is the coordinate itself or the
associated transversality condition. Other potential dependent parameters include the
mass ratios at launch and at the target, the launch date, the target arrival date, the
first and second leg flight times, the total mission duration, the reference power, the
net spacecraft mass, and a host of transversality conditions associated with the follow-
ing quantities: final mass ratio, launch date, arrival date, launch excess speed, arrival
excess speed, reference thrust acceleration, jet exhaust speed, and passage distance
speed, inclination, node angle, angular position, mass ratio, and time. The transver-
sality conditions provided are sufficient to treat either maximum net spacecraft mass
or minimum mission duration. The choice of either of these performance indices is
made by input flag, and the appropriate selection of terms in the transversality con-
ditions are made automatically,

A program feature which facilitates the computation of several optimal trajec-
tories over a range of values of some parameter is available. When this feature is
flagged, the entire set of independent parameters that resulted in the solution for one
value of the parameter being varied is used as the first guess for the next value of
the parameter. The alternative to this feature is to input a set of independent parameters
for each case,
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SWINGBY Input and Output

INPUT

Inputs to SWINGBY are given through the namelist feature of the IBM Fortran
IV programming language. The input namelist is named MINPUT, and every input
required or used in the program is declared by name in the list. The general form for
assigning an input value toa quantity is, simply

NAME = VALUE

where NAME is the name assigned to the variable and is included in the namelist,

and VALUE is a numerical or logical quantity consistent in form (i.e., logical, integer,
or real) with NAME. Unless otherwise specified, all MINPUT names commencing

with the letters I-N represent integers, whereas all names commencing with the letters

A-H or O-Z are double precision floating point numbers. All input data sets must
begin with the characters

&MINPUT

commencing in card column 2 and followed by at least one blank, and end with the

characters
&END

Preceded by at least one blank if data is contained on the same card, Card Column 1 is
ignored on all input cards,. Multiple data assignments on a single card is permissible
if separated by commas. A comma following the last VALUE on a card is optional.

The order of the input data assignments is arbitrary; i.e., they need not be in the

same order as listed in the namelist. In fact, there is no requirement that any specific
input parameter be represented in the input data set. If no value is included in the
inputs for a particular parameter, the default value, if any, is used. If there is no
default value, the value used is that which happened to be in the particular core location
assigned to the parameter at the time of execution. For other details regarding the

namelist feature, the reader is referred to the IBM System/360 Fortran IV Language
Manual.

A number of the SWINGBY program inputs relate principally to the control of
the program operation. These are:

IPFM Performance index flag governing the computation of the
transversality conditions.

IPFM

0 Optimize mode (See BY array input description)
(1)* Net spacecraft mass is to be maximized
2 Mission duration is to be minimized

I

*Possible input values enclosed in parentheses denote default values.
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FRWD Logical constant indicating whether or not there is to be a pre-
encounter trajectory leg (i.e., standard or swingby trajectory).

FRWD = . TRUE. No pre-encounter (backward integrated)
trajectory

= (.FALSE.) Both pre- and post-encounter trajectories

MUPDAT Flag indicating whether independent parameters at end of one case
are to be used as first guesses for next case.
MUPDAT = 0 Do not update
(1) Update
NSET () NSET(1) Not used for input
I=1, ---,5 NSET (2) Not used for input
NSET (3) Maximum number of iterations permitted in

attempting to satisfy point and interval con-
straints. If zero, no upper limit imposed.
Default value is 0.

NSET 4) Number of nominal trajectories that use the
same partial derivative matrix. If NSET (4)=0
or 1, a partial matrix is generated for every
nominal. For NSET (4)=n>1, a partial matrix
is computed for the first nominal and for every
nth nominal thereafter. Default value is zero.

NSET (5) Maximum number of iterations permitted after
entering optimize mode. ¥ zero, no upper limit
is imposed. Setting NSET (5)=1 causes iterator
to be bypassed. Default value is zero.

MPRINT Flag fer printing final trajectory as a function of time. If flagged, a
standard printout block is printed for each computed point along the
path. The printing is done as the point is computed; hence, the pre-
encounter trajectory, if any, is printed backward.

MPRINT = (0) Do not print
1 Print
NPRINT Print selection flag. Permits selection of amount of printout desired
on each case.
NPRINT = 0 Print only the case summary
1 Print switching point summary of final trajectory
2 Print MINPUT and case setup
4 Print trajectory summary on each iteration
8 Print partial derivative matrix each iteration.
16 Print trajectory summary on every perturbation
trajectory, '
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IPR11

IPR12

LONG

MPUNCH

KPART

Combinations of options obtained by summing options desired.

Dcefault value is 3.

Remote input terminal printout {lag (unit 11).

IPR11 = (0)
1

No output on unit 11.

Trajcclory summary information and iterator
messages written on unit 1i. IFrequency at
which the summary information is printed is
dependent upon input value of LONG. Summary
data consists of values of independent and
dependent parameters.

Remote input terminal printout flag (unit 12)

IPR12 = (0)
1

No output on unit 12,

Casc summary information, including casc
number, disposition (whcther or not converged),
and number of itcrations required, is written on
unit 12,

Note that job control cards must either define or dummy out

units 11 and 12.

Flag defining frequency at which trajectory summary data is to

be written on unit 11.

LONG = (0)

2

Not used if IPR11 = 0.

Summary data written for final trajectory
of case only.

Summary data written for all trajectories
except perturbation trajectories.

Summary data written for all tréjectories.

Flag for optional output of all independent parameters of the final
trajectory for each case in namelist format.

MPUNCH = (0)

n

Not output

Independent parameters are written on the
Qutput class as defined in the job control
cards for unit n. '

Flag for initiatihg an automatic adjustment of the input perturbation
step sizes to improve the accuracy of the partial derivative matrix.
While successively increasing and/or decreasing the step size of
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KPART
(cont.)

ISPHER

ITOP

a given independent parameter, the aigorithm monitors the
variation of the elements of the appropriate partial derivative
matrix column, The algorithm ultimately selects from all step
sizes fested the particular size that appeared to provide the most
stability to the least stable element in the column. This adjust-
ment is performed before attempting to converge on an optimum
trajectory. The feature has shown only limited success and is
retained primarily to provide the interested analyst the frame-
work within which he may test other algorithms with a minimum
of effort. The flag also is used for the somewhat unrelated
feature of bypassing the primary iterator, MINMX3, in favor of
a standard Newton-Raphson search procedure,

KPART = (0) Normal MINMX3 operation,

n>0 Initiates automatic adjustment of perturbation
and allows a maximum of n iterations to
select the best value for each independent
parameter,

<0 Invokes Newton-Raphson search procedure.
In this mode the input step sizes 8 x are
multiplicative rather than additive (i.e.,

X =X (1 + 6x) rather than x =
pert nom pert

x _ + 0x as is employed in MINMX3).
nom
Flag for invoking the alternate formulation which initiates the
optimization problem at the sphere of influence rather than the
passage point (see Appendix C of Part I of this report). This
feature is available for both swingby and standard trajectory
options.

ISPHER = (0) Use original formulation which starts problem
at passage.
1 Use alternate forinulation,

Adjoirt variable propagation flag. Given a solution to a problem
using the ISPHER =1 option, this flag initiates a procedure which
propagates the adjoint variables, starting at the sphere of influence,
down to the passage point assuming no thrust is permitted. The
values of the adjoint variables at passage are then automatically
loaded into the BX array to become independent parameters for a
problem with ISPHER = 0, Iteration on this problem then begins
automatically. Either optimal thrusting or imposed coasting is
permitted in this problem. The input value of ISPHER is




ITOP
(cont,)

IMPACT

MULAT

LOC

ignored when using this feature and is set to zero internally,
Propagation is performed from both entry and exit of the sphere
of influence to the passage point if FRWD = , FALSE., and only
from exit to the closest approach point otherwise.

ITOP = (0) Do not propagate.
1 Propagate, ITOP is set to zero upon
completion of the propagation.

Flag indicating the manner in which end conditions at the launch
and (if applicable) target planets are evaluated.

IMPACT = (0) End conditions represent a point on the

sphere of influence of the appropriate
planet and are evaluated as described in
Appendix B of Part I of this report. The
ambiguities noted there are resolved with
the input IPICK array (see below).

1 Desired final position is taken to be that
of the planet while the velocity is that of the
planet plus the hyperbolic excess velocity
applied in the direction diametrically opposed
to the primer vector. The sphere of in-
fluence radius of the planet is assumed to be
ZET 0,

2 Same as IMPACT=1 except the excess
velocity direction is left open.

Flag which permits SWINGBY to emulate a two-body heliocentric
low-thrust trajectory optimization program such as HILTOP
(Reference 12). The only difference between SWINGBY operating
in the MULAT mode, and HILTOP is that in SWINGBY the adjoint
variables must be scaled to satisfy the mass ratio transversality

condition, a requirement that is circumvented in HILTOP. This

feature is available only for standard trajectories (i.e., FRWD=. TRUE.).

MULAT = (0) Use segmented two-body formulation.
1 Use heliocentric two-body formulation.

Other features pertaining exclusively to spheres of influence or
swingby capabilities are not available with this option.

Option flag used in conjunction with emulation mode which, given a
periapse distance and inclination, permits the computation of the
periapse speed, the longitude of node and the argument of periapse
of a launch hyperbolic trajectory that is consistent with the launch .
excess velocity of the converged emulation mode trajectory. These
values are then loaded into the appropriate locations of the BX array
for use on the next case which is not to use the emulation mode. Two
solutions exist for the launch hyperbola for which the difference in
performance will generally be insignificant.

LOC = (0) Bypass computations
+1 Perform computations. One of the two
arbitrary solutions is selected through the

choice of sign.
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IPICK (6)

ITF

Array of flags permitting the user some flexibility in controlling
the operation of the program. The first four elements of IPICK
are used to resolve the ambiguities arising in the computation
of end conditions using the IMPACT = 0 option.

IPICK (1) = (0) Posigrade motion about launch planet,
1 Retrograde motion about launch planet.
IPICK(2) = (0) Launch excess velocity nearly aligned with

primer vector.

1 Launch excess velocity nearly diametrically
opposed to primer vector (this is generally
the correct choice).

IPICK(3) = (0) Posigrade motion about target planet.
1 Retrograde motion about target planet.
IPICK(4) = (0) Arrival excess velocity nearly aligned

with primer vector.

1 Arrival excess velocity nearly diametrically
opposed to primer vector (this is generally
the correct choice).

The fifth element of the array is applicable only if ISPHER = 0,
and provides flexibility in the use of the transversality conditions
at swingby.

IPICK(5) = (0) Any applicable transversality conditions
resulting from open passage conditions are
treated as end conditions in the boundary
value problem.

1 Those applicable transversality conditions
are solved for selected adjoint variables
(using subroutine FSTLEG). Both the adjoint
variables and the transversality conditions
are thereby removed from the boundary value
problem, reducing its order by an amount
equal to the number of transversality con-
ditions involved. |

IPICK(6) is not used at the present time.
Job time terminator. Prior to commencing the integration of any

trajectory, the time remaining for the job is determined us ing the
IBM utility REMTIN. If the remaining time, in seconds, is less than

ITF, control is immediately transferred from the iterator to the MAIN

program where the last trajectory is then integrated with appropriate
flags set to get the desired summary printouts. The default value is 5,
which will be adequate to get the summary printouts for most cases.
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EN

DBETAH

DBETAP

DZH

DZP

Exponent of r in the differential equation defining the implicit
relation between time and the universal anomaly. Default value
is 1.5 for which the universal anomaly becomes what is referred
to as the regularized variable.

Universal anomaly integration interval in heliocentric thrust phases.
Default value is 0,03125.

Universal anomaly integration interval in planetocentric thrust
phases. Default value is 0.00390625.

Universal anomaly step size during heliocentric coast phases.
Default value is 0.125.

Universal anomaly step size during planetocentric coast phases.
Default value is ,0078125,

The following inputs pertain to the planets involved in the mission and their

ephemerides.

MOPT1

MOPT2

MOPT3

SAI
ECI
CNI
OMI
SOI
TPI

Launch planet number for swingby missions. Not used if FRWD =
. TRUE. Should be set equal to 3 (Earth) if any of the
launch vehicles are flagged (see MBOOST below).

MOPT1 = 1 Mercury

2 Venus
(3) Earth

4 Mars

5 Jupiter
6 Saturn

7 Uranus
8 Neptune
9 Pluto

10 Arbitrary body

Swingby planet number for swingby missions or launch planet
number for standard missions (i.e., if FRWD =, TRUE.).

Possible settings are identical to those listed above for MOPT1,
Default value is 5.

Target planet number. Not used for area missions (i.e., if
MODE >1). Possible settings are identical to those listed above
for MOPT1. Default value is 6. )

These six parameters are the orbital elements of the arbitrary
body (planet no. 10). The six elements, in the order listed, are
semi-major axis, eccentricity, inclination relative to the ecliptic
plane, longitude of ascending node, argument of perigee, and date
of perihelion passage. The semi~major axis is expressed in AU,
the three angles in degrees, and ihe date of perihelion passage in
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INPFLG(I)
I=1,---,16

days from the reference date (see MYEAR, MONTH, MDAY, and

HOUR below).

The elements must correspond to elliptic orbits.

The default values for these elements, in the order listed, are

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

, ).

Input flags indicating whether input or built-in solar and planetary
constants are to be used. Each flag is checked individually such
that any combination of built-in and input constants may be used.
A flag setting of zero indicates the built-in value of the associated
constant is to be used; a non-zero setting indicates the input value
is to be used. Default values of the flags are all zero. The
specific solar or planetary constant associated with each of the

flags is as follows:

INPFLG(1) Sun's gravitational constant

INPFLG(2) Launch planet gravitational constant
INPFLG(3) Launch planet radius

INPFLG(4) Launch planet sphere of influence radius
INPFLG(5) Longitude of launch planet North Pole
INPFLG(6) Latitude of launch planet North Pole
INPFLG(7) Swingby planet gravitational constant
INPFLG(8) Swingby planet radius

INPFLG(9) Swingby planet sphere of influence radius
INPFLG(10) Longitude of swingby planet North Pole
INPFLG(11) Latitude of swingby planet North Pile
INPFLG(12) Target planet gravitational constant
INPFLG(13) Target planet radius

INPFLG(14) Target planet sphere of influence radius
INPFLG(15) Longitude of target planet North Pole
INPFLG(16) Latitude of target planet North Pole

Of course, if FRWD=

.TRUE., INPFLG(2) - INPFLG(6) and the

associated constants are not used, and INPFLG(7) - INPFLG(11)
pertain to the launch planet. If the arbitrary body (planet no. 10)
is assigned as the launch, swingby, or target planet, then the ele-
ments of the corresponding set of five input flags should each be
set to one and the associated constants should be input.

Following are the input solar and planetary constants associated with the input flags
INPFLG{). The correct input units of each parameter is stated in parentheses The
default values of all 16 constants are zero.

EMSUN Sun's gravitational constant (ms/sec2) 0
EMLNCH Launch planet gravitational constant (m"/sec”)
RLNCH Radius of launch planet (km)

RSLNCH Radius of launch planet sphere of influence (km)
ELOLNC

Ecliptic longitude of launch planet North Pole (deg)
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ELALNC Ecliptic latitude of launch planet North Pole (deg)
EMSWBY Swingby planet gravitational constant (m3/sec?2)
RSWBY Radius of swingby planet (km)

RSSWBY Radius of swingby planet sphere of influence (km)
ELOSWB Ecliptic longitude of swingby planet North Pole (deg)
ELASWB Ecliptic latitude of swingby planet North Pole (deg)
EMTARG Target planet gravitationai constant (m3/sec?)
RTARG Radius of target planet (Km)

RSTARG Radius of target planet sphere of influence (km)
ELOTRG Ecliptic longitude of target planet North Pole (deg)
ELATRG Ecliptic latitude of target planet North Pole (deg)

Virtually all the program computations are performed using internal units with
distance expressed in AU and time in taus. The conversion constants between the
internal units and the MKS system depend upon two parameters - the sun's gravitational
constant and the length of the AU in meters (or kilometers). Since the capability of
overriding the sun's gravitational constant is provided (thru EMSUN above), it is
necessary to compute the conversion constants using the input values. For complete-
ness, the capability of specifying the AU is also available as follows:

AUKM Factor for converting distances from AU to kilometers.
Default value is 1.49598 x 108,

The default value of the sun's gravitational constant is given in Table 1. Additional
reference quantities used in conversion constants which are available as inputs are:

ER Equatorial radius of the Earth, in kilometers.
Default value is 6378, 165.

GRAV Reference acceleration of gravity at the Earth's surface.

in m/sec2, Default value is 9. 80665.

All dates input to the program are expressed in days measured from an input
reference date. This reference date may either be input as a calendar date in terms of
year, month, day, and hour or as a modified Julian date. The modified Julian date is
simply the actual Julian date less the number 2400000, For example, the Julian date
corresponding to noon of 1 January 1970 is 2440588, 0; hence, the modified Julian date

is 40588.0. The means of inputting the reference date are as follows:

MYEAR Year (1970)
MONTH Month (1)
MDAY Day (1)
HOUR Hour (12.)
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The numbers in parentheses are the default values., If MYEAR is input
equal to zero, the reference date is assumed to be given in terms of the modified
Julian date, the value of which is given by HOUR. Thus, a set of inputs that is equiva-
lent to the default reference date is MYEAR =0 with HOUR = 40588.0. In the latter
case, MONTH and MDAY are not used.

A sizable number of inputs relate to the specification of the launch vehicle, pro-
pulsion system, and spacecraft performance and characteristics.

MBOOST Launch vehicle identification number. If input equal to zero,
parameters B1l, B2, and B3 must be input (see specifications
below). Permissible settings and corresponding launch vehicles
are:
MBOOST = User specified vehicle

Atlas (SLV3C)/Centaur

Atlas (SLV3C)/Centaur/Burner II (2336)

Atlas (SLV3X)/Centaur

Atlas (SLV3X)/Centaur/Burner II (2336)

Atlas (SLV3X)/Centaur I

Atlas (SLV3X)/Centaur I/kick

Titan III C

Titan IIT C/Burner II (2336)

9  Titan IIIX/Centaur

(10)  Titan III X (1205)/Centaur

11  Titan IIT X (1205)/Centaur/Burner II (2336)

12 Titan III X (1207)

13 Titan III X (1207)/Certaur

14  Titan III X (1207)/Centaur/Burner II (2336)

15  Titan III X (1207)/Centaur I

16  Titan III X (1207)/Centaur I/kick

17  SIB/Centaur

18 SIC/SIV B/Centaur

19  SIC/SIV B/Centaur I

20  SIC/SIV B/Centaur I/kick

21 Saturn V

22  Saturn V/Centaur

23  Saturn V/Centaur I

24  Saturn V/Centaur I/kick

W 3G W -=O

The formula used to estimate the launch vehicle performance (see preceding section) has
been found to be about as accurate as one can read the performance data from the graphs
in Reference 4. The vehicles with the Burner II and Kick upper stages have been included
because they represent the most probable alternates to electric propulsion upper stages.
With the proper inputs, the program can be forced to operate in the coasting mode
throughout the mission, thereby yielding the performance requirements for an all high
thrust vehicle in the same reference frame that low thrust performance is evaluated

If MBOOST is entered zero, then also input the following
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B1
B2
B3

Coefficients corresponding to bl’ bz, and b3, respectively,

appearing in the equation for launch vehicle performance given in

the preceding section. Bl and B3 have units of kilograms while
B2 has units of meters per second. Note that setting Bl to zero
makes the initial mass independent of the launch excess speed and
equal to -B3. Default values of B1, B2, and B3 are all zero.

The built-in representation of the power variation with distance is, for distances
greater than 1 AU, characterized by an exponential decay asymptotically approaching
zero at large distances. At distances less than 1 AU, ¥ peaks with a value of about
1.4, and abruptly drops off to zero as the distance is decreased, Theoretically, this abrupt
drop in 7y may be eliminated by rotating the solar arrays to reduce the planform area ex-
posed to the sun. An option is available to simulate this operational procedure. The
inputs available for specification of the power supply characteristics are

MSOLAR

BJ(I)
=1, ---, 10

PMI

RPMI

RPOI

MSHLD

Flag indicating whether built-in power profile curve is to be used
or overriden.,

MSOLAR = (0) Use built-in values.
1 Use input values. (Note: BJ (), RPOI, RPMI,
and PMI must all be input).

Coefficients corresponding to the a, in the equation for v given

in the preceding section. Used onlyl if MSOLAR =1. Default

value of BJ(1) is 1.; all other BJ(I) are 0. (Note: the built-

in values of the 10 coefficients used in evaluating ¥ if MSOLAR=0
are .627, 5,3054, -10.0376, 7.1073, -2,0021, 0., 0., 0., 0., O.,
respectively.) ’

Peak value of power ratio. Used only if MSOLAR = 1. Default
value of PMI is 1. When MSOLAR = 0, the peak power ratio
value is 1.396328511.

Solar distance in AU at which the input power profile attazins its
peak value of PMI. Used only if MSOLAR =1. Default value is 0.
The radius at which the power ratio peaks when MSOLAR =0 is
0.6652595436 AU,

Solar distance in AU below which the function 7y, as evaluated using
the coefficients BJ(I), is negative. Used only if MSOLAR = 1.

Default value is 0. The distance at which 7y is zero when MSOLAR=
0 is 0.469382496793 AU,

- Flag indicating that at solar distances below the distance at which

the peak power ratio is attained, the solar arrays are to be tilted
so as to maintain the peak value. If this option is flagged, the
distance at which the power goes to zero is set to zero,
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FM

ENN

MEFFIC

BI, DI, EI

MSHLD = (0) Do not tilt arrays; allow power degradation
1 Tilt solar arrays; maintain peak power at
small solar distances.

Parameter corresponding to the exponent m in the equation for
Y given in the preceding section. Default value is 2.

Parameter corresponding to the exponent n in the equation for
v given in the preceding section. The prefferable method for
setting power equal to a constant is to set ENN =0, To get a
solution for solar electric propulsion given a constant power
solution, or vice-versa, one may simply generate a sequence of
solutions for various values of ENN between zero and one. De-

fault value is 1.

Flag indicating whether built-in or input coefficients are to be

used in evaluating the propulsion system efficiency. The built-in
values of the coefficients b, d, and e appearing in the equation for
N in the preceding section are 0.769, 14300. m/sec, and 0.,

respectively,

MEFFIC = (0) Use built-in coefficients
= 1 Use input coefficients

Input coefficients corresponding to b, d, and e, respectively,
in the equation for 7. Used only if MEFFIC = 1. The units of
DI are m/sec. Default values are 1. » 20000., and 0., respectively.

Most of the mass components comprising the spacecraft are evaluated through
a set of linear scaling laws. The inputs used in these computations are:

CALPHA

EKS

EKT

DELMX

EKX

Specific propulsion system mass in kg/kw; i.e., the ratio of
propulsion system mass to reference power. Default value is
30 kg/kw.

Structure factor, the ratio of structure mass to initial spacecraft
mass. Default value is 0.

Tankage factor, the ratio of tankage mass to low thrust propellant
mass. Default value is 0. 03.

Mass increment in kg compris ing a portion of the scientific
package jettisoned upon entry of the swingby planet sphere of
influence. Default value is 0.

Swingby planet scientific package proportionality facter, ratio of
remainder of scientific package (in excess of DELMX) to the

~initial spacecraft mass. Default value is 0.
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EKR

The following inputs are used in the computation of the retro stage propellant

requirements.

JR

SPIRET

RTF

RTA

JPS

JT

Two additional, and very important, option flags are

JC

Retro inert factor, ratio of retro stage inert weight to retro
propellant weight. Default value is 0.1.

Flag indicating whether a high thrust retro stage is to be used in
attaining the specified end conditions at the target. A retro stage
is required for planetary orbiter missions.

JR = (0) . No high thrust retro stage
= 1 Retro stage is to be used
The following parameters are used only if JR =1.

Specific impulse of retro stage, in seconds. Default value is 300,

Planetocentric distance, in target planet radii, to the point of
injection into the capture orbit about the target planet. Used only
if MODE=1 (See MODE below). Default value is 2.

Planetocentric distance, in target planet radii, of the apsis of
the capture orbit 180 degrees from the injection point. Used
only if MODE =1. Defaulf value is 38.

Propulsion system jettison flag
JPS = (0) Electric propulsion system is retained as part ;
of the spacecraft through the retro maneuver. ’
=1 Electric propulsion system is jettisoned prior
to the retro maneuver.

Tankage jettison flag

JT = (0) Low thrust propellant tankage is retained
as part of the spacecraft through the
retro maneuver.

=1 Low thrust tankage is jettisoned prior to the
retro maneuver,

Planetoceﬂtric phase coasting flag

J C_= 0) Thrusting permitted, if indicated optimal 1

by the switching function, within the swingby
planet sphere of influence.
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JC

(cont,) = 1 Thrusting within the swingby planet sphere
of influence not permitted.
If FRWD = .TRUE. this option is available for launch planet.
This flag is ignored if ISPHER = 1.
MODE Target type flag

MODE = (1) Target is a planet or other body with a
prescribed ephemeris.

= .2 Target is represented as a point or area in
Cartesian ecliptic coordinates.

= 3 Target is represented as a point or area in
polar ecliptic coordinates.

All input information pertaining to the individual independent parameters is
contained in a single array named BX.

BX{I, J) For each independent parameter, five pieces of information are
required by the iterator. The subscript I relates to these
-1, -==,5 five items; J relates to the individual independent parameters.

J=1, ---, 30 Default values of all elements of BX are zero.

BX(1,d )“ Trigger indicating whether Jth parameter is
to be an independent parameter in boundary
value problem.

BX(1,J)=0. Not an independent parameter.
=1. Use as independent parameter

BX(2,J) Input value of Jth parameter. Must be input
regardless of trigger setting except as noted
for individual parameters below. If trigger
is on (i.e., B(1,J)=1), input value is used as
initial guess of independent parameter and is
varied at each subsequent iteration. If trigger
is off, the parameter is not used as an indepen-
dent parameter.

BX(3,J) ' Perturbation increment used to compute partial
derivatives. Used only if trigger is on. Units
are same as that of the parameter.

BX(4,J) | Maximum change to Jth parameter permitted
in a single iteration. Should be a positive quan-
tity. Used only if trigger is on. Units are same
as that of the parameter.
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BX(,J)
(cont,)

BX(5,d) Weighting factor. Should be a positive quantity.
A guideline for selecting these weights is to
estimate the uncertainty in how well you think
you know a given independent variable., Then
set the weighting factor equal to the inverse
square of the uncertainty, where the uncertainty
is expressed in the same units as the variable.
The smaller the value of the weighting factor,
the more the importance given to the associated
variable by the iterator.

The specific parameters associated with the various values of J are
as follows:

J=1 Swingby planet passage distance, in kilometers.
If FRWD = . TRUE., radius of parking orbit
about launch planet. In latter case, if launch
planet is Earth and built-in launch vehicle per-
formance is used, then set BX(2,1)=6563.365.

Jd =2 Planetocentric speed at swingby, in m/sec. If
FRWD =, TRUE., planetocentric speed at
departure of launch planet parking orbit.

J =3 Flight path angle at swingby, in degrees.
If FRWD = . FALSE. and IPFM > 0, both
BX(1, 3) and BX(2, 3) must be set to zero. For
other settings of FRWD and/or [PFM,_the flight
path angle at swingby (launch if FRWD=. TRUE.)
may be an independent parameter. It must be
recognized, however, that if the flight path
angle at swingby (launch) is not zero, the
other position and velocity inputs no longer
apply to the closest approach point.

Jd=4 Inclination of planetocentric swingby trajectory
| to equator of swingby planet, in degrees. Input
value should lie between limits of 0 and 180
degrees. If FRWD =, TRUE., parameter is in-
clination of departure trajectory relative to
launch planet equator.

| J=5 Longitude of ascending node of planetocentric

swingby trajectory on swingby planet equatorial
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BX(,d)
(cont.)

J=6
J=1
J=8
J=09
J =10
J=11
J=12
J =13

plane measured eastward along the equator from
the planet's autumnal equinox, in degrees. Input
value may lie in any of the four quadrants. If
FRWD=, TRUE., parameter refers to the launch
planet.

Angular position of spacecraft at swingby (launch
if FRWD=. TRUE. ) measured in the osculating
orbit plane in the direction of motion from the
ascending node, in degrees. If the input flight
path angle is zero (i.e., BX(2, 3)=0.), this

angle is also the planetocentric argument of
periapse. Input value may lie in any of the

four quadrants.

Mass ratio at the time of swingby. Should be a
positive value less than or equal to one., If
FRWD=. TRUE., mass ratio at departure of
launch planet parking orbit and should be a
fixed value equal to one (i.e., BX(1, 7)=0.,
BX(2,7)=1.).

Time of swingby in days from reference date.
If FRWD=. TRUE., time of departure from
launch planet parking orbit.

Time of exit from sphere of influence of launch
planet, in days from reference date. Backward
integration is terminated when this time is
reached. Not used if FRWD=. TRUE.

Time of entry into sphere of influence of target
planet (if MODE = 1), in days from reference
date. If MODE >1, final time of problem.
Forward integration is terminated when this
time is reached.

Hyperbolic excess speed at launch, in m/sec.
Not used if FRWD=, TRUE,

Hyperbolic excess speed at target, in m/sec,
if MODE = 1. If MODE=2 and JR~=1, velocity

increment of retro stage, in m/sec. Not

used if MODE=3,

Reference thrust acceleration in m/sec/sec.

" Equal to thrust generated at 1 AU (or simply
- the thrust for constant power systems) divided by

initial spacecraft mass.
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BX(,J) Jd =14
(cont,)
J =15 - 22
Jd =23 - 30

~circular orbit of radius 1 AU abnut the sun).
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Jet exhaust speed of low thrust propulsion
system, in m/sec.

Initial Lagrange multipliers for starting the

backward integration of the adjoint equations for

the first leg. Not used if FRWD=, TRUE. Order

of the multipliers in terms of increasing J, is

as follows: x, y, and z components of the primer
(i.e., the adjoints to the velocity); x, y, and z
components of the time derivative of the primer

(i.e., the negative of the adjoints to the position);

the mass ratio multiplier; and the time

multiplier. If IPICK(5) =1, IPFM > 0, and

ISPHER = 0, certain of the initial multipliers

for the first leg are computed internally to

satisfy a like number of transversality con-

ditions involving the state variables and the

two sets of Lagrange multipliers at the

swingby point. The specific multipliers

computed are as follows:

If BX(1,6)#0., compute BX(2,15) and set BX(1, 15)=0. ;
If BX(1,5)#0., compute BX(2,18) and set BX(1,18)=0. ;
If BX(1, 2)#0., compute BX(2,16) and set BX(L, 16)=0. ;
If BX(1,1)#0., compute BX(2,19) and set BX(1, 19)=0.
If BX(1,4)#0., compute BX(2,17) and set BX(1,17)=0. ;
If BX(1,7)#0., compute BX(2,21) and set BX(1, 21)=0. ;
If BX(1, 8)#0., compute BX(2,20) and set BX(1, 20)=0.
No inputs are necessary for these multipliers which
are computed internally. If inputs are made, the
value of the multiplier and the trigger setting will

be overridden,

Initial Lagrange multipliers for starting the

forward integration of the adjoint equations on .
the second leg (or the only leg in the case of .
FRWD=, TRUE.). The order of these multi-
pliers, in terms of ascending values of J, ‘,
is the same as that stated above for the first %
leg. It should be noted that there is no con- |
version from input to internal units for the
Lagrange multipliers. Hence the input values
of the multipliers are consistent with the in-
ternal units of the state variables; i.e., mass

-in kilograms, distance in AU, and time in taus

(one tau is the length of time required for a
massless particle to travel one radian in a




All input information pertinent to the individual dependent parameters is also
contained in a single array named BY, :

BY (K, L) For each dependent parameter, corresponding to a specific value of
K=]. -— .5 L, the iterator requires up to five input quantities corresponding

’ ’ to the five locations indicated by the subscript K. These inputs are:
L=1,~--,34

BY(1,L) Trigger. If off (i.e., equal to zero), the parameter
is ignored and is not considered a dependent parameter.
Then the other four inputs pertaining to the Lth para-
meter need not be input. If trigger is on (i.e., not
equal to zero), the Lth parameter is considered to
be a dependent parameter or constraint. Certain of
the L parameters may have either of two non-zero
trigger settings. These will be discussed individually

below.
BY (2, L) Minimum acceptable value of the dependent parameter.
BY(3, L) Maximum acceptable value of the dependent parameter.
BY(4, L) Importance factor for interval constraints. Used only

if interval constraint is declared on ILth parameter.
BY(, L) Constraint type indicator, as follows:

BY(5, L)=1. Point, or normal, constraint. Iterator
attempts to drive parameter to the
center of the tolerance specified.

=0. Interval constraint. Once within the
specified interval, the constraint is
ignored unless the boundaries are sub-
sequently violated.

=-1. Denotes performance index to be used in
optimize mode. Only one such variable
permitted in a case. Maximization or
minimization is achieved by se*ting both
acceptable upper and lower bounds to
unattainably high (maximize) or low
(minimize) values.

It should be noted that the transversality conditions,
which comprise some of the L parameters, are
developed under the assumption that all constraints

are of the point constraint type. The use of the latter
two types of constraints in conjunction with constraints
of any type on transversality conditions is permitted.
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BY(K, L)

(cont, )

BY(5, L)

(cont, ) However, the user should exercise caution in so doing
to assure that the results are meaningful and consis-
tent with the assumptions made in deriving the trans-
versality conditions originally.

The default values of all elements of the BY array are zero. Because
it is frequently desirable to know the value of a function that is avail—
able as a dependent parameter, even though the function may not be
constrained on a particular case, a complete set dependent parameters
is evaluated on all trajectories regardless of the trigger setting. That
is, the trigger setting is used only to indicate to the iterator whether

a particular dependent parameter is to be constrained, not whether

it is to be evaluated. If a particular value of L is used for two or
more mutually exclusive constraints, the function evaluated is tnat
particular function that would be constrained had the trigger been set
equal to one with all other inputs unchanged. The only instance in
which a full set of 34 dependent parameters is not evaluated is when
FRWD=. TRUE. for which case all functions pertaining only to the
pre-swingby leg are ignored. The specific constraint equations asso-
ciated with the several possible values of L are as follows:

L=1-3 Actual final integrated heliocentric X, V, 2
position components respectively, on pre-
encounter leg, less the desired values, in
AU (i.e., position error). The desired
values are computed consistent with the
input value of IMPACT. That is, if IMPACT=0,
the desired point lies on the sphere of influence
of the launch planet, while if IMPACT#0, the
desired point is coincidental with the location
of the launch planet as obtained from the
ephemeris. Not used if FRWD=. TRUE.

L=4-6 Actual final integrated heliocentric velocity
Cartesian components on pre-encounter leg
less the desired values, in AU/tau. If IMPACT=0,
desired values are those at the sphere of influence
of the launch planet, If IMPACT=1, the desired
values are those of the launch planet plus the
excess velocity directed opposite the primer
vector, I IMPACT=2, a single condition on
the velocity is imposed and is associated with
I=4. L=5 and 6 are not used. The single
condition is the magnitude of the difference of

" the final integrated heliocentric velocity and

the velocity of the launch planet less the launch
excess speed, Not used if FRWD=. TRUE,
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BY(K, L) L=4-6

(cont. ) (cont.)

L=7-12

Note: All of the constraints above, as well as all
transversality conditions to follow, have been formu-
lated such that under normal circumstances the
desired value of the constraint is zero. This is

dene to make the inputs as simple as possible.

Constraints on the position, velocity, and/or asso-
ciated transversality conditions upon arrival at the

target.

The form of the constraint depends, in

part, on the value assigned to MODE as follows:

MODE=1

MODE=2

MODE=3
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Constraints 7-12 are identical in form

to constraints 1-6, respectively, above
except that constraints 7-12 refer to the
specified target planet rather than the
launch planet. Note that the only differ-
ence in inputs for orbiter and flyby missions
is the flag JR which indic:stc.s whether a
retro stage is to be used.

Constraints 7-9 represent the ecliptic
Cartesian x, y, and z coordinates,
respectively, of the desired heliocentric
final position while constraints 10-12
represent the corresponding coordinates
of final heliocentric velocity. If JR=1,
the latter constraints are of the velocity
after completion of the retro maneuver.
Two non-zero trigger settings are avail-
able with each of the six constraints. A
trigger equal to 1. implies that the

coordinate itself is constrained whereas
a {rigger equal to 2. implies that the
coordinate is left open and the constraint
is on the transversality condition that
arises because the spatial coordinate

is left unspecified. Units are consistent
with distance in AU and velocity in EMOS.

Constraints 7-12 represent heliocentric
polar coordinates of the target in the
following order: radial distance in AU;
speed, in EMOS; flight path angle, in
degrees; inclination to the ecliptic, in
degrees; longitude of ascending node, in
degrees ; and argument of position in the
plane of motion relative to the ascending




BY(K, L)
(cont.)

L=13

L=14

L=15

L=16

L=17

L=18

L=19

L=20

L=12
(cont,

node, in degrees. The use of a retro
stage in conjunction with this MODE
setting is not available. Again, two
non-zero trigger settings are available~-
a trigger equal to one implies the coor-
dinate is constrained while a setting
equal to two implies the associated trans-
versality condition is constrained.

Mass ratio at exit from launch planet sphere of influence.
Under normal circumstances, this should be one of

the dependent parameters and the desired value is one.
Not used if FRWD=, TRUE,

Mass ratio upon entry into target planet sphere of
influence (or at the final time for area missions). This
is the desired value prior to any retro maneuver and
before any systems are jettisoned. Two non-zero
trigger settings are available with this constraint. A
setting of one implies the mass ratio is constrained;

a setting of two implies the transversality condition
arising as a result of not specifying final mass ratio

is constrained.

Launch date or date of departure from launch planet
parking orbit, in days from reference date. Not used
if FRWD=, TRUE.

Arrival date, in days from reference date. Date of
closest approach for planetary missions; date at
target for area missions.

First leg flight time, in days. Measured from de-
parture from launch planet parking orbit to point
of closest approach of swingby planet. Not used if
FRWD=, TRUE, '

Second leg flight time, in days. Measured from
date of swingby clesest approach to the target
arrival date,

Transversality condition associated with launch date.
Desired value is zero. Not used if FRWD=. TRUE. ,
if the total mission duration is constrained, or if
both leg flight times are constrained.

Transversality condition associated with arrival
date. Also, transversality condition associated with

open launch and arrival dates with fixed time between.
Desired value is zero.
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BY(K, L) L=21 ’Transversality condition agsociated with launch

(cont.) excess speed. Desired value is zero. Not used if
FRWD=. TRUE,
L=22 Transversality condition associated with the hyper-

bolic excess speed at target planet if MODE=1,
Also, transversality condition associated with retro
velocity increment if MODE=2. Not to be used if
MODE=3. Desired value is zero.

L=23 . Total mission duration, in days. Time between
launch and arrival dates. If FRWD=. TRUE., use
second leg flight time rather than mission duration
if constraint is desired.

L=24 Reterence power, in kilowatts. Power at 1 AU for
solar electric propulsion, otherwise the actual
constant value of the power input to the propulsion
system. I power is constrained, either the reference
thrust acceleration or the jet exhaust speed, or both
must be declared as independent parameters.

L=25 Transversality condition associated with the reference
thrust acceleration. Desired value is zero.
%
L=26 Transversality condition associated with jet exhaust

speed. Desired value is zero. Not used if reference
power is constrained.

L=27 Net spacecraft mass, in kilograms.

1=28~-34 Transversality conditions associated with open passage
conditions (launch conditions if FRWD=. TRUE. ), in the
following order: distance, speed, inclination, longitude
of node, argument of position,” mass ratio, and time.
Desired values are zero, ' ‘

The five-element array HDNG is provided to permit the writing of an arbitrary
alpha-numeric information message at selected points throughout the normal printout.
Each element provides for eight characters; therefore, the total message may be up to
40 characters in length., The input is written as follows:

HDNG ="' - - message - -'
That is, the message is enclosed within apostrophes. No delineators are required to

separate the individual elements. The default setting of each element is blank,

Two parameters, KOUNT and IDATE, which appear in the namelist MINPUT, are not
used as inputs but are used for output purposes. The two parameters are initialized
automatically and need not be included in the input data set.
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OUTPUT

The printout of the SWINGBY program is controlled through two input integer
variables, MPRINT and NPRINT. As stated above in the description of inputs, setting
MPRINT=1 results in the printing of a group of trajectory and spacecraft parameters
at each computed point along the final trajectory. The group of numbers at each point
is arranged in an array consisting of six lines while the spacecraft is within the swingby
planet (launch planet if FRWD=, TRUE. ) sphere of influence and five lines in heliocentric
space. Each line contains eight parameters. As an aid in locating each parameter in
the standard printout block, a title block is printed at the top of each page. The titles
listed and their definitions are given below. The titles in each line are listed in the
order they appear reading from left to right across the page. The asterisk beside the
title below implies the parameter is evaluated in the planetocentric system if the space-
craft is within the sphere of influence and in the heliocentric system otherwise.

Line 1

TIME Current time, in days, measured from departure of the launch
planet parking orbit.

MASS RATIO Ratio of current mass to initial mass.

*SEMI AXIS Semi-major axis, in kilometers when planetocentric and in
AU when heliocentric.

*ECCENTRICITY Instantaneous eccentricity of osculating trajectory.

*FLT PATH ANGLE Elevation of velocity vector above local horizontal,
in degrees

*INCLINATION Instantaneous inclination of osculating orbit, in degrees.
Relative to equator when planetocentric and to ecliptic
when heliocentric.

*NODE Longitude of ascending node of osculating orbit on equatorial

plane from autumnal equinox when planetocentric and on ecliptic

irom x-axis when heliocentric, in degrees.

*ARG POS Angular position of spacecraft in the osculating plane of motion
: from the ascending node, in degrees.

Line 2

LAMBDA T Lagrange multiplier associated with time.
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Line 2 LAMBDA NU Lagrange multiplier associated with mass ratio.

(cont.) LAMBDA A  Lagrange multiplier associated with thrust acceleration.

LAMBDA C Lagrange multiplier associated with jet exhaust speed.

SWITCH FNCT Switch function which governs the switching of the low
thrust engine.

POWER FACTOR Ratio of power generated at current solar distance to that
generated at 1 AU.

*THRUST ACCEL Ratio of instantaneous thrust acceleration to instantaneous
gravitational attraction on the spacecraft.

*ANGULAR MOM Magnitude of the angular momentum vector, in m2/sec
when planetocentric and AU-EMOS when heliocentric.
If the angular momentum vector has a negative component
along the North Pole, the magnitude is expressed as a
negative number,

Line 3 (This line of data deleted when in the heliocentric phase, exept at a sphere of influence. )

XP,YP,ZP Planetocentric ecliptic Cartesian coordinates of spacecraft
position relative to the swingby planet, in kilometers.

XP DOT, Planetocentric ecliptic Cartesian coordinates of spacecraft
YP DOT, velocity relative to the swingby planet, in m/sec.
ZP DOT
RP Magnitude of planetocentric position vector, in kilometers.
VP Magnitude of planetocentric velocity vector, in m/sec.

. Line 4
X, Y, Z Heliocentric ecliptic Cartesian coordinates of spacecraft

position, in AU,

X DOT, Heliocentric ecliptic Cartesian coordinates of spacecraft :
Y DOT, velocity, in EMOS. :
Z DOT
" R ‘ Magnitude of heliocentric position vector, in AU. |

\% Magnitude of heliocentric velocity vector, in EMOS.



Line 5

Line 6

LAMBDA X  Ecliptic Cartesian components of the primer vector (i.e.,
LAMBDA Y the Lagrange multipliers adjoint to the x, y, and z components,
LAMBDA 7 respectively, of the velocity).

LAMBDA DOT X Ecliptic Cartesian components of the time derivative of

LAMBDA DOT Y the primer vector (i.e., the negatives of the Lagrange

LAMBDA DOT 7 multipliers adjoint to the x, y, and z components,
respectively, of the position),

LAMBDA Magnitude of the primer vector
LAMBDA DOT Magnitude of the time derivative of the primer vector.

LONGITUDE Heliocentric ecliptic longitude of spacecraft, in degrees.
LATITUDE  Heliocentric ecliptic latitude of spacecraft, in degrees.

PHI Angle between heliocentric position vector and thrust (primer)
vector, in degrees.

THETA OSC Angle between the heliocentric position vector and the projection
of the thrust (primer) vector in the instantaneous heliocentric
osculating plane, in degrees. Measured positive in the direction
of motion.

PSI OSC Angle between the thrust (primer)vector and its projection in
the instantaneous heliocentric osculating plane, in degrees.
Positive if projection of thrust vector on heliocentric angular
momentum vector is positive.

THETA 1 Angle between the projection of the thrust (primer) vector in
the ecliptic plane and the x-axis (vernal equinox), in degrees.

PSI 1 | Ahgle between the thrust (primer)vector and its projection in
the ecliptic plane, in degrees.

HAMILTONIAN The variational Hamiltonian,

Below the title block, several data blocks are prinied #o fill the page. The data blocks
are separated by blank lines, for easier reading, and appropriate comments are in-
cluded to indicate discontinuity points, such as engine switch points or crossing a sphere
- of influence. Since the printing of a point is accomplished at the time it is computed,
the first leg of a swingby mission is printed backward in time.

The print control parameter NPRINT provides for the printing of various levels

of trajectory and case summaries. Selected output is considered minimal for each
case, i.e., it may not be suppressed. This includes messages originating in the
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iterator stating success or failure and an indication of how hard it worked to come to
that conclusion, messages from other subroutines if numerical difficulties are en-
countered, and a case summary. The latter is a concise description of the mission,
the spacecraft and the propulsion system requirements, and includes most of the
information required by a mission analyst for preliminary performance studies. The
case summary page is divided into a number of sections or groups of numbers reading
down the page. Each member of each group of numbers is clearly titled and the units
specified. At the top of the page the case number is printed along with a simple message
indicating whether the iterator converged in obtaining the data printed. This is followed
by a mission itinerary naming the launch, swingby (if any) and target planets, and the
title of the launch vehicle. A mass breakdown giving the initial mass and the seven
basic components is then printed followed by a description of the propulsion system

in terms of the reference power, reference thrust, reference thrust acceleration, jet
exhaust speed, efficiency, and total propulsion time. The next three groups of data
present the date and several parameters representing the planetocentric state of the
pericenter points of the launch, swingby, and target planets. In addition to the Julian
date, the specific parameters include the radial distance, speed, flight path angle,
inclination, node, position angle, hyperbolic excess speed, and time within the sphere
of influence. Of course, the group pertaining to the swingby planet is deleted if
FRWD=. TRUE. Exceptions to the particular parameters printed will occur for the
target planet if MODE #1. For MODE = 2, the heliocentric Cartesian coordinates
of final position and velocity are printed rather than planetocentric polar coordinates,
and the time within the sphere of influence is deleted. If MODE = 3 heliocentric
polar rather than planetocentric polar coordinates are printed, and both excess speed
and time within the sphere of influence are deleted. Next is printed a trajectory
schedule, in days from launch, of certain events of interest including crossings of
spheres of influence, swingby planet passage, and arrival at target. Finally, for
orbiter missions, data are printed to provide information regarding the capture orbit
and the retro stage. Included are the periapse and apoapse distances, the capture orbit
speed at the injection point, the incremental velocity imparted by the retro stage, the
specific impulse, the inert mass, and the propellant mass of the retro stage.

If the integer one is summed in NPRINT there results the printing of the namelist
MINPUT followed by the case setup. The printing of the namelist is done in the same
general format that it is input. Every name included in the namelist is printed along
with the value assigned to it. The order of printing is that in which the parameters
were listed in the namelist. The case set-up breaks out from the total input array
the information pertaining to the individual independent and dependent parameters that
are to be used for the case. Only those parameters which have non-zero trigger settings
are included. The information printed for each parameter is comprised of the appropri-
ate five inputs in the BX or BY array. The independent parameters are printed first
preceded by the heading "INDEPENDENT PARAMETERS". After the independent parameters
is printed the heading "DEPENDENT PARAMETERS'" followed by the pertinent information.

By summing the integer two in NPRINT a trajectory summary and a discontinuity
point summary are printed for the last trajectory computed. The trajectory summary
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PRECEDING PAGE BLANK NOT FILMED

Brief Subroutine Descriptions

Excluding the IBM System/360 library routines, the SWINGBY program is
comprised of 53 subroutines and function subprograms, plus a BLOCK DATA sub-
program. The latter is an IBM System/360 feature which permits the assignment of
values to variables in common arrays through the use of DATA initialization statements.
Many of the subroutines listed below are actually entry points within other subroutines,
A brief description of the 53 routines is given below, and each routine that is an entry
point is so indicated.

Identification Purpose
AMAINT Driver routine of integration package. This is the routine

called by program when referencing the integrator whether
initializing or integrating.
Calls EXEC1 and RK9CYL.

BOOSTER Initializes LAUNCH subroutine by assigning built-in or
input performance constants for specified launch vehicle.
Also prints launch vehicle name, Entry point in LAUNCH,

CHECK Monitors trajectory at each computed point to determine
if final time, -sphere of influence, radius where power
goes to zero, or engine switching points are passed. If
so, initiates iteration to isolate the point. Calls AMAINT,
DPCNV, GETB, INTERP, RESTOR, STORE, VDOT and
VMAG.

COAST Generates solution of state and adjoint equations in closed
form during all coast phases. Solution is obtained through
the use of f and g series. Calls EPH, GCOMP, VADD,
VDOT, VMAG and VSCAL.

COEFF Initializes SOLAR subroutine by assigning built-in or input
values to the coefficients and parameters used in the
representation of power variation with solar distance.
Entry point in SOLAR.

DATE 1 Computes Julian date given calendar date.

DERIV Evaluates the derivatives of the state and adjoint variables
for use by the intégrator. Calls EPH, SOLAR, and VDOT.
Entry point in DRVINT. - ’ '

DPCNV Converts first time derivatives of position and primer in

thrust phases to derivatives with respect to universal
anomaly. Calls VMAG. Entry point in DRVINT.
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DRVINT

DSCONT

EFFIC

ELEM

EPH

ETAINT

EXEC1

FSTLEG

FX

GCOMP

GETB

Initializes for forward and backward integration at start
of planetocentric and heliocentric phases. Calls EPH,
VADD, VDOT, VMAG, and VSCAL.

Computes discontinuities in adjoint variables and mass
at crossings of sphere of influence. Calls EPH, VDOT
and VMAG.

Entry point in DRVINT,

Computes efficiency and derivative of efficiency with
respect to jet exhaust speed, given the jet exhaust speed.

Computes the planetocentric passage distance, speed,
inclination, longitude of ascending node, and position
angle given the planetocentric ecliptic Cartesian
coordinates of the position and velocity at the sphere
of influence and the direction of the planets North Pole.
Calls VCROSS, VDOT, VMAG and VSCAL.

Computes position, velocity, and acceleration of a

planet in heliocentric ecliptic Cartesian coordinates

given a specific date and planet number. Uses built-in
time varying osculating elements for each planetary orbit.

Initializes EFFIC by assigning either built-in or input
constants to the coefficients representing the propulsion
system efficiency. Entry point in EFFIC.

Interface between the integrator RK9CYL and the deriva-
tive routine DERIV.
Calls DERIV.

Computes initial values of certain of the Lagrange multi-
pliers for the first leg of a swingby mission. Values are
selected to satisfy transversality conditions arising

when the position and velocity at swingby are not completely

specified. Calls FX, MATINV, VCROSS, VDOT, VMAG,
and VSUB.

Function subroutine which evaluates the transversality
conditions used by FSTLEG. Calls VCROSS and VDOT.

Computes coefficients for f and g series coast phase
solution using series expression and recursive formula,

Evaluates at each computed point, the functions being
monitored by CHECK which dictate changes in the mode
of operation.,




HEADER

INCOND

INTERP

LAUNCH

LOCATE

MAIN

MATINV

MINMX3

OPTPV

PARINC

Prints the case setup page which denotes the independent
and dependent parameters of the case.

Computes planetocentric ecliptic Cartesian coordinates
of spacecraft position and velocity at the swingby point
given the input planetocentric polar coordinates. Calls
VCROSS and VSCAL.

Iteratively isolates a point of interest once initiated
by CHECK. Calls AMAINT, DPCNV, COAST, GETB
and RESTOR.

Evaluates the initial spacecraft mass for a given launch
vehicle and departure speed. Also computes the deriva-
tive of the mass with respect to the departure speed.

Computes the longitude of ascending node and the argu-
ment of periapse of a planetocentric hyperbola consistent
with a specified hyperbolic excess velocity vector, passage
distance, and inclination,

Driver routine of the SWINGBY program, Reads the

inputs, initializes for each case, transfers control to

the iterator, and calls the summary print routines

after the iterator has completed its work. Calls BOOSTER,
COEFF, DATE 1, ETAINT, HEADER, MINMX3, PLNVAL,
PRINT, PRINTT, PROPGT, TMESET, TRAJ and TRAJSM.

Matrix inversion routine.

Generalized iterator routine. Basically, all decisions
regarding the solution of the two point boundary value
problem are made in this routine, including the calling

of the trajectory generator routine, the evaluation of the
partial derivative matrix, the selection of the changes in
the independent parameters, and the printing of selected
information on each iteration if requested. Calls MATINV,
PARINC, PMPINT, PMPRNT, SIMEQ, SMQINT, TRAJ
and TRAJSM.

Computes desired planetocentric position and velocity

of spacecraft at sphere of influence of launch or target
planet which satisfy transversality conditions associated
with open inclination nodal angle and argument of position.
Calls VCROSS, VDOT and VSCAL.

Algorithm for selecting best perturbation step size for
each independent parameter., Calls TRAJ.
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PDATE

PLNVAL

PMPINT

PMPRNT

PRINT

PRINTT

PROPGT

RESTOR

RKI9CYL

SIMEQ

SMQINT

Determines calendar date in terms of year, month, day,
and hour (GMT) given Julian date,

Given a planet number, this routine returns to the calling
program the built-in values of the gravitational constant,
the planet radius, the radius of the sphere of influence,
and the latitude and longitude of the North Pole of the
planet.

Initializes subroutine PMPRNT hy assigning dimensions of
the partial derivative matrix for purposcs of printing,

Prints the partial derivative matrix. Entry point in PMPINT,

Evaluates and prints the data in the standard block print-
out appearing in the discontinuity point summary and
trajectory printout resulting from setting MPRINT=1.
Calls EPH, SOLAR, VCROSS, VDOT, VMAG and VSCAL.

Prints the case summary page. Calls BOOSTR, ELEM,
VDOT and VMAG.

Propagates adjoint and state variables from sphere of
influence to closest approach point assuming no thrust is
permitted. Calls INCOND, EPH, VADD, VSUB, VSCAL,
COEFF, SOLAR VMAG, BOOSTR, LAUNCH, VDOT and
COAST.

Sets all parameters required for continuing integration
to values saved from previously obtained point. RESTOR
is used after integrating using a non-standard integration
interval to reset the necessary quantities to their appro-
priate values at the end of the last standard interval.
Entry point in STORE.

Fourth-order Runge-Kutta integration routine. Calls EXEC].
Solves for the changes in the independent parameters
given the partial derivative matrix and the desired changes

in the dependent parameters. Entry point in SMQINT.

Initializes SIMEQ by assigning limits to ranges of DO
loops,
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SOLAR

STORE

TAP

TMESET

TRAJ

TRAJSM

UPDER

VADD

VCROSS

VDOT

Computes the power ratio, 7, and its derivative with
respect to solar distance given the solar distance.

Temporarily saves all information at each point along

a trajectory such that, if necessary, the integration

could proceed from that point after digressing to inte-

grate over a non-standard interval. Also permanently
stores for all discontinuity points the information necessary
to compute all the parameters appearing in the standard
block printout.

This subroutine controls the computation of one leg of

the trajectory by making the appropriate calls to the
integration and analytic coast phase solution routines

and by instituting such features as checking for discontinuity
points, printing, and storing for summary prints. Calls
AMAINT, CHECK, COAST, DPCNV, DRVINT, DSCONT,
EPH, PRINT, SOLAR, STORE, UPDER, VDOT, and VMAG.

Carries the input reference date to EPH and defines the
Julian date of perihelion passage for the oddball planet.
Entry point in EPH.

This routine controls the computation of a complete
swingby trajectory through the appropriate initialization
and calls to TAP and then computes the appropriate de-
pendent parameters. Calls EFFIC, EPH, FSTLEG,
INCOND, LAUNCH, OPTPV, SOLAR, TAP, VADD,
VCROSS, VDOT, VMAG, VSCAL and VSUB.

Prints the trajectory summary.

Updates an array of values of the functions being
monitored by subroutine CHECK. Entry point in CHECK.

General vector addition subroutine. Entry point in VSCAL.

General vector cross product subroutine. Entry point
in VSCAL,

General vector dot product function subprogram. Entry
point in VMAG.
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VMAG

VSCAL

VSUB

General function subprogram which evaluates the
magnitude of an input vector.

General subroutine which evaluates the product of a
scalar and a vector. '

General vector subtraction subroutine, Entry point in
VSCAL.
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SWINGBY Program Machine Requirements

When compiled by the IBM 360/Model 91 computer at the Goddard Space Flight
Center under their Fortran H, Level 18 compiler with compiler optimization level
equal to two, the SWINGBY program occupies about 44000 (hexidecimal) bytes in core.
This includes the core requirements for the following IBM library subroutines which
must be accessible to the program:

IHCLASCN IHCFCVTH
IHCLATN2 IHCEFNTH
IHCLSCN IHCLEXP
IHCLSCNH IHCLLOG
IHCLSQRT IHCEFIOS
IHCFDXPD ITHCERRM
ITHCNAMEL IHCUOPT
IHCECOMH IHCETRCH
IHCCOMH2 IHCUATBL
IHCFEXIT REMTIM

The program is written entirely in double precision Fortran IV us ing the non-
standard Fortran statement IMPLICIT REAL *8 (A-H, O-Z). This results in the
assignment of an 8-byte word location to each real variable name commencing with
the letters A-H or O-Z, unless the name is specifically declared to be of another type.
An 8-byte word contains 15 hexadecimal digits. As in standard Fortran IV, names
commencing with the letters I-N represent integer variables of 4-byte word length.

The only peripheral equipment referenced by the SWINGBY program are the
card reader, assigned to UNIT 5, the high-speed printer, assigned to UNIT 6, the
card punch assigned to UNIT 7, and two arbitrary output devices, assigned to UNITS
11 and 12, being used for remote terminal output at GSFC. No magnetic tapes are
employed by the program for either input or output. Of course, temporary data
storage assignments are made as required on the disk and drum storage areas. The
linkage editor step space requirements are approximately 160, 000 bytes LCS and the
execution step requirements are about 380, 000 bytes LCS.
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Example Cases

In this section are presented several sample cases generated with the SWINGRY
program which illustrate many of its most useful features. A total of five individual
cases are presented, the five cases being obtained with two separate job submissions.
The program is currently stored in object module form on a disc pack which is acces-
sible to the IBM 360/91 computer at GSFC. A complete set of control cards required
to access the program module and to execute a job is as follows:

// JOB CARD

// EXEC LOADER,REGIOM.GO=400K,PARM='EP=MAIN,SIZE=400K,LET"
//GO.FTO7F001 DD DSNAME=DECK,SYSOUT=B

//GO.SYSLIN DD DSM=MMLOAD(M7JLHSWB),DISP=SHR,DCB=RECFM=
//GO.FT11F001 DD SYSOUT=R,DCB=(RECFM=FE,LRECL=80,BLKSIZE=50)
//GO.FT12F001 DD SYSOUT=R,DCB=(RECFM=FB,LRECL=80,BLKSIZE=80)
//GO.DATAS5 DD =

The input data for the job follows immediately after the last of the control cards.

The first job includes two cases which were selecied to illustrate the operation
of the program for a swingby mission. The specific mission chosen involves a 1400-
day Earth-dJupiter-Saturn trajectory with orbiter end conditions at Saturn. Although
swingby trajectories will generally not prove attractive, from a performance standpoint,
for orbiter missions, the orbiter end conditions were chosen for this example case to
illustrate the retro stage feature. The example cases involve an August 1977 launch
from Earth employing the Titan III X(1205)/Centaur launch vehicle, The launch, swingby,
and arrival dates are all optimized, subject to the total mission duration constraint, to
yield maximum net spacecraft mass. Other trajectory and propulsion system parameters
that are optimized include the Jupiter passage conditions, the launch and target hyper-
bolic excess speeds, the reference thrust acceleration, and the jet exhaust speed.
Scaling parameters representative of near-term propulsion system technology are
assumed. A retro stage with specific impulse of 300 seconds is specified for inserting
the spacecraft into a loose elliptical capture orbit about Saturn with periapse and apo-
apse distances of 2 and 38 Saturn radii, respectively. Both the low thrust propulsion
syster and the tankage are jettisoned prior to the retro maneuver.

For the first of the two cases of this job, the option which assumes no thrust
Within the swirngby planet sphere of influence and which commences the optimization
problem at the sphere of influence is imposed (i.e., ISPHER=1). This particular
‘problem results in a two-point boundary value problem of order 27. The input values of
the independent parameters are those which yield a nearly converged solution to the same
problem for a 1410 day mission duration. Using the MUPDAT feature the converged

‘
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independent variables from this first case are stored for use in the next case. In

the second case, the ITOP option is invoked which, commencing with the converged
values of the state and adjoint variables at the entry and exit points of the swingby

planet sphere of influence, propagates the trajectory and the adjoint variables along

a coasting path to the passage point. Once this is accomplished, ISPHER is set to

zero (automatically), and the passage values of the adjoint variables become the independent
parameters of the new boundary value problem. The flag JC is set to zero to permit
thrusting within the sphere of influence if thrusting is optimum. If thrusting is not
optimum, then the solution to the first case will also be a solution for this case. One
additional feature which permits the reduction of the order of the boundary value problem
is also invoked for this case by setting IPICK(5) equal to one. This causes the program
to solve for the seven passage values of the adjoint variables required for the backward
integration using the seven transversality conditions arising because the passage con-
ditions are left open. As a consequence, the order of the boundary value problem for this
second case is 20, A listing of the input data set required to run these two cases is
presented on a subsequent page. For any namelist parameter not included in this data
set, the default value is used.

Following the input data set are presented 17 pages of computer printout
(photographically reduced) which represent the total output obtained for these two cases
using NPRINT setting of 3. For the first case, the trajectory counters indicate that the
iterator required four partial derivative matrix evaluations plus nine additional trajec-
tories for convergence. The CPU time required to accomplish this on the IBM 360/91
computer was 53 seconds. An important input in achieving convergence in this case is
the specified tolerance on the mission duration constraint. This allowable tolerance is
reflected through the input minimum and maximum allowable values BY (2,23) and
BY (3,23), respectively. In addition to being an acceptable tolerance on the accuracy to
which the end condition is to be satisfied, the tolerance is also used internally to generate
a weight for the end condition. The smaller the value of the tolerance, the more
importance is given to meeting that end condition relative to other end conditions. For the
first case, the inputs yielded a trajectory which essentiaily satisfied all end conditions
except the mission duration, which was in error by ten days. By specifying a very
small tolerance for the mission duration, primary emphasis is given to satisfying
that end condition. The input tolerance of +3i0~7 days is nearly optimum for this case.
 The importance of the input canbe observed by specifying a tolerance of +10~6 days for
which the iterator fails to converge.

The second case is seen to require 23 partial derivative matrix evaluations
plus 65 additional trajectories. Since the ITOP feature in conjunction with starting
conditions from the first case yields very close initial guesses of all independent
parameters for the second case, this relatively large number of iterations attests to
the extreme sensitivity of a problem which commences at the passage point (i.e., with
ISPHER=0). In addition to the large number of iterations, the use of the ISPHER=0 option
is costly in terms of CPU time. For the second case presented here, the CPU time
required for convergence was 1081 seconds. This corresponds to approximately 2.06
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seconds of CPU time per individual trajectory as compared to 0.45 seconds per trajectory
for the first case, The primary cause for this large time difference is that the computing
interval required to maintain sufficient accuracy during the thrusting maneuver near the
pericenter point is extremely small. This integration sensitivity is caused by the large
fluctuations (several orders of magnitude) in certain of the adjoint variables in the
vicinity of the passage point. From the discontinuity point summary pages of the second
case, it is seen that the optimal solution does contain a thrusting period at swingby;
however, the total duration of the period is only about 1.6 days and is nearly centered
about the passage point. This is insufficient time to have any significant effect on the

net spacecraft mass -- the additional thrust period permitting an increase in net mass

of only 16 grams out of about 470 kilograms (. 0034 percent).
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NAMELIST INPUT DATA FOR SWINGBY TRAJECTORY (ASES

&MIMPUT

Bx(1,1)=1.D0,6.8265567D5,1.D-2,2.D4,1.D-12
BX(1,2)=1.D0,20976, OHOODO 1.D- 3 1, D3 1.D=-9
ex(1,4)=1.00, 6,1394171D9,1.D-5,1,D1,1.D-3

BX(1,5)=1,D0,146.21429D0, 1 D-5, 1 N1, 1 D=3
BX(1,6)=1,00,293.76273D0,1. D-S,l 1,1.D-3

BX(1,7)=1, DO,.82998377ODO 1.p-7,1.0-1,1.D0
Bx(1,8)=1.D0,655.37049D0, ] D-5,1.D1,1.D-5
BX(1,9)=1.D0,-1.188095601 l1.p-5,1.p1,1.D-5
BX(l,10)=1.DO,13&2.1H03ODO,1 D-5,1.D1,1.D-5
BX(l,11)=1.DO,570&.&9&300,1.D-3,1.D3,1.D-9
Bx(1,12)=1.D00,11352,844D0,1.D-3,1.D3,1,D-9
Bx(1,13)=1.D0,3.9751227D-4,1.D-10,.5D-4,1.D8
BX(l,1&)=1.D0,27501.870D0,1 0-2,1.D3,1.D-9
BX(l,15)=1.D0,7.612967OODO,1.D-5,1 D3,1.D-5

BX(1,16)=1.D0, 2.70394320D2,1.D-5,1.D3,1.D=-5
Bx(1,17)=1.D0,-3,94228150D1,1.D-5,1,D3,1.D=5
ex(1,18)=1,D0,-8,9950071001,1.D-5,1.D3,1.D-5
BX(1,19)=1.D0,1.48706100D2, 1 0-5,1.D03,1.D-5
BXx(1,20)=1.D0,2.36815410D1,1.D-5,1.D3,1.D-5

Bx(1,21)=1,D0,-8, 95215810D2 1.0-5,1.D241.D=-5

BX(1,23)=1, DO, 5.42408940D2,1.D-5,1.D3,1.D-4

BX(1,24)=1,D0, 1.89315560D2,1.D-5,1,D3,1.D-4

BX(1,25)=1, DO,-3 94228150D1,1.0-5,1.D3,1.D-4

BX(1,26)=1,D0, 1.50020018D2,1.D-5,1.D3,1.D-U4

8X(1,27)=1.D0, 7.43438720D1,1.D-5,1.D3,1.D~-4
pX(1,28)=1.D0,-7.12509950D0,1.D0-5,1,.D3,1.D=4
Bx(1,29)=1,D0,8.95215810D2, 1 D-5,1.D3,1.D-4

BY(1, 1)=1, DO,-I b-8,1.p-8,2%1,D0,B8Y(1, 2)=1,D0,-1.D~8,1.D-8,2%1,D0
BY(l, 3)=1.D0,-1.D-8,1.D-8,2*1.DO,BY(1, 4)=1.D0,-1,D-8,1.D=-8,2%1,NN
BY(1, 5)=1.00,-1.D-8,1,D-8,2%1,D0,RY(1, 6)=1,0N0,-1.D-8,1.D-8,2%1.D0
eBY(1, 7)=1i.00,-1.D-8,1,D-8,2%*1,D0,BY(1, 8)=1,D0,- 1.0-8,1.D-8,2+1,D0
BY(1, 9)=1.D00,-1.D-8,1.D-8,2%1,D0,BY(1,10)=1,D0,=-1,D=8,1.D-8,2%1.00
BY(1,11)=1.D0,-1.D0-8,1.D~8,2%1,D0,RY(1,12)=1.D0,-1.D-8,1.D-8,2%1,.D0
rBY(1,13)=1.00,-1.D-6,1.D-6,2%1,D0,RY(1,14)=2, DO,-l D-4,1.D-4,2%1,D0
BYy(1,20)=1.D0,-1.D-4,1,D-4,2*1,D0,BY(1, 28) 1.00,-1.D-4,1.D-4,2%1,D0
BY(1,21)=1.D0,-1,P-4,1,P-4,2%1,D0,BY(1,22)=1,D0,=1,D=4,1.D-4,2+1.D0
BY(1,23)=1.DO,1399.9999999”0 1400, 0000001D0 2*x1,D0
8Y(1,25)=1,D0n,-1,D-6,1.D-6, 2*1 po,BY(1,26)= 1 00,-1.D-6,1.D-6,2+%1,00
BY(1,29)=1.D0,-1,D-4,1,D-4,2%1,D0,BY(1,30)=1,D0C,~1. -6,1.D-6,2+1,00
BY(1,31)=1.D0,-1.D-4,1.D-4,2%1,D0,BY(1,32)=1,D0,=-1.,D-4,1.D=4,2%1.00
BY(1,33)=1, DO,-l b-4,1.D-4,2%1.D0,BY(1,34)=1,D0,-1.D-4,1.D-4,2%1,D0
EKR=,1111111111D0,DBETAH=. 15625D 1 MYEAR 1977,MONTH 8,MDAY=24
JR=1,JPS=1,dT= 1,ISPHFR 1,1PICK(3)= ID&TE 71, 03 15

HDNF- SHINPBY - STARTIMNG AT SPH. OF IMFL.

&END

&MINPUT ITOP=1,IPICK(5)=1,BY(1,28)=0, DO BY(1,29)=0,D0,RY(1,30)=0.D0
BY(1,31)=0.D0,BY(1,32)=0, DO BY(1 33)=0. DO BY(l 3h)=0 DO, ,
DBETAP= ZhhlhOSZSD -3, DZP‘.GZSD 1

HDMG="' SWINGBY - STARTING AT CLOSEST APPROACH'

&END
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oo CASE T 3715771 SWINGAY = STASTING AT Sou, nF IwE,
EM INPUT :
BX=1,000C00000000000 v HKRA2E6E85,£700000000 s 0e59697°5655Q9390CIN-02, 20700,00000000000 s 0.998966Q9Cq330QQQ99D~12,
1+00C007002000000 s 20C76,0400C0CN00N s 0.,56GGGRIICCQCLGICN-NT, 10N0,N00030000000 ¢« 06100000N0200000GIAD=0R,
0.0 » 040 ¢ Ce? ¢« 00 ¢ D9 .
1.00CO0COZ0C0C0OZ00 v 60132C41710CCCG000 e DeNGFCRPYITGYNPIVAD-NS ¢ 10.C0200000009%000 + 0+375999C55950C59QQ0N--03,
10000002000CC000 . 146,214220N00CN000 ¢ 0,9CGHTCOIQQRGATCAN=NS, 10.00000000000000 v 0.99990G07QCHQ00QGQ5=02,
‘loOOOOCOCOOOCOOOO . 2% 2e762730€000000 v 043ICGCICIIACIQNTFAN-AS, (10.,0000INNCONNCNO ¢ 0.0699CCAGCAGCGQON=D,
1409C0000000€0N00 s DeRA2SIAZIT70CNO00000 s 0100003070000 0270D=-0k, 0.,1000000000000000D 00 1.000000090200000 .
1.09000220CC00C000 . 655 ,270490C0C0C00 o 0,98G6G6CTGGYS953 AN, 10.00030000000000 s 0.96690C9CQNGCQGCQAN=NS,
1.0080032000000%0 v =11.RANCSSQCO0ND000 ¢ 0.0CA5°CQIGQNQBNCaAN=NE, 10.030N920700000N00 s N,00900QQCO0QQAGQARN=0%,
1.02C00000C0C0090 . 1747.14030CC0000C ¢ 0.6017G09299C6) 35 3ITIN-08, 10.09007000000000 ¢ 0,9900000G3CAQACGAN=0G,
1.00C0C0N0CO90000 . S704,4542906965Q93 3 e 0,9CHGG5¢Ca2Ccq9Q9czraN<N3, 1090 ,000000000000 ¢« 01C0000007DTN0DNIN=-0R,
1.00C0027°00000000 . 113582, R440C0OC0000 ¢ 0.GEGCICSICCCRG3ITINN-NI, (0997,000000000000 e 0.10000097000000NN0D~0R,
1.20C0CNCOC000000 o 0e3G7517°269GG65G633D~02, 041C0CN000N00CONNOD-0T, 0500003300 00N0CHNN=044 ONGOANGI,GE0G9CFG .
10000000000 70000 . 27FC1 ., R730CNCON00 e 0,86G66GG327CQRCAINCHYN=N2, 1090 .000000000000 « 0410000000090 0NCOND=0R
1.00€209000000008 . T £128A730COCH000 s 0.GC9CRCRQGCHNTQIQAN =05, 107%.700000000000 ¢ 0.959906QCITAGQOQAN-08,
1320C000000000000 . 270.3G84220C0C0000 ¢ 0eITGICRIGAQAQULATIPNLNG, 1070,000000C000000 e N0.9G9039CNCGQQNINACAAD=(0K,
1.000000GCN00000000 » =3G,4722R150C0CNO0D v 0,8€QGASQECIQAGRIWANSNR, 1000 ,000000000000 e 0.47CH0NCHTQ2TIQCOAN-08 4
1.000000300059000 s =BCL,CR/NNTINCCO0000 ¢ 0.659GGAGINCHAAGRIAN=N5, 1000.000000000000 ¢« N,9999G99Q9QCCGFOGAN-NS,
1.00€C002C000CG000 . 148 ,704100C000000C s 0.9CATAINIAGCAICGLTANNG, 13N00.2N0N000C0N0CCO ~ o, N.9GQN0G310GHAAGAAN-08,
10000000000C0300 s 23,6%1410C0C0000 ¢ 0,5G6GQ6CAQIACACEIIPN=-0G, 1000.,00000n000000 ¢ Ne5869G930CCIGICRAN=0% 4
1.00€000000000090 s =RACS5,215810C0C0000 ¢ 0aRCOAGEGIYIGCEGIHNIFAD=N%e 1000.0N00900000000 v+ 0+0G89Q9GCAC[GCG9G9AD=0%,
0.0 v 000 o 0e0 s D40 e LN Y
1.00C000C0C0CCOCO . 847 ,408540C0C0000 v 0,80 G0302GQq9GCINAN=0G, 1000,070000000000 » DIGIQQCOCSEHSGOQAD=04 4
-2« 6G00002000000000 . 18C 715556 0C000000 ¢ Ce@9REQONINGOAYNGAN-(0E 1000.0N00900000000 +« 0,70QQ00Q0QCCHTQNCOIN-NA,
1.00€C00020C000000 ¢ =3Ce422A150C0C0O0NC L9 e IGQTCGILGQAINAGANNK, 1070 ,00000C000000 . 0.“°9°CCOC090GQCQOD-O‘.
1000000C00000000 e 150,020€18CC0000C * 0, %CACACICR[QGGTICAN=NG, 100N, 0000900000N0 0,569999960G99QCRAIN-04 ,
1.000002000000000 v 74,3438720€0C0000 » 0.5€96G6073060300CAD-08, 1000,000000000000 ¢+ 0.9€CQQ0CACIAINOQAACYOD=04 ,
1.00C00000000C000 v =T7¢12905950C0C0000 e 0 08QGECANTICRANIIVNAN=0E,; 1000,000090000000 v N,7°G09309NCQ7QQQ0AND=N4 ,
1+000000000000000 . 8N8,215R10C0C0000 ¢« 0,56C86CQAUQGGUGGUIAD~NS, 15720.000000000000 ¢+ 0.7699999G2G9QQ099D~04 ,
0.0 + 0.0 s 0.0 v 0.0 v Do .
0.0 - v 00 ¢« 0N ¢« D40 ‘e QN ’
0.0 v 0.0 ¢ 0,0 o« 0,0 s Ouf .
00 v 00 e 040 o 060 v N0 . °
0.0 v 060 v D0 e D0 s 0.0 . .
0.0 . 0.0 v 0.0 ¢« 0.0 ¢ Ne0 .
0.0 e 00 ¢ 00 o Qo0 » DGO °
00 s 0.0 o NN ¢« N0 e 0D .
0.0 s 0.0 + 0.0 + 0.0 o Nah .
0.0 o 0 o ‘00 v OO0 e D0 .
0«0 s D0 s G0 » 060 s Nen .
040 o 0.0 « 0,0 « 0,0 s NGO .
040 s 0e0 v 0.0 s DeD s Nen .
0.0 v 040 ¢« 0D e« D0 s N0 .
0«0 e 04,0 « 0.0 s 0,0 s N0 .
0«0 + Ce0 v 00 s 0.0 o Du0 .
00 ¢« Ne0 e 0.0 o 0.0 e D40 .
040 ¢ 0.0 s 0,0 o 0,0 o Nen .
0.0 +» 0a0 v D0 v 0e0 o D0 .
00 ¢ Qe0 o 00 ¢ 000 e N,n
0.0 : .« 0.0 .« 0.0 ' . 0.0 s Oun : Yz
1.00000000000C000 »=0¢100000020C000000N-07, 0.10000000000000N0N=07, 1020900000009000 . 1.C09%00000000000 .
1.0020092000000000 +=0e100003000CN000NDN=07% 0.10009IN0C0NIPINON=AT, 1.723270000000090 . 1.000000000000090 .
1.07C000C00002000 «=0,1CCN000920CO000300D=07, 0.1000000000000M00N=C7, 1.000000C00CON000 . 1.000C00NC00000NN I
1. 020000900000000 »=01C0000CD20€000000N=074s 0.1000001000000709D-07 1.09000000000%000 . 1.000000C020000000 .
1.03C0000000C0000 +=0+1CC0ON0N00CN0N00ND=07, 0.10N000NCCON0NNINON=0T, 170000000 000000N0 . 1.000090000000000 .
107CG00000000000 +=04100200000C0C00000=07¢ 0.1900000NCONONINOD=07, 1:7970920070000000 . 1.0000100N00090000 .
1.09C00200000C000 ¢=0s1CCOQ0ND0CO000000N~07, O.IOOOOOQQGOOOOOOOD°O70 1000900000000000 . 1000000000000000 .
1.000000200900000 *+=Ce1C3CNIN00CI00O00IM=0T, A, 1C00000000000000D=07 1.000799000000000 . 1.00000700000000N .
1.03C0032960000900 v=0,1C0090000CICO000D~07 0.,10000003000000000=07, 1.9209007°00000000 . 1.000000000090000 .
1.C3CO0IR0030CN00 +~041CCOC20C0C000000C=07y C.1COCCTONN0O0000IOD=0T, 1.7700730C00000000 . t.000CC00C0000000 .
1.0000000C0000000 +=00100020000C00NNOIN=0T, 0.1000N00700000000M~07, 1 N0 00NDONNODNDNO . 1.000000000000000 .
1.00€000€cC€000000 +=01CC000000C0O000NOL=0T74 0s1000N00DC0000000D~07» 1.000000000000000 . 1.000000000000000 [}

T AMANANNNANARNANNNAA
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2.00C€000C2C020000 +=0sDCGRGAGGIACHCOQQGID~0A4, 0, IVCEEGPARCTCTIZTICN 04 19C0000000000000 . 1.,000000000000000 .

o.o L ] o.o . 0.0 L ] 000 ’ . nn.o L]

0.0 v 0.0 +« 0.0 3 9.0 ) « NN ¥ .

o.¢C s 060 ¢ 00 ¢+ 0.0 « N0 .

0.0 + 00 s N0 s OO v Ta0 3

0.0 v 0.0 N o 0.9 « 0,0 «» 0,0 .
1.0000C000C000000 +=0,0C63000QCCACCICTN=NAE, N, 000CUGILACINLIZTANOA, 177099070 00000000 . 1.0N00NNANONQONNOD .
1.0000092000000000 0=0.0CGCATUQYANGEYIGAQEQD=NAy Do IG75G90IGEGTITIONNG 1«30D0%02020019000 . 1099200000 03090090 .
loOOOOOUOQOOOOQOO +=0eNGCGIIYCTCQCCGAGED~0Aa,s 0.GCISGCIICGCTHCIQONNE , 1.700700000000000 . 1.€C0000000N00C0NNN .
l.OOCCCDOQOOOOOOO ) 13CG6,4, 36605000000 . 1400.00M3300100000 . 1270000900000100 . 1.00700n0700090NnN0 .

00 - ¢ 040 ¢« 0.0 ¢« Con ’ ¢« N0 .
1.000000000000009 +=0+9CGNF79Q969GRCGED~0Re Ne5CITITIICEUILITINAN-TF , 1.70r0920000000000 . 1.000000000N0N000 .
1.000002020000000- +=0.7CG5GAGATCHCAFGANNE, N, CCICECOQITEITATIANCOE 1.00020003000G000D . 1.00N000090000000 .

0.0 o i 0.0 « N.oO ] o 0.n ) ¢+ 0.0 .
1.00000G000000010 ¢ =0.956133365369€GG9AN=048, CL.$NIGGONNACHGNIACR 04 , 1.70075000700592000 . 1.C0NNCOO0N00000020 ]
1.000007°000000000 +=040CCAAIHEINGACOCAAN=NG,y 040GV AACAIIQRNLDS , 17003030000000090 . 1.000000000000090 .
1.00C0CQ0000C0200 Fe=0eQCEITLEYGGCHGCCGIN=(F,y 0o ZRUCIZTIOATOAINAIIGMOR, 199073090000 000 . 1.CCNAONNNDANQNANY .
1.000000000000007 ‘o‘O-QCCG?OQQQQQCQQQQD°O4Q NWyGCe55C60Q00 1IN IGON-NAL 4 t.0n00000n00090G00 . 1.€C0N0NNNNO0ONN000 .
1.0000013000029000 +=0eCCCNEAGAVCACEGGIGD =084 ), GUICICCAICCIACTANGN =08 , 1.000230000000000 . 1.000000000000000 )
1.0000020000092000 +=0476GNCAQTCCACAGEEN =04, N, AC03TGOIIGINTINGN=N4S , l+23000000000000N00 . 1«CO0N00N0NN0ON0ONDD .
10000000600000000 +=0+3GGCINYIC0GYGGEAQGD=CAy Qe CCGCGEGIAGAIIANLNQIN-04, 1.,000900000000000 . 1.000000N000000000 .

0.0 A ] Oln v D40 s 0 e D0 *

0.0 v« DeD ¢ Ne0 s Oen ¢ NN .

0.0 s D0 o GeO 0.0 ¢« 0,9 .

0.0 + De0 » a0 « D40 + a9 .

00 v 040 e NeD v« N0 v NL.O .

0.0 « 0.0 » N0 « 0,0 v DO .

0.0 v 0.0 « 0.0 v 0.0 ; « Nen .

0«0 s 0.0 s 040 ¢« D0 ¢« N0 .

0.0 - v 0.0 » NeO v 0.0 o 0,0 N

0.0 ¢« OO s Ne0 o 0a0 . « N0 'Y

0.0 o 00 s 0.0 o 060 v 040" .

DD v 040 s 00 « 0,0 » N0 .

0." s 040 s Ns0 v 00 « De0 .

0.0 v 0.0 s 040 v OL0 v D0 .

o s O} s D0 s 0,0 ¢« 0,0 .

0.0 s Oe0 s D0 « s De0O ™ s Ca0 . oFN=
1.:70003000000020 ¢DBETAMH= 0415€2SC0CCOQ000CNN=01 ORFT AN 0e296G2999GGOGUQUQNAN=0] SA L= 1700N09000000000 +FCIT

[ +CNTI= 0.0 2(OVI= 0N oSN 0,0 ) TR =

Q.0 «ENSHN=Z N, 0 SEMLNCK= 0,9 oPLNCH= 0,0 s RSLNCH=

O e T eELNLNC= 0.0 WFLALLNC=E 040 FMSWAY= 0,0 RSWNY=x

0.0 ¢sRSSEWFEY= 0,0 sFLASWA= 0,0 oFLASWA= (0,0 EMTARGE

0.0 sRTARG= 0,0 ¢ASTARG= 0.0 +FLOTRG= 0.0 eFLATRG=

Q.0 sALl= 0,0 RA2= 06N «RA= G,0 i = 1.000900000000000 .

0 o 0.0 v Do + 0,0 ¢« 0.0 .

0.0 o 0.0 s De0 s 0.0 PMI=  1,070000000000000 RPM]Iw

0N WPOOT= 0.0 FM= 2,000000002000000 oFNN= 1.900009009000009 Al =
1.00€000000000000 OI= 22000.0C000000000 Wl 0.0 o CALPHA= 30,00000000000000 FHS=

N0 SEXKT= 0,2093966Q0Q9G6CQCT30~0] DF LMY= 0,0 sFXX= 040 vEVXO=

0«1113111111000020 ¢ SPIPET=  300.,0C0C0CCC02070 RTIF = ﬁ-“00000076000000 +PTA=  IPL,000CN000000000 N70=

073125078000 000000=02NZk= 0,12500C0000000000 IPFMz 1 JMHEADATY = 1« NSFT= O Qe

‘ Qs : OeMPRINT= O NP INT= I.M0PT )= JoMOPT 2= SeMOPTI= G INDFLG= ’
O D Qo O O O O Co 0. O O
O-e - Oe O+ 0. 0 JMYF ARz 10774 MANTH= AJMDAY= 24 ,HNUYR= -
12,00000000000000 +MROOST= 10 eMSNLAR= Qe MSHL D= NeVMEFFIC= OeJdR= 1+JPS2 | Y
Jr= teJdC= OoMODE = 14IPICK= O O 1o 1o Os O+FRWDwF ,
Pril= 0. IPR] 2= Qe ITOP= D+ LONGE O ART = Qe IMPACT= OeMULATZ (Y
ISPHFER= 1+ ITF= SeAUK M= 14G5%5P000,0000600 +GRAV=E= G RORASN000070000 ofR= 6I7RL,165000000000 s MPUNCH=
O KOUNT= 1+1DATE= 71l 3. 1S, [+ XY Oe N sHNONG=
0«2534622423ASA14A +=0e3€675213332642307D 4R+~-0.100R8CA6FAIIESAID 43,-0.718 2674522451 758D A1, -5T72A5235676,01568 LCC=

0 .
FEEND ’
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O B®NOMRS N

WEB N D i

NNV NN NN e b oo s s st o it e 0
NFTASWN™OOBINOIAS WO

NCTE

SWINGRY ~ STARTING AT SPH.

NAME VAL UE

PASSDIST 6+ RB26535567CC0CCO00D 05

DASSVELD 2.067£0400C0000000 08
PASSINCL €.1794171GGOCO000OC 00
PASSNNDE 1.4£621429000C0000D 02
PASSARGO 2.€2752730008000CD 02
PASSMASS 8,?2C9R37700000000D0-01
PASST IME €e£%5370430C0000000 02
LAUNTIVE  =1,1823095600000000D 01 -
TARGT IME 1.74714030C0C0000D 03
LAUN V0D 5.7064542968G65G636D 03
TARG VOO 1.,1352844000000008D 04
THR ACCL 3.€751228997€55990-04
JETSPEED 2.75018720C0C00CCD O4
LFGI ©} 7,61254670000C0000D 00
LESL P2 2703%4320€00000CD 02
LEGY o3 -3,G322A150C0C000CH Of
- LFG1 9oy -8,5600710CC00000D O}

1.427036100CN00000D 02
2.,27F158410€0000000 O3

LERL on2
LFGL pe3

QF INFLe

INDECENDENT DARAMETEPRS

CELTA

100000000000 =-02
1.00000000000-03
1. CO0C0O000000~-N%
1+0C000600000N-03

1.0€0C000000D-05 -
10000000000D0~07
1.0€C00000Q0000~05

1.000C000000D~05
1.0€0C000000D-2S
1.30003000000-03

1.000€0000000~03 .

1.0000000000D~1 0
1.0000000000D-02
1.,000000000C0~-0%
1.0C000000000-0S
1.00000000000-0%
1.,000£0300000~-0%
1.0C000000000-05%
10000300000N~0%
1.0C0C500000N-0%
1.0€200000000~05
1.0C00000090D-0%
1.0000000000C-05
1.0€000000N0D~05
1.00000000000-0S
1.00000000°0N=-05
1. C£000000000-05

MAX STEP

2.C0000000000 0&
1.0023N00000009D 03
1.0000000009D 01
1.00000000000 0F
1.0000091000D 01
1.00000002000-01
1.00077000000 01
1.00000000000 01
1.0009000090D 01
1.0000000000D 03
1.0000000000Nn 03
5.00007°000000-05
.1.000700N0000 03
1.0000000000D O3
1.00000500000N 03
1.0000000000D 03
1.0000000000D 03
1.0000000009D 03
1.00000000000 O3
1.0000000000D 03
1.00000000000 03
1.000000%0000 03
1.00000003000 03
1.00000000000 03
1.00000000000 03
1.00000000000h 03

1.0000000200D O3

CRPENDENT PARAMETERS

WE IGHT

1 .00000000000~12
1.00000000000~09
1.0000000000D-07
1.0000000000D-02
1.0000000000D~-02
1°.0000000000D 90
{1 .0000000000D~-95%
1.00000000000~05
1.0000050000N-05
1.000100000000~09
1.00030000000=-9C
1.000006000000 08
1.0000000000N=09
t «00000000000D-0%
1.0000000000N-0%
1 .0000000000D~0%
1.0009000000D~0%
1.0000000000N~0%
1 0000000N00N~0%
1.0000000000D-0%
1.0000000060P=04

' 1.0000000000D0~04

1.0000000000D-04
1.00000000000~04
1.,000000000CD~04A
1.0000000000D-04
1.000n0000000-0C4

OBNOD O N

LEG1 Fva -A,CS215810C0C0000D 02

LEG2 11 £,4740R040C0C0000D 02

LEG2 &2 1.06315%56CCL00000D 02

LEG2 ©3 -3,C422P150C0C0000D 01

LFGz 071 1.%5C220C1RCO0N000D 02

LEG2 op2 7443438720C6C0000D O1

LEG2 on3 -7.1250995000€000CD 00

LEGZ nue 8.6221581000C0000D0 02

NAME TRIG Lnw

CELYA XL H -1,00€0C00000D~08
NDELTA YL 1 =100CO0000000D~0N
DFLTA 7L 1 -1, 00€00000000-08
DELT XDL 1 =1.00C00000N0D-09
DELT You 1 ~1.00C0000000D-0R
DELT 7DL 1 ~1.00€0000000N=0A _
DELTA xT 1 -1,00C0000000ND-0A
DELTA ¥T 1 ~1.00€0000000D-08
DELTA 2T 1 -1.0000000020D~08
DFLT XPBT 1 =1.20C0000000DR=0A8
DELT ¥0OT 1 -1.0000000000D-08
DELTY 70T 1 ~1.00C0000200D~C8
LAUNMASS 1 ~1.00€C0000090D-06
TAQGMASS # 2 -140000000000D~04
-T(TG DT) 1 -1.0000000000D=04
T(LNVOO) 1 -1.00C0000020D-084
TLTGVON) 1 =1.0000C00030D~04
‘DURAT ION 1 123969699C59D 03
T(THRAC) 1 ~1400C0000000D~-06
T(JETVL) 1 ~1.0000000000D-06 -
T(SwH R) 1 -1.00€00000000-04
T(SHa V) 1 -1.00C0000000D~04
TCSWINGY 1 -1.€0C0000000D~06
. T{SwNND) i «~1.00C0000000D-04
T(SwaARG) 1 ~1.C6C00000000~04&
T{Sw “R) 1 -~1¢00CO0000000D =04
T(SWTIM) 1 -1.00C09000000-04 -

HIGH

1.0000000000N~0R
1.0000000000N=0R
1 .0000000000D~-08
1 .00000000000~0R
1.0000000000N=-08
1 .00000000000-08

. 1.00000970000N~0R

1 .0000000000D-08

1 0000000000008

1.0000000000D~0R
100000000000 ~06
1 .0000000000D~-08

. 10000000090D~-04

1.0000000000n=04
1.0000000000D~04
1.0000000000DP-04
1.+.0000000000D-04
140000200010 03

1 .C000000000N=06

1 .0000000000D~06
1 «00000000000-04
1 .00000600000"-04
1 .0000900000D-0%
1.0000000000M~-048
1.0000000000D0~04
1 .000C000000M~04
1 «0090000000D~04

WE TGHY

1.000n90000a0 00
1. 0000060000DN 00

‘1,00000000C0N 00

1.0000000000" 0O
1.00000000000 00
1.00092002000 00
100000000000 00
1.0000000000D 00
1.0000000000D0 00
1.00000C00007 00
1,0000000000D 00
1.0000000000N 00

1.00000000000 00

1.00000000000 00
1.00000000000 00
1.00000000000 00
1.00000000000 00
1.0000000C00D 00
1.0000000000D 00
1.00000000000 - 00
1.00000000000 €O
1.00000000000 00
1.00000000000 00
1.00000000000 00
1.00000000000 00
1.0000000000D 00

1.00000000000 0CG

THE ABNVE INCICATED DEPENDENT AND INCEPSNDENT PARAMETERS MAY RE ALTERED INTERNALLY TD
AUTNVATICALLY SATISFY TRANSVERSALITY CONDITIONS AT THE SWINGPAY CLASESY APPROACH PRIINT,

THEIR TRIGGERS ARE SET TQ ZERO.

DISPLAY OF ACTUAL DEPENDENT ANC INDFPENDENT PARAMETERS

NANE APPLIES TO TRIGGER SETTING OF 1

SFE AOXFD QUANTITIES ON TRAJECTORY SUMMARY PAGE FOR

-
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~"TH1S CASE IS CCNVERGED. '
INHIBITOR = 0.47683716D-06

9 TRAJECTYCRIES WITHOUT PAPTIALS AND 4 TRAJECTORIES WiITH PARTTIALS,

6 -1I
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TRAJECTCRY SUMMARY

SWINGAY = STARTING AT SOH, NF INFL.

INDECENDENT PAFPAMETERS

PASS_C1ST PASS_SOEED PASS GANMA _PASS _INCL PASS NNDE

CASE 1

IZLIS/T

PASS _ADOD PASS MASS ._PASS_T]mE

1.6452625220_0511_2.12£07490_g&) 0.0 1_£211202138D 0011 _3.a5770600 0211

2203763020 0211 _2,300P0070-0311_€,505955%D_0g!

PERT IS, 4

LAUN VOO TARG VOO - _IWP_ACCEL ___

—hAUN _TIND TARG T]ME

-t

JET_SPEED LEGL ©1 LEGL P2

1=1a1521225D_ 0111 _1.32202€00 0311_S.72 57300 0311 _1,1488025p 0at|_3,587026an=0al)_2+7452770D Qall_4,41135510 00!1_2,71A29650 Q2|

LEGY. P2

-LEG1_ep1 LEG1 P02 ~LEG1_PD3 _LEGL_PYASS___  LEGY BTIME LEG2_p1 LEG2_P2
122.8853346C 011 1=8,77715220_ 0111 1482519520 0211 2,25243280 011t=e,%7410032_021 0.0 1_52203042°D 0211 _1,78555%50 021
~LEG2_P3_ .. _LEGZ PDA_____ _LEGZ.PDR__ . LEGZ PRI _LFGY _DMASS_ | LEG2 OTIME
1=3.9025336D_011}.1,45052180 0211 _243223652D_0111-7,0175226C 0011_3.47a1823D 02| 0.0
DEPENDENT PARAMETERS (EFFFRFNTED TN 7FRN0OY
CELYA_YL DLLYA_ZL PELTA_YDL _PELTA ~H ) NELTA_Z0L DELTA_XT NELYA_YY

_DELTA_XL

1_6222035390=1211_2,52025280-1111_£,34969720=1311=1,52162620=1111_£.72230630-121122.0209372n-1 211 _2,07R20330-1111_3.95501430=121

_DELYA_ZY_____  _DELTYA_XDT DELYA_YCT _LAUN_wASS

TARG _WASS LAUN DATE TAQRG DATF

!-;763’°7P=GQI -=1.3317217H 01} 1 «INGEHA2AD 03

1=2.86075250=1111_2.25330000=1211_123847257021311=1.5180058821211 201750230 =101

PEF POWER

289278220 31

T{SWR_ARG)

T LEG1 TIME LEG2 TIME TILAUN DATE) TCTARG DATC) T4 AUN VOQ) T(TARG VON) TOTAL TIME
6.6431277D 02 735587230 02 B.83716830 01 | _5,9%4R55540=0611~9,172257270-0711_3,1202722%0=0¢11_7,3895a4=D-131
_JLTEa_ACC) . _ J{J=T_VEL) NET MASS _ltswe nrer) T{SwWR Vi) T(SwR INC]) Y(SwR_NNONF)

1_4.19954630=-08]1=32,3320044D=n¢5!

T(SwA_MASS) T{SWA_TINE)
1_7421222200=2011_5,3721£0¢3C=081

DISCONTINUITY POINTS

SWINGRY
664,313

SSNIN
604,548

LAUNCH Lsnt OFF

0.0 . 1.785 289,337 T23e977,

SPACECRAFT DARAMETERS

PRNP SYSTEM PROPELLANT RETYRO SYSTEwW

B8.67678A51D 02 &6,076G43A0D 02

INITIAL MASS
3.16601953D 03

NET S/C ™ASS
4 +69545G3 €D 02

4.66945590 0% 1=£,95825570-0A11-1,02113120-071127.89055000=0901_1413275630-Q701=]1,13799120~071

SS0Ix ON
T797.253

SwA SC! PG
f «232869490 03 0.0

TS0t ARR IVE
1346.407 1400:000

POWER EFFICIENCY
2.89226284D0 01 6.04971A010-01



€s -1

TIME
LAMBDA T
xp

X

LAMEDA X
LCNGITUDE

1 +78543P14D 00
0.0
54980956270 0€S
Te812630600-01
-1 «6270332¢D 03
3 .208604430 02

2.ANI32857D 02
0.0

P 5125449 €001
44,81511355D 02
1042102060 02

6.045483800
0.0
1.035082020
«3+326305010D
4411356080
1315183549D

02

07
00
00
02

T 239771610 02
0.0 ’
-4 +£3199481D
-f oI5 432250
$:252042750
14195586 3D

07
20
02
¢a

T«G7253065D 02
0.0
=-5.042805210 00
7 .29%05349D 02
1 .850080741D 02

MASS QATIOD
LAMRDA NU
Yo

Y

LAMPDA ¥
LATITUNE

1,00007000D QO
~4,564134940 02
7.17307711D0 0S5
«~6+849546490~01
~2.14407478D 03
.2.930217520-04

B8+300£¢35068N=-01
-8+ 674128310 02
2e9FGRA4SED 00
~5+98541244D 02
442396755680~ 01

B«3N0RQONEED-01
-B,6741%4310 02
-4,7051a45350 Q7

3.757231970 0N

2.T182G451D 02

T+090°85120~0%

8+300R3968D=01
8., €741FA31D C2
~1e03247264D 07
3+412938150 00
1. ARSREE0Q30 02
1.0512648Q0 00

8.,3009504/AD=01
B.674183310 02
2.91408288D0 00
2.772104C50 02
1.36916201D 00

DISCONTINUITY PCINTY SUyMwApRy

SWINGRY = STARTING AT
SEM t-AXIS ECCENTRICT 1Y
LAMRDA A LAMRDA €
rAd xe onv
r4 X DNV
LAMRBRDA 7 LAMHDA DT X
PHl THETA 0OSC

1.72178278D QC
~3,3261550¢D 03
T7S1€099SD 02
S5«1R1225£M=0%
-3.,27423R6<0 0O
B.76535805D 01

4.143716380 00
0.0

2.2643172150-02
~1.4C5144619D0 02
1535627210 02

EAQTH SPHERE NF

.
o
3.
Te
1.

8.

Te

0.

-5,
-G,
1e

1£0¥6055N-01
25536040 02
€10Aa58TCInN GF
AARR0522]D-01
37Q8¢33aC 03
7€653%53148C 01

SN, NF INFL,

ELT PTH ANGLE
SWITCH FNCT

CASF

INCLINATION
PARER FACTNR

ye nnv 70 ONT

Y oOr zZ DnNY

LLAVMADA DNT Y LLAVRDA DNT 7
PSI OsSC THETA T
INFLUFNCE (HELIOCFNTRIC)

-, 70I4K450D=-01
2153140020 03
4, 545KSTRED 03
Q151524100 -01

~1 31247 INAR0 02

-1 «SQRTARAQAN~ND1

SWITCH THRUST NFF

2702%913C~01
n

514 1P&KA3 D=0
479A71A32D N}
55311922C 02

JUPITER SPHERF NOF

4.14371638D 00
0.0

T+2702%9110-01

Oe

[o}

3. 7EL4SEATID 05 =1.5%1526690 0

6421070331007
-2.,885284/1D0 01

-3

-f,

955424040 =N1
TP7I%2750G 01

4429126527 01 4.25385737D 01

JUPLITFR SPHERF (F

~-8.567128120 00
0.0

1.

[

593201010 00
4]

3474626500 06 -R.403501700 073
1401624130001 =%.73131799324Nn~01

~-3.902£83586D 01
1.2267831SD 02

-3,8C7120180 0O
0.0 ’

1e
,I

4aNR317A0 02
2263805730 02

SWITCH THRUST

1+59320101C 00

0.

0

1.38642635D=01 ~S.,410R0802D-01
1514523152 02
14292618510 02 =3,7%R0£2430D~01

~4.T7T7849494D 01
1.26255056D 02

A JAASRATIAD 01
3,279037372Nn-13

(PLANETICENTRIC PARANETERS 1INAVAILAPLE)

1.252605539-01
2.1150871Qn 02
«=J46TRINIIRKD OO

INFLUFNCE

4,8STTATHSAN 01}
-5 ,07%%} 2430 02
H 551370250 01
2 2 FRAR ITLON-02
1 .47217%65D 02
-h d2RSARASID 00

INFLUFNCE

1.P15397140 01
-2,092R07A1D 02
-2+14PA11710 O
=-Y,PA281~53N~-01

T JA2VAIDKE 01
~14384559170 00

aN

2,322817950 01
3,979019720-13

(PLANETOCENTRIC PARAMETERS UNAVAILAPLE)

-4 ,060672760~01
A 7P08RASKAD 0

L« RAT10<44AN-02
9.974712410-01
1.012856000 01
J.240052%4ANn=04
~1.12626198D 02

NADE

THRUSYT ACCEL
no

[ <4

| AMPDA

oSt 1

T.10442372D 02
6,72645490D~-02
Q,20019004D 0S5
10131047RD 00
2.€69153%31D 01

1271970810 02 ~176137277D~01

8.305268300~-01
1 .50451AR6N-01

9.111%57794D-03
1.4R4345970 01
5.11A41926N 0f

{HEL INCENTRIC)

A+431°952AAQ°00~-01
.145792314N~-02
~Q,062%41920 01
K AT6810AD-03
2.2C764293n 01

A.90702637D 01 ~£,0€66193AD

(HELIOCENTRICY

2.%50170170 00-

S.04780431N~02
57AI121140 02
3.0562071300D-02
=T+017580A%D NO

1.9271020R0 03 =3,707726270

2.%501701 70 00
4.533963790=-02

2.97375169D~02
- RIA277360 00

7.3R8903510 01
0.0

2.0€05249%0 00
7.,2092239¢cH 02

=10365%4450 01

7.2880351N 01
0.0

4 ,R1823470D
%.01 8501440

24T72INAKSON

o7
00
02

1«1762407¢D
0.0

aA.,AlBATIATION
5 «¢%39002020
R T26047 234D

02

o7
00
02
o2}

1.17624R8760 02
0.0

2.,R44100310 00
T JARO92RIGQD N2

2.083280370 01 -.%0811291D0 00

yiam

ARG ©O0S
ANGULAR MOM
VP

v

LAMADA DOT
HAHMILTONIAN

THRUST ON

00
[1]]
03
0o
03
o1

1.01811%360
1.197278370
S«RO%0 41620
le1PI1RIARID
1 +.ATA7RAQAD
4.567214486D

3. 03248%1%0 01
1397672130 00

6.419R0244D~01

2e322%3605D 02
8,672144390 0t

THRUST OFF

5761310780 0O
1327672130 00
9., 70CYe4CAD OV
J:064TIRNID-0]
1.727314%5aD 02
4,67214430D 01

THRUST OFF

2435230700 01
3.63A60166D 0O
A. 700364050 03
6 Q90QTATQAN-01
1662593200 02
1239353930 02

3.24R15779D 01
3634501660 00
6.77152317TD~01
1.6%876220D 02
12393I%3I93D 02
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T IME
LAMEDA T
xXP .

" LAMBDA X

LCNGITUDE

+

1 .34640720D
0.0

. B.20T7€2551D
«9 4130739710

2.,420759230.

18720€1120

MASS RATIO
LAMBDA NU
ve
Y
LAVADA Vv

- LATITUDE

03 B8+06858951D=-01

9.0R87178C10
07 1.5P7749170
00 =1.15430827D
03 7.45948039SD
02 2.3822266%D

02
[0k g
o0
c2
00

SWINGPY « STAARTING

SEMI=AXIS
LAMADA A
P

z

LAMEBDA 7
Pl

=11 CI65&4569D 01
~2,3€4734300 02
~2.525213620 06
3.62877440D-01%
-1.1200S57sD 02
1.7008416€D0 02

AT

FCCENTRICI TY
LAMHDA C

xXP pNY

x D07

LLAMRDA DOTY x
THETA QSC

SATURN SPHFAF NF

1+3£S518FATC ON
=1.53952413D 01
~1.104%13R1IC O
~3.46042751D-01
2. 12%881R51IR 02
1700856240 02

SPH, OF INFL,

FLY OTH ANGLE
SWITCH FNCY

CASE

INCLINATINN
PIWER FACYOR

ve nnv 70 ooy
Y nav z nov .
LAMBDA DOT ¥ LAMRDA DAT 27
PSl CSC THFETA 1
INFLUENCE (HFLINCENTRIC)

4,5R7546310 01
1737640210 03
-3 .7064952GD 03
=82 31200238G0-0%
4,134 R21G0 01
~14700109%230-01

2+53F032500 00
1 «7R6FRAZ?PT7TD~02
5.30"0P578D 02
2.241084000-02
~R 492012710 0N
1712651190 01

NODE

THRUST ACCFL
op

n

1. AMBDA

oSt 1

1172741620 02
1.019218073D-01
S+842020=70D 07
0,21137%0%0 00
2.%25A31%53D 03
~2.686732771D 00

3718/71

ARG PNS
ANGULAR wOM
P

v

LAMADA DOT
HAMILTONIAN

THRUST ON

6.994900910 01
857583680 00
1,1%44%207D 04
K. 54734989D~)
2.1ARSEA3ID 02
12393 %3920 02
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(CONVERGED) CASE SUMWARY

CASE 1 Z1s77
SWINGRY = STARTING AT S0H, NF INFL,
LAUNCH SHINGAY TARGET
EARTH JUSITER SATURN :
LAUNCK VEHICLE (S TITAN II1 X{1205)/CENTAUR
’ MASS RRFAKDOWNI XG) ] !
LINITIAL ~ ©RNPULSION  PROPELLANT TANKAGE STRUCTUPE = SWR SCI PKG RETRO STAGF NET S/C
3196.02 N67: €8 607.69 19.27 0.0 00 1232,47 469,93
PROBULSTICN SYSTEFM DARAMETERS
REF POWER ~ REF THRUST THR ACCEL FXHANST A EFFICIENCY PROe TIME
exw) (N) (w/SEC/SEC) CurSECE (DAYS)
. 28.3228 1.274261 0.2¢870130~-013 274£2,7702 0.£08572 83s,701¢
LAUNCH CONCITINNS (PLANFTOCFNTRIC)

- DATE RADIUS SPEED FLY PATH  INCLINATICN NEDE APG PN§  EXCESS SPFED T oINF
(JULTAN) (RACIT) . (M/SEC) DEG) 107 GY (PF6) {rFG) (M/5FC) tDAYS)
43366, 6828 1.€2901  .12422.0067 0.0 25.792) 173.7353 YOFS LT 57365730 1.7054

; SWINGHY CONPETICONS (PLANFYOCFNTRIC)

DATE RAGTUS SPEED ™.,  FLT PATH  INCLINATINN ~ NCDE ARG BOS  EXCESS SPFED T INE
(JULTAN) (RACIT) (M/SECY . {DNFR) (orcy (nrey (NFG) (M/SFC) thavs)
44030,9956 ©.4£240 21280.74°0 T2l 6e11R0 185.3706 203.7639 #392.7061 116.32AAR
ARRIVAL ‘CONCITIORS- {PLANFTOCENTRIC)

DATE RADIUS SPEED FLT PATH  INCLINATION NODE ARG POS  EXCESS SPFED T INF
(JULTAN) (RACIT) (M7SECY (PEG) (OFG) (nFGY | (556) (%/SECH (DAYS)
_44765.6828 2.00000 2€122.3850 0.0 21,2518 178,756 108,004 11424,09R6 £3,5928
TRAJECTCRY SCHEDULE (DAYS) '

LAUNCH ~ LAUNCH SPHERE  ENTER SWR SPH . Swinany FXIT Swr SOm TAPGFT SRHFRE AQO 1 VE
0. 1.7358 €04, 648F8 68,1128 721.9772 1386.4072 140620000
CAPTURE ORRIT AND RETRO STAGE
R RPER RAP VO RR INC VFL SPEC [up .INFQT PROPELLANT
(RADIT) (RACTI) {M/SEC) tMsSFC) (s¢C) (xG) (x6)
2.0000 3840000 2202045877 310146973 300.00 123.25 1109.22
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CASE. 2 3715771 SWINGRY - STAPTING AT CLNSEST ADPORNACH COU = 1/0 TIVWES REMAINING (SEC) 11441186

EMINPUT

Bx= l-OOOCOCOCOOOCOOQ . 0,9RG2CI90G9CIFYGGN =12,

5526036 2226443E632 v 0eGCCOOGCIFSYIQACC =N, 20000.00000000000 .

1.000000000000000 ¢ 21290 ,743096542015 ¢ 0.965566935G5235999D-03, 1009,000090000000 v 0.10000000000000000-0R4
00 s 040 ’ » 0.0 ¢« 0.0 ¢ 00 .
1.€0000200C0C0C00 s 6411703481 €E8CE220 v 0.9519GGCAACECGGATIAN-OR, 10,750200109070000 v 0.99927964Q79G3359G3309N=013,
I-OOOOOOOOOOOOOOO . 136,37059/2121432136 v N,GGOGGGIQRGRNITTAN(S, 10,992790000000000 ¢ 0,9609909G2T2QQ09G3AN=0,
1.00C050000000000 3 202.7539314532777 ¢ 02G8GANGGEITAQICFIRN =S ¢ 10.000000100000%00 e 0,96999699QGG53CHIN=0,
1.0000000000C0000 s 0.82007908677776787 ¢« Co1000000000000700D=0Ke 04170000003 0000200D 00¢ §¢000000009000000 .
1.00C0000000C0000 » 650,3955526217739 ¢+ 0,6908G66QAGGIICQ0IAD~05s 10.9NNN0000N0N0NO e 0499990G99QQGAIIGRQRD =0 o
1.000000000000000 ¢ =11482177527070960 o 0.9696CG8999G69999Q98D=05s 10.00000000000000 s 0,99099Q9G8QGGQ9GQ9QGRD~-N%,
14000002000000000 s 1333.0899807€635%58 » 0«66Q565970G99009CI3N~-0%, 19,0701 0NNNNC0CO00C00 s 0.76900G5Q6CQ99Q23RD~0%,
1.00C000€00000000 o - 5730.5730234S7379 ¢ 0,9093868QC6HQQ2A9D-N3, 1000.0000N0006G0000 ¢ 0+1€C0N000000000000D-08,
1«0000000000€0500 . 11484,0988€6589280 s 0.969G6990C99CN339N~-03s 1000,000000000000 » DL1000000000000CO0D-0R,
1.€00000C00000000 ¢ 02CB7026426729816D=03, 0.10000C002C0000NI0D=0C¢ 05770000090000000D=04, 07692959G9,9CQ%2903 .
1+ 000000000000000 v 27442 ,77031680362 s 0,S6G865%93G665C03AD~02¢ 1009,000000000090 » 0.10090C0000000000D=-0R,
1+000000000000000 ¢ 44.8113568077311865 ¢ 0.9606€C593GA9QQICAD~0Se 1070.000000000000 ¢+ 00969006 QCGA0QQCIAN-0%,
1+ 000000000000000 s 2T1,8256850R2653027 s Na08ICHEEGIFGITIWIIVAN-N8, 1020,000000000000 v 09993C3509Q0G0G0C9D=-0%,
100C€000000000000 » =2R."93345123G63347 ¢+ N,6328669259QCAIFAN-08, 10NJ,.000000000000 ¢+ 045699959CQLQAQ0CGAN—NG ,
12000000C0D00J0000 o =B87.7713274€F€107128 s 0.69985Q77°0909037AN=-N5, 10170.000200000000 ¢ 0.060Q0GNG0QA0QQCIAN=0%,
1000000C00000000 . 147,2335554228771 s 0e€CI69GQ999Q0QQINAL=NSE, 1070.70007C000000 ¢ 0 ,QG90Q09QGCQAQGRAIRN-0%,
. ) 100€00000N000000 " 22,87642932621012 v 0.98GCSERIGCTAINGITAD-CR,  1000,000020000000 v 0.79999G99CINQASCRAN-0S¢
v 1+000000000000000 s =RB6T7.4198314859622 v 0,59969999993000368D=05, 1000.000000000000 ¢« 0e9G900G2CAHFYCOAN~05 ,
0«0 v 00 . O..o‘ e 040 v Ce0 Y
10000000000CN000 v S23,304275(83590¢ ¢ 0.999959996C939°3AD~0Ss 1000.000000000000 ¢ GeSG99CSCGTCYQATQON-04 o
1«500002003000000 s 1BR.555502951%4310 s 099650905 C979303AN=06, 1NN0.,"NN220000000 . 0-°°9°°°°°°°°00°°°D;0‘.
l;bOOOOOOCOOOOOOD v =30,0238159624451% ¢ 0.3936M699GG9CQAIRNNE, 1009 ,000000000000 » NeICANICQAIGRGQICAINNg 4
1000000 000000000 . 163,05217A4011667 2 0,GQ932CPQGCGCIVCIANAN=NS, 1090,0000720000000 ¢ 099005COQ3NGRAQCINN=04
. 1« 000000005000000. s T73.323I592471G2938 ¢ 0.5C9509613G0307GIAP=05s 10091,000000000000 ¢« 0,80Q00QC02Q0C8QAQAN=04,
1.000000000000000 v =7«017570646C17591 ¢ NeGG2RQQANGANIGUNNANIS, 1070,000000000000 ¢ 0.9890990CGAAG909G9N~04 4
1+000000000000000 e« B857.4183314865334 ¢ 0,979586995G99995R8D=05s 10070,0000n00000000 s 0,9G69906A9G999GOGAN=04 4
-0 e0 s+ 0.0 s a0 e OeD ¢ CeN .
o.o - * Oto ] O‘o ‘. o'o L ] o.o 9
0.0 s 0.0 « 0,0 e 0.0 s N0 .
:: 00 e 040 s 00 o OO ¢ 0,0 é
0.0 v 0.0 o Oen o N0 s N.O .
S 0.0 o 0.0 v 0.0 v 0.9 ¢ 0.0 L.
(9} 0.0 v 040 + Cs0 “e 040 .« 0.0 .
> 0.0 o 0.0 v 0.0 v 0.0 . 0.0 : v
‘ 0.0 v 0.0 « 0.0 v 0.0 " s 040 .
0.0 o 00 o 0.0 ¢« 0.0 v 0e0 'Y
00 s 0:0 s 0u0 v Ne0 o 0N °
0.0 s CL0 « 0,0 v 0,0 s 0.0 .
0.0 o 00 e 0.0 e 0,0 o N0 .
' 0.0 v 00 s 0,0 ) e 040 o 0.0 »
0.0 L] 0.0 L] 0.0 * 0.0 L ] 0.0 °
0 «0 s ¢ 0.0 » 0.0 s 00 s 060 .
040 ‘o 0e0 o Oef o 00 ¢« N.0 .
0-0 L4 0.0 * 0.0 . oco e Oef . 9
0«0 s 060 e 0.0 « Ob0 e 0.0 .
0«0 ¢« 00 ¢« 000 ¢« 0.0 e 0.0 °

040 s 0,0 e 0,0 : R S | s Den RYE
$1.000000C00000000 +=0.100000000C0000000~0Ts 0,1000000000000070D0~07¢ 1.000000000000000 + 1.000000000000000 .
i 1000000000000000 © +=04100000000C000000=07s 0.1000C00000000000N=07 §1.000000000000000 s 1.000007000000000 e
1.000000000080000 +=0,100020000C000000D=074+ 0,1C00000000006300N=07, 1.000090000000000 ¢« 1.,00700n0000700000 .
1+000000000000000 +=041000000000000000D~07, 0.1000000°00000000P~07s 1.000900000000000 s 1.00000n0000000000 .
1.0000000C02000000 »=0410000"2900C0CO000N=0T7¢ 0.1000000200000090D-07¢ 1.0930000900007°900 s 1,000000000070000 .
1+000000000000000 +=0.100000700C000000D=0"¢ 0.10000000000000N0D=07, 1,000000000000000 s 1,000050000000000 .
1.000000000000000 +=0+100000000CO000000D=07s 0.1000000000000090D-0T7¢ 1.000000000000000 ¢ 14000000010000000 .
- La000000000000000 +=0.100000000C000000C~07s 0.1CN0000007000000D=-97% 1,000000900000900 ¢« 1.,000000000000000 .
7. 24000000000000000 +=0.100000000C000C0OCD=07:s 0.1000000000000000N=NT7, 1.000000000000000 ¢+ 1.0000092000000009 .
1000000000000000 +v=0s10C0C0000C0000000=07s 0.1000000000000000D=07s 1.000000000000000 s 1.0000000000200835 .
1000003000000000 +=041009009000C000000P=C7s 0.100000000000N0I0D=-07¢ 1.N0000000COOTGT s 14000000000000000 .
14000000000000000 s=0.10C0C0000C000000N=07s 0.1COCOCN000000000N=07+ 14.0000N0000C0N0000 v 10000C0000002000 .
1+000000000200000 +=09699C90I0G9960Q9GD=0F, N.9CAGICHNOARJ0INGD=NEs 1,200000000000000 e« 1.0000000709700000 .
2+ 000000000000000 +=0e969995099969C329AN=04, 0:599559939G093339N~04, 1.000000000000000 ¢« ',000000000000000 .
0.0 ’ s 0,0 o 0.0 . v 0.0 v 060 .
L ]
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Q040 : s+ 0.0 s 0.0 s 00 « Yeu .

0.0 . s 030 s CWO ¢ Oen e 0.0 .

0.0 e 0.0 s 0.0 e 0.0 s Ne0 .

0.0 ) v 00 - v 0Da0 s 0e0 s 0,0 .
10000C0Q09C0000329 1=0+ICGGOGEHSCACASIEN=04a,s 0,26I66QA0RGCAACGCAAN~03, 1.000000000000000 . 1.000170050000C00N0 .
1.000000000000000 +=0,,9CG6AGLICCEQCCaIGN=NL, 0, =CCACNQICEOCANCAN-04 , 140000009300000000 . 1.000000000000000 .
14000000C00000000 .—OuQQQQGQQQbQQGQQQQDOOQ' 0.6CQGCQGAQGEACCIGD =04 1.000000000000000 . 1.003Nn0000N00CN00 .
‘1.000000000000000' . 13694995956900C00 ) 1400,0000001 00000 +« 1.000000000000000 . 1.000000000000000 .

0.0 v Q0D : ' e D0 - o 0.0 s D40 *
1.000000000000000 = 0¢965950QQCGYGQAQCD=(F 4 s SCQGEEGEQTQCTA0NAIGN=N6 1.0007000000N00000 . 1.000N00000C000N00 .
1.0000C¢0C00000000 +=0¢9999309956969394D=CbHs 0.869G69003650999A9N =06, 1.000900000000000 . 1.000000500000000 .

0,0 . o« 0.0 « 0,0 v 00 ¢ Ca0 .

0.0 ' 2~ 0¢G6G9099996969CIGD=04y 0¢GOGCCCERGQRCATHION=04, 1,.,070300000000000 . 1.000000000000000 .

0.0 : . - +~0+9995999996959593aD=~04., 0.99G8669990Q599399N=-04,y 1 ,000000000000000 . 1.000000000000000 .

0.0 9=0,9G595595856969996D=06 0,769GCCH9GCICRININ-0R, 1.000000000000000 . 1. C0N0000000000000 .

0.0 . . +=0:9G6C5QA390TGOGOGIGD=04 s N OSACCCOOACCOAGIAN04L , 1.000000000000000 . 1.000000000000000 °

0.0, +=043G699G039C60G6933AD=04 4 04007967436 G=QCGAN~DA, 1.000000000000000 s .1,000000000000000 .

0+0 - 1m0 .9669999595359395D-04y 0,59G65G966COCIIGIN~04,s 1.,000000000000000 . 15000000000000000 .

00 v ’ 3=0+35550992968G9939D~04y 0.CHPCCHPOGTGIROANRAN-CA , 1.000000000000000 . 1.000000000000000 .

0.0 e« 0.0 s+ Qa0 .9 00 . s 0.0 °

0.0 - v 0,0 +» 00 o 00 e 000 .

040 - v 00 » 0.0 v DeO v 0.0 .

00 s Oe0 o 0.0 e 00 v 00 .

0.0 v 0.0 e« C.0 « 820 v 0.0 .

0-0 . O-O 1 4 0.0 . 000 . 0.0 »

00 v 00 » 0.0 s 0.0 s 0.0 3

0.0 v 0.0 v 0,0 v 040 s 0.0 .

0.0 +« 0.0 e Oe0 ¢« DaO ¢+ Je0 .

0.0 v 040 v 0.0 _ v 0e0 « 0.0 N

0.0 v 0,0 s 0,0 ¢« 0.0 . s 0.0 . .

OO o 0.0 o 0a0 ¢« 0D e 0,0 .

0.0 . L ] 0'0 L ] o'o L ] o.o N . 1 ] 0‘0 L]

00 - + 0.0 ¢ 0.0 v« 0.0 s Ne0 »

040 v 0e0 e 0.0 o 0un +« 00 »

0«0 ' v 00 ¢« 0.0 v 0.0 ¢« N0 eEN=
1.,50C000000000000 +DHRETAK= 0,15€2%50CCCOC00000D~01+DRETAP= 0,24414042500000900=02,5A1= 1000000000000000 ECIz -

0«0 CNI= 0.0 «+NHMl= 0.0 sS0I= 0,0 s TRI=

040 . +EMSUNT= 0.0 +sENMLNCH= 0,0 . «RLNCH= 0,0 s RELNCH=

0.0 ' . »ELOLNC= 0,0 ’ +ELALNCE 0,0 . MSYRY= 0.0 PSWAYR

040 : . +RSSWRY= 0,0 +ELNSWP= 0.0 ,eFLASWR= Q4.0 <EMTARG=

00 ) RTARG= 0.0 +HSTARG= Q.0 JEFLOTRG= 0.0 +FLATRG=

040 sR1= 040 . 2= 0,0 : +A3I= 040 RAJd= 1.000000000000000 [

00 . v« 0e0 v DaO . ¢« 040 v 0.0 . .

060 ' v 040 . ¢ D40 s 0.0 PUI=  1,000000006000000 HPMI =

0.0 s WRPDI= 0,0 : ) oFM=  2,000000000000000 oFNN= 1.00000000017NN000 sAl=
loﬁOOOOOCOOOOOOOO DI=  20000.0€000000000 sET= 0.0 « CALPHAT TI0,00000000000000 EKS=

0«0 +EKT= 0:299966969096990UD-01 DELWX= 0,0 . s EKX= 040 WEKR=

0.11113111111000000 s SPIRET= 300,0CCCOCOCO0N0N0 RTF= 2,0000000000000N0 RTA= JIRL,00000000000000 WN?70=

06250000000000000D-02sD?H= 0.1250000000000000 IPFM= L oMUDPDAT = T+ NSET= 27 27, X [\ 1%
‘ O CoMPRINT= QeNPRINT= . JJNChTL= JeMNPY2x SeMNPT A= 64 INPFLG=

Oy O O« G O O O B 2 XY O 0, - : Os
O Qe O Os QeMYFaR= 19774 MONT H= Ry MNAY=X 24 HOUYR=
12400002000000000 +MBONST= 10eMSNLARS O ¥SHLD= QeMEFFIC= . N, JR= 1+JPS= 1.
Jr= 1+JC= Qv MDDE= 1+IPICK= O Oe 1 ) 3 ) 3 O«FRWD i 4
IPR11= OulIPR1IZ2= O ITOP= ) 1 +LEONG= De XPART = 04 IMPACT= DeMIN AT O

ISPHER= 1+ ITF= S AU M= 1455Q80C0.00C0000 «GRAV= G ,A06650000000000 +ER=  637R,165000000000 o MPUNCH=

0+ KOUNT= 2. IDATE= 71, 3. 15, -0, 0. D+HDNG= :

0«8863300517925838 s 0e37E9900R61785816G « =5T73856836SR.20331 *=0.5634 231031 6RIGQ9AD 23,=0+41751£42609201 310 2R LOC=

0
GEND



8 -1

NAME

1 1 PACSNH]IST
2 2 DASSVELD
k] a PASSINTL
4 5 PASSNADE
= 6 DASSARGH
6 T PASSMASS
7 a DASST Ime
a8 9 L. AUNT I MF
-] 10 TAPRT [UE
10 11 LAIIN V09
11 12 Taug vno
12 13 THo ACrL
1T 14 JETSPEED
14 1s LEGL P}
15 16 LEG1 o2
16 17 LEGL 03
17 1A LEG1 PD1
18 19 LEGL PD2
19 25 LEG1 ©53
20 21 LEGL1 PMaA
21 23 LEG2 by
22 24 LEG2 P2
23 25 LEG2 ©n3°
24 26 LEG2 oDl
2¢ 27 LEG2 Pr2
26 28 LEG2 PD3
27 29 LEG2 PMA
NAME
1 1 DELTA XL
2 2 DELTA .vL
2 3 DELTA 7L
& a  DELT XOL
= S. DELT YNhL
& & CELT 70L
= 4 7 DELTA XxT
. & R DELTA YT
- o DELTA 7T
10 10 CDELT XDT
11 11 DELT YDT
12 12 DELT 70T
13 13 LAUNMASS
14 14 TARGMASS*
1s 20 T(TG OT)
156 21 T(LNVOO)
17 - 22 T(THV00)
18 23 DURAT INN
19 25 T(THRAC)
20 26 TCJETVL)
NCTE

SWINGRY -

VAL UE

E.CE635222442R632D 0%
2.12307433654201°D 04
€.11903881 £9C6920D0 00
1.,4£3705991814239D 02
2.53753931453227770 02
#.70)9905777767370-01
€.50555552G621773¢D 02
-1.153177527070960D 01
1+7330899807£&3559D 032
Se731573022457376D 02
1.1474057A6589280D 04
3.9FT02642672601 AD~04
Z2.746277031680352D 0a
~B.,€C479095696227€D 02
£.459498224064178D0 02
£,09%537621715588D 01
-3,7367829531 051670 04
=-E,EIATAIOLINSA0L1 1D CA
4.252293501771438D0 03
~8,€741R8314855622D0 02
ALF0a790957242931D0 02
~S5.4834982229734300 02
~-E£,06%537952356144D 012
2,75C7B295 63674270 04
S« PIET435130712220 04
~4,252293725677786D 03
R.€731BAI14BE6834D 02

SETUP FN® CASE 2

STARTINAG AT CLNSFST APPROACHKH

INDSPENDENT PARAMETERS

OFLTA

1.00000000000~-02
1.00000000000=-03
1.0000000000N=05
1.9CC00000000=-05S
1.CC000N0000N=-05
1+0000000000N-07
1.0C00C00000D~0%
1.00000000900-05%
1.0C00000000-05%
t.0C000000C0O0ON=-03
1,0000000000Mr=-03
1.0C00000000=10
1.0C000000000~-02

1.0€00090000D-0S -

1.0€00000000D=-05%
1.00000000000-05
1.0000000000D-05
1.00000000000-05
1.0000000000N=05
1.0€00000000D-05%
1.0C00000000D-05
1.0000000000D=C5
1.00000000000-05
1.0C00000000D-05
1.0€000000000-0%
1.0C0C000000N-05
1.CC000000000~-05

MAX STEP

2.00000000000 04
1.00000000000 03
1.0007000000n Of
1.,0009000000D 01
1.00000009000 01
1.00000000000-01
T.00000300000 O}
1.0000000000D 01
1«0000000000D 01
1.0000000000D 03
100009000000 03
S«0000000700N-05
1.0000000000n 03
1.0000002000D 03
1.0000000000Nn 03
1.0000000000D0 03
1000295000000 03
1.00000000000 073
1.00000000000 0O
1.0000000000D 03
1.00000000000 03

"1.00090000000 03

1.0000000000D 63
1+0000n00200D 03
1.0000000000D0 03
1.00000000000 03
1.0000000000D0 03

DEPENNEART PARAMFETERS

1.0000000C00D~0A

TRIG

Ll ol ol el B R R I R N S A I ey

Low

~1.00€0000000N~-08
=1.00000000¢00-08
=1.00C00000000~-08
-1.00000000C0D-08
=1«00CO000N000D-0R
-1.00C0C00C0CCOD-08
=-1400€C000000CH-0R
=1.00C00000C0D=-08
=1.00C0000000D~08
=1.,00€0000000D-0R
-1.00000000000-08
~1.00C0000000D~C3
-1.00C0000000N=06
~1.0000000000N-04
=1.0000000000D~04
=1.0000000000N~04
=1.0000000000C=04

12966G5Q9699DH 03
=1.00600000000-06
=1,0000000050D0-06

HIGH

1,0020000000D-08
1.00C0000000CH~08
1+200000000CD-0A
1.0000000000n-08
1 0000000000D=-0R
1 +0000000000D~08
1 .0000000000Nn=-08
1.0000000000Nn-0"

10000000000D0-08 .

i.0000000000Nn-~n19
1.00000000000~08
1 «+0000000000D~98
1.0000000000n=06
1.0000000000D-04
1.0000000000D-04
1.0000900000D=04
1 «00N0000000D~04
140000000010 03
1 .,0000000000D~04

* 10000000000D0=-05

WEIGHT

1.000009N000D
1.00000000000
1.0900000000n0
1.0000000000D
1.00000000000
1.0000000000D
1.,0000000000C
1.0060000000D
1.00000000000
1.0000000000D
1.0000000000D
1.00000000000
1.00000000000
1.0000000000N
1.0000000000D
1.,00000000000
1.0000000000D
100000000000
1.00000000000
1.00000000000

371%/71

WETGHY

1.00000000000~-12
1.00090000000-09
1.0000000C06D-023
1.:0000000000N-03
1.0000n00000N=023
1.0009000009D 00
1.00000000000~0%
1.00000000000-05
1 .0900N00000D~05%
1.0000000900D-0¢
1.0000000000D~-06
1.0000000000D 08
1 .0000(G00000D-09
1 .0000000000D-0%
1,0000000CC0D-0S
1.00000000000-0%
1.0000000000D-05%
1.00000000000-9%
1.00000000000-05
1.00000000000=0%
1.0000000COND=-NA
1.00000000000~04
1.0000000000D-04
1.0000000000D-04
1.00000000000~n4
1.00000000000-04

i

00
0o
00
00
00
no
00
00
00
ao.
oo
00
on
ao
090
00
00
oo
00
[o]4]

--—nnnnnnu—nn—‘—n——

THE ADROVE INDICATED DEPENDENT ANE INDEPENDENT PARAMETERS MAY AE AL TERED [INTERNALLY Tn

AUTOMATLCALLY SATISFY TRANSVERSALITY CONDITIONS ATV THE SWINGAY CLNSAST APPROACH POINT,
THETR TRIGGEPS ARE SET TC 2ER0N. SEE BOXEN QUANTITIES ON TRAJECTORY SUMMNARY PAGE FOR
DISPLAY OF ACTUAL DEPENDENT AND INDEPENNENT PARAMETERS

*  NANE APPLIES TO TRIGGEP SETTING OF 1

THIS CASE 1S CCAVERGED,

N

€S TRAJECTCRIES WITHOUT PARTIALS AND 23 TRAJECTORIES WITH PARTIALS.

INHIRTITNR = 0,22

2044A0D-1%
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TRAJECTCRY SUMM ARy CASE 2

- SWINGAY = STARITING AT CLNSFESYT APPRNACH
INDEJENDENT PARAMETERS

~BASS_LIST PASS_SPEEC PASS GAMMA _PASS_INCL

3718771

BASS _TVIwE

1_6,52514520_0511_2,128224860_¢31 0.0

LAYN T VE TARG TME LAUN VOO

1=1.a15223660 0111 1422209420 0311 _5.721423210_0311_1,1821765C 0411_3.58730220=-0411_2572679R4ap_0al -#.$7202520 02

PASS AODE PASS ARGP NDASS MASS
1 _%a11822220 00011 _1.36271240 0211 _2,9375750D_0211_R.30043270-0111_6:%0748538D 021
YAQG _va) THR ACCEL JEY _SOEED LEG1 o1 LEGL P2

S.4386957D 02

LEGL P3 LEGY PDI1 LEGY1 PD2 LFGL1 PN LEG] OMASS LEGY PTIME LEG2 O} LEGE P2
5408030610 01 =3.7475637D 04 =5.3154457D0 04  8.23°P3286D 03 =-B8.£7539010 02  2.R792297D 04 |_8,5720292D0 021 1=-5,431#60870 021
LEG2.P3 _LEGR2 . ©ODY LEG2 PD2 LERZ _PD3 LEG2 pmasg LEG2 PYImMF
125422030510 0111 _3,7475637%_ 0811 _S,R1548570_nali=4,222324€60 0211 _2,6763001D 021 =2.8716079D 04
DEPENDENTY PARAMETERS (PEFFRFENCFD TC 7ERQO)
CDELIA XU CELTA vi_ DELIA_Z{ ——  _DELIA XDOL____ DELTA yOr DELTA_7DL DELTA XTI DELYA YY
125.0329¢08D=1011_2,9024542D-1011_4,25557240=1111_6.8R01080D-1011=8,3077A220=1111_%:8379R25C-1111=1,73535740=-101]_a,34797090=10|
<DELIA_ZT _QELIA &DT DELYA_YDT _DELYA_ZDY LAUN_PMASS TARG WAGS LAUN DATFE TAQG DATE

1.5410223i2021211_2.52626760=1011-8,52057300=101 1212 55A3882D=1111_4.301201 30101 | 22+ 75A77500=031 -1.33125440 01

T{LAUN DATE) TCIAPG _DAYE) Yo auNn voo) T(TAPG voOn) TOTAL TIwF
‘B48356543D 01 | _5,712278322=0611=28,850237330=-051{_3,52123010-0%11-5,6942415D=-14]

LEGY TIwvE
6464097930 02

LEG2 TIwvE
T«35502C7H 02

_TAINR_ACC) . _T(JET_VEL)___

f«3RGAETSD 03

REF POwWFR
285227580 01

NET MASS TiSen DIST) T(SWA VEL) TISWR INC] T(SWA NODE) TISWA ARG)
1 _5.94183350=0711=2,242512¢0=07] 4 .6596158D 02 0.0 0.0 0.0 0.0 0.0 -,
T{SWB MASS) T(SwWP: TIME)
040 0.0 , :
_ DISCONTINUITY BOINTS
LAUNCH LSOt aFF SSOIN ([ SWINGRY oFFE SSOIX oN TSt
040 1.78% 2AR.42A 604,463 661,285 664,000 664,960 723,783 797.599 1346,397
. ARRIVE
- 14€04000 .
SPACECRAFT PARAMETE RS
NET S/C MASS INTTIAL ™ASS oRNP SYSTEM PROPELLANT 9ETRO SYSTEM SwA SCI PKG POWER EFFICIENCY
4.69961975D 02  3.19546398D 03  B6TRA2T7S51D 02  65.07TRAK268D 02 1.23173A690 03 0.0 2.89227584D 01 6.0%5020784D-01
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=3 eTZ1 ABST2D

TIME
LAMBDA T
xe

4

LANMPDA X
LONGITUDE

1.785177930 00
1022235220 02
5.879628210 05
7.681339828D0=01
~1.,627091210 03
3204645350 02

' 2.m0427778C 02
1.022235230 02

=7e5226267€60~01

4.813365830 02
14042242200 02

o2
02
o7
00
00
02

6 «08863482 €D
10222352 3D
1.0402T7RRAD
«3 «3252205CD
& +8465C0954D
1.31502'3a8n

6.08463482£D
1 003386450
1.040278R4D
=3+325220500
4.,4€500854D
1.3150283€ED

02
02
o7
00
00
02

64632854770
3.508872604D
16165465110

o3
06
00
02
02

=3 e323422667D
15344824560

02

MASS RATIO
LAMABDA NU
e

v

LAMRDA ¥
LATITUDE

1.00000000D GO
~44054 369190 - 02
Te179715120 0%
~5.44RGF] 0CD-01
2144753410 03
3.00023~<] £D=04,

8+,700590800-01
«Re&75713170 G2
2+ CETEITSED 0C
=54 GETCI7TIZN 02
4,23967T45D=-01

830055080001
=8.67571317C 02
-4.,7050583270 Q7

3.7%906/320 09

2704550710 02

7.087R19660=-01

8.200520800-01
=8.673713170 02
~-4,7050593270 Q7

3753005320 00

24704550710 02

7.087P196€D=01

830069080D=01
c2
'L}

~8,L7571317D
~4,82]11%343D
34791978050 00
7.061731%42D 02
T«2980511 2001

DISCONTIAUITY PCINT SUMVARY

SWINGRY = STARTING AT CLOSFST APPRGACH

SEMI=AXIS
LAMRDA A
ze

’

LAMBDA 2
PHI

1.73169484D 00
~3¢22770390D 03
7e936S51GPD N2
54306254C70-06
=9,327240410 00
%, 7£499652D 01

4.14555%2%D 00
~1e¢1%TA216%50-01
242€5483776n=02
=-1+404132%5€D 02

1.53625€684D 02

ECCENTRICETY
LAVMBDA ¢

xp DNY

X pNT

LAMPDA ROT X
THETA NSC

EARTH SFHERE nOF

4.151021R8D-01
=1,295974750D 02
3.61027343C 03
Te36245737D-01
1.379803080 01
8. 764665600 01

CASE
FLT PTH ANGLE INCLINATION
SWITCH FNCT ROWER FACTOR
Yo DOY ze DOT
Y onT ? OnT
LAMBDA DNT Y L AMBADA DOT 7
PSI NPSC THETA I
INFLUENCE (HEL TOCENTRIC)

=3,R00473R2D0-01
2015379AA10 03
4 .,546R7133D 03
Fe166475P3IN=01

1 «6679066ARD~02
QeRIAT2745N=01
1.,02442%0R0D 01
343936431N-04

=1 312703290 093 ~1,41261%173D 02

=1 608773240~01

SWITCH THRUST NFF

7.271510°30-01
~5.250777450-02

-5+ 5336426 D=01
~Q,4A657282 01
1,55343727C 02

JUSITTEP SPHFRE OF

4.14555628D0 N0
-1.1554215%0=01
3.759AGEAED 0%
6.2C73P003D-02
-2.,285160110 01
4,261£1036D 01

Te271%1083C-01

~5,250777450=02

-1.5973202230 03
=2e95472R02C~01
=PRe77672177D 01

4.253647RAD 01}

JUPITER SPHERF OF

~1+7GS6ERA2FD OF€
~115542165D~-01
3.7596G%3ED 05
6e2CT7THR003I0C-C2
-2,805160110 01
1.6%473C450 02

=17G66B428D 0¢
=1.15%542165D-01
=7+500067300 04
6.76787066D~02
T« 3BE4ZH6ED 00
1.376P27670 02

1.36875540D0 00
-5,PR0777450-02
-1.591702230 03
~3,95672R02D-01
-Q. 0021804490 04

1.6620R1660 02

A.86655155D 01
£ 425277R07T—1 Y

(PLANL TUCTNTRIC FALRAMETENRS UNAVAILADRLE)

Qe2817RIECIND-0]Y
2.1137827¢D 02
-3 ¢HT102637D 00

INFLUENCE

4533 TAIAR O
-5+099003400 02
R 5PN 2950 03
P +ARACH IZ1N=02
1 4471274890 02
-6 430741 RALID 00

1.271852680 02 -

. Ae3926R2T70D~01

1.5915594AN=01
9.109971040-03
1 .ARAASIASD 01

54320162750 01 ~

(HELINCENTRIC)

A,3926A2300~01
Ffo14606406D-02

=-9.,063%40910D 01

SBTTTE2"RN=-03
24297722027 01
A Q05417500 01 =

INFLUENCE (PLANETNCENTRIC)

~-A,A073I5007D O1
-5 «0R300%40D 02
R.S55772295D 03
26CPRGAI2ID-02
14873279120 02
~4+K04657490 00

SWITCH THRUST ON

1. 168785400 00
-%,250777450-02
-£.93A26212D 03
~%.509744310-01
~1,749057850 04

1.376227490 02

-8,732337430 01
«]416RAARIAD~-13
1433172120 04
2.1428771%0D=-01
T «374609350 63
-1 24541890650~02

54118323210 0C
6+14F06496N-02

-9.,063240910 01}

S5e6T7T7782R°AN~03
22R895723<2D 0%
R ,905417600 01 -~

6118323210 00
5.486022180-02

"1.5127023%0 02

1.33710067D=-02
1,18671945D 02
2«15275R620 02

2

NODE
THRUST ACCEL
13-4

2

LAMBDA

LIE AN

3.164335470 02
€eTE69]18%9N=02
9.2m015C0QD 0S8
1.01310552r 00
2.£62115120 03
1.772273730-01

7.288179A%D° 01t
0.0

3,06158212D 00
T «80926R%51D 02
1.02581550N 01

T«I88ITO4ZD
060

AstRA34ATOD
Se01AZARGQSON
2726243110
K. OPRAORSPD

o1

o7
0o
02
00

1483712420
0,0

4.%17”R34700
“+018389500
?2.720263110
6.08840A5AD

02

o7
09
02
Q0

1.463712420 02
2.75%956320-04
1.26347P7%D 06
Se 313406040 00
T.8C924R%1D 02
54397412450-01

3/718/71

ARG ons
ANGULAR MOM
ve

v

LAMBDA DNT
HAMILTONTAN

THRUST ON
1030730340 00
te19730R0LID
5,80%940070
1.1R1A4559D
1.8790A%1 6D
-5,54992653D

03
00

0t

3,034310%70
1.39771246D
%8189 GS5T7D=-01
2.321564000 02
-%5.,549926%990 01

o1
60

THRUST OFF
S« 7421 #73AD 01
1,397712480 00
8.70%2%40RD 03
3+964240900-01
1.728%20540 02
~5.%54992/99D 0%

.

THRUST OFF
1.58776a770 02
1.410150010 10
R. 705254 CAD 03
3.95626050D-01
1.82700R20D 07
~5.54992659D 01

21394903880 02
1.41015003N tO
1. 8464 A194D 04
5,931 3297160-G1
1601691900 0a
-85+ 549928990 01t



19 - II

TIME
LAVEDA T
X o

X

LAMEDA X
LCNGITUDE

«£30G67%2PRD
27231262 D
<1€37270
11349520
TIe2%24C
45161230

[ SV IENERVA, 3

7
':'
3

£ o H4UCTE2RAD
-3 L ET71 607290
3 .5S183727D
-3,73134952D
7 .R72025240

1.345161230

6 +=uE003 20
7«2 34097890
-0 ,0576297 7D
-31,734506351D
7 .73SAGAKID
1.3462085240

TeoITHZRAAD
- LRY4E0REEN
-4 G150 IEED
-i ,2604750CD
5.377457988D
1.41541€770

T 237929440

=102173502D
-=h ¢£J1G603IEFD

-4 ,36047500D
% 4377457880
1 41941¢770

02
oA
o8
00
02
02

02
04
0=
00
o2
02

02
02
05
00
02
02

02

oy

07
00
02
02

02
02
o7
0o
02
02

MASS RATIO
LAMRBD A NU
Yo

v

LAMBDA Y
LATITUDE

8¢300432€8D~01
=R, 675300510 02
5.S7A3ETTID (&
34704512140 00
S.429€9574aD 02
7.322283210n-C1

R.300472680=~01
R.E7576011D C?
5.57630773D0 0S
3704012140 920
~5.47REIST7aD C2
7.323293310~01

e 20ARE 245D~
8+677105020 02
B8.€7AS1IR3ED 05
3.79264938D 00
1.5P4AFL110D 01
Te3924€1750-01

B8+292R4243D~01
B.€77106C2D 02
-1.032°78280 07
3+81393014D 00
1.88309751D 02
1.051044930 00

Be299R424GD=01
8. 77106020 02
<1 +03287R2PD 07
3.,41393014D 00
i.EB30G751D C2
1.058104452D 00

SWINGRY -~

SEM[-AX1S
LAVADA A
70
,-
LAMRDA Z
out

~1«7G9B4A7RALID 0K
0.0

-~4.,0C9C1G554N 04
6.802792900~02
5.0803061*0 )
2.,026233420 01

=1+ 7GBATEALD Q¢
0.0

-8,009C1954D 04
6.R02702900-02

-5.08030F15n 01
R, 972760%7D 01

=1.8C030415D NA
=1.,22131345Nn=01
$563172¢€€35D 04
6«RT7419540-02
-5.,8750FP1370 01
1.381155831D o2

STARTING

ECCENYRICI TY
LAMADA C,

X [y

x DOT

LAMARDA DNT X
THETA CSC

AT CLNSFST APDROACH

FLY PTH ANGLE
SWITCH FNCT
Ye nor

Yy nov

LAVRDA NOT VY
PST 0sSC

JUPITER CLNSEST APPRNACH

1.26/375020 00

0.0
~1.7PS£7259C 04
-G+18K10327L=-01
=3¢ 747562720 Na
Q. 02423%43I0 01}

S5+R27TARQONN=-} 6
24355153720 02
l1.14€6975a4Nn 04
Qe7T7T04R2N5N-02
~5A1%42572D 04
1 «S10RAAKTE=02

JUPITER CLNSEST APPORNACH

1e26R37502C 00
0.0
~17£Q€72390 04
«~Ge1ARI0Z270~01
3 TATSEIT2D 04
BeATATECSTD 01

5.R2786900N=-1 &
2,15518372D 02
1.18AnT7%04aD 04
9.7704°A0SH=02
S+R212485720 04
-1 «510RERKT D=0 2

SWITCH THRUST NFF

1667574190 00
~R,8E52GCA15AD-0D
=1Ls€17163R0N0 04
~8,£03346500=-01
~1.3212R80°20 04

1381156330 02

. JUPITER SPHFRF NF

=-1+20026416D 0%
-1.22132177450-01
J.746€0CACD 06
1.016900250D0-01
-3.,85%0262132D 01
1731118210 02

1.367974290 00
-5,552Q01560=-02
-A,400020740 03
~E.733€A25480-01

1,31750%610 02

1.73135737D 02

JUPITER SPHERE NF

~8.6C474T1ED 0O
=1+221313450-01
3. 7T46€0040D 06
1.016002500-01
-3.R%0252120 0Ot
1.22€3586PD 02

1. £€2710760 00
~5.552981560-02
~P.40002074N 03
~%e731£82550-01

le8G11277a0 02

142264+55AD 02

A ArIADARID O}
1.136Rc0390=12
-1 eP25441CRD 07
-2e03877G77r=01
1.171710WAD 0A
-2 +P095215GN~0 7

CASF

INCLINATYION
POWFR FACT(R
e DNY

7 DOT

LAMRDA DNT Z
THEYA 1

T=MINUS

6.11R3228AD 00
Se4675224R0-02
1.0522477aD 03
4.,3A41037223n~-02
8,2303245%D 07
1876060970 02

T-PLUS

6411RI229RN GO
5.467522480-02
1.05224774D 03
4.,34103791n<0>
-8 4238324550 03
3.239399310 01

6.118320% 0. 00
% A510M192Nn=02
1.20R7£85R0 03
‘4 ,8RA5EK1T3ID-0N2
6,39520400D 02
1 «1/R022%5RD 00

INFLUFMCF (PLANFTOCENTRIC)

R,807215490 01
-2.09a57352ap 02
«2.14Rr75537D 023
~3.R42070R0D~-01

6.54758598D 01

Se74R84201D-01

INFLUENCE

1.R143=2640 01
=2,09RA51523D 02
=24148758370 03
~3.0842070R0N~01

T«32AR4321D 01
-1 392A15010 09

5.11P32006D 00
5.049155300~-02
64780RATAD 02
3+055706720~02
~5.62%1A709D 00
192994157D 01

(HFLINCENTYRIC)

2.5499A440D 00
5.0451 570002
6 +780Rm87RLC 02
3.,05570672D0~02
=T7.02137246D 00
1 4929941670 01

2

NODE

THRUST ACCEL

(2127

]
LAMPDA
PST 1

1463712440

02

7.%%1970210-0S

FeRZE14%21D
5322495200
1,01€4%0£SD
? «R6ARARKOKRD

1462712440

0S
0o
o3
00

02

7.5%19707:1D-08%

f.€2514%210
®.32245520D
1.,01€4%0565D
~2.8€48R506D

1.463712470

0s
290
03
oo

02

2,9AR21 TACN-048

1.315427%€0
S5633053PA6N
7.80948176N
-8, T14465AKD

1463712470
0.0
4.,817334700
Se53P96124D
SeT71090€51D
-1,90403605D

1176140160
0.0
4.81m334700
TeN2PAG61240
e T1090631D
~3.90603609D

08
00
02
00

02

07
00
02
00

02

o7
0o
02
00

3715771

ARG POS
ANGULAR MOM
vp ’

v

LAMBDA DT

HAMILTONIAN

THRUST ON
2.937575910 02
1.4100128%D 10
24127274630 N4
9.24R205460D~01
6,93132%7%D ©4&

-5.54980T703D 01

THRUST ON
24937575910 02
1.4100128%0 10
24129274620 04
9.24R82054/AD-01
6,93132575D 06
24171587020 Ot

1.56%02061D 0%
1.409A%%28D 10
1.621R0751D 04
9.10454A51D-01
1.767518670 04
2.17145411D OF

THRPUST OFF

5.87%947880 01
1.409R652A0 10
%.89ATORSD 03
6.5086 R99AD-01
1.490RAAS2D 02
2.171464110 O}

THRUST OFF

2.47348572%5D0 01
3636365250 00
Be.5SH9T70M%SD 03
6¢9086A899AD=-01
1662923310 02
2.171464110 01



29 - II

TIME
LAMBOA T
xp

x

LAMBDA X
L CNGI TUDE

T797383218D 02
=14021935020 02
=5+0677439830 Q0

T«283853040 02

14501227200 02

1.346366770 02
~1.021925020 02
54207711960 07

=0,13074068D- 00

2.42003375D0 03
L37204%41D 02

. MASS RATIO
LAMARDA NU
b4
Y
LAMADA Y

LATITUDE

8,255€4245D~01
B.,67710602D 02
2.5114561CD 00
2,773420C10 02
1.3271050210 30

83.087754620-91
9,0937276€3D 02
L SATFR2TOD Q7
-141%422071D0 00
745711593 €2
2.32R22433€D CO

SWINGRY -

SEMI=-AXIS
LAMBDA A
z»

z

LAMEDA 72
PHI

-B.604T471%D 0O
=~1.22131345Dp-01
1.36882762D-01
“~8,772S95130 01
1.25271188D0 02

=-1¢108%5247D 01
=24367121020 02
=2+32475RA1D 0¢
3.82880025D-01
-1176519670 02
1.7008430SD 02

ECCENTRICITY
LANMANDA C

xe ony

X DOT

LAMADA DDT X
THETA QOSC

STARTING AT CLOSFST APPROACH

FLY PTH ANGLE
SWITCH FNCY
YP DOY

Y DOT

LAVARDA DOT Y
Sy 0scC

SwiTCH THRUST ON

1¢5%271076C NO
~5¢5525R15AD-02

~5.40821973D~-01
ieS15675700 02
14252779260 0?

SATUBN SPHERE NOF

l1e464a834090 00

=1.047090000M 01

~141CaASS446N 04
~3+455719220-01
Fel7603133D G2
1+ 700RS7600 02

2325214820 01
SefHHRATLIAID~1 4

(PLANFTUOCENTRIC FARAVFETFRS USAVAILABLFE)

-4 .06133586D-01
6eT1422127TD 01
=-9.71705003N-01

INFLUFNMCE

& +537148%4AD 01.
ft«735002120 0O
=3,305¢ 6R35N 03
-4 0229AENSIN-0 1}
4,1972R0820 01
=1« 7047 3005D=01

CASE 2

INCL INATINN

POWER FACTOR
78 DNY

7 oorY

LAMBDA DOY 2
THETA I

2+54994K44CD 00
4.530K6333D~02

2.97257499D~02
=6 eROT774279D 00

NODE

THRUST ACCEL
Re

R

LAMBDA -

PSI 1

1.176140190 02
Na0

%.8456216820 00
T.8094437¢SD 02

20852841120 01 ~3,%50400270D0 00

{HFLIOCENTRIC)

2.53589904D 0N
] «7RGEERPAT2N-02
5.704216R7D 02
2,2404£073D=02
-8 +40£R4QI4&D 0O

1.172646470 02
3 «0192A04%N~01
5.42020%700 07
$,21137267D 0O
2.%2850664TH 03

1712620950 01 ~2.666R3047ID DO

3718771

ARG POS
ANGULAR MOM
ve

v

LAMBDA DOV
HAMILTONIAN

3.253403220 01
3.6353€52%50 00
6.7639907660-01
1.6591679RD 02
201714641510 0O}

THRUSY ON

6,99%8327420 Ot
3.537427C9D 00
1+154220010 04
S. 5466 08€6490~-01
2+16965%090 02
2.1714638TD 0}



CASE - 2 (CONVERCEC ) . CASF SUMMARY
SWINGHY = STARTING AT CLNSFSY APPQOACH
LAUNCH SWINGAY TARGFTY
EARTH JUPITFR SATIRN
LAUNCK VEHICLF (S TIT&N 111 %X(120S
: - MASS ARFAXDOWNIKG)
INITI AL PROPUL S INN PROPEL LANT TANV¥AGE STRUCTURFE swa
3i$5.46 A67.%8 60705 18,28 0.0
PROFULSICN SYSTEM PDARAMETERS
REF PNWER REF THRUST THR ACCFL. FXHAUST SOFED €
N (Kw) (N) (M/SFC/SECH (M/SECY
2865223 1027412R 043687300~03 27467.98738
LAUNCH CONDITIONS (PLANETOCSENTRICYH
DATE " RAD1US SOEED FL.T PATH INCLINATION NNNE
{ JULTAN) (RACIT) (M/SEC) {DEG) (DFG) (CER)
43 INEL6B7S 102839 12422.4R73 0,0 25.7929 173.9377
- CwWINGRY CONDITIONS (PLANETNCENTRIC)
DATE RAD1IUS SPEEr FLY PATH INCL INATION MONE
= (JULIAN) (RADII) (M/7SECH (DEG) L0FG) (DEG)
‘ . 484030+7854 $«40075 212R2474AY 0,0 f.1183 146 4712
gg ARQIVAL CONDITIONS (PLANETNCENTRIC)
DATE RADIVUS SPEED FLLY PATH INCL INATION NODF
CJULTAN) (RACTI) (M/SFCY ({DEG) (DEG) (CEG)
A4 7666875 2.C0200 2R121.4328 Oe0 27,2654 178.,7391
TRA)FCTCDV SCHFEDULF (DAYS)
LAUNCH LAUNCH SPHERE ENTER SwR SPH . SwINGAY EXIT SWYR SPH
Oe t .7852 60A4 8634 6 64,0979 723, 7928°
CAPTURE CRAIYT AND RETRD STAGFE
RPER RAP vNRA INC VEL SPFC (MP
(RACII) (RADIT) (M/7SEC) (M/7SFC) ({SEC)
240000 38,0000 250206877 3100.7448 3100.00

37185771

Y/ CENTAUR ,

SC1 oK RETYRAN STAGE NETY S/C
060 123174 465,96
FFICIENCY PROP TIME
{DAYS)
0.,605021 rP37.1246
ARG POS EXCFSS SPEED T INF
(DEG) (M/S€EC) (DAY S)
Rs 4202 ST7T31.4A31 1.7852
ANG POR EXLESS SPEED A\s iNF
{NFG} {M/SEC)Y (DAY S)
293, 7576 2393,.%5A5% 119.3194
ARG PNS EXCFSS SPFED T IN?
(DFG) (M/SEC) {DAYS)
10”.3330 11481 .746K1 53,6032

ARQ!V‘.
1400,0000

TAAGETY SPHFRE .
1344,3960

INERT
(xG)
123.17

PROPELLANT
{xG) M
1100.%56



The second job contains a series of three cases which illustrate the use of the
SWINGBY program for standard, single-leg missions. The mission is idential to that
of the first job described earlier except the spacecraft proceeds from Earth directly
to Saturn without an intermediate encounter of Jupiter. The series of three cases are
intended to show how one can make use of a solution from the two-body, heliocentric
program HILTOP to assist in obtaining a segmented two-body solution with SWINGBY.

The first case invokes the HILTOP emulation mode (MULAT=1), which generates
a converged trajectory identical to one generated by the HILTOP program. This is
accomplished by loading into SWINGBY the independent parameters from a converged
case from HILTOP after scaling all 7 of the initial adjoint variables from HILTOP
by the factor

—Vr/cr
i - " -
Im)B+H;]ra+%H)aﬂ%9\l e )]/Aua

where AVa is the final value of the mass ratio multiplier from HILTOP and all other
parameters are as defined in Part I of this report. Because of slightly different
conversion constants in the two programs it will generally be necessary to allow the
SWINGBY program to iterate a few times to satisfy all end conditions to the desired
tolerances. An option is employed (LOC=1) which computes estimates of the launch
speed, longitude of ascending node and argument of periapse of an hyperbolic trajectory
consistent with the launch excess velocity. These quantities are required for the boundary
value problem of case 2,

The second case progresses from case 1 by explicitly including the Earth sphere
of influence phase which is achieved by setting MULAT equal to zero and ISPHER equal
to one. To the initial value of each of the adjoint variables from the converged case 1 is
added the product of its time derivative at the initial time and an estimate of the time
within the sphere of influence., These adjusted values then become estimates of the
adjoint variables at exit from Earth's sphere of influence in case 2. The LOC=1 feature
employed in case 1 makes all the necessary adjustments in the independent parameters
associated with the launch conditions and the initial adjoint variables. The target con-
ditions for this second case are identical to those of the emulation mode. This is
achieved by setting IMPACT=1. This, in essence, is equivalent to assuming the radius
of the target planet sphere of influence is zero.

The third case is identical to the second except the sphere of influence of Saturn
is finally taken into account. This is accomplished by setting IMPACT=0. Also to
account for the time within the sphere of influence, the estimated time of entry into
Saturn's sphere of influence is input about 80 days prior to the final time of case 2.

The input data set required for the three cases follows below.

The computer output for the three cases that results with NPRINT set to 3

follows the input data set. The first case, operating in the emulation mode, is seen
to converge after 2 partial derivative matrix evaluations and 5 additional trajectories.

11 - 64



The CPU time required to achieve the converged frajectory' was 15 seconds., Case 2,
which accounts only for Earth's sphere of influence, required 5 partial derivative
matrix evaluations plus 12 additional trajectories for convergence while consuming
40 seconds of CPU time. The third case, accounting for both Earth's and Saturn's

spheres of influence, required 4 partial derivative matrix evaluations plus 10 additional
trajectories and used 31 seconds of CPU time.
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NAMELIST

&MINPUT
eX(1,1)=0.D0,6563,365000,1.D-2,2.D4,1.D-12
BX(1,2)=1.D0,5684,21540D00,1,D-3,1.D3,1.D-4
BX(2,4)=28.,5D0
BX(1,5)=2«0,D0,1.D-4,2.D1,1.D~
BX(1,6)=2%0,D0,1.D-4,2.D1,1.D~
BX(l,7)=O.DO,1.DC,IWD~7,l.D-l,
BX(1,8)=1,D0,39.638506706D0,1,
BX(1,10)=1, DO 1439.6385567D0,1.1
BXx(1,12)=1,D0,7507.0318898D0,1
BX(l,13)=1.DO,k.6&795&81&1D-h,
BX(1,14)=1.D0,27417.240606D0,1
BX(1,23)=1.D0,-294.95941D0,1.D
BX(1,24)=1.D0, 4.0546753D03,1.
BX(1,25)=1.D0,@ 86.56090100,1
BX(1,26)=1,D0,-2793.85770D0, 1.
BX(1,27)=1.D0, 8.29830090D2,1.
BX(1,28)=1.D0,348.390910D00,1.
BX(1,29)=1.D0,771.838220D00,1.D-5,
BY(1, 7)=1.00,-1.D-8,1.D-8, 2*1.00 BY (1
BY(1,
BY(1,11)=1,D0,-1.D-8,1.D-8,2+1,D0,BY(1,12)=1, DO,
BY(1,14)=2, DO,-l D- 8,1 D-8,2+«1,D0,BY(1,20)=1,D0,
BY(1,18)=1.D0,1399. 99999900 1400, OOOOOIDO 2+*1,D0

[ e S B
1o
H\\\\\HNIWU‘I\O
1 1
e

1 O
LS S G O )
° o o DI OO
1=
()
=2
fen

e

0
1
3
1
’

1 1 &£ 3O OO O

[ BV M ew

e e o TIipd | 1=
L ODTOTT e £ o

N

-0
0
1
D
i
D
D
D
D
D

VTUl Ut Ut ns

o pdldpdpdpdes N T N N
_EEowW

el k.
WOOUDD\N-\ e 3 e
S WNWNIWW W LWIWNWS Do

[ e I
Tl

5
3
’
4
4
4
1
4

8)=1.D0,

9)=1.D0,-1.D-8,1.D-8,2+1.D0,BY(1,10)=1,D0,~

-1
1

1
1

BY(1,21)=1. DO,-l D-4,1.D-bh, 2*1 Do,BY(1, 22) 1.p0,-1
BY(1,25)=1.D0,-1.D-4,1.0-4,2+%1,D0,BY(1,26)=1, DO,-l
eY(1,29)=0.D0,-1.D-4,1.D-4,2+1,D0,BY(1,30)=0,D0,-1
BY(1,31)=9,D0,-1,D-4,1.D~4,2+1,D0,RY(1,32)=0,D0,-1,D-

BY(1,33)=0.D0,

D-
D-
D~

-1.D-4,1,D-4,2%1,.DN0,BY(1,34)=0.00,-1.D-4

=k,
-6,
6,
b,
(4

D-
D-
D-
D-
D-
A

DPtTAH- 15625D-1 EKR=, 1111111111”0 MYEAR ]977,MO’~U‘H8,HD Y=
JR=1,JPS=1, JT=1,JC 1,M0PT2=3 MULAT-i,iPICK(3) 1,1,L0C=1,FRWD=T

HoNG =t pARTH SATURNM MISSIOM, EMULATION
&EMND
GHINPUT

ISPHER=1,MULAT=0,8X(1,5)=1,D0,BX(1,6)=1,D0
BY(1,29)=1.D0,RY(1,31)=1,D0,BY(1,32)=1.D0
HDMG="EARTH-SATURMN MISSIOMN, IMPACT=1 EMD COMND.'
&END

&MINPUT

IMPACT=0 BX(2,10)=1360.D0

- HDNG=! EARTH SATURN HlSSlON, SECMENTED 2-0DY !
SEND

,BY(1,21)=0.D0

INPUT DATA FOR SINGLE LEG TRAJECTORY CASES

o\\\\\

9

MODE', IDATE=71,903,15



49 - 11

CASE 1
SHINFUT
8X= C.0
1€0€000000000000
0.0 ’
-0 e0
0ed
0.0
QeC
- 10€30€€0020050000
062 : .
1.€0C0CC000000000
040 S o
1€0000G60000C0000
- 3+ €00C000C0002000
1.€C 000000000000
0.0 :
040
0.0

0.0 -

040

G0

- Qa0

0ed o

1. €000C0000000000
1€9€0CC000000000

1.€5C0C090CON0000

1.€€0C20000€0000
1.+000000000000000
-14€3€€€0000000000
1400000C000000000
8.0 .. o

L 0e8

0.0
€0
0.0
09
0.0
040
040
040
.0ed
0.3,
0.0
0.0
040
040
0.0
050‘
02
0ed
0.0
0.0
040
0.0
00
029
N ri )
© 1€0€000000000000
1.€0C0C00600009000
1+00€000000000000
1€3€0CC0000C20GO
1.80000€000000000
$4€30000000000000

0.0

....‘.'.‘..'...O.A...‘OO."'...’..Q..‘..."i........‘..iﬂl..

T=2T7Q3.A57700000000

Ce0

0.0
Ce0

.0e0

3715711

s 6563.26£00000€C00
56844215400000000
040
28.5000CC00006C0C
Q.0
0+0
"1+0000000000€C0C00
39.6385067C600000
0.0 )
1439,6385%670000¢C
040
7507.03188679999¢
0.4 64795481 40999990-03
2748%74 24060520000
0.0
0.0
0.0
0,0
0.0
00
0.0
0.0
=294.95541 00000000
4058.56 7580000000
=86 +,56050100000000

829+83T0900000000
348.39C%100000C00
771.832200000000
0.0

0.0

Q.0

0.0

0.0

0+0

0.0

0.0

060

0.0

Ge0

Cel =

040

0.0

040

040

040
0.0

0.0
060

0.0
0.0 .
0.0 .

+»=0¢1C00000000000C00D-0T,
+=0+100000000CC0C000C~C7,
+=0+1000000000000000C~07,
»=041000000000000000C=07,
¢«=0+41000600000000006A0D-07.
+=04+1000000000000C000=-07

-« 0aN -

00

....,...‘...‘...."WIC'.-v-..~‘.ﬂ...‘.ﬁ.900'...G‘...“....‘Iv“.

EARTH=SATUAN MISS510Ns EMULATICN MODE

¢ Ce9569695665999699C-02, 20000,00000000020

€e9999559599659999D~03,
C.C [
Ce0 »
0¢969559969$969939D=04,
0.9559599599969999C=04,
€+16C0000C000CCCO0D=06,
0.9569$536999G89998C=05,
0.0 .
0.9559559599959998D~0%,
0.0 .
0.959966$599955999C=-013,
04102000000C000000C=0%,
0.9959566599959969p=02,
0.0 .
0.0 : :

0.0
C.0
0.0
09
0.0
0.0
0.9999997999993698D=0 2,
€ 2999999 5999999980-0%,

e o o 0 ® o @

0.99999995999999980-0%,

0¢9893CG3GIR099993C~-0%,
0e99939979699992998C~0%,
0¢9999999€399992998C~-0E.

'0+99999994999959998D-09%,

D_.O . " .
0.0 ) :
040
0.0
0.0
00
0.0
Q0
Ce0
0.0
0«0
0.0
0 +0
0.0
€0
00
0.0

¢ o0 0 0 0 o @

0.0
0.0 -
0«0
0.0
0.0
0.0
0.0 -
00 ..
0«0 . L]
0.1000002302000000C-07s
0«10000000000C0CO00-07,
041006000000000000C-07s
041000000 0000000000-07,
0+1006000C000C00000~07,
0+10060000900C00000=07¢
NN -

‘0«5000000000000000D-04

0.0

1000+000000000000
00

Ce0
20.00000000000000
20409000000000009
0«10000C00000000000 00
10.00C02000000000
0.0
10.00000000000000
0.0
1000.000000000000

1000,000000000000

G0

0.0

060

0.0

0,0

Ce0

00

0.0
100G¢.000000000000
1000G. 000000000000
1000G.,000000000000
1700.000000000920
1000.0C0000000000
10929.,000000000000
1000,00000003%0000

Ce0

040

0.0

0.0

Cel

040

0.0

0.0

040 |

0.0

00 -

0.0

¢c.0

~ et

Ce0

Q0

Qe?

040

0.0

0.0

0.0

040

0.0

060

040

0e0

0.0
1.000000000000000
1¢00000000000000
1.600000000000C%0
1.000000000000000
1.000000000000000
1.9006000080220000

N.0 S

‘09

0.0

‘
'.'....'......“.“.‘..‘“.,“.....I‘.‘.‘....‘..'..ﬂ..'l..-..."

CPU = 1/0 TIMES REMAINING (SEC) 99 68

v 0.9999999999559999D=12,

0.9999999999999399D~04,

0e0 .
0.0 .
.1000000000000C00 .
1.020002000000€00 .
1000000000000000 0

0.100000000000000CD 00,
0.0 L ]

0.10000000000000000 00+

0.0 ' °
0.99999999999995990-04,
100000950000.00000 .
0.9999999993999999D-0 4,
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
009999999999999999D-048,
0.99999999999993990-03,
0.9999999999999999D~02,
0.9999999999999999D-G 4,
0.9999999999999999D~04 4
0.1 0000CH000000000D GO0,
0:99999999999999990=-02,
0.0 . »
[+ Y+ : S -
0.0

0.0 -t

9.0 . ke

0.0 ’

0.0

040

0.0

0.0

0.0

0.0

0.0

el

0.0

0.0

0.0 -

040
0«0
0.0

0.0

0.0

Ne9

0.0

0.0
1+.000000000000000
1.000000020000000
$1.000000000000C00
1.000000002000000
1.000000G00900000
1.000000000000000

n.n

......‘............’..‘O....-.".
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4

CENRD

s ~18,24337180425693

2¢€00000€00000000 +=0¢1 000000000000000C=07s N+100000000000C700C~07 1.000000000000000 . 1000000000200000 .
00 v 060 : v Qa0 v 0.0 s 0.0 .
0.0 s Co0 ¢« 040 s 00 e 00 .
0.0 v 00 v 0,0 o 0.0 s Oo0 .
1+€20000000000000 r 1399.999999000000 s 3140C,000001000000 s 1.000000000000000 e 1¢000000000000000 .
°.° (] o‘o L] o.o L o.o L ] o.o .
14€C000CC000C00000 +=0+100003000000C000C-06: CelD0000CCNO0CO000C=-0E, 10000C€92000000000 ¢« 10000092000000000 .
1.€00000000000000 0=0:99999999999999990~G4s C ¢5I199G07G79009999C=04s 1,000000000000000 ¢+ 14900000000020000 .
1.00000000€000000 1=0+9999935993999999C~04¢ 0.59979935972969999D-04y 1.099000C00000000 ¢+ 16000000000000000 .
040 o 00 ¢ 0,0 o 0.0 o 0.0 )
0.0 » 040 s 0.0 o 040 s 00 . .
-14CC 0000000000000 +=009999999999999999L =04, 0.5999969627969G99C=-04, $4000C20000000000 e 1000000000000000 °
1€000C€0000000000 +=0:9999999999999996D=C6s 0+9999950639969590D=0¢€, 1.000000000000000 ¢ 14099005%000000090 .
00 . s 0.0 v 00 s 0.0 ¢ 00 .
0.0 o Cel ¢ 040 ¢ 040 s 0.0 - .
0.0 1=0:9997969999999999C~04s 0,99999996927967994D-04, £:000000000000000 e 14000000000000000 .
02 2=0:9999599999999999C~06¢ 093996996794 9I999 =Ch, 1,9000C0C00090090 ¢ 14000000000000000 .
040 0049997999999999999D=04¢ 0.995999996999099990=04, 1.000000000000000 . 1500000000000000 .
[ Y +=0093999599999999990 =045 0.,99979906696599990=04, 1+9¢2000000000000 ¢ 30000000000000000 .
000 ++069999999999999995D~04, 0.0QG;QOOGOQQOOOQOC-CQ. 1.000000000000009 [ [-000000000000000 .
000 0=0:99999699999999960=C4¢ 0.9999999999UGIIGOD=04, 1.000000000000000 . 1000000000000000 (]
0ed s 000 o 040 s 0.0 e 00 .
00 o 00 ¢ 00 ¢ 09 s 0.0 .
Qe o 08 e Dol e 00 + 0.0 »
0.0 ¢ 040 ¢ 00 e 02 ¢ De0 .
040 o 00 o 0.0 o 040 e 000 .
0.0 o0l v 00 o 060 o %.0 .
040 o 040 s 060 s 09 e 0e0 .
0.0 s 0.0 ¢« 049 ¢ 0.9 v 00 .
00 o Q00 ¢« 040 e 060 . o 060 »
040 e 0.0 o 0o e 00 » 0.0 *
00 o 0a0 s O v 0.0 s 0.0 .
040 : o 040 v 2.0 e 0.0 + 0.0 - .
00 v 00 s 0.0 e 0s0 o 000 .
0.0 s 060 o 0o s 040 ¢+ 0.0 - .
0.0 s 00 ¢ 040 o 060 e 0.0 .
0.0 o 0.0 s OeC ;e 00 + 00 o ENT
1500CC0000000000 +DUETAH= 0,15625000000C0000C~014DNFTAOZ 0,299999969976999AD~01 «SAL S -1000000000000009 «ECis=
040 . +CNI= 0.0 oCMI= 040 «SOI= 0,0 - TPIm
0.0 +EMSUN= 040 +EMLMNCHE Ca0 sRLHCHE 0,0 +RSLNCH=
. 00 sELOLNC= 0,0 s CLALNC=E 0,0 eEVSWAYE 0,0 'RSWAY=
0.0 +RSSWEY= 0,0 +ELOSWD= 0,0 sELASWS= 0,0 +ENMTARGS
0.0 +RTARGE 0,0 sRSTARG> 069 +ELOTRG= 0,0 oELATFRG=
0.0 +81= 060 oA2= 0.0 o83% 0.0 ¢ 1,000000000000000 »
0.0 s 0«0 s 00 . s 0.0 s 0.0 '
0.0 v Gad e 0.0 e 060 PMi=  1,000000000000090 oRPM =
0.0 . sRPI= 040 oFM=  2,00C0000€72000€00 oFNN= 1,000000000200000 oBlxm
. 1£0€€C0000000000 oDIx= 20000.00000000C00 sElx 0,0 +sCALPHAX 30,000950000000000 'EXS=
040 ' ) 1EXT= 0.2999959999955999N=014NELMRE 0,0 sEXX=m 000 »EXR=
0¢1211111318000000 T eSPIRET=  390,00000C0000000 sRTF=  2,000000000CC0000 RTA= 38.,00000000000000 «DZP=
0.7812%5000000C0000D-C2+DZH= 0,1250000000000000 s IPF M= 1 MUPCATS Lo NSET= 0. 0. Q¢
O QsMPRINT= OsAPRINT= JNOPTEE J.MOPT2= JeMDPT3a 69 INPFLGS
O 0, 0 0, 0, 0 0 0, 0, ) 0. . Co
: Ce O Qe O OsMYEAR=® 1877 MONTHS B8+MDAYS= 9 +HOURSs
12..000C0000000000 +MHODST= 10.¥350LAF= OMSHLD= OsMEFFIC= OsJR= 1eJP8n is
JT= 1eJdC= ) QeMOCE= 1elPICK= O ) O 1 ) I [+ Y 0. FRUD=T,
1PRL 1= O IPR]2= ) 0es1TOP= 0 +L.ONG= O« KPART= Cs IMPACT= 1cMULATS 1.
ISPHER= . Oel27F= SyAUKM=  149598000.000000C ¢GRAVZ 9.806650090000000 +ER=  6378.15%5000000000 s YPUNCHa
e XKUUNT= $+I0ATES 12 3 1%, Os 0, OsHDNG=
0772488183531 7780 0=0e7T7172108231463340 41,-0:1C0060579232622%0 25, 0.8314021092958237 “elLOCm
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69 - 1II
.:;:;Om‘dm‘mou‘m”

10
12
13

14
22
24

T 2f

2%
&7
2¢

10

12.

1a
le
€0
€1
2
2%
z¢

NCTE

NAME

PASSVELD
PASSTIME
TARGTIME

TARG VOO

THP ACCL
JETSPEED
LEs2 Pl
LEG2 B2
LEG2, ©3
LEG2 PD1
LEG2 PD2

LEG2 PD3

LEGZ2 PMA

NAME

DELTA XT
DELTA YT

OFLTA 27

DELT XOT
DELT YDT
CELT ZOT

TARGMASS*

LEG2TIvE
TLYG DT)

TOLNVOC) '

TETGVIC)
TCTHRAC)
TCJETVL)

THIS CASE 1S CCNVERGED.
TRAJECTORISS WITHOUT PARTIALS AND 2 TRAJECTORIES WITH PARTIALS.

EARPTH-SATURN MISS ION.

VALUE

$56384215400200000C €3
3.563850670600C200 01
1¢43963E55T79C00CD €3
7.507031885799999C 03
4.£479543140999990-04
2¢7417240636GC0000 Ca
~2+949564100009%00C Q2
4.0545758C0C000000 03
=8¢ 65605C1000C0C00D 0!
-2+ TS383770000C0000 03
§.2983029000000000 02

SETUP FOF CASE

EMULATICN MODE

INDEPENCENT CARAMETERS

DELTA

1.C0C00C0OC0OCD-03
1.0009C000000~0%
1003800000 CD-05
1.000€00000CD-03
1.600000200CN=-10
1.02020C020CD-n2
1.003C0C2000n=-0S%
1.00000000206D~-0S
1.00N000000C0O-CS
1.0n000COCCC0-925
1.000C0073000~-CS

MAX STEP

100000000000 G3
100000000000 0%
120000000000 01
1.000000C000D0 03
S+0C000000009-05
1.0000€00000D0 03
1.00000C0C00D 03
1.000000CQ000D 03
1.000000003CD 03

- 1400000000000 03
1000020600000 93

100000000000 03

3.4839C9100000000C 02
7+718382200000000C 02

P me g0 o [\) B pe P pe P g

1.,00000C200CD-02S5S
102000G60C0CD-0S

CEPENDENT PARAMETERS

LOw . HIGH
~-1.000Ccc0500C0D~-08 1000300006000~ C8
-il.00C200C00CC~-08 1.000059%00%0C-C8
=140000002000D=08 1.000C¢l00200C~-C8
=1sCQ02C0000CC~108 1.30000700000-C8
-1.00000CC000C-08 1.60CCC00C200~-CH
=i.00000C000CNH~(C8 1.0CCCC20000C~CY
=1.0080C000000C~-08 1.20C0C00000C~C8

1439965999900 03 1.400C000C10C 03
=-{eC0OOCCOICOCD=NT 1.0020000000C-07
=1C00C0002000~04 1.00€C0C00C00C-CA
=1.00000C000CC~0a 1.60CNCO00CCC~-0a
=1.000C0C000CN=-08 1.0000000C00N=04

1.00%CCC00CCO~-086

~1000000000CC~-06

NAME APPLIES TO TRIGGER SETTING OF 1

INHIBITOR =

1.00000000%CD 03

WEIGHT

1.00000000000
1.090€0000000
1.000000C000D
1.006000000000
1.00000000000
1.00000000000
1,0C000000000
1.00€00000900
1.0000C000900
1.00000000000
1.00000000000
100€00059000
100000000000

3715771

WFIGHT

1.0000000000D-04
1.0000G000000-01
1+000C000000D~01%
1.0000G000000~04
1.00200000000 10
1G0090000000~-04"
1.00000000C0D-04
1.0000GC00000-03
1.7000600000D0-02
1.3700C00000D0~04
12300000000D-04
1.00000000000-01
1,00000000000-02

TYPE

o0
00
00
00
00
00
00
3]
00 .
00 :
00
0o
00

B s b M et b S B PO S e BB M

THE ABOVE INDICATED DEPEANDENT AND INCEPENDENT PAQAMETERS MAY BE ALTERFD INTERNALLY TO
CAUTOMATICALLY SATISFY TRANSVERSALITY CONODITIONS AT THF SWINGHY CLOSEST APPROACH PDINT.
THEIR TRIGGERS ARE SET TC ZERO. SEE HOXED OUANTITIES ON TRAJECTORY SUMMARY PAGE FDR
DISPLAY OF ACTUAL DEPEMDENT ANC INCEPENDENT PARAMETERS

0:454747350~-12
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TRAJECTORY SUMNARY CASE 1 371577
EARTH=SATURN MISS5 10N, EMULATICN MODE
I&DECEMDENT FARAMETERS
PASS. CIST ~PASS_SPEED . PASS GAMNMA PASS INCL PASS NODE PASS APGP PASS MASS PASS_YIME_ ___
6+5623€6S0D €3 |_5:68427060 031 00 2.85000C0D 01 Ge0 040 1500000000 00 |_3,2636202C 011
LAUN TIME _IARG_TIME____  LAUN VOO _IA=G _vag _Ive _ACCEL .. EED _ LEGL P} LEGL1 P2
o0 Jhea3963690 031 ©.0 { 74-nﬁzx=*9_xlll a;snza..in.nalI-a;zaxznn;a.ngl 0.0 0.0
LEG: F2 LEG1 PD1 LEGL PD2 LEGL PDJ LEG) PMASS LEG1 STIME LEG2.P% LEG2 P2
040 0.0 040 0.0 0.0 040 12234642790 _0211_4.05450210 0231
LEG2 PRL. . _LEG2. <LS22.802 2.FMASS_ __ LEG2 PTIME
l.ﬁaé.é.ﬂsﬁn.ﬂlll_z;721 .QQ_RJII.E;ZinIﬁQaQ_QaIl.l;.}-slﬂzh-nall_lgl 121533R Q21 0.0
DEPENDENT PARAMETERS (RCFERFNCED TG ZERO)
DELTA XL DELTA YL DELTA ZL DELTA XCh CELTA YOL DELTA ZDL IA_XY .QELIA.II_____
0.0 0.0 - 0.0 Ce2 CeC 0.0 : l_hmugu-ull 1232862930-141
. .g 1A ;I..__. RELIA_XDT__ ~RELTA_XOI . EIA_ZLT LAUN WMASS SIA2G MAGS . LAUN DATE TARG DATE
o b= ,a‘i :ﬁn-xall.g;_-.xgg.k-IIll.a;x 382 Q_Lﬁll_g; bEIZF3EZI81 0e0 . 123232032020-921 0.0 1.43963690 03
“LEG1 TIME LER2 TIMC_ T(LAUN DATE) _T(TAEG _DATE).  _IL{LAUN Y00} _ _TLIAAG_¥0O) TOTAL TIME REF PQWER
0.0 1=3:2106050D-131 0.0 1-33235%52180= {71 I=3,835¢5360=C2! 1=5227153500-021 1.40000000 03 3.3982911D 0%
CT4TIHE_ACC) . _11 ICT_VEL)__ NET MASS T(SWO DIST) T(SwB VEL) T(SwD INC) T(SWA NODE) T(SWB ARG)
1=2456523820=021 1= 4“§ghggg_xgl T«22734920 02 0.C 0e0 0.0 Ce0 0.0
T(SWE MASS) T(SwR TIME)
. Ca0 ~5.62826330 01
. N !
DISCONTINUITY POINTS
LAUNCH OFF CN Ts01 ARRIVE
040 A37.89¢ 1070.842 1400.000 1400,209
SPACFCRAFT PARAKETERS
NET S$/C MASS INITIAL MASS PROP SYSTEW PROPELLANT RETRO SYSTEM swB SCI PKG POWER EFFICIENCY
72227349E2D 02 3.22422550D 03 '1.019487340 03  7.5:¢0532440 02 7.0265043CD 62 0.0 3398291150 01 6.04541689D-01
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TIME MASS RATIO

LAVEDA T LAMBC A NU

xp Yp

X A §

LAMEDA X LAMBDA Y
"LINGITUDE LATITUDE

042 1.000000000 OO
0«0 7471779836D 92

140C1€5258D 00 -8.57505134D0-02

“2.94E427S3D 02 4+05430214D 03 ~8.63638478C 01 ~2.793724A1D 03 B8.29R7R039D 02

35%104172D. C2 040

4378842160 02

0.0
~8,132064€43D0 00
-142218€€83D 03

1.5$56E5S6D €2

T+745350694D~01
1.65604252D0 03
1536403470 00
=3529293G1D 02
1221814370 00

774550694D0~-01
1.656642520 03

1.070842280 03
042
=B8+190483930 00
9.9%751964D 02
1.8431C7CED C2

~€el T3450C16D-01
~9.,72369798D 02
2e2ZCECT4TD 00

1+4C0C0000D 03
0.0
=277€3127CD~-24
=~9+426C27€670 00

2+20€05C€eD 03

‘1e93CELISECSD 02

Te65322437TD-01
1.6P367331D0 03
=1:981A1993D0-03
=~1e7€E7I7237D QO
=1+41762226050 03
2442672543D 00

CISCONTINULITY POINT SUMMARY

CASE 1

EAFTH—SATURN MISSTONe EMULATICN MODE

SEMI=AXIS
LAMODA A
P

P4

LAMEDA 7
PHI

1.701785600 00
0.0

- o - -

0.0

9+90529779C 01

T+846605599C 00
=6.524489620C 03

S«706911080C o2
4.21108138C 01

T+4660535950 QO

~6452448962C 03 =3.08648315D 22 -2,882172%4D=13
(PLANETCCENTRIC PAQAUFTERS UNAVAILALLF)

3.18483539C~91
1-54827055¢C 02
i+30Q383035D 02

74353442130 00
=64595332540 03
€4£25306150C-Ca
4.084340800~01
-14019963000 02
1.41374915C 02

ECCENTRICITY FLT PTH ANGLE INCLINATION NODE
LAMHDA C SWITCH FNCT POWER FACTOR THRUST ACCEL
xP COT Ye cov ZP 007 RP
X DT Y COoT Z b0OT R :
LAMHDA DIT X LAVMADA COT Y LA¥BDA DOTY Z LAMBDA
THETA 0SC PST 0OsC THETA | PSI I
EARTH L AUNCH. T=-PLUS

4.111140220-01
0.0

(PLANETOCENTRIC PARAMETERS UNAVAILAALE)

54519735930-02

9905482070 01

i.75104172D0 02
7.86478947D~02

1.183151C60 CO -4.,06282410D0-03 1.,00475883D GO
3.,48353893D0 02 4.06613000D0 03
9415921930 01 ~1.21986209D 00

~2¢22474537D 00
32227682740 03

1496681 7790-0i
9493965936D~01

=102563128D 00

SwWITCH THRUSTY OFF

8033285528D-01
=3+04£4831SD 02

(PLANETCCENTRIC PARAMETESRS UNAVAILAHLE)
940008515C-02 ~5.405302500~01 -1 468C64ET4D=01

2.333723130 o2
3.7673269CD 01

14349146680 02
1.208350510-01
4.408412 300 00
1393989230 03
2.416678%20 01

Se27115€60D0 01}
3.379039320~-13

209236220660 00
793325083D0-02
2e546309730~02
-2480373430D 01
1.633889130 02

—H8.894783G4AD 01
24159751540 01

SHITCH TREHCT ON

Ae333A5528N~-01

~2e599670920~31
2:055541H2D 02
1+300R85150 02

SATURN SPHERE QF

Bel4672511D-91
=3,21379373D 02
-6.62C241745 03
~1.83409406D-01

2.27338032D 02

148414007470 Q2

S €25267850 01 2.9211H5227 3D GO

2.2619)1204a0=32

1349146660 02
0.0

8.219891920 00
1393923230 03
6437606237D 00

=2.03738234n=01
-4,216075PSD 01
654751405300 00

1.67386914n-02
-4.43716R61D 01
44463671900 01

INFLUENCE (HELINDCENTRIC)

299743247 900
1 +463987645D-02

3.%25$8%501D 03 3.C5808248D 22
~2.00885460D~01 1.41334634D~02
-2+.89022217D0 01 —4.60780098D 91
=1eE£3746086D 00 2.80800632D0 01

5250207590 01
1103760020 03

1+36587332D 02
1.1R425588D-01
2.107806170-03
Q,598895320 9¢
" 2.50378136D0 03
~2e334698700 00

3’71771

ARG PGS
ANGUL AR
vp

v
LAMBDA DGT
HAMILTONI AN

MOM

THRUST ON

1.89000000D0 02
1.189184420 TG
1.18444488D 00
2,93%123493D 03
5.,89515451D 01

24471221950 01
1.51018038D 00
5.654543750~-01
24509026870 02
$.89515423D0 01

4.9432919%50 01
1.51018058D 00
3.307154000-01
2.14479436D 02
5895154230 0%

THRUYST ON

5.406955730 01
1.57685793D 00
T7.50590945D 03
2¢70374594D0~01
2338030100 02
$.855153220 01
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CASE 1 (CONVERGED) CASE SUMNFARY 3/7185/7T)

EARTH-SATURN MISS IONes EMULATICN MODE
LAUNCH TARGET
EARTH SATURN
LAUNCH VEP}CLF IS TITAN IIL X(120S)/CENTAUR
MASS BFEAKDOWNIKG)
INIETIAL PROPULSION ¢FQ¢ELLAN; TANKAGE STSUCTURE SwB SCI PXG RETRD STAGE NET S/C
3224.23 1819.49 T7T56.6% 22«70 0.0 0.0 T702.65 T22.73

PROPULS ION SYSTEM PARAMETERS

REF POwER REF THMRALST THR ACCFL EXHAUST SPEED EFFICIENCY PROP TINE
(Kw) (N) (M/SFC/SEC) (M/SEC) (DAYS)
33.9229 1498624 0.4£4RCA0~-C3 27417.0833 0604542 76T 0459

LAUNCH CONDITIONS (OLANETOCENTRIC)

DATE ) RADIUS SPEEC FLT PATH INCL INAT TON NODE ARG PNS EXCESS SPEED T INF

© L CJULLAND (RADIT) (M/SEC) (DEG) {Crn) (DCG) {DEG) {(M/SEC) (DAYS)
43404, 636% 0.0 040 0.0 N0 0.0 0.0 5684,2706 0.0

ARPIVAL CONDITIONS (PLANETOCENTRIC)

" DATE RADIUS SPEED FLT PATH INCLINAT ION NODE ARG POS EXCESS SPEED T INF
(JULL AN) (RADII) (M/SEC) (DEG) {DEG) {DEG) (DEG) {N/SEC) (DAYS)
A48C4. 6369 0e0 0.0 CeC 0.C 0.0 Q.0 750649205 0.0

TRAJECTORY SCHECULE (DAYS)

LAUNCH LAUNCH SPHFRE TARGLT SPHFRE ARRI VE )
Oe 0.0 1481,.,00C0 1400.0000

CAPTURE ORRIT ANC RETRO STAGE

RPER RAP vokA INC VEL SPEC IMP . INERT PROPELLANT
(RADI I} (RADII)} (M/SEC) (R/7SFC) (SEC) {xG) (XG)

2400900 38.0000 - 25020 .6877 1725.1102 300460 ° 7027 632.39

¥ s ¢ % 8 HILTOP EMULATION MODE % ¢ ¢ %
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BHX= CeC
1. 000€C00000000000
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0.0
I.COCCCOOOOOOOOOQ
lesCGCCCCCOCOCO0O0O
0eC
1.€2C00C30C0C000C
0«0
1.€00CC0000000000
00
1.€0CCC00C00C2000
1.CC 0000000000000
1.C0CCCO00C000000
0.0
00 )
Ce0 . e
0.+0 S
Ds0
9.0

" D.C

0.0
1.€0C000C03600000
1.C0CCC0000000000
1.€0€0CI0C0000000
1.€0€CC00000000CC
1.€0C0C000C200000
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28.5000CC0C000000
225.8925644108320
281.4824654341033

1+ 0000 000C0000C00
39.62650177814745%
0.0

1439,63€901778147 B
0-0 L
7506450645903372, .
026450822 -7522899C~03,
2773 % ,08333466695

L]
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* e e ¢ 9

=385.6545245319564
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G - : '
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0.0 .

04+9999659$393G99G59C~0 2,
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0.0 °
0-0 L
00 .
D0 .
040 .
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Q.0 .
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CP = 1/0 TIMES REMAINING (SEC)

84 63
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0.0 .
1.C000000C0000000 .
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0.1000000000000000D0 00,
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1.000000000000000
1«00000007G000000
1.000000500000000
1.000000000000000
1.0000C0000000000
1000000000000000
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) -0

o .
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3
a2

[
(4.0 J

" NQTE

o AN

EARTH=SATURN MISSICN,

SETUP FOR CASE

2

[MPACT=1 END CONDS -

INDEPENCENT PAQAMETERS

DELTA

1.C3000€30000=-03

14CJ307C0000D-DA

1.0n0002202220-04
1.7°C00DCINCCD-0S
1.35000C200C0-05

‘1.02002C00C30~03

1.Q090C20%20C0"=10
1.000C202000N-02
I+.C220C0OCIC20ON=05S
1.00000€0300D0~05
1.02000C0000D=-0S
1.00002c0C0CH-CS
10200000920 C0-25
1.070£0C020CD=-05
1+017000CCO0COAN~-C5

MAX STED

1.,00C00000000 03
2000000000CD 01
2.00006032CCD 01
1.0000002C20D 01
1.50000C0000D 01
100010305000 03
£.000170900000-0%
10000000000 53
1709CC0NDO20GCD 03
1.C00002000%0 03
1.0C600G0000D 03
1.099C0099000 03

100000902090 03

10C203730C00 03
1.0009020n0900D 03

29

CEPENDENT FARAMETERS

NAME VALUE
PASSVELD 1,24C05€42254754350 Ca
PASSNODE 2425892594481082200 02
PASSARGP 2+8148246543410320C 02
PASSTIME 3.963650177314745C C1
TARGTI ME 1.43962369047781a7C 03
TARG V0O 7+5069094530352810 02
THR ACCL 4.£430a32573228990-04
JETSPEED 2¢741708333466695C Ca
LEG2. PRI =2 8565452453195640 C¢2
LLGe2 P2 4,081477835472121C 03
LEGZ P3 ~T7eS2403€6086174690 01
LEG2 PD1 -248559165336344588C €23
LEG2 PD2 7.0608428654321880 €2
LT G2 PD3 3+511379120781269LC C2
LEG2 ©wmA Te820756541438082C 02
NAME TRIG LOwW
DELTA XT 1 —-leCOCCCCOOCLD=CR
DELTA YT 1 =1+000CL20090C-CA
CELTA ZT 1 =10000C200CCC=-04
OELT XOT 1 =1s00CP 200000 D=8
CELT vOT 1 =1«00CC00002CC~NE
DELT Z07T 1 =1000300200CN=NA
TARGMASS* 2 =1.C00QC2000CNH-0A
LEG2TIME 1 13995995357 03
T(TG DT) 1 =-1.C00CCCNOCUD-D?
T(TGVON) 1 =1.00CCCOCOOCD~"4
T{THRAC) 1 =140920000000CC=24
TCJETVL) 1 =1D000CENRONE=N6
T{SwB V) 1 =1.C000C00000D~-N4
TESwWNOD) 1 =-1.2000CC000CC-3¢
T(SWARG) 1 =1.050C000000D=-04

HIGH

l«CNOr00lCOR~-CH
le30N0NNCCOD-CR
1+0090Cn90CoCCC=-CE
leagononroncn-ca
1.C0202060C0O0N~CA
l.020C0 D50 0C-08
1«00C0r00NrQON-CY
l.a3Cco2n0OC1OC C3
1.3C0DCCC0ON00C~C?
1.0000000CCOC-04
140CC000CCO0ON-08

140€CC0°NICINC~96

1.2000000000N=~0Ne
1.00CC2C0C20C- 00
1.80C0C000G0OC-06

WEIGHT

1.20000000000
1.3090000000n
1.20000009000
1.0000G00C0GCN
1.0006000NN0D
1.0900C020000
1.00000000.000
1.C000G000090
1.C0CCCO0200D
1.0000000000D
1.00000000500
1.920000000500
1.00000C0000D
1.00000000090D
1.00000000000

3715771

WEIGHT

1.730CCO00000-048
109220C00000D 0O
1.0000C000CCD 00
1.00000G0600D~-01
1200090000000-01
1.9000000000D~0a
1.00700000000 10
1.00900000000~-04
1.00000000000-04
1.00000000000~-03
14000000000C0-02
1.0900000000D~04
1.000C00000000~-04
1.00000000000-01
1 .0000000000D=-02

TYPE

00
o9
00
20
00
09
0e
20
00
00
00
o0
00
09
09

P e e s e ms gl s B MO s b ps pe e

THE ABOVE INDICATED CEPENOCENT ANC INCEPENDCNT PARAMCTERS MAY BE ALTERFD INTCRNALLY TO
AUTOMATICALLY SATISFY TRANSVERSALITY CONLITIONS AT THF SWINGHY CLOSEST APPROACH POINT.
THEIR TRIGAFFS ARE SET TC ZERQe SEE BOXEC QUANTITIES ON TRAJECTORY SUMMAPRPY PAGE FDR

DISPLAY OF ACTUAL DEPENDENT AND INDEPENDENT PARAMETERS

NANE APPLIES TO TRIGGER SETTING CF 1

THIS CASE IS CCNVERGED,
12 TRAJECTORIES WITHOUT PARTIALS AND 5 TRAJECTARIECS wITHk PANTIALS.

INHIBITOR = 06,27

755576D~16



TRAJECTORY SUUMARY CASE 2 . 3715771

EARTH-SATURN MISSICN. INPACT=1 END COND.

INDFPENDENT FALANETFERS

cns= oIsST ASS_SPLED_ . PASS GAWNA PAS5 INCL ~EASS_MODE___ _EIAGS _ASGR PASS MASS -BASS_TIME ___
€+5€633650D 03 | Llcexos7xn Ra| 0.0 2485027000 1 |_2-25220590 0211 . 221013660 221 1400000000 00 [|_3.98210260 01l

CAUN TIME _IAFQ_ILME____ LAUN VOO SLAES VMOQ e JIHE _ACCEL .. JEI_SPEED__ LEGL P1 LEG! P2

0.0 11222282100 03] 0.0 17422652280 031 1 22263406760-031172,73263660 041 0.0 0.0

LEG] P3 LEG1 PD1 LEGL PD2 LEGL PD3 LEG1 PMASS LEG]l PTIME ~LEG2. Pl ______ EG2.P2______

9.0 0.0 040 €0 C.0 0.0 |.3;2§n1ﬁaﬁn-nzil.a;xzxnxnzn.nal

B2 B LEG2_EDL_ . __ - _LEG2 PR2 ~LEG2_BDS _____ _LEG2_EMASS = LEG2 PTIME
|“7J§1£12112_91|I.ZAE-L.lliﬂ.ﬂllI_Zai.lZ}”C_QZl| —2202722810 QZII-Z;.&ESEILQ.QB' 0.0

DEPLNDENT PAVAMETERS (REFERFNCEC YO ZtR0O)

JELTA X DELTA YL DELTA ZL DELTA xDL DELTA YOL DELTA ZOL ~RELTA_XI__ RELYIA_YTI

G5 , 0.0 ' c.0 040 Ce0 C.0 |,1;naﬁazn§2-xni!.z.xzﬁz.xﬁn.x:l
DELIA_ZX _DELIA_XOT DELYA_YDRY .. _DELIA_ZCY_ LAUN MASS JASG_MASS LAUN DATE TARG DATE
[ S45382£18 l“ll.éaﬁ;&é‘ﬁ&Q:L&l|_2;Q£15ll C=1311=Le52532230=12] 0.0 1=5252181410=-11! 0.0 1.4398210D0 03
LEGL TINE LEG2_ TLVE___ T(LAUN DATE) _T(YARG _DATE}_ T(LAUN V0O) T(YANG_ YyDDR) TOTAL TIME REF POWER
0.0 |_1;1 B4R=13| 0.0 1_1321391345C=-271 €0 I 3273GH6109D=091 1.4000000D 03 3.3814971D 01

IIIﬁB-AQQl“.. SILJET ¥Eud NET MASS T(Swe DIST) ~ISSeE YEL) ___ T(SwWB INC) ~I(S¥0 _NODE) __ _I(5wh A9G)
122200310920=7111 8232578420211 7.25625460 02 3.3391564D 07 |ZZ3L2950S70=10] ~4.58949820-02 |_8,24873570=1a |1=2426134410-12!

T{SwB MASS) TISWB TIME)
T274545710 02 =5.5607774D 01

9L - 1II.

DISCONTINUITY RPOINTS

LAUNCH “Lsor OFF ON Tso1 ARR [ VE
00 1.795 441,268 1070.954 1400.2¢0 1400.000

SPACECRAFT PARAMETERS

NET S/C MASS INITIAL MASS PROP SYSTEM PROPELLANY RETRO SYSTEM SwB SCl PKG POWER ' EFFICIENCY
Te2%628461D0 02 3216317240 03  1.014449130 63 7,48323372D 02 ?-050695680 02 0.0 3.38149711D0 01 6.,037970040-0}




Li-11

TIME
LAMEDA ¥
- XP

X

LAMEDA X
LONGITUDE

14754521300 060

0.0
=5 .SCEQAEZEED Q4
1.0C250121D 00
=3sGE0TEEEC3D 02
3.5738%024D0 02

44412675790 Q2
0.0 :
-4 .1 €£283E€1D 00
=1.2231€8320 03
1«5SEEELT6D 02

10706£4C4D 03
QeC
~8.15096G18D 00
9.87583657D0 02
1E431T7TE4GD 02

1e4(CCCCO0D 03
[+ %)
«24327E1156D=08
=94 25€G5445D 00
2421717£20D 03
1e9€625716D 02

MASS RATIY
LAMEDA Ny
YP

v

LAMBDA Y
LATITUDL

1.0CH32323D0 00
TeT&3627110 922
9e26CS308ED 0S
=4.57157c02D~02
4,12101023D 03
-9+428474071D~03

776573439D~01
16525491620 02
1527651720 0T
-3+50525244D 02
1227183200 CC

7.76578439D=01
1 .6525816ZD 03
-641684481690-01
~G 774629760 C2
24219287090 QO

74677353350~01
167732570 03
3.2802525450-05
-1,76838733D 00

—-1.18018444D 03
2.4267886440 Q0

CISCCANTIANUITY FOINT SUMNARY

EARTH=SATURN MISSICN,

SEMI-AXIS
LAMBDA A
e

z

LAMEDA 2
PHI

1.72338606SC CO

0«0
—20432814410 04
=1+626234580-D24
=T7.51CC9770C 21

S.80993900D 01}

T46667459C C0
=644 9733C610 03

ECCENTRICITY
LAVHDA C

xP COT

x DOT

LAMIpA AT X
THCTA 0OSC

EASTH SPHERE QF

& e18352353€0-01
040

-8 42592CT970 02
2.1C7495580-02
—243H173734D 03
Ye6100271250 01

INPACT=1 END CONDs

FLT PTH ANGLE
SWITCH FNCT
Yo DOT

¥ CGT

LAMKDA EOT Y
PSs1 OsSC

INFLUEANCE

~ 14594663480 00
296105340 02
S+75546€S€D 03
1.36839¢16D 00
T.C612332260 02

~B.46258R200~01

SWAITCH THRUST QFF

B8433782C3€D~G)

S.277a41870 91

=-3.0285551 €D 02 ~5.c8434159D-13

(PLANETLCFMTRIC PARAVETERS UNAVAILABLE]D

Q+49831589C-C2 =S.37¢67H520-01 -1.€51E7034D~01

Se7351531¢€¢0 02
4.2174356340 01

T+46667450C 00
=6+897330610 02

243422769340 02
3.7128%51350 01

-B+H47615230 01
24163760610 Ct

SwITCH THIUST ON d

863328203€0-C1
-2.,0285951€9 0Oz

Se.€24158€3D 01
0.C

(ELANFTOCFNTRIC PACAMITERS UNAVAILAODLE)

CASE

INCLINATION
POWER FACTCR
ZP DOT

Z 00T

LAMPDA DIOT Z
THRYA |

(HFLINDCENTRIC)

1.9€377667D-01
9.955C3918D-01
~1.2125944C0 02
-4.,064401850-03
3.537262050 02
9.543992590 91

2 «930749330 00
7.840099610-02

2+541551900-22
=2 +45754887D 31
1635772755 02

24930749330 00
2426159640002

2

NODE

THRUST ACCEL
RP

R

LAMBDA

Pst 1

1746804530 C2
7T.A%5118750D-92
90280190000 05
1003543140 00
4,140681390 03
~-1.039250440 00

1.35120879D0 02
1:207672520-01

4.435102490 00
1398227990 03
2421571700 C1}

13512083990 02
0.0

tm e e o e A e

8.22044940D0 CO
139827090 03
€e35881913D 00

3,183308790~01 ~2.550399310~01 ~-2.033126710-01 1.678238430-92
14558392430 02 2,069012440 02 —4.223T732270 01 -4.,46277810D 01}
1303059920 02 1.30€114223D0 0 6.395221ZED CO0 &.470497%050 012

SATURAN SPHERE OF INFLUENCE (HELIOCENTRIC)

74394534100 00
«6+5602315890 03
A.279444130~06€
4.086446364D-01
=1.02769298C 02
1.41382992C 02

Pe146345C0ID-01
~3019624554D 02
=-Co£211140640 03
~1.R06052280~-0%

2287907750 02

144140634CD G2

Se2SB26€€4D 01
1.10953CHaD €3
3.52436%87D 03
-20.009334700~01
«24RG015426D 01
~]1+%5282EE59D 00

3.00428226D 00
1.63985629D=-02
3.06898301D 02
1.81685054D=92
~84+64089553ID 01
2.80260120D0 01

1.36771435D 02
1.183242370-01
4423560837D-05
9.59895196D 00
24513814380 03
~2434300850D 00

3715771

ARG ©QSs
ANGUL AR ™MOM
vP

v

LAMBDA DOT
HAMILTONIAN

THRUST ON

1.82708581D 02
1192342190 00
SeTT24T74270 03
1.188592970 00
20987999230 03
5929895040 01

2476308700 01
1.51066946D 00
5.63044T5350-01
2.515§6115D 02
£.929894770 01

40923403820 01
1.51066946D0 00

3.307072270~01
2.15847186D0 02
S5.92989477D 01

THRUST ON

$438917%61D0 01
1.577118%91C 00
T.5057963440 03
Z.70409052D0-01
2:352325100 02
5.92989475D 01

&t



8L-1I

CASE 2  (CCNVERGED) - CASE SUMWARY 3715771
EARTH-SATUEN MISSICNe IMPACT=1 END CONDe )
LAUNCH TARGET
EARTH ) . SATURN
LAUNCH VEFICLE IS TITAN XII X(120%)/CENTAUR
MASS BREAKDCWNI(XKG)
INITIAL PROPULSION PRCPELLANT TANKAGE STRUCTURE SwB SCl1 PKG RETRO STAGE NET S/C
3216.32 1036.,45 74R,32 22.85 040 0.0 T05.47 725.63
PROPULS LOM SYSTEM PARAMETERS
REF POWER REF TMRUST THR ACCEL EXHAUSY SPEED EFFICIENCY PROP TIME
(Kw) (\) (M/SEC/SLC) {M/SEC) (DAYS)
33.8150 14492679 0.4£44C70D-03 27338.3€60 0.603797 768.5186
LAUNCH CJIONDITIOMS (FLANETOCENTRIC)

DATE Q‘DKUS SPEED FLT PATH INCL INAT ION NNDE ARG PNS EXCESS SPEED T INF
(JULIAN) (RADIT) (M/SEC) (DEG) (PEG) (DEG) (DEG) (v/seci (DAYS}
43404.8210 1.02904 12406.6707 Ce0 2B w5000 22549205 281.6187 5697.3800 17949
ARRIVAL CONDITIONS (PLANETDCENTQIC)

DATE RADIUS SPEED FLT PATF  INCLINATIOM NNDE ARG POS  EXCESS SPEED T INF
(JULIAN) (RADIT) (M/7SEC) {DEG) (DEGY (DFG) (DEG) (N/5EC) (DAYS)
448C4.8210 0.0 0eC Ced 0.8 0.0 0.0 7%506.9634 0.0
TRASLCTORY SCHECULF (DAYS)
LAUNCE  LAUNCH SPHFRE  TARGET SPRERE ARRIVE
Oe 1.7949 14€0.0000 1400.0000
CAFTURE ORBIT AMNC KRETRO STAGE
RPER RAP voR8 INC VEL SPEC IMP INERT PROFELLANT
(RADI I) C(RADII) (¥/SEC) {M/SEC) (SFC) (xG) (%G
2.0000 38.0000 2502046877 172541253 300.00 70455 638,92




6L = 11

CASE 3
LMIMNMFUY
Xz Ce€
1.CCC000000C00000
0.0
OeC

1+£C50C000C000000

1.€CC0C00CC000000
00

1.€00090000000000

00

1€3C0C0000000000

0.0 ’ '
1., CCC00CC00000009
1.80€CCC000000000
1.€000C0C000C0000

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
1.£0CIC00C0000000
1.€00€C000C000000

-1« CCTGC0000CE0000
1€2C3000CCOCO000
1.€CCCCCO00000000
1+ 000€000€0C00000
1.08CC0CQCCC000000

'6.0

040

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0,0
040
040
0.0
040
00
0.0
0,0
0.0
0.0
0.0
040
0.0
0.0
040

0.0

0.0
0.0 .
1.€0CCC0000006000
1.CCCCCOOCOND0000N
14€0C000C00C000CO
1.€3CCCCCCCCCO000
~3+€CCCLC0000000000

1.€CC0C0C00000000
0N

* @ © ® ¢ ¢ 9 e @

L B I I o o,

o ® ¢ 0 9 0 o

W 9 % s b0 0 e e e e e 0 e e e e e

371577

EARTH=SATUFRN MIS55ICN,

» 6363e¢3€4999099I%R

12406,67073252181
0.0 ’
2844995599699999¢
£2549205493573065%
281.6186605374198
1.000000000009C00
39.8210264761873%
0.0
136C.000000000000
0.0
75056.963425232432

L4
A
L]
L
.
*

Ce8C4a0676465644260~03,

27333. 26603723025
0+0

0«0

0.0

Qe0

040

Q0«0

0.0

Oe0

=396.0TER629795T16
4121.010233326219

=~75.10097697857892

=2M81.737543%44777
7G6+1233293631904
353.7202050230004
774454 67110344653

Oe0

00

0.0

0.0

0.0

0.0

040

0.C

0.0

0e0

0.0

00

0.0

0.0

0.0

0.0

0.0

Ce0

0.0

0.0

2.0

0+0

0.0

C.0

0.0

0.0

0.0

* 6 4 ¢ @ 0o ® ¢ 9 e

® o ¢ @

® ¢ ® ¢ o @

" +=04100C00000006C00CE=-07,

+=0.100000000000000C0~07,
+=0+1G000C0OCO030C0000C-07T,
»=04100009000000C000C~07,
+=0+1060C00C03009CCOIRC=07,
+=0.1000000000000000C-07,

(LY ¢]

* $e9699622959459639D-C2,

Co9°99°99¢7?°799970-030
C.0 .
” .0 .
CeG3IMINGI6239G96200=0 4,
CeBUGYITICIHICYGIGQL=04,
Vel NONCCORTODCNONOC=-06,
Ce99996936903UqGUC-NE,
00 .
CeG9%9999629¢69G6gAL-0 ¢k,
0.0 .
0e959996359Q9CAG9GD=-C1T,
0+100000300000000CC~-00,
049999G622899059993C~02,

0.0 A}
o'o N L ]
0.0 .
C.0 .
0.0 .
000 L]
Jde0 .
0.0 .

0+2999999629397999Ap-0S,
CeIS999190G339999GRAC-0S,
0.999959)G009G399RLC~-NS,
Ce79999G3GINNAAIQIALC-NS,
0799999963999 999RAC~-05,
0989949996 IY5Q9GRL-0S,
Ce7999599599900999AD=-05,
QG
0.0
0.0
040
Clo
040
o.o
CeC
00
0.0
0.0
0.0
Ced
0-0
0.0
0.0
0.9
0.0
Cel
0.0
0.0
0.0
0.0
OOO
0.C
0.0
0.0
0+4102CC0000020C000CE~G7y
0.12000C0000C0COONOC~-07,
7e12000C3C000CHCOCC=CT,
9+10CC00D000000000C=07,
0e1C000COCOCTON0DCC=07,
C«1000000CNOOCOCOOC~07,
n.o -

QCOOOQOOOQOQOOIOQ'.QOO..C.QC

SEGMENTED 2-BUDY

27902.0950090C0000
10C2.,000C0C000092)

Y]

Can
20+0C0000CCNO0ON0
29.000270C00009000

0.100020920000000750D 00
10.20000000000009

0.0
10.00009C00000000

0.0
1000.00000C000000 .

0.5030900000000000D~04
1000.009000001000 .

Ce0

0.

0.0

0.0

o.o

0.0

C.0

0.0
1200.0000000000n00
1290.0270C00000000
1700.200000000000
179C,000000000000
1000.9900C0000000
1000.509000000000
10C3.,000000000000

Qa0

0.0

0.0

0.0

040

0.0

0e0

[ Y]

0.0

040

0.0

00

0«0

Ne0

0.0

0.0

G0

Ce0

00

Ce0

0.0

GeO

C.0

0.0

090

C.0

0.0
1.000000000002000
1.C000CCC00000000
1.C000C0000000000
1.C00090000000000
1.003C00000000000
1.000000000000000

aLn

. ® @ & ¢ ¢ ¢ o 0 o

ooao.oooo.oo.-o.-e&-wo.no--ooo.

® ® ¢ 4 © & @ ¢ v ® 0 0 9 e @

CPU = 1/0 TIMES DEMAINING (SEC)

s 095999999999999990~
009999999999939993D=04,
0.0 .
00 .

1.0C000000C000000 [

1+000000000000000 .

1.20000000€000000 .
0e«1000000000000000D 00,

00 °
0,10000C0000000000D 00,
0e0 .
Ne9999999999999999D-04 ,

10000000000.00000 »
0¢9999999999999999D~04 ,
0«0 .
De0 .
0.0 )
0e0 .
0.0 .
0.0 ’
Ne0 . .
0.0 .

0099999299999999999N~048,

as

12,

0.99999999999999990-03g

09999999999999959nN-0 2,
0:999977397297996990~04,
0¢99999959999999990-n4,

.012CT00000Q000000D 00,

e99999999999999990~-02,
0e0

040

0.0

0.0

0«0 L. o
0.0

Cs0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0e0

0.0

Ce.0

0.0

0.0

Ce0

0.0

0e0

Ce0

0e0

Ge0

0+0
1.000000000000000
1.000C000009200000
1.000000000090000
1.C00000000000000
1.000000000000000
1.000000000000000

AN

6e



08--1I

. 1
CEND

s =1424327180425691

sy

- oe ¢ - o ¢ woew " wew  wvew .
24€20000C00000000 +=0+10000000000000000=-07, 0.,10CNNON00000000OLC-07, 1.000C00000000000 e 10000000000000000 [

0.0 ‘ » 0.0 s 0.0 i o 040 : s 00, ’

0.0 s Oe0 v 00 o OsC ¢ 00 .

Qo0 o 0s0 « Co0 0.0 ¢ 040 .

- 1+€200€C00CC00000 [ 1399.999993000C00 e 142C,0C0C010C0N00 1,000200000000000 . 1.0900062000000000 .

040 . » 0.0 o 0.C ¢ Oe0 o D0 .
1.€0C0C000C002000 +=0+12000LG0000COCO0C~TL,s Cal 2C0000CANCCAIOCC-0E, 1.002000€C00005000 . 1.000000000050000 .

0.0 +=009999969999999099GD=NR, ( 97933974999 UIHYGLE=Cas .00007°0009000000 +» 140000920000009900 .
1.€000€5000000000 +=0e96999599G9599999C=04s e55972693G79959999C~-Nas 1.05000C000000000 ¢« 1.000000000000000 o .

040 o 9.0 ¢« CoC s 060 o 000 [

0¢0 o OO s Ceol ¢« 0.0 e 040 .
1CHC0CC0000CO000 +=0e9993959999999Q99C=06és 3 e¢9767995599932999C~-04d, 1.0005020000C0000 . 1.0000099000006000 .
1.€3C0000C0000030 2=0999996999999G929D=C€s 0.9UN393699I99590D-06, 1.,000000000000000 ¢+ 1.00C0020000009090 .

0.0 e 00 s 00 s Ce0 s 0.0 : .

0.0 s Qa0 ¢« Cod ¢ 040 e 0.0 .
1.€0€000000000000 0=0¢99999599939999 3904y C+2399999G699996955C =04, 10000000030000990 . 1.000000000000000 .

040 ) 1=0+59999¢93599G99390=06+ 0997959359393 59999L-0€, 1.C0C0I00000C0000 ¢« 1206000000000N00000 .
1.€000€0€000C0000 »=0+99995999999999990=24, 2.917939993634YYGA9GC~04A 1.0000C0000C030000 ¢« 1.0000020C000C000 .
1.€0€0CCC00000000 e=0:9999999999999399C~Cds N9599590G999G593990-04, 1.0292000000000000 o 14000000000000000 .

0.0 1=09999999999993039D~=04s 0NaWG9965935996G9HIQL~0 4, 1.0036000C0302000 v 1.000009020000000 .

0.0 2=0e9999999999999999C=Cly CePT9950959G9GI9IAGL~0A, 1.0000000€0000000 . 1.000000000000000 - .

G0 ¢ 000 s Ga0 o Co0 o Ce0 .

03 s Ce0 o Ce0 + 0.0 ¢« 0.0 .

00 2 0eC ¢ Co0 ¢« 0.0 o 0.0 .

Q0+C 2 040 o 0.0 s 0e0 o NeO .

040 » 00 o o0 s 040 o 00 .

C0ed s Qa0 o Co0 e 0eC e 0.0 .

(2] e o Ce0 s 00 o N0 N .

Qen s 0.0 s Ce0 o Ca0 o Ge0 .

040 ¢« 00 o CoO Ce0 e 0.0 ‘e

00 s 00 o 0a0 Y] R o 040 .

0.0 ¢« 00 v 040 Ce0 o 060 0

0.0 s Q0 ¢« Cof o 0.0 ¢ 060 .

[+ %] s 040 s 0.0 ¢« 0e0 o 040 .

0«0 o Oe0 s Ce0 s 040 ¢ 00 .

0.0 s 00 s 02 e Ge0 e 0.0 °

0.2 ¢« 060 s Ce0 o D0 s 060 - oEN=
1.220CC0C0C000000 vOBETAH= 041562506000 C000000=C1+DRETAP= 0¢2999996999999999D=01,SAl= 1,00C0000000000G0 oECI=

0.0 : +CNI=Z CW0 o CMI = G W +SOl= 0.0 . TP I=

0.0 ¢EMSUN= 0,0 eEMLNCH= Co0 RFLNCH= s RSLANCH=

040 N +ELOLNC= 040 ¢ ELALNC= Q.0 sEMSWAY= 0,0 RSWHY=

0+0 «RSSWREY= Q.0 s ELUSYiIIE Qa0 +sELASWH= 0.0 +ENTARG=

00 CeRTARG= 0.0 oRFSTARG= 0,C . 2LLOTRG= 0,0 . +ELATRG=

0.0 Bl = 040 eB2= 0490 o83= 060 o8Jx 1.000000000000000 .

00 9 0e0 e 00 » 00 ) s 0.0 . }

00 s 0aC + G0 o Qo0 oPMI= 1,000200000000000 oHPMI =

0.9 oRPOI= 040 - sFM=  2,00000000C000000 +ENN= 1,00399200000000000 Bl
1.£00CC0C00000000 s0I= 20000.03000000009 El= Jad 'CALPHA=T 29,99972)992999999 +EFS=

0.0 2EXT= 002399G9$999996G9999C=01 +TELMX= 2,0 vEXX= 040 eEKR=

0¢1113111111000000 ¢ SPIRET= 300.000C000063000 s RTF® 2,000000C0C000C000 WRTA= 37.99999999999999 0 2P=

0.7B125CCC000C00000~C24DZH= C+]250000000000000 o IFFM= 1eMULPCAT= 1oNSET= 15 ) 1S, 0s
Coe DeMPRINT= O+ AFRINT= J«vOPTix JyMOPT 23 3.MOPT3= - 6+ INPFLG=
Os Qo O Q. Os O¢ Oe¢ O, [ O O
GCo Qe Qo Qs Qo MYLAR= 1677 ¢ MONTH= B sMDAY= 9 +sHOUR=
12 36000€C0000000 sMBOOST= 10+ #SCLAR= i Do MSHL D= DeMEFF IC= O JR= 19JPS= }
JT= 1.JC= QsMOLCE= 1.IPICK= Os O 1 3 [ Y 0+FRUD=T,
IPR1 1= O0sIPR12= O¢ITOP= 0+ LONG= OCeXKPART= O IMPACT= D e MULAT= Oe
ISPHER= 1eiTF= SeAUKM=  149598000.3000030 sGRAV=E 9 4,806650000000000 +sER= 6378,165000000000 o MPUNCHa
: Qs KOUNT= J+IOATE= Tise 3 1%, Qo [+ XY O eHDNG=
007724851835317780 o =Co7717210%231456337C 41, =818508.3247191739 » 0.9467883570559302 +LOC=
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1
L2
2
4
‘8 10
€ 12
T 13
£ 1a
L 23
1€ 24
11 2%
12 26
13 27
14 2e
1s 29
1
2 e
2 $
4 10
-] 11
€ 12
T, 14
& 18
S 2¢
1¢. g2
11 2%
12 2¢
12 s
14 3
1s 32
NOTE

D@

TH15 CASE 1S CCNVERGED,

- 310 TRAJECTORIES WwiTHUT PARTIALS AND

-

SETUF FOR CASE 3 /15771
EARTH=SATURN MISSINON, SEGMENTED 2-100Y
INDEPENCENT PARAVETEFRS
NAVE VALUE DELTA MAX STEP wWEIGHT
PASSVELD 1.240667G732521810 ¢4 1.00002€903CN-03 1.0060030000D 03 1.0200000000D0-04
PA SSNODE 2025020549357806850 €2 1.0£000CC0020-04 24C009C00000D C1 100006000000 00
PASSARGP 2:91619660537419RC 02 1.n30030292cn-04 2.00€000003CD0 01 i.00092000000 00
PASSTINE 3.982102647618735C Ot 1+00005003C0D-05 1.6000000000D 01 1.00000000000-01
TARGTIME 1.36C03500000090CC 03 1.0C5836270CD-0¢ 1.28C90000090 01 1.0000000000D-01
TARG VCO 7.5069634352324330 €3 1.€0009000C6D-03 10000000900 03 1400000000900~ 04
THR ACCL 4. CAA00TEM65644 26004 1.C0903€007°0N-10 %£.0C00000C00D-CS 1.0700700000D0 10
JETSPEFD 24733336603733025C 4 1.00007090060-02 1.0€00C20000N 03 1.0900000000D0-04
LEG2 Pl =3.96CTEEH2$7957L160 €2 1.000CNDCI0COD~-05 1000000097000 03 1.000C00000000-04
LEG2 P2 4.121010233326219C 03 1.00007C0C0CH-05% 1.00090200000 03 1.00000000000-03
LEG2 P3  =~7,510097697897892C 01 1.0000NC00000-05 1.000C0000000 03 1+99000000000-02
LEG2 PD1 ~24881737543E447770 03 1.000000C0CCD-0% 1.0000000000D 03 1,0000000000D-04
LEG2 PD2 7.061223263631904C 02 1.00C020000CD-05% . 100000000000 03 1000C000000D-04
LEG2 PD3 35372C20502309040D 02 1.0C6CH00000D-05 1000000002000 03 100200000000D-01
LEG2 PMA 7e7454 571103446530 02 1.0000£0000CD-0% 100000000000 03 1.0000000000D-02
CEPENDENT PARAMETERS
NANE TRIG LOw HIGH WEIGHT TYPE
DELTA XT 1 -1.,00000€0003C=-0R 1.00C0000CO0n~-¢CA 1.09000000000 00 1
DELTA ¥T 1 =1.€000CN300(D-00 1.00070CHCOCC~CB 1,99C000000CND 00 1
DELTA 2T 1 =1.0000€0000CD~08 1.00C0705CACR=~C8 1.,0000CC00000 00 1
DELY xDT 1 =1.0000C0200CC~C8 1.00700C00C2CD=-CR 1.000002000C¢D 00 1
CELT YDT 1 =14000000000CE~08 1.00CNCNONB0OC-C8 1.00000C0000n 00 1
CELY ZDT 1 ~1.0000C0000CD-08 1.000CC00C00D-C8 1.000060062000 00 1
TARGMASS* 2 =1+000000000CD-0R 1.€0C0COICCOL~CB t.ncCcO0SCOOCD 09 1
LEG2TIMF 1 1429995909900 33 1.4000C00C10E €3 | 1.,£0900305000 00 1
T(TG DT) 1 «1.0000000000D~07 1.00£9C0000CD=-C7 1.0000000000D 00 1
"TITGVO L) 1 =100000000CN0=0a 1.00C02N0200C~-CA 1.0000C6000000 20 1
T(THRAC) 1 =1+000000000CC=-04 1.00€02000000-04 1.00000000000 00 1
TCJETVL) 1 =140000CCO00CD=-06 1.07€0700C0C0~06 1.00000290C000 00 1
T(SWR V) 1 =1.900000000CC~-CA 1.003CC00N0CCC-CA 1.0000060C000 00 1
T(SwWNOD ) } =1.00C0€02002C-04 1.0000700000C=-04 100000000690 0O 1
T({SWARG) 1 -1.000C000C00D=-0s 1.02000000CCD=-Ca 1.00000C0CCOD 00 1
THE ABOVE INDICATED CEPEANDENT ANC INDEPENDENT PAAMETERS MAY BE ALTERED INTERNALLY TO
AUTUMATICALLY SATISFY TRANSVLRSALITY CONOITIONS AT THE SWINRBY CLOSCST APPRUACH PUINTe
THEIR TRIGGERS AFRE SET TC ZERO. 3EE BOXED QUANTITIES ON TRAJECTORY SUMMARY PAGE FOR
DISPLAY OF ACTUAL DEPENDENT ANC INDEPENDCNT PARAMETERS
" NAME APPLIES TO TRIGGER SETTING OF 1
& TRAJECTCRIES WITH PAFTIALS. INHIRITOR = 0,08817842D-18
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TRAJECTURY SUMNMAEY CASE 3
EARTH=SATURN MIS5I0N, SEGNENTED 2-BODY

’ INDEPENDENT FARAMETEFS
PASE DIST _BASS_SPEED PASS GAMWA PASS INCL QQ;____ _PASS_ARgGP
656336500 03 |.lxl$9i§2&2.x2| 040 2.8500CC20 C1t l_aaz 122;2.22‘|.Z;iLiQxLQQ_QZ|
LAUN TIME IAcG TIME__ LAUN VOO Jacg vog_ IHZ_ACCEL JEY_SPEED
0.0 12123 5940280 ¢3! 0.0 |.14s§2.§512_n1ll_s;sag‘xn.g_aall_z;zanaaaln.nal
LEGY £3 LEG1 PD1 LEGS PD2 LEGL PD2 LEG] PMASS LEGI PTIME
0.0 0.0 0.0 0.0 0e0 0.0
-LEG2. B3 .  _LEGR.POL_____ _LEG2 PR2_____ _LEG2 PR3 ____ LEG2_EMASS LEG2 PYIME

I= 74§1$1E£22 £L||.24*1221 19-&2".141272212.,Q2ll.lziéaﬁiiqe-xsll-l;;ﬂi;kliQ_QZI
DEPENDERT PARAMETERS (PSFERENCED TO ZERO)

DELTA xt

DELTA YL DELTA ZL DELTA xCL CELTA VDL
G0 0.0 049 C.0 GeC
~REUYA_ZT __ RELIA_XDI QELTA_YDY ___ ~RELTA_ZLT_ LAUN mMASS
|.§AS§112£ZQ_L§!|.£;252.&2§Q.L&|'.L;Ziiil-. -L;||_L;Lllilk‘u-l¢l C.0

LEGL TIME (TS T(LAUN DATE) ~I{TARG_DRATE) T(LAUN v0O)
0.0 l.l;Ll.QﬁdiQ.Ll! 0.0 1232020307120=C71 0.0
~ILIE3_ACC)___  _TCJET _VEL) . MNET MASS T(SWB DIST) 10590 YEL)

Te337728%D 02

|.14§.££§Z§Q:LR‘l.ﬁ;“lﬁﬁLZiQ.LLl 337647740 07 1z€a£311214

CEF Y

T{(Sw8 UASS’
T e€25£813D C2

T(SwB TIME)
-5.7477608D 01

DISCONTINULITY POINTS

OFF ON

LAdhCH LSn1 TSIt ARRIVE
’ G0 14796 4394396 108¢€.486 1319,568 140C.000
SPACECRAFT FARAMETEPRS

" INITIAL MASS
3.217612850 03

NET S/C WASS
T.323772848D C2

FROP SYSTEWN
1.012620150 03

PRUPELLANT
T+435324430 02

REFTRO SYSTEM

0.0

NELTA 20L
0.0

TARG_MASS
121202727 400-13!

~L4IARG_¥0Q) __
122:17277390-07

T(swR INC)

3718771

PASS MASS -PASS_TIME ___
1.00000000 00 |_3,98043840 01!

LEGL1 P}
0.0

LEG1 P2
0.0

EG2_PL__

e hEG2. 22
1232972440660 0211 4,16577540_03|

=RELIA_XT_ DELIA_YT
I.L;QQ}Q_LQD-LIIl.Zaniﬁl..QD.lll
LAUN DATE TARPG OATE
0.0 1.4398044D 03

TOTAL TIME
140000000 03

REF POWER
‘3.375490%0 01

~ILS¥Q_NODED . _ILS¥B ARG) __

~4.64389070~02 I.s;zxnns;xu:x:ll_a;nnznaasn.xsl

Sw8 SCIl PKG
70054123420 02 0.0

POWER
3375400480 01

EFFICIENCY
6.03129747D0~01



€8 -1I -

4 eBZY3€2620

TIME
LAMBDA T
xXe :
X

. LAMEDA X

“LONGI TUDE

1785535990 0.0
0.0 ’

- =54,4EQGCAETD 04

10C2456587D 00

=3e9T44CEE0D 02

~ 3e57373376D C2

4.3355E54D €2
0.0

~8.143E6$51D 00

.=1e22312C4%D 03

5567053270 02

1.C€€a3282D 03
0.0 ’ |
=8.1822685%48D 00
949€348370D 02
1.04235$5CD0 02

14331¢2CEQAD
0.0

07

“9.15125€1€6D 00
1945435060 03
$.95260541D 02

03

MASS RATIO
~LAMBDA NU
YR

2 4

LAMGCDA Y
LATITUDE

1.06000C000 00
7.329381320 02
3.26091711D 0S5
~4.553988290~02
4.16377535D0 03
-9.257097630-03

7+76250074D-01
1.6€212878D ©3
14532097220 00
~3:67471699D 02
1.219043C7TD 00

Te7€62500740-01
1669128780 C3
=64045557960-01
=9e92367773D 02
2.208%8681D 00

7668927 314D-01
“14689724T6D 03
=2526383870 07
=1.49218716D 00
=1415920998D 03

2375471670 00

DISCONTINUITY FOINT SUMMARY

EARTH=

SEMI-AXIS
LAMBDA A
P4

P4

LAMEDA 2z
PHI

1.72315629C ¢9
0.0
~2+43606965D 04
=1.62841058C-04
=7+61012593C 01

$+B07498342D0 C}

T.4313122860 00

SATUPN MISSION,

ECCENTKRICITY
LAMEDA C

XF ¢ov

X DCT

LAMRDA §OT X
THETA 0OSC

EARTFH SPHERE OF

428370C48D-01
G

~4e216616565D 02

2.145058750-02
~24912273270 03
9«8C758725P0 01

SEGMENTED 2-30DY

FLT PTH ANGLE
SwITCH FNCT
¥P DOt

Y coT

LAMGDA DOT ¥V
PS1 0OSC

INFLUENCE

Q0
03
03

-1+55L49508D
3e33C116760
S5«7532€71040D
1.18€324710 00
72127523840 02
—8.+485%1322D~01

SwITCH THRUST OFF

8432576371D-01

£+.27C48071D 02

=6e553678€60 03 =2,0705343¢H 0z =3,41C60%13D-13

(PLANETOCENTRIC PARAMETERS UNAVAILABLE)

94401394390 -02 -S,3874 3355D=-01 =1.€472024¢0-08

579609265 02
4222173753C 01}

Te431312260 00
~6.58S3673660 02

CASE -

INCLINATION

POWER FACTOR
ZP DOT

Z DOY

LAMBDA DOT 2
THETA I

(HELIOCENTRIC)

196769029D0-01
929549481 5D~-01
~1.212323070 02
=4 007022578D-03
34568692850 02

3

NODE
THRUST ACCEL
Re

R

LAMBDA

PSI 1

1746652220 02
T«845383360-02
9428019000D 05
1.003550330 06
4.1853A347D 03

9+54478751D 01 —-1.0418451CD 00

2.91626279CD 00
7 +835903170~02

2453359335D=-02

2.37606F29D D2 =9.C4ICBTSID 01 -2.45273167D 0t

3.719523030 91

SWITCH THRUS

84325763710~01
=3.0795382€n 02

2+160£806C0 01

T ON

SeZ1€24€63€6D 01
1.725%30257D0-11

(PLANETGCENTRIC PARAMETEERS LMAVALTLABLE)

3.15707971C-01 ~2.6020311&D=01 ~2+04028C40D-01

1.61165427C 02
1.30190534¢C g2

- Te37645492C 0G

~€+597731340 03
~203$352C602C 06
3.846446310-01
=3.87220684A0 01}
1399445410 02

2,10C251710 02
1.3050776eD 02

SATURN SPHERE OF

B417760346D-01

=3.22€53324D 02.

=~6«6£06314¢D (3
=1.96628R8540-01
2e26684952D 02
1399457350 02

=8 +2781R 198N 01
6+£24384€7TD 00

INFLUENCE

54243450080 01
P.45738744D 02
J«E45672325D 923
=2.02643105D~01
~3¢30762734D 01
=3.425487(5D-01

1146356519840 02

29162629C0 00
24278560720~02

1.672173970-02
~4,5069265AD 01
4.48853174D 01

(HELTIOCENTRIC)

3,00197106D0 DO

1¢759254970~-02
3.069131320 02
1.+480479550-02
—~4.65661881D0 01

1350186520 02
1.2065843920~01

- e E o e e W W W o o W e -

4.413%02%12D 00
1.41%442750 03
24817278420 01

1350186520 02
Cs0

8.19073080D 00
1.415442750 03
6.538002920 00

1.34976805D 02
1.185860329D-C1
5450205900 07
9¢28019020D €O
242€494597D 03

3.07690889D 01 =-9,79%899 05D-01

3715771

ARG POS
ANGUL AR MOM
ve

v

LANBCA DOT
HAMELTONIAN

THRUST ON
1.82708170D
1.19228613D
S$.77037432D
1.188526000
3,02002593p
6.0204174nD 01

2.471886590 01
1509983400 00
5.639347180-01
2557141810 02
6.020417200 01

4.,92%5405700 01
1509983490 00
3.310781180-~-01
2.191 648870 02
6.02041720D 01

THRUST ON

54232020440 O1f
1563197640 00
T«551962220 03
2.R2747A23D-01
24337721720 02
6.020417190 03



ety

8- II

'CASE 3 (CONVERGED) CASE SUMWARY 3718778
EASTH=SATURN MISS1IdMe SEGMENTED 2-820Y
LAUNCH TARGET
- EARTH : SATURN
LAUNCH VEFICLE IS TITAN III X{120%)/CENTAUR
MASS AREAXKDOWNIKG)
INITIAL PROFULSION  FRGCEELLANT TANKAGE STRUCTURE  SWB SCI PKG RETRO STAGE NET S/C
3217.61 1012462 743.80 22.31 0.0 0.0 705.48 733,77 .
PAGPULSIIN SYSTEM PARAMETERS
REF POWER REF THRUST THF ACCEL EXKAUST SPEED EFFICIENCY PROP TIME .
(xw) () (M/3EC/SLC) (M/SEC) (DAYS)
33.7540 1463165 De464261D-03 272€R.2432 0.603130 690.7127
LAUNCH CONDITIONS (PLANETOGCENTRIC)

DATE  KADIUS SPEED FLT PATE  INCLINATIOA NODE ARG PNS  EXCESS SPEED T INF
_(JULTAN) (RADII) (M/SEC) (DEG) (DEG) (DEG) (DEG) (M/SEC) (OAYS)
43404, 3C 44 1.02904 12405,.6941 0ed 28.%000 2:5.n792 281.6031 5695. 4530 1.7958

ARRIVAL CONDITIONS (PLANETOCENTRIC) )

DATFE RADLIUS . SPEED FLT PaTHr INCL INAT ION NODE ARG POS EXCESS SPEED T INF
CIULT AN) (RADIT) (M/SEC) (DEG) (NEG) (DEG) (DEG) (M/SEC) toAYS)
44804, 8O0 2400000 26732,4658 Ouu 10.CaCE 1106671 €5.3699 7459.2695 80.4016

, TRAJFCTURY SCHECULE (DAYS)
LAUNCH  LAUNCH SPHERE  TARGET SPHERE ARP [ VE
0 1.765s 1315.5984 1400.0000
CAPTURE ORGIT ANC RETARG STAGE
RKPER RAP VGRE INC VFL SPEC [nP INERT PROPELLANT .
(RADIT) (RADIT) (M/SEC) (M/SEC) (5EC) {(XG) (%G) .
2.0000 3840000 250200877 1711.7779 300,00 70.54 634,87
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