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SUMMARY

This report is the first supplement to the primary HILTOP program
document published in January, 1973, and describes the modifications and im-
provements made to the HILTOP electric propulsion trajectory optimization

computer program up through the end of 1974.

New program features include the simulation of power degradation,
housekeeping power, launch asymptote declination optimization, and powered
and unpowered ballistic multiple swingby missions with an optional deep space

burn,

The report contains the new analysis describing these features, a com-
plete description of program input quantities, and sample cases of computer

output illustrating the new program capabilities.
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I INTRODUCTION

This document describes the modifications and improvements made to
the HILTOP electric propulsion trajectory optimization computer program [1]
during calendar years 1973 and 1974‘. New program features include the simu-
lation of power degradation, housekeeping power, launch asymptote declination
optimization, and powered and unpowered ballistic multiple swingby missions

with an optional deep space burmn.

The power degradation model has been hypothesized by the authors in
earlier publications {2, 3], The model allows a single parameter (denoted
loharacteristic degradation time') to describe the power degradation behavior
of an electric propulsion spacecraft to a degree which fundamentally affects

the solution to the trajectory optimization problem.

The option of simulating spacecraft housekeeping power applies to solar
electric propulsion with specified reference power. The housekeeping power
is a specified constant power generated by the solar arrays and shunted away
from the thruster power-conditioners and directly to the spacecraft payload

for '"housekeeping" purposes,

The launch asymptote declination optimization model was first hypothesized
by the authors in the appendix of [1], and later a more thorough treatment of the
subject was put forth in [4]. A solution to the problem of optimizing electric
propulsion heliocentric trajectories, including the effects of geocentric launch
asymptote declination on launch vehicle performance capability, is developed
using variational calculus techniques. The model of the launch vehicle per-
formance includes a penalty associated with a non-easterly launch plus another
penalty arising from a non-coplanar launch from the parking orbit, Provisions
for range safety constraints are included. Optimal trajectories will generally

have the launch excess velocity offset from the initial primer vector.



Extra-ecliptic mission simulations now involve launches from the Earth
in which the Earth's ephemeris is generated by the program's analytic ephemeris
capability; previously, extra-ecliptic missions were generated simply by starting
the trajectory on the x-axis at one astronomical unit fromthe sun. This improved
extra-ecliptic capability allows the launch date to be optimized together with the
launch asymptote declination. Also, an additional set of boundary conditions has

been added to the program for simulating extra-ecliptic missions,

The program's ability to simulate all-ballistic missions has been ex~
panded to include powered and unpowered multiple swingby missions with an
optional deep space burn., This capability renders HILTOP a powerful tool for
ballistic mission design and optimization, with tremendous flexibility for creating

imaginative multi~target mission profiles,

This report contains the analysis describing these new program features,
a complete description of program input quantities, and sample cases of computer

output illustrating the new program capabilities,



IL. FORMULATION

A, SPACECRAFT AND TRAJECTORY MODELS

The assumed spacecraft and trajectory models are as described in (1]
and are not repeated here; the nomenclature used in the foilowing analysis is
also deseribed in [1], execept for the introduetion of new symbols which are

described in the text as they appear.

i. Power Degradation., Historically, this electric propulsion power

degradation model first appeared in the iiterature in (2] , and then soon after-
ward an improved discussion appeared in [s], in which several of the ramifi-
cations and consequences of the theory are also discussed. For deeper insight
into the analysis, the reader is therefore referred to (3], from which much of

the analysis below is extracted.

The model discussed here is concerned with the manner in which the
performance of a solar array degrades due to high energy particle damage.
It is assumed that one can define a damage factor g which has a value of unity
at the initial time and which decreases in value with time during the course of
the mission such that the power output, p, of the arrays at any time may be
written

quypref

where pref is the reference power and ¥ is the power factor which is a
function of solar distance and array orientation relative to the sun. The damage
factor g may also be thought of as a time-dependent efficiency. The derivative
q° is negative, and is assumed to be linearly proportional to ¢ and to the density
of particles impinging on the solar cells, For simplicity, it is assumed that the
particle denéity d is of the same form as the density of photons striking the

surface of the array, i.e.,

d= )



where ér is a unit vector along the sun-spacecraft line, n is a unit vector
normal to the arrays such that ér - n>0 implies the front of the panels faces
the sun, and r is the solar distance of the spacecraft. In the discussion to
follow, an upper case symbol will denote a vector, a lower case symbol will

denote a scalar, and a lower case symbol with a bar will denote a unit vector,

Then
4 =-kqd @)
and t
_ k[ aat
1= % (3)

where k is the constant of proportionality., It is convenient to introduce a

parameter s, called degradation time,

t
s=[ ddt' ()
0
or
s =d )

Thus, under the above agsumptions the degradation time aceumulates at a faster
rate when the spacecraft is nearer the sun, which is a characteristic one might
expect. Note that when the spacecraft is maintained at 1 AU with the panels
normal to the sun line, § =1 and the degradation time is equal to the flight
time. Then k may conveniently be thought of as the inverse of a reference time,
called the characteristic degradation time denoted by 7 q° and the degradation

factor g becomes
-s/‘.l'd ..

(6)

Actually, there is little reason to allow the degradation time s to continue to
accumulate during coast phases since the arrays may be turned edgewise to the
sun and the degradation process may be effectively halted. Therefore, we ad-

just eqguation (5) to read

1398
[}

=

[whs

(7)



where ho- is a step function equal to one during thrust phases and equal to zero

during coast phases.

The characteristic degradation time T, is an engineering parameter that

d
must be determined experimentally. For example, by exposing a solar eell to
the particle emission of a solar simulator and measuring the performance of the
cell over a period of time, one should be able to estimate a reasonable value of

T Another source of information would be measurements from actual space-

d L
craft which employ solar cells for power supply.

The assumed exponential form of the degradation factor, although intended
for use with SEP systems, is applicable for NEP systems as well. The principal
difference is in the definition of s ; for example, § = ho. The exponential form
algo permits one to evaluate radio~-isotope systems by defining § =1 and letting

T P represent the time for the radioactivity to dissipate to 1/e of its initial

level.

In the development which follows, the formulation applicable to SEP is
used exclusively, The equations of motion and adjoint equations are given in
[1]; the equations affected by the inclusion of power degradation in the model

are given below.

Power degradation affects the problem in a very fundamental sense, be-
ginning with the rocket-thrust term in the equations of motion:
C = R = a - -&-
V=R aet 3 R
T
(8)
R=V

where R is the position vector, r is the magnitude of R, V is the velocity
vector, 4 is the gravitational eonstant of the sun, a is the magnitude of the
thrust aceeleration and ét is a unit vector in the direction of thrust{, The
thrust acceleration a is a function of several variables and may be written as

follows:



a=h 54
o Vv
where g is a reference thrust acceleration evaluated under a prescribed set of
conditions, V is the ratio of current to initial mass, and gq is the degradation
factor defined above, The power factor | ¥ iz assumed to be a funetion of the
density, d, of photons incident on the arrays, where d is as written in equation
(1). The general form of ¥ is
4 .
y=a ) aid‘/4' ©)
i=0
The coefficients ai are chosen so that this equation will adequately describe the
power output of a given array. The only restriction on the a,l ig that their sum
is equal to one. Then at r =1 AU, with the arrays normal to the sun line,

¥Y=d =1, The summation term in (9) represents the temperature effect,
The masgs ratio satisfies the differential equation

D=-p 824 (10)
o C

using V=1 as an initial condition, where ¢ is the jet exhaust speed which is

assumed to be constant over the trajectory,
The variational Hamiltonian becomes
h =A*R-A*R+A V+XA_T+AS+A g+A o
v v T 8 g c

o [8YY p.: Y B e ke
ho[ Zones - Za e der ] r3(A R)-A-R a1)

and the adjoint equations are

B TR gY*Q a.- VY sd
A s M SR A)R”’o[ y Ao - A )+>~81 3R

r r

@2)
AV hc_ UZ (A et)



g O‘T t e vV
. g9
A =-h_ =724 (12)
¢ o 02 v {cont.)
= £Yq - Y
As o VT 4 et C A?/')
d
where 4
Y iy Li/4
yx = 3y /3d = i'ai<;+4:)d
i=0
od - "

3R =;1'§ [n-S(ér‘ Et) ng

The control variables are the thrust direction e +? the switch step
function ho" and, providing the array orientation is not constrained to yield
maximum power, the normal direction n, According to the Maximum Principle,
these controls are chosen to maximize the variational Hamiltonian (11). The
maximum of hV with respect to hcr is seen to depend totally on the sign of the

term in square brackets. That is, denoting

~EYY A5 _ ¥
o L= (Ao CAV)+de+AT . (13)
then choose
_f1 ifo>0
ho"{o ifg<o"’ (14)

Maximizing hv with respect to e, is also accomplished by inspection. Since

t

ét appears only in the dot product with A and since the coefficient of that dot

product is non-negative, i.e.,

v =
hcgwq/ 0

then hv is maximized with respect to ;’t by making A° ét as large as possible,



which is the same result as when there is no degradation. The control vector

n appears explicitly in (11) through the density d as given by equation (1), In
fact, since n only appears in hv through d, n only affects hv through its dot
product with er, Letting the angle between n and e. be denoted ¥ such that

cos X, then it is clear that there will be a '"best" angle X between n

@1
L}

n=
and Er to maximize hv’ but that n may lie along any element of a right circu-
lar cone of half angle X about €. For the moment, we will put aside the question
of the explicit direction of n and concentrate on defining the optimum X or,
alternatively, the optimum d. The optimum value of d is determined by maxi~
mizing hv with respect to d, i.e., by solving for the root of the equation
° hv 30

e = | —— =X
3 s 33 0 (15)

Performing the indicated differentiation yields

E
M;g_ cr+AS =0 (16)
oF }\Sv
yE = o (17)
gqu
where, using (9),
S /
- i i/4
v =) aarhd @8)
i=0
and
o =A-5 -
r t e v

/4

Because of the form of (18) equation (16) is a guartic in the variable di , and

is solved by iteration in the program. A more detailed discussion of the solution
to (16) is given in referencp (3] for a specific set of coefficients 2. For now,
assume that the optimum value of d is found from (16). Then the optimum angle

X is immediately obtained



cog )(=dr2 (19)

Of course, eguation (16) does not take into consideration the fact that d can
never exceed the inverse square of the solar distance. Consequently, the right
hand side of (19) may exceed unity, under which condition the program sets

cos X =1 (i,e., X=0) implying that n is directed along e-ru

If the d that represents the solution to (16) exceeds the upper limit
allowed for d Whethei' that limit is imposed by the problem or by nature (i.e.,
1/ rz), the correct choice for d is that upper-limiting value. Likewise, on the
lower side, d is physically limited to be non-negative., Therefore, a negative
solution to (16} is disregarded, and d is set to zero which corresponds to

X = 7/2 (panels oriented edgewise to the sun), and the engines are shut down.

The precise definition of n has no bearing on the solution of the problem,
except as it affects d as defined in (1). The appearance of n in the state and
adjoint equations and the variational Hamiltonian is solely through the density d
except in the equation for A where n appears explicitly as part of the partial
3d/3R, defined following equations (12), Actually, this partial is valid only if
d is permitted to vary with R. That is, if either d =0 or d = constant is im~-
posed then 9d/3R Becomes the null vector and the entire term drops from the
equation for A . Furthermore, if d is the solution to (16), tlj.en the last term
of A in (12) again drops out because the term in square brackets is the left side
of (18). Therefore, the only time the term in question remains in the equation
for A is when d= 1/1["2 which corresponds to cos X = Er .n=1 and implies
n = ér . Under this condition

8
0

o

2]

- 2
3 r’

T

The boundary condition pertaining to the initial degradation time is

s(t)=0



Although transversality conditions are discussed in the next section, the trans-
versality condition associated with degradation time is stated here for the sake

of completeness, If the final degradation time, s, is unspecified,

f’

The initial value of AS is unknown and therefore becomes one of the independent

parameters of the boundary value problem, From equations (12), it follows that

°_ g
JLS Td Ag
and, therefore,
Ao=d o= B - )
5 % Ta 8 &

Using the boundary conditions As = Ag =0, it follows that
i

0
A= B
"¢ 'a B
Thus, if an approximate value of Ag is available from a trajectory similar to
f
the one of interest, a reasonable guess of AS is readily available,

o

2. Housekeeping Power. This program option applies only to sclar

electric propulsion and is currently not integrated with the power degradation
option. The program therefore does not allow the use of both options simulta-
neously, The new program input-quantity controlling the housekeeping power
simulation iz DPOW, which is the ratio of housekeeping power to reference power

and is given the symbol Ap:

AP = py/Pos

The reference power pr £ is defined as the power input to the power conditioners*
e
under reference conditions, (For golar electric propulsion, reference conditions

are equivalent to having the total spacecraft in a perfect solar-simulator such

*When the thrusters are at full-throttle,

10



that the simulated solar distance is one astronomical unit, the solar arrays are
oriented normal to the source of energy, and no radiation damage or other de-

gradation effects have occurred to any components).

This spacecraft model assumes that the powers required by the operating
components at each instant of time exactly match the power developed by the solar

arrays:

S
papph

where P, is the power developed by the arrays, p is the instantaneous power
delivered to the power conditioners, and Py is the houseckeeping power, which
is constant with time, Currently, all trajectories generated by the program
using the housekeeping power simulation must satisfy the condition that P, > ph,
so that p remains positive; in other words, engine shutdown when p -~ 0 is

not coded into the program.,

The power factor ¥ is defined as the ratio of instantaneous power to
reference power,

i+4)/4
y:p/prefz(l*"‘ﬁp)zaid(w )/"AP

where the summation quantity Z is the power factor when ph =0,

The spacecraft model has been expanded by deleting thé old, total pro-
pulsion system specific mass « and replacing it with aa’ the specific mass
of the solar arrays, and ¢, , the specific mass of the thruster subsystem., The

t
quantity previously called the "propulsion system mass’ is now expressed,

= + o = (@, + +
mps aPao ¢ Prot ( t t:Ma ( + 4&p) Prof

here i evaluated under referenc ditions (i.e., = +p ),
w pao is pa yated un ence con (i.e pao pref ph)
and the total specific mass @« has been replaced by (oet + aa 1 +Ap)), alsoa

constant since the housekeeping power option is intended to be used only in

11



simulations where the reference power is specified. The remainder of the

analysis describing the optimization problem remains unchanged.



B. BOUNDARY AND TRANSVERSALITY CONUITIONS

The basic boundary conditions and transversality conditions are described
in [1]: the nomenclature used in the following analysis is also described in [1] .
except for the introduction of new symbols which are described in the text as they

appear,
In summary, when no intermediate-targets are present, individual trans-
versality conditions are derived from the general equ-ation
L n
dr+[A-dv-A-dR+A dv+A ds+A_dT+X dg+X de-h dt] =0
v 5 T g c v "o
where 7 denotes the performance index which is assumed to be of the form

W:W(Vmo, v N Vn'_’ g, Cy tO, tf)

“n
such that

dm=1m dv  +7 dv +7 dv +7 dg+7 de+w dt +w db
v ®0 vV won YV n g C t o t n
®g ©opn n [8) n

where 'rrx denotes 27/9x, The individual transversality conditions are obtained

by equating to zero the coefficients of all independent differentials.

1, Deep Space Burn, In simulations of trajectories which are all-ballistic,

the program is capable of simulating a single deep-space burn, or impulsive
velocity-change, at any point prior to arrival at the primary target. The three
components of the incremental velocity AV are independent variables of the
boundary value problem, such that, at a specified time, the spacecraft velocity

is incremented:

+ e
R =R + AV

The use of this program option is described in the Sample Problems and Results

section under sample Case C, Multiple Ballistic Swingby Mission,

13



2. V_ _Optimization in LLVI Mode. The optimization of the launch excess
velocity V when using the Launch Vehicle Independent (LVI) mode of simulation

is accomplished when the initial primer vector is forced to vanish:

This is accomplished by setting the values of these three independent variables of
the boundary value problem to zero and turning their triggers off; the three com-
ponents of the departure heliocentric velocity become independent variables in-
stead, The program contains special logic to circumvent the numerical singularity

associated with the null primer vector.

3. Launch Asymptote Declination Optimization. This section contains the

equations employed in the optimization of the launch asymptote declination, A more
thorough exposition of this subject is found in [4] , in which some of the ramifica-
tions of the theory are discussed. Historically, an incomplete form of this analysis

was first published in the appendix of [1].

The assumed spacecraft and propulsion system models are as described in
[1] and will not be repeated here, The launch vehicle payload capability is

assumed to follow the simple exponential law

m =b e-(vc/bz) ~h

o 1 3° ©0)

where bl’ b and b3 are pre-determined constants for each launch vehicle and

2’ ‘
Vc is a characteristic speed representative of the energy required to achieve a

specific escape trajectory.

The velocity penalty incurred with non-due-East launches from the ETR
is shown graphically in Reference [5] as a function of the parking orbit inclina-
tion. This velocity penalty Avi is adequately approximated with a quadratic

~curve {it of the form

2
Av =¢ i i+ 21
v, 011 +czl cq (21)

14



Given a reference orbit inclination i and a circular orbit speed vO s
the velocity penalty Av  associated with a non-coplanar departure from this
circular orhit {o the desgired hyperbo}ic excess velocity at a declination 6 is
defined as follows, Assuming the line of nodes of this reference orbit is an open
variable, one may choose this variable to minimize the angle between the excess
velocity and the orbital plane. This minimum angle is 0 - i, Gunther L6 has
shown that the minimum incremental velocity required to achieve a given v _
along an asymptote not lying in the orbital plane from a specified circular orbit
is obtained from the solution to a quartic equation in the sine of the out-of-plane
angle, Defining :
s=sin (6-1); P=Vm/VO ;
p= s (,02 +4) 3
a=s" (1,52) 92 ;

1 | L

x=[ Ja/2®+ o/9)° + a2 - Jw/2P e o/ - a2 P

22
y= \/92/4 -X ( )
W= %[P/ZW +.\/(P/2 +y)2+4(x/2 +\/x2/4+sz) ] s
then Gunther's solution for the magnitude of the minimum velocity impulse re-
guired to accomplish the maneuver is
_ 2 2
VTV P32 J L+pw-w2)2+PwW) , 23)

and the penalty Avg is the difference between Vg and the velocity increment re-

quired if the out¥of—p1ane angle were zero, i.e.,

Av =v ~(ﬁ/v2+2vz -v )
g B *® 0 o

15



Thus, the definition of the characteristic speed for those cases in which the

agymptote declination lies outside the interval {-i, i] is
v = JVZ +2v2 4 Av +Av
C c 0 i g
=y +v _+Av,. ' (24)
o g i

The transversality conditions which optimize the launch phase are deve-
loped as follows, The state and adjoint equations for the problem undexr considera-
tion are precisely as formulated in [1]. The only difference in the optimality
conditions is the format and content of certain of the transversality conditions.
Specifically, these differences are due solely to the new definition of V‘C which
is now a function of the direction of V_ as well as its magnitude, Whereas be-

fore the differential of v, was, simply
dv_ = (vm/vc) dv_,
it follows from (24) that the equivalent formula now is
dvc = (avg/avm)dvm+ (ng/a §ydéb
+ (avg/a i+aAvi/ai)di
where, from (21)
a (- *
Avi/al 2011+02,
and, from (22) and (23),

dv /di=-0v /ab,
g g

The derivation of the partial derivatives avg/ dv_ and avg/ 36 is straight-

forward although somewhat cumbersome, The equations for these partial

la



derivatives are as follows:

2 2 ) )
ag ' o 3+2pw - 3p/3v )+ (302 30w ~dw) (dw/d
Ve Yo {p 2p w(3+20w - w )RR/3v, )+ (3020 W - 30w ~4w)(OW/Ov ) },
dv_ Vv oV EJG+PW—W%@+pw)

2 2 2
ng v, (3p+2p w - 30w - 4w) 3

o )
30 2vgﬁ/(l +PW-W2)(2+PW)

4

l

Cn

where

ap/avm = l/V0 s

5@"&;3 % {-é— —ai—i+ S%%r[(l;_;é/-i-:_?) -é%——i+ <—§-+y>(-—§- -a%%
+ ga-jf;)]/(mv? pl2-W},
St {A [ x(0x/30)115C2/80) , (24 4) 2 1 /@w-p/2-1)}

00 2./ 3r;‘2/4+s2

3s/36 = cos (6-1),
r
3y/3v, = | (0/2) 3p/3v, - 3x/3v, | /2y ,

3y/30=- (3x/393)/2y,

-2/3
]

2x_17@/20a/20 /9 ep/2u ., 23T [a/ntsg/a® +ase
ou 6 J@/2? - w/3)° o |

‘ -2/3
_1 (CI/Q)(BQ/Bu)+(13/3)2(3p/au) -%“QJ["/(Q/Z)2+@/3)3 _q/z] ,

S5 Janteers® :

17



with u=v_ or 0,
2 2
3q/3v_=2ps (L-s)@p/dv),
2 2
3q/30=2p"s(1-25")(88/50),

2
3ap/dv_=2ps” (3p/3v,),

3p/3d = 25(92+4)(3 s/39).

This concludes the computation of these two partial derivatives. Some symbols
used in this section of the document apply to this section only; for example, p
and ¢ here are intermediate quantities in the analysis, and have no relation to

power or degradation factor discussed elsewhere.

The differential of g, the refercnce thrust acceleration, is

dg = - (g/mo) dmo

where

- -(v_/b,)
c'lm0 (bl/bz)e ¢ 2 dvc .
and the differential of V_ may be written
dv_=(v_/v_)dv_+ (r_]px v_)yda+[(vV_x ﬁp)xvm/ lv_x ﬁp[ Jas,

where ﬂp is a unit vector along the North Pole and & is the geocentric right
ascension of V_, and therefore the transversality conditions associated with

Vm are ag follows:

For optimum launch parking orbit inclination:

IR Av, /i - avg/aﬁ)=0; (25)

18



For optimum launch excess speed:
f(avg/a v )~ (A.O "V ) =0, (26)
For optimum launch asymptote declination:
G Sy-A n - - ‘
£( vg/a )= [(menp)xvm/lvmxnpl 1=0, @7)
For optimum launch asymptote right ascension:
- °* (n =0, 28
Ay (xV,) (28)
In the above equations f is given by
f= [ks +k, - (1 +k) vf-gAg/mOJ dmo/dvc

Due to the complexity of the equations defining avg/ 36, the solution of equation

(25) for the optimum value of i must be chtained using an iterative technique,

The approach to the solution of the problem as formulated above differs
in three basic respects from that of the problem where asymptote declination,is’
ignored: (1) the condition (25) must be solved for the optimum parking orbit in-
clination, given values of v_ and 6; (2) the asymptote declination 0 must be
introduced as an independent parameter and (27) added as an end condition of the
problem; and (3) the evaluation of V_ becomes somewhat more involved, The
computation of V_ given v_, AO and 6, proceeds as follows: Denote as €

the obliquity of the ecliptic such that the matrix

$ = 0 cos€ -sin€} ,

0 sin € cos€

19



operating on a vector expressed in ecliptic Cartesian coordinates yields the same
vector in Earth equatorial coordinates, Then the right ascension oz)L of the initial

primer Ao may be written

-1 .
o, = tan [(.Xyo cos € - Azo sin E)/JLXO :] ,

where A , A , A are the given ecliptic coordinates of A . Then, the right
x0' yo'  zo 0
ascengion of the asymptote is set
=0, or =0+,

and Voo is evaluated

cos @ cos 6
T .
\Y =vmfl> sin¢cos 6| .

sin O

4, Extra-Ecliptic Missions. An additional set of boundary conditions has

been added to the program for simulating extra-ecliptic missions.

The original set of boundary conditions is given on pp. 25-26 of reference
[1], which is now invoked by employing the program input guantity IOUT =1 and
corresponds to i, e, and rp specified, £ and  optimized and { =0, where
i is inclination to the ecliptic, e is eccentricity, rp is perihelion distance, &
is ascending node angle, @ is argument of perihelion, and f is true anomaly,

all evaluated at the final time,

The new set of end conditions for extra-ecliptic missions is invoked by
JOUT = 2 and is similar to the original set except that the final truc anomaly is
optimized rather than specified as zero, which corresponds to having the space-
craft arrive at the optimurmh point of the extra-ecliptic orbit rather than being con-
strained to arrive at perihelion; The specified final conditions are i, e, and a,

where a is the final semi-major axis (in place of rp}. £ and w are optimized
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as before, using the trausversality conditions

T)=k-C=0 (29)

T =h-C=0 (30)

which are identical to equations (47) and (48) of reference (1]. c=Rx A -R x A is
the vector constant of the motion on a given trajectory segment, I is a unit vector
along the angular momentum of the final orbit, and k is the z-axis unit vector.
Optimizing f is accomplished by satisfying the transversality condition asso-
eiated with 1

“(

T = £ (Ar R)+x A*Ry=0 (31)

The program attempts to satisfy equations (29), (30), and (31) directly, since no
closed-form solution has yet been found for casting these end conditions in the
form of AR and Aﬁ similar to equations (54) and (55) of reference [1].
These end conditions possess poor convergence properties, a fact which the
authors have experienced directly in attempting to obtain converged solutions

using IOUT = 2.

5. Multiple Target Missions - Errata. Two equations in the section,

Extension of Formulation for Multiple-Target Missions of reference [1] are

in error. Equation (116) of reference [1] should read

m= jrmrs+mo {1{5-!-1{1; B (1+kt) UH+JI' (1+ krt) ex[(l+ tht) vn

n-1 n-1
. T T
- + -k ] /
,tht d L (ksampi drop i)) Qo kt:) e ksampi
i=1 i=1

n-1

) o 7
kg >4 kdrop i} T Mg [1 Jplps & ket O ]

i:
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and equation (117) should read

n-1
o agce o
= =k + j ~ {1+ + {1 +k
Wm om ks ktﬂp 2n ( kt) z"n ¢ t) L ksampi
0 o Fom
] =1
n-1 n-1
. N
- ) ; Vo b -
kt o kdropi "By [(1 ﬂtkt) n ]tkt a+ . (ksampi kc?h.f'op i})
i=1 i=1
. oge

“plps 20 -

22



C. AUXILIARY COMPUTATIONS

This section presents equations employed in computations which are

made after the iteration sequence involving the primary target is completed.

1. Additional Block Print Variables. A standard print block is employed

for printing information at various points along a trajectory. Each standard

block contains a total of forty parameters, which are described in [17,

The standard block may be augmented in two ways. When power degra-
dation, as indicated by the input variable TPOWER, is simulated, a single line
of information is automatically added to each block, as displayed in the Sample
Problems and Results section, Case B, Comet Rendezvous Mission, When the
input variable MPRINT is 2 or 3, three extra lines of information are penerated
per block, as displayed in the Sample Problems and Results section, Case C,
Multiple Ballistic Swingby Mission, These two types of additionally printed lines

may appear simultaneously,

(a). Power Degradation, The single line of power degradation

information contains eight parameters as follows:

5 ' Degradation time, s, since departure, in days,
given by expression ().

LS Degradation time adjoint variable, A &
DENSITY Density parameter, d, used in expression (9) for
the power ratio 7, and given by expression (1),
in AU2, " -
DPOWR 2y/3r, inAUT,
DPOWD ay¥/od,
DEGRAD The degradation factor, ¢, given by expression (6).
CHI | Solar array orientation angle X as given by, for

example, expression (19), in degrees.
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CHI REF

Solar array orientation anglc which the arrays
would have if oriented for maximum power, in
degrees.

Target-Relative Coordinates and Comet Magnitudes, The

three extra lines which may appear via using MPRINT contain the following in-

formation:

R1 REL
R2 REL
R3 REL

V1 REL
V2 REL
V3 REL

RMAGREL

VMAG REL

8/C NUC MAG

Cartesian components of current spacecraft
position vector, with respect to the next astro-
nomtical body to be encountered along the

trajectory in a moving coordinate system generated
by that body, with the x-axis pointing outward along
the body's heliocentric radius vector, the y-axis in
the body's orbit plane in the direction of the body's
motion, and the z-axis completing the right~handed
orthogonal system, in kilometers, with the origin
of coordinates at the body.

Cartesian components of current spacecraft velocity
vector, in kilometers/second, in the target-relative
coordinate system described directly above (see

R1 REL),

Magnitude of R1 REL, R2 REL, R3 REL, in kilo~
meters .

Magnitude of V1 REL, V2 REL, V3 REL, in kilo-
meters/second,

Nuclear magnitude {of comet) of the next astro-
nomical body to be encountered along the trajectory,
as seen by the spacecraft,

M = M_+ M, log IR-R, |+M_log.  |R |

10 targ 2 T10 7 targ
4 Bare” By ~R)
+ .03 cos 1[: targ targ ] c®
lRtarg' IRtarg_RI

where Mo’ Ml’ and M2 are magnitude constants

(Continued on next page)
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S/C NUC MAG
{continued)

8/C TOT MAG

GEO NUC MAG
GEO TOT MAG

ANG(V, R)

ANG(V, XY)

Ri1 REL ECL
R2 REL ECL
R3 REL ECL

V1IREL ECL
V2 REL ECL
V3 REL ECL

RMAG ECL

VMAG ECL

. : o .
associated with the target, and C~ is the radians-
to-degrees conversion factor, The arc~cosine term

is the phase angle.

Total magnitude of the next astronomical body to
be encountered along the trajectory, as seen by the
spacecraft,

=M,_+M, 1
M’I‘ og

gt M logy [R _Rtarg| + Mylogy R |

targ

where M., M,, and Mg are magnitude constants
as sociatea witﬁ the target.

Shme as 8/C NUC MAG, except as seen by the Earth.
Same as 8/C TOT MAG, except as seen by the Earth,
Angle which (Vi REL, V2 REL, V3 REL) makes with

the positive x-axis in the target-relative coordinate
system described under R1 REL, in degrees,

ANG(V, R) = cos ™t (V1 REL/VMAG REL)

Angle which (V1 REL, V2 REL, V3 REL) makes
with the xy plane in the target-relative coordinate
system degcribed under R1 REL, in degrees,

ANG(V, XY) = sin > (V3 REL/VMAG REL)

Same as R1 REL, R2 REL, R3 REL except ex-
pressed in the ecliptic coordinate system of
date,

Same as V1 REL, V2 REL, V3 REL except ex-
pressed in the ecliptic coordinate system of
date,

Magnitude of R1 REL ECL, R2 REL ECL,
R3 REL ECL, in kilometers.

Magnitude of V1 REL ECL, V2 REL ECL,
V3 REL ECL, in kilometers/second.



2. Swingby Continuation Analysis. - Auxiliary computations are optionally

provided, invoked by the NAMELIST input vector MOPT4, whereby ballistic

swinpgbys past the primary target may be simulated,

In one mode of program operation, invoked by MOPT4(1) > 0, single
swinpgbys past the primary farget may be simulated to up to ten post-swingby

targets per case.

In another mode of program operation, invoked by MOPT4(1) < 0, multiple
swingbys along a single trajectory may be simulated, first swinging past the
primary target and then subsequently swinging past more targets downstream
along the trajectory. One multiple swingby trajectory may he simulated per

case.

In either mode of operation, the following basic assumptions are made.

The swingby continuation computations are independent of the trajectory leg
leading up to the swingby target, which may consist of an optimized electric
propulsion trajectory segment (if the swinghy target is the primary target),
except that the arrival V_ and arrival time at the swingby target are used in the
determination of the swinghy passage conditions. Each swingby maneuver is
calculated under the assumption of the patched-conic approximation, and the
awingby planel's sphere-of-influence is assumed to have zero radius as seen
from interplanetary space and infinite radius as seen from the planetary vantage
point. The passage time in the swingby planet's sphere-of-influence is neglected

(taken to be zero in the heliocentric frame).

Each swingby maneuver may be either. unpowered or powered, and these
two cases are discussed in the following sections. Since the unpowered swing}')y
solutions are embedded in the wider class of powered-swingby solutions, tending
to appear in pairs which are separated by a region of braking powered swingbys,

the more general case of powered swingbys is discussed first.
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(a), Powered Swingbys, This type of swingby maneuver is re-
stricted to occur at the mutual perifoci of the approach and departure hyperbolic
arcs; the powered phase is impulsive and the thrust is colinear {pro or con) to
the velocity at closest approach. Whether the swingby is powered or unpowered,
the trajectory segment leading up to the swingby planet has been pre-determined,
this being the method by which the program has been designed to obtain swingby
solutions. Therefore the swingby time and the arrival hyperbolic excess velocity
Vm A are known, In the following analysis, subscript A pertains to arrival at
the swingby planet and subscript D pertains to departure.

A basic assumption of the powered swinghy problem posed here is that
the flight time from the swingby planet to the next target ig specified. This being
s0, the program is able to converge, by iteration, on some ballistic trajectory
from the swingby planet to the next target having the specified transfer time, im-

plying that the departure hyperbolic excess velocity V_  at the swingby planet

D
is thereby determined. Therefore, the heliocentric trajectory before and after
the swingby planet is determined, and it then remains to perform the required
computations pertaining to the hyperbolic arcs within the swingby planet's sphere

of influence,

The closest approach distance is found by iteration as follows, Let

and l 2
r Vv ©D
D K

where va= [VwAI . va= leDI’

and g is the swingby planet's gravitational parameter. Then the approach and

rp is the (unknown) passage distance,

departure hyperbolic bend angles are given by
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5 _
A R |
5~ ~cosec T o, =sin (1/ozA)

6

= cosec T @ = in 1/c )
D sin  ( D

and these must sum up to the total bend angle, which is specified in terms of

v and Vo

©A D

Therefore, using rp as the independent variable, the zero of the quantity

V., V. __ -
- - -1T
F = sin (1/0:3) +sin™ (1/aD) - cos A =D

oA VmD

is obtained by Newton's iteration, using the derivative

i13=(i)[v‘3A/°‘A . Yo%

5
Lo v H /oeAZ——l ,,/ag-l

When the iteration is converged, the passage distance rp is in hand, and the

impulsive velocity increment is computed,
_ fou 2 \/ 2L p)
vV = v - = o+ v
a '\/ T D ¥or @A
P b

where the square-root-quantities are the hyperbolic speeds at closest approach.

The remaining parameters defining the planetocentric transfer are computed as
follows. The inclination of the swingby orbit plane to the planet's equator is given
by

-1 - -
i = cos h=n
( p)

where h is the unit vector along the angular momentum of the hyperbolic passage

trajectory and Ep is a unit vector pointing toward the swingby planet’s north pole.
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The ascending node angle of the swingby orbit plane is computed as
-1
2 =tan ~ (-h /h )
Xy

and is placed in the proper quadrant by using the system library routine DATAN2Z,

The argument of perifocus is given by

-1 =~ A
W = ¢os (I‘ ° T )
P 1

where f'p is the unit vector pointing toward the closest approach point and rn
is the unit vector Iying along the line of nodes and pointing toward the ascending

node. This is adjusted for the proper quadrant by the test,
Fh (¢ xr) <0, @-27-w
Z N paz

In the right-handed planetary reference frame, the z-axis is toward the planet's
north and the x-axis points toward the ascending node of the planet's equator on

the ecliptic plane,

(b). Unpowered Swingbys. This type of swingby maneuver is
congidered to be a powered swingby having Av = 0, The program adjusts the
post-swingby heliocentric'trajectory segment, by iteration, until the swingby
departure V magnitude equals the given arrival V. magnitude. The primary
independent variable in this iteration is the post-swingby transfer time to the

specified target, which was held constant in the powered swingby case. Thus

va =V ®A =V_, and the swingby passage distance is obtained from the
formula,
2v
T _“2 ( - 1>
v, v A~ Vep |

The other orbital parameters are obtained from the same relations given above

in the section, Powered Swingbys.
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The program can generate multiple-revolution ballistic arcs, and a
particular solution obtained by the program may not be unique, even for the
same transfer time, All solutions are reachable, however, by means of in-
putting an appropriate initial velocity guess for the trajectory segment in

question.
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111, PROGRAM INPUT

. The following consists of a complete description of program inputs.
With respect to the basic HILTOP report (1], several input quantitics have
been added, some have been deleted, and some definitions have been modified.
The input quantities which have been deleted are CALPHA, DIGIT, HALT, and
WEIGHT, and so these names must no longer appear in NAMELIST MINPUT
input data sets., CALPHA has been replaced by ALPHAA and ALPHAT. Also,
Yi(4) and Yi{5) for i=1,2,3,...,70 have been deleted (See the description
of "dependent parameters' in the section just ahead, Definitions of Input

Parameters) and should therefore also be removed [rom input data sets,
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A, NAMELIST

Inputs to HILTOPF are given through the NAMELIST feature of the IBM
Foriran 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 to a quantity is, simply,
NAME = VALUE

where NAME is the name assigned to the variable and is included in the NAME-~
LIST, and VALUE is a numerical or logieal quantity consistent in form (i.e.,
logical, integer, or real) with NAME, Unless oltherwise specified, all MINPUT
names commencing with one of the letters I through N represent integers,
whereas all names commencing with one of the letters A through H or ©
through Z are double precision floating point numbers, Each NAMELIST case

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, Card column 1 is ignored on all NAMELIST
input cards, Multiple data assignments on a single card are permissible if
separated by commas, Blanks in the variable field, VALUE, are taken as
zeroes. A comma following the last VALUE on a card is optional on the IBM
system. 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 re-
quirement that any specific input parameter be represented in the input data
set, I no value is included in the inputs for a particular parameter, the de-
fault value is used (see Default Values). For other details regarding the

NAMELIST feature, the reader is referred to the IBM System 360/Fortran IV
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Language manual, NAMELIST cases may be stacked back-to-back indefinitely,

A single NAMELIST error may wipe-out the remaining NAMELIST inputs.
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B. DEFINITIONS OF INPUT PARAMETERS
Specific examples of the program inputs are given in the Sample Problems
and Results section. Default-values of inputs are given in the next section.

The program inputs, in alphabetical order, are:

AAT Desired final extra-ecliptic inclination, Related to
AE, AR, and IOUT. [deg]

AE Desired final extra-ecliptic eccentricity, Related to
AAT, AR, and IOUT,

ALPHAA Specific mass of solar arrays, a,. [kg,/kwj
ALPHAT Specific mass of thruster subsystem, o.. [ke/lw]
ALTITU This input variable is associated with program logic

which has not been kept up-to-date, specifically,
logic pertaining to optimum departure of a NERVA-
type rocket from Earth orbit. This variable should
be ignored,

AN Trajectory-integration exponent in expression (37) of
reference (1],

AR Desired final extra-ecliptic perihelion distanece. Re-
lated to AAI, AE, and IOUT, [AU]

ASOL Array of five elements consisting of the solar power
law coefficients a; in expression (17) of reference
[1]. ASOL() >0 tells the program to use the input
coefficients rather than the internal coefficients, The
coefficients are normalized internally, and the program
executes the iterations to produce the required remark-
able points of the power curve (which are printed).

BI Efficiency coefficient b in expression (15) of reference
[1]. Related to DI and EI.

Bl Launch vehicle coefficients b4, b2= and b3 in
B2 expression (2) of reference [1]. Used only if MBOOST
B3 is negative, [kg, m/sec, kg]

34



CNI

CNIX

CSTR

CTANK

CTRET

DI

DMRETR

DPOW

ECI

ECIX

EI

Inclination to ecliptic of primary-target orbit. Input
only when MOPT3 =11, Related to ECI, OMI, SAI,
SOI, TPI, EMUODD, and RADODD. [deg]

Array of five elements, the first three of which may
be currently used. Inclinations to ecliptic of inter-
mediate-target orbits, Input CNIX(i)} only when
MOPTX() =11. Related to ECIX, OMIX, SAIX,
SOIX, TPIX, EMUODX, and RADODX. [deg]

Struetural factor, ks’ in expression (7) of reference

1],

Propellant tankage factor, k,, in expression (6) of
reference [1].

Retro tankage factor, k in expression (10) of reference

[11. rt
Efficiency coefficient d in expression (15) of reference
[1]. Related to BI and EI. (km/sec]

Retro engine mass, myg, in expression (10) of reference

(1], [xgl

Ratio of housekeeping power p. to reference power p
The power transmitted to the propulsion system is that
generated by the arrays less housekeeping power which is
constant along the trajectory. The power output of the
arrays normal fo the sun at 1 AU is pref + ph.

Eccentricity of primary-target orbit., Must be less than
unity, Input only when MOPT3 = 11, Related to CNI, OMI,

SAI, S0I, TPI, EMUODD, and RADODD,

Array of five elements, the first three of which may be
currently used, Eccentricities of intermediate-target
orbits, Input ECIX({i) only when MOPTX(i) = 11. Related
to CNIX, OMIX, SAIX, SOIX, TPIX, EMUODX, and
RADODX,

Efficiency coefficient e in expression (15) of reference
{1]. Related to BI and DI,

35



EMUODD Gravitational constant of primary-target., Input only
when MOPT3 =11. Related to ECI2 CNI, OMI, SAI,
SOI, TPI, and RADODD. [m3/sec?]

EMUODX Array of five elements pertaining to the gravitational
constants of intermediate-~targets. These inputs must
be ignored at present.

GAMMAX Maximum permissible value of the power function ¥
when MODE = 5, At solar distances less than the value
for which ¥ = GAMMAX, the solar arrays are assumed
to be tilted such that ¥ is maintained at the limiting
value, .

GAP Propulsicn-corner proximity tolerance-interval, Ac.
See the discussion in the section Avoiding Corners in
the Propulsion-time Function in reference (1]. When-
ever the thrust switeh funetion ¢ grazes the zero-axis
within the tolerance |A0| on any trajectory, an internal
counter is incremented, and the trajectory is considered
to be in the neighborhood of a propulsion-time corner.
Positive value of GAP causes forced-thrusting case to
be inserted, negative value causes bypass to next case,
whenever the internal counter reaches the related input
variable NHUNG.

HOUR © Hour-~of-day of reference date (e.g., 17.342D0},
Related to MYEAR, MONTH, and MDAY,

BAL Ballistic option indicator. Setting IBAL # 0 invokes
option 1 discussed in the section Ballistic Trajectory
Option of reference (1],

INTPR Indicator which specifies print~length when the iteration
in subroutine INTERP fails. Value of 0 causes short-
print and 1 causes detailed-print.

I0UT Extra-ecliptic mission indicator., IOUT =1 or 2
indicates that extra-ecliptic target conditions are
desired, in which the iterator dependent variable
triggers Y1(2) through Y6(2) are set equal to 1,
and for which the input LAUNCH (which see)
should probably be set to 1, and parameters related
to LAUNCH also set appropriately. Ordinarily MOPT2 = 3.
No retro stage may be employed, (Continued on next page).
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IoUT =1 i, e, rp specified; f =10,

{cont) =9 i, e, a specified; { optimized.

In the above, i = final extra-ecliptic inclination,

e = final eccentricity, r_ = final perihelion distance,
a = final semi-major axis, and f = true anomaly at the
final time., Final & and & are optimized in both
cases. Related to AE, AR, and AAL

IRK Numerical integration option (currently not used).

IRL Primer-origin-proximity step-size-control indicator,
Value of zero causes bypass of control, leaving the
step-size Au constant., See discussion in the section,
Integration (Thrust) of reference [11].

IROT A non-zero value of TROT causes the input ecliptic
projection of the primer vector and its time derivative
to be rotated about the z-axis through an angle equal
to the difference in longitudes of the spacecraft between
the last trajectory of the previous case (or zero if no
previous case) and the first trajectory of the current
case, This feature permits one to use the initial ad-
joint variables from a 2-dimensional trajectory as the
initial-guess inputs for a 3-dimensional trajectory using
the ephemeris option, IROT must he set back to zero to
avoid undesirable rotations on subsequent cases,

ISPIN Spimner indicator, Not used at present.

ITF ~ Provides normal termination conditions for runs which
require more machine time than is estimated. The
value specifies the numher of machine~time seconds
(CPU and 1/0) required to execute the summary tra-
jectory after halting the iteration-sequence, [sec]
Does not apply if subroutine REMTIM is dummied.

ITPRNT Indicator for special print from MINMX3 iterator,
Non-zero value invokes print,

JPP Jettison indicator j s for eleetric propulsion system

prior to primary-target retro~maneuver, as used in
expression (8) of reference [1].  (Continued on next

page).
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JPP =0 Propulsion system not jettisoned

(cont) =1 Propulsion system jettisoned prior to retro
maneuver,
JPRINT Unit 11 printout-length indicator. A value of zero

causes the tterator independent and dependent variables
to be output only for each summary-trajectory; a value
of one causes the same output additionally at each
iteration of an iteration-sequence,

JT Jettigon indicator jt for electric propulsion tankage

prior to primary-target retro~-maneuver, as used in
expression (8) of reference [1].

=0 Tankage not jettisoned
=1 Tankage jettisoned prior to retro-maneuver,

KPART Option for automatically selecting improved independent
parameter perturbations for generating the iterator's
partial derivative matrix, The option is invoked by
setting KPART =N (N > 0), where N 15 the maximum
number of allowed steps, as discussed in the section,
Perturbation Step Size Selector of reference [1].
EKPART must be set back to zero il not desired on
subseguent cases,

LAUNCH Launch mode selector, pertaining to the optimization
of the departure asympiote declination, invoked by
LAUNCH = 1. Related to X10, Y10, X17, and
Y17.

LOADX Intermediate~target initial-guess feature. Should be
used with NSET (5) = 1, and then set to zero on the
subgsequent case, A non-zero value of LOADX will
invoke this feature, whereby the primer A and its
derivative A will be loaded into the iterator inde-
pendent-variable arrays at each intermediate-target
{Continued on next page).
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LOADX provided that the trigger of the independent variable
{cont) is on, The sole purpose of this capability is merely
to generate an initial-guess for a multiple-target
mission, where the values loaded into_the iterator
arrays represent continuous A and A at each target.

MAXHAM Maximum number of times that the program will print
the warning message BAD HAMILTONIAN on any given
computer run,

MBOOST Launch vehicle selector,

= ATLAS (SLV3X)/CENTAUR -
1 TITAN III C
2 TITAN III C (1207)
3 TITAN III X/CENTAUR
4 TITAN I X (1207)
5 TITAN III X (1207)/CENTAUR
6 SATURN IB/LM '
7 SATURN IB/CENTAUR
8 SATURN IC/SIVB/CENTAUR
9 TITAN IIT X (1205)/CENTAUR
10 TITAN III B (CORE)/CENTAUR
11 TITAN III D (1205)/CENTAUR
12 DELTA
13 TITAN III D
14 TITAN III D (1205)/CENTAUR/TE364 (2250)
15 TITAN III E/CENTAUR
16 SHUTTLE/TRANSTAGE
17 SHUTTLE/DELTA
18 SHUTTLE/AGENA
19 SHUTTLE/CENTAUR
20 SHUTTLE/CENTAUR/BURNER 1I (2300)

NEG Use input hooster coefficients bl, bz, and b3..
MDAY Day-of-month of reference date (e.g., 28). Related to
MYEAR, MONTH and HOUR.
MOCDE Power variation option selector, The value of MODE is

equal to the option-number of the power —curve, discussed
in the section, Eleciric Propulsion System of reference
[1] (which see). Possibly related to ASOL and GAMMAX.
MODE =1 has been eliminated.

MONTH Month-oi-year of reference date (e.g., 8). Related to
MYEAR, MDAY, and HOUR.

39



MOPT Ballistic option indicator. Using MOPT invokes option 2,
discussed in the section, Ballistic Trajectory Option,

of reference [1] , as follows:
= J ] i A A
0 No action (use input o o and vmo}.

=1 Generate ballistic solution with flyby end
conditions,

= 2 Generate ballistic solution with orbiter end
conditions,

Related to REVS.

MOPTX Array of five elements, the first three of which may be
currently used. This array specifies the target-number,
or planet-number, of the successive intermediate-targets,
and a value of zero indicates absence of the intermediate-
target. A zero-entry must not precede a non-zero entry.
Planet selection is the same as for MOPT2, MOPTX(1)
pertains fo iterator parameters X41-X50 and Y41-Y50;
MOPTX(2) pertains {o X51-X60 and ¥Y51-Y60; and
MOPTX(3) pertains to X61-X70 and Y61-Y70. Times
at the targets are X48, X58, and X68., Not to be used
unless MOPT2 # 0,

MOPT2 Launch planet number and ephemeris-option indicator,

=0 Analytical planetary ephemeris is not used.

# 0 Analytical planetary ephemeris is used and
the specific launch planet is selected as
follows: (Continued on next page).

=1 Mercury =14 Tearus (1978)*
2 Venus 15 FEros
3 Earth 16 Geographos (1983)*
4 Mars 17 Encke (1977)*
5 Jupiter 18 Encke (1984)*
6 Saturn 19 Encke (1987)*
7 Uranus 20 Halley
8 Neptune 21 Betulia
9 Pluto 22 Toro {1983)*
10 Ceres 23 Pallas
11 Input Target** 24 Juno
12 D'Arrest (1982)* 25 Vesfa
13 Encke (1980)* 26 Astraea

*Year-value indicates apparition for which internal orbital elements are
most accurate,

**Input corresponding orbital elements (see CNI, CNIX). None are available
for the launch planet,
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MOPT2
(cont)

=27 Hebe
28 Iris
29 Flora
30 Achilles
31. Amor
32 Hidalgo
33 Alinda
34 Grigg-Skjellerup (1977)%*
35 Kopff
36 Grigg-Skjellerup (1982)*
37 Ganymed
38 Ivar
39 Beira
40 Kepler
41 Giacobini-Zinner (1985)%*
42 Borrelly (L987)*
43 Tempel II (1988)*
44 Tempel II (1983)*
45 Tuttle~Gilacobini-Kresak
46 Schaumasse
47 Honda-Mrkos-Pajdusakova
48 Giacobini-Zinner (1979)*
49 Tearus (L9B7)*
50 Toro (1987)*
51 Geographos (1987)*

*Year-value indicates apparition for which internal orbifal elements are
most accurate,

MOPTS3

MOPT4

Planet number of primary-target. Planet selection is the
same as for MOPTZ2,. If ephemeris is not used, MOPTS3
is used only for retro~stage mass computations,

Array of ten elements, specifying up to ten post-swingby
targets, Planet selection is the same as for MOPT2, and
a value of zero indicates the absence of a post-swingby
target, A negative value in MOPT4(1) selects multiple
ballistic swingbys, rather than a set of single swingbys

in which case also set MAXHAM =0, Negative values

(in absolute value) produce planet selection the same as
for MOPT2, When MOPT4{1) <0, the remaining elements
of MOPT4(i) may be positive or negative, See the section,
Swinghy Continuation Analysis for details and Sample Case
C for an example~case, Should be used only for primary-
target flyby missions. Related to T2, MSWING, NSWING
and XSWING.
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MPOW Flag used in conjunction with the solar array degradation
option. Value of zero results in the optimum orientation
of the arrays relative to the sun line. A non-zero value
forces the arrays to an orientation yielding the maximum
power achievable at that instant, Related to TPOWER.

MPRINT Indicator for printing the summary-trajectory (final
trajectory of a case) as a function of time or for invoking
extra printout.

=0

Small-size block print at thrust switeh points
only (SWITCH POINT SUMMARY page).

Same as = 0, except expands to become a
standard print-block of parameters for each
computed point along the trajectory, including
the trajectory extension controlled by the in-
put variable TGO,

Same as = 0, except each block contains extra
lines consisting of target-relative coordinates
and target magnitudes,

=3 Combination of =1 and =2.
MPUNCH Punched-card and trajectory-tape generation control.
= (0 No special culput.

1
2

<0 and~> -100

= -101

Punch final values of independent parameters,

In addition, punch selected mission analysis
parameters used for graphic documentation
or other purposes.

Punch trajectory output used with the ASTEA
program. The absolute value of MPUNCH
determines the frequency of trajectory points
output.

Trajectory tape output used with the ASTEA
program. The absolute value less 100 de-

termines the frequency of trajectory points

output. Related to NTAPE,



MREAD

MSWING

MTMASS

Card input option (iterator independcnt variables)
= 0 No special cards input.

1 The independent variables generated by
a previous run by the MPUNCH option are
input following the NAMELIST case, as
discussed in the section, Program Output,
of reference [1J.

Array of ten elements, used only when running multiple-
target ballistic swingbys, such that MSWING(i) corres-
ponds to MOPT4(i) and selects the type of swingby
maneuver desired at the respective swingby target,
Used only if MOPT4(1) <0. The shooting method
(MINMX3 iterator) is used, and values of -1, -2, or

-3 correspond to a swingby passage distance initial
guess of r_ == (i,e., continuous heliocentric veloeity).
Each elemént MSWING(i) may have any of the following
values:

-1 Go* directly for unpowered swingby; if and
only if it fails, go for powered swingby having
flight time T2 (i) = initial guess.

]

= -~ 2 Go directly for powered swingby only, having
T2(i) = flight time, of post-swingby leg.

= - 3 Go directly for unpowered swingby; then,
whether it sueceeds or not, go for powered
swingby having T2(i) = flight time,

= - 4 Go directly for unpowered swinghy, but
using initial velocity guess loaded into
XSWING(j, i), j =1,2,3, similar to
MSWING() = - 1.

= - § Same as = - 2, except use initial guess as
in=-4,

*11Go for'' means "attempt to obtain (solution)".

Related to MOPT4, T2, XSWING, and NSWING,

Mission-type selector pertaining to the primary target.
=0 TFlyby mission

1 Orbiter (high-thrust retro-maneuver without
velocity loss),

(Continued on next page),
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MT MASS
(cont)

MUPDAT

MYEAR

NDIST

NHUNG

NORMAL

= 2 Orbiter (high-thrust retro-maneuver with
velocity loss).

5 8pecified arrival excess speed an'
It an =0, rendezvous mission
if an >0, controlled flyby mission
No refro-maneuver in either case.

4 Orbiter (Electric propulsion system performs
spiral maneuver. Arrival excess speed v_
must be specified as zero). n

Other parameters which may be related to MTMASS are
DMRETR, CTRET, RPER, RAP, THRET, SPIRLT, JPP,
and JT.

Flag indicating whether iterator independent variables
at end of one case are to be used as first guesses for
next case,

= (0 Use input initial guesses,
1 Use independent variables of previous case

ag first guesses.

Year of reference date (e.g., 1982), Related to MONTH,
MDAY, and HOUR,

Identification number of celestial body to be used as the
reference for the communication distance and angle
measurement printed in the Extremum Point Summary
Table. Identification code is the same as for MOPT2,

Maximum number of propulsion-corner-proximity
occurrences allowed in a given iteration-sequence,
Related to GAP.
Automatic adjoint-variable scaling.

=0 No action.

1 All A and A are sealed such that Auo
becomes unity,
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NPERF¥

NPRINT

NSET

Identification number of end condition that is to be used as
the performance index when employing the direct parameter
optimization feature (Improve Mode), The identification
code is the same as the i inthe Yi end condition array.

Print selection flag, Permits selection of amount of
printout desired on each case.

=0 Print only the case summary.

1 Print switching point summary of final
trajectory.

2 Print MINPUT and case sefup.
4 Print trajectory summary on each iteration,
8 Print partial derivative matrix each iteration.

Combinations of options obtained by summing options desired.
If NPRINT >~ 15, printout consistent with NPRINT =0 is
obtained. If the sign of NPRINT is reversed to negative,

the iterator independent and dependent variables addi-
tionally are printed for every trajectory which HILTOP
generates (including neighboring trajectories).

Iteration-sequence control array.
NSET(1} Not used for input.
NSET(2) Not used for input,

NSET (3) Maximum number of iterations permitted
in attempting to satisfy (point) constraints
in satisfy mode. If zero, no upper limit
imposed,

NSET(4) Flag indicating whether (point) constraints
are to be satisfied prior to entering improve
mode.

=0 Satisfy constraints first.
1 Proceed immediately to improve mode.

NSET () Maximum number of iterations permitted
' after entering improve mode, Setting
NSET{5) =1 causes iterator to be bypassed
and computes single trajectory to obtain
printout,
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NSWING Swingby continuation analysis opticn indicator., When
zero or positive, NSWING is the number of full revolutions
which the post-swingby heliocentric trajectory must have,
and subroutine ACONIC (not MINMX3) is used to obtain the
solution., When negative, NSWING has the same definition
as MSWING (which see), and the MINMX3 iterator is used;
NSWING must be used when MOPT4(1) » 0, and may be
used when MOPT4(1) < 0, If MOPT4(1l) <0 and MSWING (i)
=0, then MSWING (i) will be set to the value of NSWING.
Related to MSWING, MOPT4 and T2,

NSWPAR Iterator independent-variable perturbation-increment
control,

=0 No action,

1 Allows the iterator to vary a given in-
dependent-variable perturbation Ax
whenever a neighboring trajectory is
detected which has a different number
of thrust switeh points than the associated
nominal trajectory. Ax is varied until
the same number of switch points is
achieved,

NTAPE Specifies the unit-number for the trajectory tape,
Pertains to when MPUNCH = - 101,

OMI Ascending node angle (with respect to vernal equinox)
of primary-target orbit. Input only when MOPT3 = 11.
Related to CNI, ECI, SAI, SOI, TPI, EMUODD, and
RADODD, [deg]

OMIX Array of five elements, the first three of which may
be currently used. Ascending node anglss of inter-
mediate-target orbits. Input OMIX(i) only when
MOPTX(i) = 11. Related to CNIX, ECIX, SAIX,
SOIX, TPIX, EMUODX, and RADODX, [degl]

POWFIX Launch-vehicle-independent (i.e., no launch vehicle)

trajectory option in which the value of POWFIX is the
spacecraft's reference power. [kw]
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PSIGN

RADODD

RADODX

RAP

REVS

RPER

SAI

SAIX

SO

SOIX

Flag defining the sense of the launch hyperbolic excess
veloeily relative to the initial primer vector. A value of
+1. results in the assignment of the geocentric right
ascension of the excess velocity equal to that of the initial
primer vector, A value of -1, causes the geocentric
right ascension of the excess velocity to be 180 degrees
from that of the initial primer.

Radius of primary target. Input only when MOPT3 = 11.
Related to CNI, ECI, OMI, SAI, SOI, TPI, and
EMUODD. [meters]

Array of five elements pertaining to the radii of inter-
mediate targets, These inputs are not used at present,

Apoapse distance of capture orbit about primary target.
[planet radii]

Number of complete revolutions of the ballistic trajectory
generated when the associated input MOPT is used. Must
be a positive whole number.

Periapse distance of capture orbit about primary target.
{planet radiil

Semi-major axis of primary-target orbit (must be
positive), Input only when MOPT3 = 11, Related to
CNI, ECI, OMI, 801, TPI, EMUODD, and RADODD,
(AU

Array of five elements, the first three of which may be
currently used., Semi-major axes of intermediate-
target orbits (must be positive), Input SAIX(i) only
when MOPTX(i) = 11. Related to CNIX, ECIX, OMIX,
SOIX, TPIX, EMUODX, and RADODX. [AU]

Argument of perihelion of primary-target orbit, Input
only when MOPT3 = 11. Related to CNI, ECI, OMI, SAI,
TPI, EMUODD, and RADODD, [deg]

Array of five elements, the first three of which may he
currently used, Arguments of perihelion of intermediate-
target orbits. Input SOIX(i) only when MOPTX(i) = 11.
Related to CNIX, ECIX, OMIX, SAIX, TPIX, EMUODX,
and RADODX. [deg]
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SPIRET

STATE

STEP1

STEP2

TCOAST

TDV

TGO

Retro-stage specific impulse {pertaining to the retro-
maneuver at the primary target). [sec]

Array of six elements confaining the Cartesian position
and velocity components of the primary target. Use
only when MOPT2 = 0 and the trigger settings of Y1(2)
through Y6(2) are 0 or 1. [AU, AU/taul

(tau = 58, 132440991 days)

Thrust-phase computation step size, Au.
Coast-phase computation step size, AS.

Array of twenty elements, consisting of the durations
of the coast phases corresponding to the coast-phase
start-times input in the associated array TOFF.
[days]

Time of occurrence of an impulsive deep space burn,

in days from the start of the trajectory, which may be
used only if the entire trajectory is hallistic (i.e., electric
propulsion is not permitted with this option, nor is a third
intermediate target). Iterator independent variables

X64, X65, and X66 must be turned on, as these are used
as the Av vector components of the deep space burn in
EMOS. Also, set MAXHHAM =0, The following special
feature is available regarding a first intermediate-target.
If 1,D5 < TDV < 2,D5, then the burn occurs (TDV - 1.D5)
days after passage of that target; if TDV = 2,D5, the
burn occurs (TDV -~ 2,D5) days before passage of that
target, [days]

Ballistic trajectory-extension print option, When zero,
no getion, When positive, TGO = the number of days

that the trajectory is to extend ballistically beyond the
primary-target when no swingby-continuation is re-
quested, and ballistically beyond the (last) post-swingby
target when swingby-continuation is requested (in addition
to the post-swingby trajectory segment itself), Any nega-
tive value will invoke printout of only the post-swingby
trajectory segment or segments when swingby-continuation
is requested. Applies also to trajectories with mulitiple
swingbys. [days]
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THRET

TOFF

TPI

TPIX

TPOWER

TSCALE

T2

XANG1

XANG2

XSWING

Retro-stage thrust, used only wheir MTMASS = 2, (1bs ]

Array of twenty elements, consisting of the times, in
days from the sfart of the trajectory, at which imposed
coast phases are to begin., Times must be in ascending
order, Related to TCOAST. [days]

Time from reference date (MYEAR, ete.) to perihelion
passage, for the primary target. Input only when
MOPTS3 = 11. Related to CNI, ECI, OMI, SAI, SOI,
EMUODD, and RADODD. [days]

Array of five elements, the first three of which may be
currently used, Times from reference date (MYEAR,
ete,) to perihelion passages, for the intermediate targets,
Input TPIX(i) only when MOPTX(i) = 11, Related to
CNIX, ECIX, OMIX, SAIX, SOIX, EMUODX, and
RADODX, [days]

Solar-cell degradation characteristic~time; nuclear
electric propulsion radioactive-decay characteristic-
time. Related to MPOW. [days]

Iterator dependent-variable tolerance-interval scaling
factor; scales all tolerances multiplicatively by the
amount TSCALE.

Array cf ten elements consisting of initial estimates of
swingby~continuation trajectory~segment flight-times,
i.e., T2(i)} correspond to MOPT4(i). [days]

Latitude of the launch site, Used only if LAUNCH is
non-zero, Related to XANG2. [deg]

Maximum parking orbit inclination, permitted by range
gafety considerations, Used only if LAUNCH is non-
zero, Related to XANG1., [deg]

Array of velocity vectors consisting of initial velocity
guesses of a given post-swingby trajectory segment,
Used only when either NSWING or MSWING has a value
of -4 or -5, See especially the description of
MSWING = -4, Veloeity congists of exactly the same
values as found in the V1, V2, V3 locations of the
{Continued on next page).
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XSWING
{cont)

X0

trajectory block print (first block). Related to
MSWING, NSWING, MOPT4, and T2. [AU/tau]

Array of seven elements, the first six of which contain
the Cartesian position and velocity components of the
Iaunch planet. The seventh element is not used for
input. Used only when MOPTZ =0, [AU, AU/tau]

The following desecribes the iterator independent and dependent variable

arrays of the boundary value problem. Input pertaining to the individual inde-

pendent parameters is contained in the arrays X1 through X70, The independent-

parameter arrays have five elements for each variable, as follows (where i =

1, 2, 3, ..., 70):

Xi(l)

Xi(2)

Xi(3)

Xi(4)

Xi(5)

Input value of parameter. Must be input regardless of
trigger setting. If trigger is on (i.e., Xi(2) = 1), input
value is used as initial guess of independent parameter
and is varied at each subsequent ileration, If trigger is
off, the parameter is not used as an independent para-
meter and is not chanped,

Trigger indicating whether parameter is to be an in~
dependent parameter in boundary value problem,

Xi{2) = 0 Not an independent parameter.
' (Trigger is "off"),

1 TUse as independent parameter.
(Trigger is "on'),

Maximum change to parameter permitted in a single
iteration, Should be a positive quantity., Used only
if trigger is on. Units are same as that of the parameter,

Perturbation increment used to compute partial de-
rivatives by finite differences. Used only if trigger
is on, Units are same as that of the parameter,

Weighting factor, Should be a positive quantity. A
value of 1. is generally recommended, The larger
the weighting factor, the more the parameter is in-
hibited from varying., Used only if trigger is on.
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The independent variables are as follows:

X1,
X2
X3
X4
X5

X6

X7
X8
X9

X10

AQ)
A @)

A_G)
A @)

A @)

A )

o

Initial primer vector.

Initial primer derivative.

Initial mass-ratio adjoint-variable,
Propulsion-time adjoint-variable,
Not used.

Geocentric declination of launch hyperbolie
excess velocity, [deg]

There is no conversion from input to internal units for any of the adjoint variables,

X11

X12

X13

X14

X15

Xis

Reference thrust acceleration, g. [m/seczj

Eleectric propulsion system jet exhaust speed,
c. tm/sec] :

Launch hyperholic excess speed, vmoa

[m/sec]

Hyperbolie excess speed at primary target, an.

[m/sec]

Initial time, t,, measured from the reference
date (MYEAR, etc.). iLdays]

Time at the primary target, tn’ measured

from the reference date (MYEAR, etc.).
[days]
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X17 Launch parking orbit inelination, i, Used
only if LAUNCH # 0. Optimized internally
by the program if both X17 and Y17 triggers
are off, [deg]

X118 Xo
. Initial spacecraft heliocentric velocity., Not
X189 y required unless one of the three triggers is on.
@ [AU/tau] (tau = 58, 132440991 days)
X20 z
o
X21 Constant thrust conc-angle, ¢ . Non-zero value

invokes the constant-¢ constraint. 0 < ¢ < 180°.
Zero-value implies that ¢ is optimized along the
trajectory (variable ¢). [deg]

X22 through X29 are currently not used (although some locations following X21
are reserved for additional constant thrust cone-angles).

X30 A < Degradation~-time adjoint-variable.

X31 through X40 are currently not used, X41 through X50 pertain to the first
intermediate target, X561 through X860 pertain to the second intermediate target,
and X61 through X70 pertain to the third intermediate target., The correspond-
ing intermediate-target parémeters are ignored if the intermediate target is
absent. Subscripts 1, 2, and 3 pertain to the first, second, and third inter-

mediate targets, respectively.

X41 A i 1) \
X432 Al (2) } Primer vector (at start of trajectory segment)
X43 Al(g)
X44 A_1)

1
X45 A 1(2) \ Primer derivative (at start of trajectory segment)
X46 A.1(3)
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X47 Encounter speed at first intermediate target,
Ver® [m/sec]

X48 Time at the first intermediate target, tl,
measured from the reference date (MYEAR,
ete.). ldays]

X49 Sample-mass factor, k , for sample—
samp L

retrieval at first intermediate target.

50 Drop-mass factor, k . for instrument-
drop 1

package dropoff at first intermediate target.

The independent variables X51 through X60 and X61 through X70 are
identical to X41 through X50 except that they pertain to the second and third
intermediate targets, respectively, A third intermediate target may not be
present when simulating ballistic missions having a deep space burn (See TDV),

in which case X64, XG5, and X66 are used as follows:

XG4 Ax
X65 A3} Deep-space velocity-inerement. [AU/taul
X66 Az

Inputs pertaining to the individual dependent parameters are contained in
the arrays Y1 through Y70. The dependent-parameter arrays have three ele-

ments for each variable, as follows (where i=1, 2, 3, ..., 70):

Yi(l) Desired value of the dependent parameter.

Yi(2) Trigger. If off (i.e., equal to zero), the para-
meter is ignored and is not considered a dependent
parameter. Then the other two inputs pertaining
to the parameter need not be input, If trigger is
on (l.e., not equal to zero), the parameter is
considered to be a dependent parameter or con-
straint. Certain of the parameters may have
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Yi(2) up to three non-zero trigger settings, These
{cont) will be discussed individually below,

Yi(3) Tolerance of desired value (full interval width).

It should be noted that the transversality conditions, which comprise some of the
parameters, are developed under the assumption that all constraints are of the
point constraint type. Therefore, the satisfy-mode is sufficient in solving any
optimization problems for which a complete set of transversality conditions is

available,

The dependent-parameter arrays are as given below. T(x) represents
“the transversality condition associated with x"' and the function T(x) will have
different values depending upon the constraints imposed on the problem, See

NOMENCLATURE of reference [1] for definition of symbols and subscripts.

Trigger 1 Trigger 2 Trigger 3

Y1 AXHEAUJ t alaul Solar distance® [AU] T(o)
Y2 Ay [AU] e T(6 )% T(8,)

n . t t -

. >

Y3 Azn[AU] : i [deg] T(tn) Sy E
Y4 Ain[Auftau] rOTE) T(;cn) T(£)
Y5 Ay [AU/taul ' T(w T(v ) | optimal v )

n n el o)

. ' ) flyby
Y6 Az n{AU/tau] rOTH) T(z ) TA)

*Applicable only for two~dimensional motion in the xy plane. Also requires that
MOPT?2 =0,

Under Trigger 1 above, the first set of conditions applies to ordinary targeting

conditions for position and velocity, and also to extra-ecliptic conditions o be

satisfied when IOUT = 1; the second set of conditions applies to extra-ecliptic

missions when IOUT = 2. T(), T{w), and T(f) are symbols for the transversality
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conditions yielding optimum final node angle, argument of peribelion, and true

anomaly, respectively,

Trigger 1  Trigger 2 Trigger 3
Y7 v Ao m [kgl
Y8 T(T) T [days]
Y9 Currently not used,
Y10 Ty  6[deg] Used only if LAUNCH # 0.

2
Y11 T (g) g m/sec”] p vof [ew ]
Y12 T(c) ¢ [m/sec]
Y13 T(,,,) Vo [m/sec]
Y14 T(Vy,,) Ven [m/sec]  extra-ecliptic inclination [deg]
Y15 T(t.) t, [days] )
- *

Y16 T(t,) t [days 1 t =t (days]

*Time transversality with ﬂight time fixed is assigned to Y15 under trigger 1.

Y17 T (i) { [deg], Used only if LAUNCH # 0, -
where i = parking
orbit inclination.

Y18 T (x o) };o‘ [AU/tau]
Y19 T(;PO) 5}0 fAU/tau] |
Y20 T (2 ) z"o [AU/taul]
Y21 ’f(cé) ¢ [deg] .for @ =

constant with time,

Y22 through Y29 are currently not used.
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Trigger 1 Trigger 2

Y30 T(s) s [days ] (Degradation time)

Y31 through Y40 are currently not used, Y41 through Y50 pertain
to the first intermediate target,

Y41 Ax, (AU]

Y42 Ay, (AU]

Y43 Az, fAU]

Y44 /,;_\.:El [AU/tan] : T(;'cl)

Y45 Ay, [AU/tau] : TE,) 0%;1;1;1
Y46 Az'l [AU/tau] : T(:Zl)

Y47 Vel [m/sec]

Y48 T(t,) t [days ]

Y49 M mp 1 (ke ]

Y50 My opl [kgl

Y51 through Y60 and Y61 through Y70 are identical to Y41 through

Y50 except that they pertain to the second and third intermediate targets,
respectively,
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C. DEFAULT VALUES OF INPUT PARAMETERS

The following is a complete, alphabetical list of the default values of
program input guantities having non-zéro default values, except for the iterator
arrays, All other inputs are zeroed, The default values of the iterator arrays
XiQ), f(i(Z), Yi(l), and Yi2), for i=1, 2, 3, ..., 70, are zero, and the default
values of Xi(3) through Xi(5) and Yi(3) for the same range of i are listed in

the listing of program inputs of Sample Case C.

ALPHAA 15. NSET(3) 300
ALPHAT 15, NSET {5) 300
AN 1.5 NSWPAR 1

AR 1. NTAPE 17

BI .76 POWFIX -1.
CTANK .03 PSIGN 1.
CTRET 1/9 RADODD 1.

DI 13, RAP 38,
GAMMAX 1. RPER 2,
GAP , 0001 SAI 1,
HOUR 12, SPIRET 300.
RK 1 STATE(1L) 1.

IRL 1 STATE(5) 1,

ITF 3 STEP1 .03125
MAXHAM 5 STEDP2 .125
MDAY 1 TDV -1,
MODE 4 TGO -1.
MONTH 1 THRET 400,
MOPTS3 10 TOFF 20%-1,
MUPDAT 1 TPOWER 10, #%30
MYEAR 1975 TSCALE 1.
NDIST 3 T2 (i) 50*i
NHUNG 25 X0(1) 1.
NPRINT 7 X0(5) 1.0000015



v, SAMPLE PROBLEMS AND RESULTS

Three sample cases have been selected for presentation in the following
pages. FEach case was selected to display the use of one or more new features
that have heen added to the program. The first case is an extra-ecliptic mission
that exhibits the effects of high launch asymptote declinations on launch vehicle per-
formance and the low thrust trajectory. This case also displays the housekeeping
power option that was recently added to the program. The second case is a comet
rendezvous mission which includes the effects of solar array degradation due to
radiation effects, The third and final case displays the HILTOP's powerful capa-
bility for ballistic mission design and optimization. The specific mission chosen
is a cometary flyby past Giacobini-Zinner followed by a deep space burn 10 days
after passage, a return to and swinghy of Earth (unpowered), a second swingby of
Earth (powered), and finally encountering the comet Borrelly nearly 1023 days
from launch., The tremendous flexibility for creating imaginative, multi-target

mission profiles is demonstrated in this example.
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A, EXTRA ECLIPTIC MISSION

The objective of this mission is to place maximum payload in a circular
orbit of 1.001 AU radius inclined 45 degrees to the ecliptic. The mission is
24 years (912.5 days) in duration and departs from Earth parking orbit on
April 21, 1979, The solution given in this example is contained in the class of
six-burn solutions which, for the mission duration assumed, tends to restrain
the trajectory from deviating far from the nominal 1 AU solar distance. The
specific case chosen uses the Titan IT1 E/Centaur launch vehicle. The refercnece
power (the power delivered to the power conditioners at 1 AU) is 20.35 kw
and the specific impulse of the thrusters is 3000 seconds. The launch excess
speed is optimized, The exira-ecliptic end conditions are invoked by setting
IOUT =1 and defining the desired values for AR, AL and AAI, the radius,

eccentricity and inclination, respectively.

This case exhibits the use of several optional features of the program.
A total of 0.65 kw of power developed by the solar arrays is reserved for
housekeeping (non-propulsive) uses. This option is triggered with the input
DPOW which is the ratio of housekeeping power to reference power. The power
delivered to the power conditioners at distances below 1 AU is not permitted
to exceed that delivered at 1 AU. This constraint is invoked by setting MODE
equal to 5 and GAMMAX (the maximum permissible value of the power factor
¥) equal to 1., The effects of launch asymptote declination are included in the
launch vehicle performance model by setting LAUNCH equal to 1. The equatorial
inclination of the launch parking orbit is limited to a maximum of 36 degrees
through the input parameter XANG2. Since the geocentric declination of the
launch asymptote for extra ecliptic missions is usually much greater than this
inclination limit, the solution will include a non-coplanar injection maneuver from
the launch parking orbit, The declination of the launch asymptote is optimized.
Finally, the option of inputting the coefficients of the power profile is illustrated.

The inputs for this case are listed on the next page.
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It should be ruied that the choice of final orbit radius of 1.001 AU rather
than 1.0 AU was made to alleviate numerical difficulties arising as a result of
the corner in the power curve at 1 AU. Neighboring trajectories terminating
on opposite sides of the corner point tend to possess different partial derivatives
(i.e., they will hehave differently when subjected to the same pertarbation). Con-
sequently, if the final desired distance is exactly the point of the discontinuity,
one might expect convergence retardation when the end conditions are nearly

satisfied,

SMINPUT X1(2)=1.D0,X2(2)¥=1,00,X3(2)=1.00,X5(2)=1.00,X5(2)=1.D0
X6(2)=1,00,%7=1,00,%10(2)=1,D0,X11{2)=1.00,X12=2,94189504
X13(2)=1.D0,X15%3, 10370R1, X16=3.4353702
Y1(2)=1.D0,¥2(2)=1.00,¥3(2)=1.00,¥Y4{2)=1.00,Y5(2)=1.00,Y6(2)=1.D0
¥10{2)=1,00,Y11=20,3500,3.08,Y13(2)=1.00
LAUNCH=1,MBODST=15,04T1HASS =3, 100 E=5
MOPT2=3,M0PT3=0,MYEAR=1979,MONTH=3 DAY =21
Bl=,6300,D!1=0.D0,CTANK=, 63500, GAMMAX=1,D0,0P0H=3,1941031941030~2
10UT=1, AAI =L5,D0,AR=1, 00100, XANG1=28,500, XANG2=36,D0
ASOL=1,438200,0.00,-.223500,0.00,-,2147D0

X1=-1,840269016836D-02, X2=-3.464555869687D-01, X3==5.292394680826D 60

X4= 7,283860051662D-01, XS5= 6.4809582772630-01, X6=-3,277641304973D-01
§10=-3.809150729556D 01,X11= 2.790574061256D=-04,X13= 5,3286065346450 03

END
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9

¥55 m 0.0 + 0.0 s 9.902959099999992D~05.
¥55 = 0.0 v 0.0 .  9.9999999999999990-05.
¥S57 = 0.0 . 0.0 . 9. 999999999999999D-05, ‘g
¥58 = 0.0 » 0.0 .  9.9999996939359990-05, (3‘3 ‘
¥59 = 0.0 s 0.0 s 9.9999999999299990-G5, i AN
Y60 = 0.0 . 0.0 +  ©0.9923999999909990-05. _CEEQPSJ ‘sgju*
Y61 = 0.0 . 0.0 . 9.999359999999999D=035, {jﬁé_f- R Q
¥62 = 0.B . 0.0 v 9.9999909999994930-05, el
Y63 = 0,0 + 0.0 . 9, YIPYIUHRIVINIIID-0G . e
Yos = 0.0 1 0.0 . Q.992 9909999395990 -05, u
Y65 = G0 . 0.0 » G, 9999995930992 250-05,
Y66 = 0.0 . 0.0 + 0.9993995¢95999970-05,
Yo7 = 0.0 . 0.0 s 9.99239Y999999TI9D~05,
¥58 = 0.0 . 0.0 s 2.93239939999999990-05.,
Y69 = 0.0 s 0.0 »  9.995959999999995D-05,
Y10 = 0.0 . [ 0.0 ) 9. FERIIVOSIGIIRRID-05,
£QUTPUT
AAl= 45,00000000000000 WAES 0.0 CAL34AAZ  15,03000000000000 WALIHAT= 15.00000000000000 WALTITU=
0.0 LAN= 1,500000000000000 eAR=  1.001390000030000 JASOL=  1.6382C0000000000 s 3.0 »
-0.2235000000000000 . 0.0 +=0.2147000000060000 «Bl= 0,6300000000000C0D 281= 0.0 +B2E
0.0 2832 0.0 +CNI= 043 JENIX= 0.0 o 0e0 s
Ga0 + Cu0 v 0.0 LCSTR= 0,0 LCTANKS 0.349999949999999990-01
CTRET= 0.1111111111111112 »D1l= 0.0 JOVMREIF R 040 LDPOR= 0.31941031941D29990-01,E8C1=
0.0 ZECIX= 0.0 v 0.0 . 0.0 : Qa0 .
0.0 +El= 0.0 «EMUGOD= 043 +EMJODK= 0.0 .
0.0 + 0.0 + 040 + 0.0 <GAMMAX= 1.000000000000080 0GAP=
0.9999999999999099D~ 04 ,HOUR=  12,00000000000000 2OMI= 2.0 WOMIX= 0.0 '
0.0 . G-0 » 0.0 v 0.0 LPOWFIX= =1.,000000000000000 .
PSIGN= 1.000000000000000 LAADODD® 1.0006000000C0C00 12ADODX= D40 « 040 .
0.0 v 0.0 s 0.0 «RAPE 38,00000000000000 PREVS= 0,0 : .
RPER= 2.000000000000000 sSAI= 1.000000000000000 $SALX= 0.0 s Qa0 v
0.0 v 0.0 s 0.0 +S501= 0.0 #SOLX= 040 .
Q.0 + 0.0 v a0 + 040 +SPIRET= 300.000000009000C .
STATE= 1.¢D000000CB0C000 v 0.0 v 00 s 0.0 « 1,0D0000000000000 .
0.0 LSTEPI= 0.31250000000000000-01.STERP2Z= 2.1250000000000000 +TCDASTR 0.0 '
0.0 v 0.0 v 0.0 » 0.0 v 0sC ’
0.0 v 0.0 + 0.0 N v 00 .
0.0 . 0.0 v 0.0 e 0.0 e 0.0 ’
9.0 + 0.0 2 0.0 v Da0 yTOV= —1.C00000000000000 «TGO=
-1.090000000000000 LTHRET=  400,0000000000000 +TOFF= ~-1.000003000000000 . -1.003000000000000 o —1.000000000000000 .
~1.000000€00C0Q000 s —1.0000000000000600 . —1.000000200050000 « —1.000000000000000 . —1.000000000000000 .
~1.0000000OC000000 v =1.000000000200004 v ~1.000000000000000 s ~1.000000000060000 s ~1.00COCC0G0000000 .
-1.000000000000000 s ~1.000000000000000 v =1.000000300900000 s =1.000000000000000 + =1.000000000003000 v
-1.00000C000000000 « —1.000C00000000000 2 TELs 040 WTPIX= 0.0 . 0.0 .
0.0 + 0.0 » D0 LTPOWER= 0.1000000000000000D 31.TSCALE=
1.000006000000000 .T2=  50.060008000000000 + 100,0000000000000 + 150.0000000C00000 » 200.0050000000000 .
250.0000C00000000 . 300.0000000000000 . 350.00000003000C0 «  400.0000000002000 . 450,0000000000000 .
500.0000£000C000C0 JXANGl= 28.50000000000000 +XANG2= 36.000300000000C0 +XSHING= 0ol '
0.0 s 0.0 » 0ot » 000 . 0.0 .
0.0 v ©a0 v 0.0 » Da0 e 0.0 .
0.0 « 0.0 « 0.0 +» 0.0 « 0.0 .
0.0 v 0.0 s 0.0 s 0.0 s 0.0 .
0.0 v 0.0 . 0.0 s 0.0 . 040 .
0.8 . 0.0 .4 0.0 . 0.0 yX0=  1,003000000000000 .
0.0 . 0.0 s Ca0 s 1.000001500000000 . 0.0 a
0.0 v IBAL= 0, INTPR= 0.104T= 1 IRK= 1,137 1, IROT= 0. ISP IN=
B ITF= 3, ITRRNT= 0. JPP= D+ JPRINT= CJT= O« KP ART= 0 LAUNCH=
1.L0ADX= D4 MAXHAME 5,MBOCST= 15 MDAY S 21.MDULE= 5. MONTH= 3.HOPT=
G MOPTX= 0. 0. 9. 0. 0, MOPT2= 3, MOPT3= 0. KOPTa= oo
O, Gy Qs Q. O |+ G 0, GaMPOW= Qs
MPHRINT= 0.4 MPUNCH= 0+ MREAD= 0 M3 HING = , 04 O 0, 0, 0,
Qs [ Ce Qs K Iy MT MASS= 3« MUPDAT = 1 tMYEART 197 MDIST=
3. HHUNG= 25« NORMAL= G NPERF= O« NPRINT= TeHMSET = O 0. A0V«
04 300 4 NSH INGS 04 NSWPAR= La NTAPES 17

LEND



GOCQRgINCIN000000*T
aQo00000030000C00* T
e0o0God0002000200"
coooo000C22300C000" T
CQoQagOeoo0000000" 1
CeoOO0Go00oD00OCHG" T
CC000D00000000000" T
coa000000000Q00000" Y
COo0oB0000Q00000C" X

AHSI3IA

GO-00666666666665666%6
11-000006066000000600°T
LO=00666666H566666666
@0-00000000000C0000CT
80-00000000000000000" T
80=0000C000000COT0NCE"T
B0-00000000000000000° T
80-00000000000CO0A0G"T
#0-00000000000000000* 1

NDILvOdNiyad

CC-N0E6E6EEE6LEE6666"E
E0-0CEHLH 6666655665666
SC-0C666566666H6B6666%6
SC-0CH0E6066L66H6566"6
CO-ClECOHEOE6HH6666HL606"6
SO0-GlELGLOE6EL6L6666"S
S0-GlEEEH666665606666
SC-CC0O66656666666666%8
S 0-0CE666666EH6LE66666

ASNYHIAT0L

[~ Rl ]
T0 A0OQOCODOCODOOGED
o a
00
o*o
0*0
o
ot o
0*0

INTIVA

S3T8YIYYA 1NIANI4TQ

<C COCODOONCODQCOC00"S
PO-0LELLGEHLEEELELE66E
TC OCOOOLO0O00O0C000D %6
GO 4CCo000000D000000E
Q€ CoDOQO000QI0ODO0R00E
CC aLoo000Q00Q0QU000E
0¢€ JC000000000000000%E
L0 CO00D000000000000E
CC aCo00000000000000"E

LIWIN d3is

S3GY [WVA LINIONIJIONE

SHALIWVHYD TOLlVYH3L}Y

€0 AOG6GYYIYESSDOBIE"S
P0-~00 666552 G0 vLS 0642
10 J00009GS6820G1609" £~
10=-0000QCLGv0BTI®RLLE E~
10-00000E92LLERSLEEV
10—-00000299 15005882 L
00 CGODD9ZR0EIvEEZEE S~
10=00000L03693GHS vV " E—
CO~GO000ICHRIDEITHYET T—

ANTIVA

£1
| 8]

-Nmgn

X3GNI

3

“ MM e QDO

AN NONDO

¢

35¥D

65



99

e ——————— NOMINAL TRAJECTORY 1 (TOTAL 1)

5.8208D=11 ~m-cacccccccn. ——— .-

== ===e=== INAIBITCR IS

. 14PRIMI(~1.843265%00~02)

2«4PRIM2 [=3,44845459D=-01)

INDEPENDENT PARAMETERS

APRIMIT~5.2923947D 00} SePDOT2{ 6.4895583D-01)

4+ PDOTLIL T .283056010~01)

6.PDOT3{~3.,27764180-01) 10+ DECLN{=3.80915070 0O1) 11 JACCZILC 2.7905741D=04} 13.vInfFll 5.32860650 O03)

1.DELTA X{ 1,36734D-02)

THRUST SWITCHING TIMES (DAYS) qa0
439.175 ON S56T7.%39% OFF 618. 895
POWER . EFFICIENCY

20 . 3499599920 Q.5300030000

PROPULSIDN
G620.24 99999709

INITIAL
J123.1976935923

—————————a NOMINAL TRAJECTORY 2 (TOTAL a)

13PRIMI(-9.005R542D~03)

2+DELTA Y(—2.D4257D~-02}
B4DELT ZD{ 2.57934D-02) 104 T+DECLNI 1.7502aD-09) 11, PIWER ( 2.03500D 01} 13 T4 VINFI(~3.7{296D~09]

2+PRIM2(=3,51759213D0=01)

DEPENDENT PARAMETERS

3,DELTA Z{ 2.52203D-02} S« DELT YD{-2.40B07D-02)

4, 0ELT XDC 1.62397D-02}

ON BC.374 077 103.276 ON 218.90% OFF 247.259 OM 399.777 OFF
on 7a49.493 OFF B29.322 ON 912533 Ov
ELECTRIC PROPU_SION PARAMETERS .

PFROP TIME J PIDP TIME RAT IO AVE ACCEL

¥12.1232770929 11.3661826370 Q«.TEORL 12626 0.0004309116
MASS COMPINENT BREAKDUWN
PROPELLANT TANKAGE STRUCTURE

1813.3820629241 63.4GE3722323 Q.0

PAYLOAD
O6Z26.0972584959Q

T BLlO0D=]2 mmmtcccm st cm e - ————— . o 2 e e e

———————— -= INALBIfQR IS5
INOEPENDENT PARAMETERS

3 .PRIM3I{ -5.,200B632ZD Q0) S.PODT2{ 6.2B887180-01)

4,PDOT1( 65.9910970D-01}

&.PDOT3(—3,3398207D-01) 10DECLNI-3.T7843959D Q1) 11,AZ02ZL{ 2.6655743D=04) 13,VINFLL 5.11C1377D ©3)

1,0ELTA X(-1.,06725D0~05}

THRUST SWITCHING TIMES (DAYS) 0.0
439,396 ON 566.71l4 COFF 6le.029
POWER EFFICIENCY

20.3066573251 0.6300000000

PROPULSION
618.9289536062

INET TAL
IZHR 5709661616

1.PRIMIL 2.27360150-03)

1,DELTA X{ 9.717230-04a}

THRUST SWITCHING TIMES {DAYS) C.0
436.925 ON S56R.200 OFF G17.75%

POWER EFFICIENCY
2043492746867 GL.5300000000

PROPULSION
6202402284722

INIT EAL
3269.1258074603

THIS CASE IS CONVERGED.

8 TRAJECTORIES WITHOUT PARTIAL DERIVATIVES AND

2,DELTA ¥{-9.998500~04}
G.DELT ZD( 2.13%28D-03) 10T DECLNI 2.709670~03} 11« PIWZIR ( 2.,030670 O1) 13.TWVINFL(=1+69061D=03)

2+PREM2(=3.7436282D-011)

24+DELTA ¥{-=4.332260~04)
6.DELT ZID{ 2.845110-04) TC THOECLN{=23.TAS2Z20~05}) 11, POWER ( 2.035000 Q1) 134 TavINFI( 3,24076D-051)

DEPENDENT PARAMETERS

3.,02LTA Z{-2.51111D-03) SsDELT yYD{~T.224380-04)

44 DELT XD{ 1.139830-03)

400.527 OFF

o] ] 80.3%5 057 103.651 ON 219.58% OFF 247,918 ON
aM TaT.823 O0OF~ B24.878 ON 912.500 ON
ELECTRIC PROPULSION PARAMETERS
PRODP TIME J PROP TIME RATIO AYE ACCEL
T15.67620568953 9,89509155678 0.70843526914 0,0008008850
MASS COMPINENMT BREAKDOWN
PROPELLANT TAHKAGE STRULTURE PAYLOAD
1819.7281211922 63:57048324137 Qe T60.2234071214
————————— ~ INHIBLTDR 1S5 o e e

INDEPENDZINT PARAMETEHRS

3.PRIM3I{=5.19223670 0Q) 5.,PDOT2{ 6.36032%00-01)

4,P00T1{ T.09035730-01)

6,PDATA(=3.2226660D-01) 10, DECLN{=3.78548400 01] 11 .ACIEL( 2.66600440=-043) 13.VINFLIL S.09859030 03)
JIEPENDENT PA4IAMETERS

IWDELTA Z{~1.018010-02) G.DELT XD{~5.133860-04) S5.DELT YOU 4.32699D-G5})

ON B0.299 OFF 103.545 ON 220.043 OFF 248,369 ON 400.927 OFF
N Ta9.a22 arF = 876.781 oM 212.530 oM
ELECTRIC PROPU.SIOM PARAMETERS
PRQP TIME J PROP TIME RAT ID AYE ACCEL
715.01135066325 P.8705819532 Q.+T335740829 'Q.0004006508
MASS COMPONENT BREAKDOWN
PROPELLANT TANKAGE STRUCTURE PAYLOAD
1621 .61 648 3203 63.TH65THB4E2 0.0 763.5035208214

3 TRAJEITOREIES wITH PART AL dEH(VATlVES REQUIRED FOR THIS CASE.
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ORIGINAL PAGE 18
OF POOR QUALITY

case 1

TIME
Rl
Lt

243 ¢

EARTH

0.0
-8 5629263 290+01
1.433022090-03
0.0
=T.70840302D 01

8.033831620 01
3.411006150-01
3.9T77283T740=01
=3,87479887D 00
=6 «0a1975930 01

1.033874 760 02
6.63125730D=-01
4 .,07327513D-01
-3,874792870 00
FLI21791310 02

2.2004T7131D 02
=3.1T73520540~01
=-2.433325720-014
=-B+084407140D 00

&.3987T30S7D 01

" 2.48414939D 02
-T.32170229D0-01
-5.74162417D-01
-8.084407140 60
=5.849641790 01

' SEMI-MAJDR AXIS ECCENTRICITY

R2
1.2
LC
THETA

8.98977TT7S50-01
~53.151190790=01
=3.712734700=01
0.0
3.06a81a2aD 01

9.240153250=-01
~B8.023345320-01
=4,694863840-02
~Ta301637330=-02
4,47B400230 01

9.240153250-01
=5.070083970-01
=3.994121780~01
=T7.30163733D0-02
=3.,52154795D0 Q0

F.268122330-01
B8.40718021D=01
~6+420184370-01
—-2.04805353D-01
1.084350530 02

9.268122330-Q1
5.854702850-01
~3.784328420-01
-2+ 048093540~-01
F.923817760 01

SWITZH POINT SUMMARY

INCLINATLION
R3 Vi :
L3 L&

LPHI CANE

PHI LATITUDE

LONGLITUDE

START OF TRAJEITORY. THRUST ON

1.21180874D=01 9.22842758D> M

G0 4.9648306950-01
=5.192223320 00 T7.085591%602~)1
0.0 B«BOS27T166D 21

B8.79184672D 01 0.0

3.083485450 01
-7.8D0199267D~01
6.352863480-01
17135665910 01

=-1.491651460 02

SWITCH THRUST OFF

1.030222170=-01 1.19678031D 01
=1.,76124469D-0% .423322710-01
=1,119308190 00 -8.701 773372302

0.0 2,74079507D 01

642469939100 01 =-1.1420938%D 01

4.065933450 01
5.256348160-01
=6+320615820-01
1.511051620 01
=6.5636794930 01

SWITCH THRUST ON

1.0302221TD-01
~-1.731113720-01
1.042972960 00
0.0
7+32505352D 01

1.19672802310 2
6.28717706D>-01
13112703623=-01
9.047700780 21
=1.17161055D 01

4.05593345D Q1
9.29B830855D~01
~1.050125490 00
1.7T48343240 02
=3.74005722D0 01

SWITCH THRUST OFF

Q,308915210=-02 1.57548141D 01}
Ze3TH26I320-01 ~9.,84539937D-01
14197578380 00 —B8.530832762-01
0.0 A.927457730 01
S-TITI98290 01 1.40119626D 01

42107520600 01
=2.997231950-01
4.97309369D0~01
1.5620%7536D 02
1.10680388D0 02

SWITCH THRUST ONM

9.308915210-02
2.602350640-01

"1.575481412 I1
~6.831248370-01

=1.19695974D 00 ~4.74D870330=-01

0.0
9.481219310 01

B8+.59477730D 21
1.55142903D0 21

4.107520600 01

=T7«13729664D~-01

S«857416210=01
3.685644790 01
1.413528820 02

ARG POS

V3

Lé

HMAG

FLT PTH ANG.E

1.800002000 02
=1.501853510=01
=3.264391610=01

9.81156981D=-01
~1.612086370D GO

2.52732848D 02
=4.362443540=-02
543673113510 00
9:56142362D0-01
~5.51206966D 00

2.316877830 02
6.258340780~-02
S«227605910 00
9.56142362D0-01
—3.919803900 00

T«031145360 01
1+139637430-01
-4746233360 00
9.585305720=01
5338755550 00

9.989935080 01
=2.516%20050-02
=4.83344864D 00

9.585305720-01

4.510838B620 00

RMAG )
MASS RATIOQ
L7

POYER FNCT
VHAG

1.00498235) 04
1,000000000 00
1.00000000D 00
2.930951630=01
2.36851858D0~-01

8.89443736D=-01
9,.,371125330-01
1,253030110 00
1.000000000 00
1.073983000 09

B+52502666D0=-01
9.37T1125330~01
1.25303011D OO0
1.,00000000D0 0O
1.124188860 00

9.295082010=01
B.45914448D-01
1.611883020 00
1 .000000C0D 00
1.03571631D 00

9.72918T798D-01
B.45914448D-01
1.61186302D0 00
1.000000000 OO
9.88282761D-01

PAGE
TRAVEL
THRUST
HAN
SWITCH FNCT
PROP TIME

ALCC

000
4.465449540-02
9.491114440-02
4.193075260 00
0.0

84235967300 0L
4.T7202467T0D=-02
9+4713115210-02
=3.99680289D~-1%
B.033831¢20 01

1113246070 02
4.7T98246700-02
2.5891115210=-02
~1+433226763D-15
8.0332331620 01

2.602805930 02
5.315545950~02
9.491116750-02

~14754152380-14
1.96T279720 02

2.89858450D 02
5.315545950~02
P.491116750-02
2.808657986D-15
1967979720 02
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TIME
Rl
L1

pPsI

4.01007063D 02
2448074136001
2.,3552759930-01
=1.559122360 01
=6.605315350 01

44399952240 02
T«T24348930-01
$.064626 CID-01
=1 4559122360 01
76821478230 0t

5.681922520 02
=1 +.506807640=01
2.74751786D~01
=2 .149807820 01
8.023170366D0 01

61776877340 Q2
-8 .126352050-01
=7 2596514920-01
-2.14980T7T820 01
=-B.4967%2010 01

T 496203950 02
4.07334674D~02
=& 461999 62D-01
-2 . 835893430 0}
-8 .13025878D O}

SEMI=MAJOR AXIS ECCENTRICITY

"2
L2
LC
THETA

9.92879243D=-01
=8.80159405D0=01
2,13535018480~01
~4,386562160-01
44903001100 01

$.928792430-01
~4,.50032489D~01
~7+884010370~01
—4,3869621 60-01
=2 349917260 01

2.880509530-01
B8.8356263620-01
-B.12647077D-01
~Tel 47457240=01
B.95638109CD 01

9.88050953D-01
3.98440091D=-01
6.6875%964 ¢0-01
~T»147457240=01
4.,865684340 01

1.0080487%0 00
~B.540298070-01
8.699005643D=01
~1.0953770480 @9
3.,625483640 01

R3
L3
LPHI
PHI1

4,021556660-02
=2 .40T779965D=-01
=1,69256092D 00

0.0

T.456609170 01

4,021556660-02
=3..405T40610-01
1.405868520 00
0.0
7793166960 Q1

2.5609245950=-02
4 4238£59990~01
I.79678239D0 00
0.0

8.993850920 01

2+ 609246950=-02
4.47TS007360-01
=1.714643090 0O
0.0
A.66783836D 01

1 .322286570=02
~5+1564970410-01
=2.032552950 00

Q.0

8.2599592590 01

INCLINATION
vi

La

CONE
LATITUDE

NODE

va

15

CLDCK
LONGITUDE

SWITCH THRUST DFF

24212696930 01
P+456754478)-01
4,52371528D0-01
Q.627615370 )1
-2.043844012 01

3.,931884210 0}
3.53787121D=01
~1.130723800 GO
P.56064875658D 00
=7.425943680 01

SWITCH THRUST QN

221269693 01
$.,4728702323-01
8.78391352D-01
1.008179130 02
=-2408552147) 01

3.931884210 01
B.7515%9484D-01
-1.560098079D0 0O
1.8270B3360 02
—3.022573792> 01

SWITCH THRUSY OFF

2.83385035342> 01
-9,4603058123-01
-1.20802370D 20

¥+B868119551I0 01t

2530774530 D1

3227535380 01}
=2+ 402550930-01
1.539216380 00
1.2265645970 02
D.267730200 01

SWITCH THRUST oM

2485385064 D1
=5+13813741D0-21
-1.11335732D 0O

7.332521310 D1

246309822352 01

3.922753538D0 01
=8.222761690~01
1737417660 Q0
3.4B89896040 00
1538810000 02

SWITCH THRUST OFF

3.669791%1D 01}
Fa313290273-21
1 .22009578D 00
1.072342150 22
=3.113573222 0}

3.838489670 01
2+34806476D=01
~=1.9670021 70 OO
33706754720 02
=8.72693126D 01

ARG POS

v3

L&

HMAG

FLT FTH ANGLE

2475857700 Q2
~1.310625680-01
4+36B49B310 00
PIBH6RTITIN-01
-2.085043000 00

24330615300 02
1.342922275-01
4292900070 00
Pe936271 ¥30-01
~5.671422060-01

6.,348007660 D1
2+248545780~01
=3.874477950 0O
9.93663095D0-01
1481364300 Q0

1119135000 02
=1.632743%30-01
-3.,831250020 00

F»736690950=01

B8.167061320-01

239593107740 02
~2.94115285D-01
J.34B784520 00
1.003%23530 00
=5.508538470-01

RHAG
MASS RATIO

L?

POWER ENCT
YMAG
9.758854130-01
T+2T6A1T250~01

2+33764139D 00
1.C0000000D 0O
1.02090603D 00

9 .566481040-01
7.276B17250~01
2+337641390 00O
1.00000000D 00
1.040894360 00

9.915455T4Dp~01
6427292252001
3.135158230 00
1.0000C00CD 0O
1.002476670D DO

1 .0095a47160 OO
G .272922520-01
3.135158230 ¢O
9.B5669286D-01
9.,842T74595D=-01

9+988270520-01
S«25%445504D0~01
4.229961250 00
1.00000000D 00
1.005083490 00

PAGE
TRAVEL
THRUST ACC
HAM
SHITCH FNCT
PRJOP TIME

4.3610409BD 02
6.,179208530-02
94T 11T44D~D2
-2+2204456050=~16
3493900950 62

4.TTLTH758D 02
5.179208530-02
9+491117440-02
“1.8210854TD-14
2+49390095D 02

6113861470 02
T+168105630-02
P+491 11739002
~1,%98401440~15
4,.,775871220 02

6.598215690 02
T 07254%566D-02
Fe49111T7390-02
0.0

4.7T7S8T1220 02

T.85376106D 02
- Be55TAGATIO~D2
Gea5111731D~02
=1+332267630-15
6,0942G3240 02

2



TIME
Rl
Ly

PST -

B.,0695TA90D 02
T+9 7354840001
T«B3S617570~01
=2..815093440 01
7745959820 Q1

INPUT TARGET

9125000000 02
3.,007513050-01
14219411480 00
=3 470770010 O}
8.381241470 01

"SEMT-MAJDOR AXIS ECCENTRICITY

1.008048750 00O
-2.7212591 10-01
=1.+42943432D 00
~1.09577048D 00
~6+863345320 01

1.001065380 0O
B.248284640-01
~1+8T4468100 QO
=1+512366970 00
6962279920 01

1.32228657D~02
=53.,29181842D=01
14627366430 00
0.0 :
B.6282156410 0}

9.482929380-05
4 .807877500=-01
2.72866300D0 00
0.0

B.78491690D 01

INCLINATION
vy :
LA

CONE
LATITUDE

CLDCK
LONGITUDE

SWITCH THRUST ON

3.669791813 01
. T3IBI?T55D~01
T+502294470 DO
1135914270 32
=3.213291830 D1

3.858489670 01}
B.47807930D-01
~2+.19533704D 00O
1.936B87279D 02
=1l.33230461D 01

END DF TRAJECTORYs THRUST an

4.499978369 01
~B.543975793-01
~1.264304310 20

Ta«3208B7472> 01

2+870827380 21

3.576237590 01
9.158705550-03
1.B2050334D 00
24921395460 032

ARG POS

v3

LS

HMAG .
FLT PTH ANG.E

2.971215400 Q2
2.736805820-01
3.2B8679233D 00
1.003928530 Q0
1.300956420-01

4278717760 01
5.156883550-01
“~2+369610530 00O
1.00053254%0 00

6.996598860 01 =1.594932950-03

RMAG )

MASS RATIO

LT

POWER FNCT
VHMAG
9454917420001
5.254455040-01

4.329961250 0D
1.000000000 0O
1.00905975D 00

1.00097463D 00
4.42847453D~01
S5.782196T3D 00
9.+98645954D-01
9499558345001

PAGE 3

TRAVEL
THRUST ACC
HAM

SWITCH FHCT
PRAP TIME

B+441868720 02
B.557849471D=-02
9.491117310-02
~2+22044605D~16
5.0942038a0 02

9.482619080 02
‘1+013985230-01
Pe991117590~02
9.355199940-01
T«14952894D 02



0.

CASE

1+PRIMIC 1,4330221D-03)
6 PDOTI(=3.26439160-01)
114 ACCEL L
16.TIME2 L
21 .THET1(
26 . THETG{

3l
364

PHT1{
PHIG(

41 .PR1-A{
46.PO3—A(
51+PR1-B(
56 ,PD3-8(
61.PR1I-C{
66 ,P03-C(

1.0ELTA Xx{

2.66648050-041)
Q,43537040D 02)
DeC )
0.0
0.0
00
0.0
0.0
0.0
C.0
0.0
0.0

- Ak Aer T e

3.625590-05)

2.,PRIM2{
T+LMASS(
12,V JETK
17 LPARK {
22.THET2 (
2T« THET7 Y
a2, PHIZ2{
37, PHIT(
42,PRZ-AL
ATV INFAL
52,PR2-81
ST« VINFB(
62,PR2-CH{
67V INFC

2,DELTA

&5 4.DELT ZD( 4,21 352D-08) Te
11, POWER ( 2.03500D 01) 12.
16, { 0.0 1 17,
21 {t C.0 y 22
26, { 0.0 Y 27,
3. [ 9.0 ) 32
2. ( 0.0 Y 37,
Al { 0.0 y a4z,
86 0.0 Y 4T,
51. { 0.0 ¥ S2.
1 { 0.0 Y S7,
61, { 0.0 ) 62
LY. 99 ¢ 0.0 )y &7,
THRUST SWITCHING TIMES (DAYS)
43F.995 ONM 568.192 OFF- L]
POWER EFFICIENCY
20.349%990T96 0.6300060
INIT IAL PROPULSION

3Z26B.5460092059

SYITCH~COUNT HISTORY

422 THRUST COMPUTE STEPS.

6204249971 9473

ALL 12

LAUNCH ASYMPTOTE OFFSET FROM PRIMER

ITERATOR 3UMMARY

IMODEPENDENT P ARAMETERS

=3.7127347TD~01}
100000000 DO}
2.94199500 041
0.0 )
0.0
0.0
.0
C.0
0.0
0.0
]
Ca0
0.0
Q.0

R

3,PRIM3I{ -%.,1922233D 00}

By LTAN
13+ VINFIL
18.vE. 211
23,.,THET3{
28, THEZTA(
33, PHINL
38 PALIL
a3,PRI-AL
48, TIVEA(
S3.PRI-IL
58..TTHZ3L
63.PRI-CL
L8 WTIMECDL

0.0 H
5.099%2850 03)
0.0 H
0.0
Q.0
0.0
G0
0.0
0.0
0.0
0.0
0.0
0.0

e her e et R s W

DEFENDENT PAIAMETERS

¥{-1.85B04D=05}
¢ 0.0
0.0
Q.0
0.0
0.0
0.0
0.0
0.C
0.0
0.0
0.0
0.0
0.0

P A e e e
o e et WA a e et e S

Q.0 OoN
17.768 ON

FLOELTA Z{(=4.36244D~05)

8 { 0.0 ]
13, TeVINT1{~14613580=06)
18, { 0.0 )
23, { C.+0 H
28 » { 0.0 H
33 { 0.9 }
6., { 0.0 }
43, { Ca0 )
4B, { 0.0 )
S3. { 0.0 )
13- { 0.0 )]
[% { 0.0 )
68 t 0.0 )

8¢.338 07 103,587 DN
T4g. 621  OF 836.96T ON

ELECTRIC PROUPJLSIIN PARAMETERS
PROP TIME

000

T14.952893834%

J

9.3696171166

MASS COMPDOMNENT BREAKDOWN
PROPELLANT

1821.07B73307835

32 COAST COMPUTE STEPS

~32.786 DEGIEES.

TANKAGE

63.T37TTSE65TT

4,PDOTI{
9 [
14 .VINFZ(
19,VE.D22¢(
24 3y THET&(
29.THET? L
34, PHLAL
39, PHLS(
44,P01—A(
AT KSAMPY
S5a.PDL~pl
59 ¢ KSAMP(
Sa,PD1-CIL
694, KSAMPYL

T 085591 5001}
D0
G0
G0
2.0
JaD
2.0
DO
0.9
2.0
00
0.0
0.0
0.0

T " R

44DELT XDI-4.200180=05)

9. ( 0.0 )
14, { C.90 )
19, { 0.0 }
24, { 0.0 H
29, ( 0.0 )
A4, ( 0.0 }
29, { 0.0 )
44, ( 0.0 )
49, I 0.0 )
5S4, { 0.0 I
SG. I G.0 H
Ga. { 0.0 ]
69, [ 0.0 H

220.04T7 OFF .

212.539 ON

PIOP TIME RATIO
G+ TB351002206

STRUCTURE
Q.2

G, POOT2¢

t0+DECLNI-

15. TIMELL
Z0.vELO3(
25+ THETS(
30.LDEGR(
35. PHI1S{
404PHILOL
aA5,PD2-A(
50 +KDROAPL
55.PR2-B{
60.KDRAPL
65.P02~C(
TOWKURDP{

S«JELT YOI
10.THDECLNC

15
20,
25
30‘
3% *
404
45,
S0,
55
60
65,
704

2hB.415 ON

6435286350-01)
3.74536740 01)
3.10370000 01)
0.0
9.0
2.0
0.0
2.0
0.0
0.0
0.0
0.0
0.0
0.0

- e wr et e e S W e e

2.217760=~05]
5.775980-07)
[« PR ] b
2.0
C.0
Q.0
0.0
0.0
0.0
0.0
.0
G0
Q.0
0.0

P . . S s
O Y

401.007 OFF

AVE ACCEL
0.0004006926

PAYLOAD

TEI.4TIS4AS224
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CASE

1
TIME

Qe
1.065
B.379
.42

Bl.338

91.932

99.677

103,587
136.984
159.653
165,388
220.047
234.249
248,415
257.189
272.8T1
315465
A16.969
325.138
335.882
356.8T6
3hb6.544
A401.007
204432
439,995
451.TH2
4567T.030
476,946
503.064
509.882
S18.520
529.847
5444170
StB.192
S5AB. 100
593.002
&04.245
613.892
617.788
633.894
651,984
6SB8.878
BER.TZ26
683.476
692.955
TC4 43R4
T11.876
T43.566
Ta49.621
TTB.265
T9G.9a8
806.2567
809.171
A10.095
B5T7.824
B6E3.133
BEG.AB3
BE0.262
895.547
A6 .65
A98.104
¢l2.500

ECLIPTIC

0.0
1.0
Te6
TeT
B2.2
96+ 6
106.6
111.8
156.9
186.8
194.2
25%.8
275.5
290.5
299.5
33,9
253.8
355.2
362.3
371.8
39047
399,83
al3a.9
45646
478.9
503.1
508, 7
51849
54946
551490
55942
57041
E84,0
608.8
63046
636.1
6aa.5
£58.9
663.0
6794
695.2
701.9
T10.5
72248
730.2
739.6
Ta4S.9
77545
7Tal1.9
815.8
B83B.7
8503
85248
853.8
89646
900.6
903a1
LT T Y
924.9
925.8
52649
39. %

"LONGI TUDE

MLIN

MAX

MIN

CMAX

MIN

MAX

" soLAR
DISTANCE

1.005
1.004
1.000
1.000
0.889
0.870
Q.58
0.853
0,820
0. 840
0.846
0.930
0,952
0s573
Os584%
1.000
l.019
1.019
1.018
1.016
1«006
1.000
0.976
0. 965
0957
0.953
0.954
0.955
G.9062
0.965
0.969
0974
Q. 980

T0.992

1.000
l.002
1L.006
1.009
1.010
1.013
1.015
1.019
1.014%
la012
L«Q31
1.009
1.007
l1.000
Qe 999
0.995
0.995
Q.995
0.995
0.993
l.000
1.000
19000
1.C00
1.001
la001
1. 001
1.001

MIN

MAX

Min

MAX

MIN

MAX

MAX °

EXTREMUM POINTS ‘3% SELECTED

COMMUNICATION
DISTANCE

ANGLE

T75.7
TSa3
T2.6
T25
S2.3
51 .4
S1.3
S1.3
54.2
57.0
87 .6
623
53.3
64 .5
65.3
66.7
70.4
705
TO G
Tl
T0.3
62.5
65.2
52.8
€1.1
60,2
60.2
50.3
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61.5
61.8
621
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61.9
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61.1
61.2
61 .3
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65.4
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MiN
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2.930 00
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J.490 QO
3.33D 00
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=1.080 00
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*Ekpk
73.2
85.4
aT.2
B7.3
64.0
LE L1 ]
~58.5
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-74.7
“T8.1
-78.1
~78.0
-7 7
~T6,.5
=T5.5
66,1
223 ] ]
T6.B
83,1
83.9
84,9
B87.5
88,1
868.5
87.8
8640
BO.2
Fkkk
REXX K

.k

L3
-85.2
~a7.}
~87.56
-87.5
-87.4
-86.8
-86.3
-85.6
~85.1
=-82.3
=-81.3
P
EEE L T ]
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0.1
80.3
8844
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THRUST ANGLES

MIN

MAX

THETA
B80.5
8.5
79.6
795
44.8
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—8Ca53
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=154,.,1

108.4

kkkkkik
9F.2
97.2
93.7
8443
84.0
82.1
TS
T35
0.3
49.0
LEE RS Y
=235

-60.5

-GT.2

=TBeb

=115.2
=133.9
=-172.2

1390

111.0
B3 .6

LILE LS ]
PEE kR
¥k EE
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487
42+5
48.8
S2.5
57.8
6241
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60+ 3
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~11b.?
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16540
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B8l+9
80.8
79.8
696

MA X

MAX
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PRI
ar.o
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HFa5

ok ok ok
"k ki
73 .3
89 .2
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98 .0
EEEER

G4 .8
G2 .7
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8848
B8 .8
S8.4
87 .8
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T4 b
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91 W0
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95 W5
S1 .6
31 .8
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kwkE
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86 .7
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90.7
G0 6
Sl W6

BY .S

89 %
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INPUT

POWER
20.2
20.2
2043
20.3
203

Qe

0.0
20.3
2.3
20.3
20.2
203

0«0
203
20.3
2043
1249
13.8
19.8
19.9
20.2
20.3
20.3

0.0
20.3
20.3
20.3
2043
20.3
203
20.3
2043
20.3
20.3

2043

20,3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3

ON

ON

ARRAY
ANGLE
0.0
Q.0
0.0
0.7
37.7
0.0
0.0
434
46+5
45.1
4444
0.2
90.0
18.8
14,5
Q.0
G.0
0.9
0.0
0.0
[
Q.0
17.8
0.0
23.8
24 .6
24.6
24,3
22.2
214
20.3
18.5
1.0
10.5
0.0
0.0
S90.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

C.D
0.0
3.8
90.0
90.0
Be2
Bal
8,0
2.3
0.0
0.0
0.0
G.0
0.0
0.0
0.0



A

MISSIION SCHEDULE

-—APRIL 21, 1572 _ _1,298800000_ Q1 GaMsTs

—_— — —2332905,0370 00 JULJAN DATE DEPART EARTH
z XDAT . Yoor F4ilikg RADIUS LAT. LONG .

PLANET ~B.6292634D-01 ~5.15113080-01 Q.0 4+96318420-01 -B«62411130-01 0.0 1,004982aD 00 0.0 —-149.1638

S/C —B.6292634D-01 -5,1511908D=01 0.0 4.95630630-01 -7.80199270-01 —1.50185950~01 1.0049824D Q0 0.0  ~149.165
CASE 1 { CONVERGED) PEAFDIMANCE SUMMARY

OUT OF ECLIPTIC NISSION FINAL INCLINATION = 44.9998 JIEG
LAUNCHR VEHICLE [5 TITAM EII EfCENTAUR . [COEFFICIENTS = 157238.9500 2480.2038 1753.696%)
LO = APR 21, 1979, 12.8880 HOURS GMT AD = OCT 20s 1981, 0.8880 HOURS GMT FLLGHY TIME = 912.5000 DAYS.

ALPHA A (KG/KW)

15.0000

P{l AU} (K¥)
20.3500

MAX DIST (AU}
1.018959%9

DEP DECL (BEG)
=37.8537

JULIAN DATE

4398%.0370 JULIAN DATE 44897.5370

ELECTRIC PROPULSION SYSTEM PARAMETERS

ALPHA T (KG/Kw} TANKAGE FACTOA STIVCTURE FACYOR 8

AT LIMIT

EFFICIENCY COEFFICIENTS

O (KMsSEC) E
15.0000 00,0350 0.0 0+63000 0.0 0.0
ELECTRIC PROPULSION SYSTEM MASS SUMMARY (KG)
INITIAL POWER PLANTY PROPELLANT TANKAGE STRUCTURE NET MASS
3266.5460 420.25Q0 1821.0737 63.7378 0.0 T63.4795
ELECTRIC'PRUPULSIDN S5Y¥STEM PERFORMANCE SUMMARY
PLHSKP) (KW} P{TARG) (KW) THR(1 AUJ (N} ACCUL1 AU} (M/SECw®*2) ISP (5EC) EFFIC CHAR DEG {DAYS}
Q46500 20.3224 0.871551 2.65664900=04 3000.000 0.63000 1.00000000 30
EXTREME TRAJECTORY AND PERFORMANCE CUNDIT IONS
MIN DIST {aAuU} MAX POWER ( Kw} MAX THRUST (N} BURN TIME {DAYS) DEGRD TIME (DAYS) TRAY ANG (DEG)
0.8296067 20,349999 0.,37155141 7Ti4.95289 Ti0.01587 94B.26191
DEPARTURE AND ARRIVAL CONDITIONS
PARK INC (DEG) DEP VINF L(M/SEC) C3 [KMER2/SECKR2) ARR VINF (M/SEC) Ch (KNR®2/SECRE2)
36.0000 S099.62649 26.00621) Q0 0.0



B. COMET RENDEZVOUS MISSION

The objective of this mission is to deliver maximum payload to the comet
Tempel II, rendezvousing at perihelion of the comet’s path in the 1988 apparition,
For the case shown, the arrival date is fixed at September 16, 1988; the launch
date and launch excess speed are optimized to yield maximum payload for the
nominally 4-year class of sclutions., The launch vehicle assumed is the Titan
III E/Centaur. The electric propulsion system parameters are representative
of projections of the SERT III spacecraft. Specifically, the reference power is
8,671 kw, the specific impulse is 2900 seconds, the efficiency is 0.63376
and the specific propulsion system mass (arrays plus power conditioning and

‘thruster subsystem) is 30,285 kg/kw,

This example illustrates the use of the solar array degradation option.
This option is invoked by setfing the characteristic degradation time TPOWER
to a value less than 1010. In this case, it is set to 7121 days which means
that if the arrays were situated at 1 AU and oriented normal to the sun line for
this amount‘of time, the power developed by the array would degrade to 1/e of
its initial power output. The input MPOW =1 forces the arrays to be oriented
normal to the sun line throughout the mission, Setting the triggers X30(2) and
Y30(2) to 1 results in the optimal adjustment of the trajectory to accomodate
the degradation. The complete set of inputs for this case follows and the resultant

program output begins on the next page.

EMINPUT X1(2)s1.D0,X2(2)=1.D0,X3(2)=1.D0,X4(2)=1,D0,X5(2)=1,D0
x6(2)=1.,00,X11(2)=1,D0,X13(2)=1.D0,X15(2)=1.,D0,X7=1.D0
Y1(2)=1.00,Y2(2)=1.D0,Y3(2)=1.00,Y4(2)=1.00,¥5(2)=1,D0,Y6(2)=1,D0
¥Y13(2)=1.00,¥15(2)=1.Nn0,ALPHAT=15,285D0,MBOOST=15,MTHASS=3
MOPT2=3,MOPT3=43,MYEAR=1988 MONTH=9 ,MDAY=16,110UR=17, 2200
-X12=2, ausszssnu BI— 63376D0,01=0,D0,CTANK=, lDO ¥11=8.671D00,3.00,1.0-3
TPOWER=7121.D0, MPUH 1, X30(2) =1.D0, YSU(Z) 1.nn
X1l= 5, 07299858822kﬂ DU, X2= 3, 350183572126D 00, X3=-2,159808142389D0 (0
Xb=-2,06%3149333120 04, XS5= &4,5652477413050 00, X6= 3,31732206885C3D-01
- X11= 1,647979654151D~04,X13= 6. 718039?98hQBD 03,X15==1,517625284470D 03
"X30=-4,657406222646D0~-03 &END

VGG vAL PAGE 18
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9.9922999303900900=(05,

Y57 = 0.0 . Qa0 .
¥58 = 0,0 . Qa0 . 9.9993999933939990-05,
Y59 = 0.0 . Q.0 . 2.999999999999939D=05,
Y50 = 0.0 » 00 » P4 999293099992399359D-05,
Y81 = 0.0 » Q.0 . P2 999599995998G890~05, -
Y62 = 0.0 * 0.0 s 94 999999999999949D-05 4
Y63 = 0.0 » 0.0 » 9:999999999999989D-05 ,
Y64 = 0.0 * 0.0 . 2.9999999999939899D=05,
Y55 = 0.0 . 0.0 + Fe 9997999999399 29D=05,
Y&b6 = 0.0 0.0 . Da 3999935993930 3ID-05,
Y67 = 0.8 0.0 + G FFIIFRICIIRIIFQIN-05 .
Y68 = Q.0 » C.0 . P 993 3999999930990 -5,
Y&F = O.0 . 0.0 ) 94993 3999999998590 -05,
Y70 = 0.0 . 0.0 * G9.939 3999099992990 =05,
EOUTPLT
AAL= 0.0 +AE= Q.0 + ALPHAA= 15.00000000Q000000 P ALPHAT= [5,28500000000000 «ALTITU=
0.0 sAN= 1,5000000040000000 +AR= 1.00C0030060020000 +ASOL= 0.0 + 0.0 *
Q.0 + D0 + 0.0 +B1l= 0.06337560000000000C0 wBl= 0.0 »B2=
0.0 «B3= 0.0 «CNI= Q.2 sCNEX= 040 » 0.0 -
0.0 + 0D » 0.0 +CSTR= 0.0 +CYANK= D,10000000000000000 00,
CTRET= 0Q.1121111111212111}1 $DI= 0.0 +DMRETI= B0 fDPOIW= Q.0 +ECE=
0.0 »ECIX= 0.0 s J.0 + 0.0 w 0.0 B
0.0 +EI= 0.0 +EMUQDD= DaD +EMJODX= Q0.0 L]
Q.0 v 040 +» 0.0 + Ga0 s GAMMA X = 1L.0000000000006000 WGAP=
0.9999999999999999N-04 yHOUR= 17.22000000000000 +DMI= 0,0 +OMIX= 0.0 [
Q.0 v 0.0 } v 0.0 » 0.0 «POWFIXE =1.C00000000000000 »
PSIGN= 1.00000Q0C0Q000000 RADODDDO= 1.000000000000000 +RADODX= 0.0 v a0 »
0.0 « 0.0 s Ca0 PRAP=  38.000000CGJ000000 +sREVS= 0.0 L]
RPER= 2.0C0000000000C00Q e SAL=E 1.000000000000000 PSAIXS Q.0 . s+ 0.0 .
0.0 v 0.0 + 0.0 «S0I= 0.0 +501X= 0,0 »
0.0 . s 00 v Cal v D0 «SPIRET= 300.0000000000004Q »
STATE= 1.0000000000000GC0 + 0.0 « 0.0 e 0.0 . 1.000000000000000 *
[+ Y] +STEP1I= Q. 31250000000000000-01.STEP2= 3,1250000000000000 +TCOAST= Q.0 .
0.0 « Do + 0.0 » 0.0 + 0,0 . »
Q.0 s Ce0 v+ Qa0 s 0.0 » 0.0 .
C.0 v 0.0 + 0.0 + 0.0 + 0.0 v
Q.0 s a0 » Qe s 0.0 1 TOV= =1.00000000000Q000 «TGO=
=1,00000000C000000 ¢ THRET= 400 .,0000000000000 +TOFF= =] + Q0000000000000 a =1l 000000300000 C00 + ~1«000000000000000 ]
~1a0000Q0CGC0C00Q000 ¢« —~1.000000000Q0000CO o =1.000000000000000 » =1.0000000000C0C000 r —1.0000000000C2000 »
=1.2Q0C0000000C0000 s» =1.000C0C0C000Q0000 + —1.000000000000000 + =1.000CC0CQC0Q0OCOGY + —1.00C000000000000
=1.000C00000000000 e —1.000CQ0000C000000 » ~1.00C0000000C0C000 r ~1.0000000000000G0 s =1.000C0000C0Q0000 .
~1+000000CO0DGO0Q0D « —1.02000C000C000000 sy TPI= 0.0 +TRPIX=® 0.0 » 0.0 Y
C.0 v Qa0 » D20 +TPOQWERS  T7123.0000000G0Q000 + TSCALE=
1.000000000000GCG0 «T2= S0.00000000000000 0 100.00C0000000000 ’ 150.000C0G0000002 . 200.0000000000C000 .
250.0000C00000000 » 300.0000000000000 . A50.0000DC0ODDGO00 . A0C.C0000Q000Q0200 ] 450.,00000C00000C00 .
500.0000C00000000 » XANGL1= 0.0 «KANG2Z=  32.500000000000008 + REWING= 0.0 .
0.0 » OaD r Qa0 » D0 e 0.0 *
00 2 0.0 « 0.0 » 0.0 ¢ Ga0 »
0.0 » D0 +» 0.0 « QL0 s Oe0
0e0 + CaD » CW0 ¢« 00 v 0.0
0.0 « 0.0 » 0a0 + 0.0 » 0.0 .
0.0 +» Cu0Q + 0.0 e 0.0 s X0= 1+000000000000000 *
0.0 e DD v Qa0 ] 1.00Q0001500000220 + 040 .
0.0 « IBAL= . O INTPR= C,IguT= O+IRK= 1+03L= 1. IROT= Qe ESPIN=
02 [TF= 2ITPRNT= Qs JPP= 0« JPRINT = 0,JF= OD:+KPART= QL AUNCH=
QL OADX= Qe MAXHAM= S+MBO0OST= 15+ MDAY= 16.M0ODE= 4 5 MONTH= Sy MOPT=
Qs MOPT X= O Oq [+ XY 0 0, MOPT2= 3, MCPTA= 43.,MOPTA= Os
Q. O O Qs Qs . [N O 0, QaMPOwW= 1s
MPR INT= 04 MPUNCH= O« MREAD= QeMSAEING = Qs O 0. G, O
- [+ O [+ 3 Qs JasMTMASSs I+ MUPDAT= 1 +MYE AR= 19B88.NMDIST=
JaNHUNGT 25 NORMAL= O +NPERF= QaNPRINT= T+ NSET = Os [+ 300,

0Oy 300+ NSWING= 0. HNSWPAR= 1+ NTAPE= 17
CEND
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Cr 2
I
't
Sy E]
gj 52 NQ &«
i b=
2 = 1
Lo :
= a4
fep! 5
= 6
2 & :
= 8
(-]
10
=]
Lt | NO .
1
2
3
a
s
.
7
a
9
10

INDEX

VALVE

5.0729995882240000D 0O
3.350183567212600000 00
=2.15%3081423890000D 00
~2.06931493331200000 00
4565247741 30500000 00
3.317322(8850300000=01
1.64797965415100000-04
6.,T18031973845299900 03
=1.5176252844700C000 03
=4 .6574062226459990D0~03

ITERATDR PARAMETERS

INDEPSNDENT VARIABLES

STEP LIMIT

3. 00000C00000000000 0O
J.0000000000000002D DO
3.00000000000000000 03
3.000000000000000GD D3
3.000000000000Q000D 0O
3.000000C0000000000 33
P4 99995 9999939299330-04
S5.00C000CCO00000000D D2
B.C0000COQ0000000OD 20
1.0000000000000003D 01

DEPENDENT VAR{ABLES

VALUE

0.0
0.0
0.0
C.0
0.0
Q.0
B.6710000000000000D0 0O
0.0
Q.0
0.0

TOLERANCE

e 999999999993 99500-05
9.59999959999999330-05
9. 99999999939299930-05
9+ 999999599593 9933 D05
9.99999659599959900=-05
F+99990 59999909990 0-05
P+ FI99295999999992I0-0 %
F2999999994599999500-05
95999 99999999530 D-05
P.99999%9999999933D-05

PERTURBATION

1.00000000000000000-08
1.0000000000000000D=-08
1.0000000000000000D~08
1+0000000000000000D=08
1.0000000000000C000D~08
1.0000000G000000G0OD-08
1.00000000000000000-11
9.99999999999599900=05
S.9U9395230599999900=0T
P.999999990039999900-05

wEIGHT

1.00000000000000000
1.0000C00C00000000D
1.0000000000000000D
1.0000080C00000000D
1.,000060C0000000000
1.000000CC00000C00D
1.3000000000000000D
1.0000000C000000000
1.0C60000000000000D
1.00000000000000000



= INHISQITOR IS S528208D0=11

mm————mem NOMIMAL YRAJECTORY 1 {TOTAL 1}
INDEPENDENT PARAMETERS
24PREM2( 3,3%018370 00) 3,PRIM3I(-2.15%980810 Q0)
1) ,ACCEL{ f.04797Y970-04) I3.VINFI{ 6.7180398D Q3)
DEPENDENT PARAMETERS
1.0ELTA X{(~-£,88898D0«02) 2,DELTA ¥{ 3.210130-01) J+DELTA Z2{~1.568970~03)
6,0ELT 20t 5.616280-03) 11, POWER { B.67100D 00) 13,7,VINT1{-4.415450-02)
THRUST SWITCHING TIMES {DAYS) 0u0 oN 1517.625 ON
ELECTRIC PROPJU-SIIN PARAMETERS
PROP TIME J
151 7.6252844700 1.0915980627
MASS COMPINEMT BREAKDOWN
PROPELLANT TANKAGE
443.01C0a88T25 44.30100468713

4,PRATI{~2.06973184 920 00)
15 FIMEL(~-1.51762530 3}

1.PRIMI{ 5.0729986D (0O}
6.PDOT3( 3.31732210-01)

4,4:DELT XD(-1.140630-011}
15 ToTIMELL 3.361396D-06)

PROP TIME RATID
1.0000000000

EFFICIENCY
Q.6337400000

POWER
B.AT710000109

STRULCTJIE
0.0

PROPULSION
262.6012353301

CINETIAL
2345.0574592971

NOMINAL TRAJECTORY

INDEPENDENT PARAMETERS
2,PRIM2({ 3.327027T0D 00} I.PRIMIC=2,17171520 00) -
114ACCEL( 1 .628T73550-041 134 VINFL{ &.67T739460 03)
JEPENDENT PARAMETERS
2yDELTA ¥{ 3.10551D-02) 3,DELTA Z{-3.77541D-02)

A4,PDOT1I{(~2.06981800 00}
15, TIMEL(~1.51920510 03)

1.PRIMI( 5.31326930 00)
G+PDOT3( 3.1881327D-01)

1+DELTA X({ 2.528050-01) 4, DELT AD(~4,176470D-02}

6+DELT ZID( 4.,3&68550-02) 11+ POWER ( 8.659520 00} 13,7 0INTE(-7.25369D-02) 1S+ THTEIMELL 4.724390-03)
THRUST SYITCHING TIMES {DAY¥5S) 0.0 ON 1519.205 DN
ELECTRIC PROPULSIDOMN PARAMETERS
-3 POWER EFFECIENCY PROP TIME J PRAGP TIME RAT IO
o 8.6595241412 0+633760000C0Q 1519.2050826052 1.0241766936 1.0000000C 00
MASS CCMPONENT BREAXDUOWN
INITIAL PROPULSION PROPELLANT TANKAGE STRUCTURE
2369.62499294852 262.2536 8806154 429.07280493%9) 42.3072804939 0.0
——wwrm———— NOMINAL TRAJECTORY 2 (TOTAL 16) ===== INHIAITDR IS 3.9063D0-03
INDEPENDENT PARAMETERS
1+PRIML{ S5.3133875D 00} 2+PRIMZ{ 3.326868420 00} 3,PRIM3(-2.1717072D 0O) 4,PDOTL1{-2,06352220 0Q)
64sPDOT3{ 3.318789210-011 11.ACCELI 1.60990080-C4) 13 VINFIl 6.72475396D 03) 15. TIMEL L -1 ,.512048)10 02)
DEPENDENY PARAMETERS
1+0ELTA X{=T72411780=041} 2+DELTA ¥( B8.365560-02) FDELTA (-} ,.,09268D~02) 4,DELT XD{-5.15364D-02}
[ cb G4+DELT ID{ B.262910-03) 11. POWER ( B8.,455770 CD} 13,T.VINT1(-2.3723530-02) 15y T+ TIHEI( 1.664000-03)
Eg :j THRUST SWITCHING TIMES (DAYS) 0.0 QN 1206.867 OFF 1375.891 ON 1519,048 ON
[ ELECTRIC PROPULSION PARAMETER§
LU G} POWER EFFICIENCY PROP TIME J PROP TIME RATIOD
ég E? B.4557672000 C+5337600000 1350,024411 6048) 0,.8691215491 Q.3487305043
hj &> MASS COMPDNINT BREAKDDWN
INIT IAL PROPULSION PROPELLANT TANKAGE STRUCTURE
& & 2340.9387961429 256.0B29096522 373.4807477293 37.3480747730 0.0
5
£~ o2
3 &

SePDOT2( 4.565287T70 00}
30.LOEGRI(-4.6574062D-03)

2+32EA50-01)
24 325040~02)

SWO0ELT YD!
30. T+ DEGROY

AVE ACCEL
0.00018298460

PAYLOAD
1595.1451724072

5,PDOT2{ 4.78398100 00)
JO0+LDEGR(-2.8T331270-03}

S+DELT YD(-1,3576TD-03)
30.T.DEGRDU J3+8B721D-03)
AVE ACCEL

0.,0C01799814

PAYLDAD
15635.3912188969

S,PD0T2( 4.78407360 02)
J0LLDEGR{~3.17637a80-03)

B5.0ELT ¥YO( 4.9}j521D-G2])

30+T,PEGRD{ | ,.443200--03)

AVE ACCEL
0.00017560568

PAYLOAD
1674.02726398T74
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e amem——— NECMINAL TRAJECTORY 4 (TOTAL

1.PRIMLIC 5.31320200 Q0)
6+PDOY 3 3,.188%7250-01)

*1.0ELTA X(-%,60128D-03)

19}

2.,PRIMZ( 3.32622870 QO0})
11, ACCELL 1 .62%87400-04)

2.DELTA Yi{-1+7251080-02)

INALBITOR IS

1.52590-05

INDEPENDENT PARAMETERS
ALPAIMIL~-2.1715769D0 00}
13.VINFLO 6471318350 03}
DEPENDENT PARAMETERS
3.DELTA Z{ 2.,423120-04)
134T +VINTL E-24850650=-02)

S+DELT ZD{ 8.54559D-03) 11. PIWER | 8.56555D0 00}
THAUST SWITCHING TIMES {(DAYS) G0 OH 1236.139 OFF 1372.865 ON
ELECTRIC PROPJ_SION PARAMETERS
PONER EFFICIENCY PROP TIME J

8,565549B485 0.56337600000 1382.377086981 % Q.8952147629

MASS COMPINENT BREAKDOWN

INIT DAL PROPULSION PROPELLANT TANKAGE
2348.03462495307 2594407677 1027 380.685942361032 35.0859423611

——-—————e NOMINAL TARAJECTORY

1ePRIMLIL 5.21913620 00)
6POOT 3L 3.065205650-01)

1+0ELTA x{ 1.33510D-03) 2.0ELTA Y{
G6+DELT 2ZD( 3.883230-03) 11,

THRAUST SWITCHING TIMES {(0AYS) 0.0

EFFICIENCY

POWER
0.6337600000

B.62287T3519

PROPULSION

INIT LaAL
261 .1438406008

234T.1431552637

2+PRIM2( 2.27340610 09}
114ACCEL{ 1.63737730~04])

2.
POWER { B.62288D C0}

INDEPENDENT PARAMETERS
3.,PRIMI(-2,1653385D 00)
13.VINFLE 6471853760 03)
DEPENDENT PARAMETERS
34+DELTA Z(=2.,32379D-03}

1455690-02}
13 4ToWINT) (=1421597D~02)
(ol 1232.409 OFF 1374+.451 ON
ELECTRIC PROPJ_SION PARAMETERS
PROP TIME o+

1377.0217326572 0.207175087
MASS COMPONENT BREAKGOWN
PROPELLANT TANKAGE

3B2.7034426903 38,270304299

4,PDATI(-2.0689C200 00)
15+ TIMEL{~3 519210230 03

4, DELT XD(~1.737730-03)
15:TH»TIMELL 2.810760~04)
1519.108 ON

PIO> TIME RATIOD
0.30999607 37

STRUCTURE
0.0

5.PDOT2L 4.TB27008D 00}
A0+ LDEGR{ =64 16774630-03)

SsDELT YD{~=1.22757D-02)
30, T,DEGRD{~1.4568120-023)
AVE ACCEL

C.0001776305

PAYLOAD
1669.6B815818760

43PDOTLI(-2.02873690 CO)
15:TIMZ1(=1+5130635D 03)

44 DELT XD(+3+35654D=021)
15+ T+TIMEL( 4,.%15320=04})
151%.064 ON

PIOP TIME RATIO
4 0.9064932549
STRUCTURE

9 0.0

S.PDOT2{ 4.684363%90 00)
30.LDEGR(~-7.20618160-03)

S¢DELT YO(=1.538970-03)
30+ T,DEGRD(=2.53145D~03}
AYE ACCEL

0.00017897T8

PAYLLDAD
1665.0255274835

NOMINAL TRAJECTORY

1,PRI{M1L $.,1%991530 00)
5.PDOT3( 2,8988390D-011}

1+DELTA Xt T.452710-04)

2,PREM2{ 3.25499T2D C0)
11,ACCELL 1.64403230~C4)

2+DELTA Y{=6439267D~041}

INMDEPENDENT PARAMETERS
I,PRIMI{~2.159565350 00)
13.VINFI{ 6471811740 03}
DEPENDENT PARAMETERS
34DE.TA Z(-1.511920-03)
13, TovVINTLI(=3.470480-03)

&3DELT . ID( 1.701280-03) 11. PGWER ( 8.65910D 00}
THRUST SWITCHING TIMES (DAYS) Q.0 ON 1237.603 OFF 1369.671
ELECTRIC PROPU.SION PARAMETERS
POWER EFFICIENCY PROP TIME ¥

B.6591006T747 06337600000 1386.6839462631 D.92214692

MASS COMPONENT BREAXKDOWMN

IHNET L AL PROPULS [ON PROPELLANT TANKAGE
3IBT+0566454019) 38470664540

2347420903736 262.2408639344

aN

4,PDUTI(=2.01046200 0O}
15, TIME1(~-1451895160 03}

A,0ELT XD{—~T.330830-04)
15+ T+TIMEL(-1.053600-05)
1518.952 ON

PROP TIME RATID

82 0.%129217a04
STRUCTURE
19 0.0

S.PDOT2{ %.62856000 00}
0 LDEGRI-5.90519820~03)

S«DELT YD(=3.71706D=03)
30+ T+DEGRD(~1+24976D=03)

AVE ACCEL-
Ca0001799027

PAYLOAD
1659.4481270183
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—===—==== NOMINAL TRAJECTORY 7 {TOTAL 32) =mm—o—=e-—— INJIBITOR 15 148901D~0ff ~——wrwe e ma st ——— e —— —— -
. INDEPENDENT PARAMETERS
1+PRIMLIL 5.1336404D 00) 2.PRIM2( 3.26293130 09} 3+PRIMI(-2.1557T7T140 00) %.PDOTi(=-2.01417280 0O} S.PRCTZ{ A.604B405D 00)
G +PDOT3{ 2.83878480-01) 114ACCEL{ 1.64604170-04) T3, VINFIL 5.7137432D 03} 15, TIMEL(~1.51877100 01) 30,LDEGR(~5.14129970-03)
DEPENDENT PARAMETERS

1,DELTA X[ 2.359270-04)  2.DELTA ¥(=1.07608D-04)  3,DSLTA Z(-5.52100D-04)  4.DELT XD[=3.291420-04)  5,DELT YD(~3.,090570-023)
6,DELT Z0( 7.414300-04) 11, POWER [ 8.67053D 00) 13.T4VINF1(-6,538911D=08) 15, T,TIMEL(~2.235R10~C4) 30,T.DECRD{—4, 997740-08 3
THRUST SWITCHING TIMES (DAYS) 0.0 on 1239.035 OF®  1365B.048 0N 1518.77% ON
ELECTRIC PRCPULSEON PARAMETERS
POWER EFFICIENCY PROP TIME J PROP TIME RAT IO AVE ACCEL
B.+67053134136 0.6337600000 1389,7585967565 0.92B0672161 0.7150547169 0.0001801835
MASS COMPONENT 8REAKDUWN
ENETLAL PROPULSION PROPELLANT TANKAGE STRUCTUAE PAYLOAD
2347.6914743591 262.5870417409 388.420667%40 % 38.3429667945 Gl 1657.8317978787
“=-————-—= NOMINAL TRAJECTORY B (TOTAL 36) ———=-ccrmuc [N4IBEFOR IS 35.72530=09 =misoc— o mm oo s e oo ——————— e e

e . s e o e e ——————— — ———— e -———— ———————— - - — e e 8 ek e e o e e A . B
INDEPENDENT PARAMETERS
1+PRIMI{ S.10B84a83D 00) 2+PRIMZ{ 3,2963260D0 0Q0C) IWPRIMII-2,1550970D 00} 4,PDITIL=-2.0358208D0 00C) S5.PROT2( 4.58725360 (0)
G+PDOT3I( 2,9B835884D=01 1 11+ACCELY 1.6467645D=-04) 13.VEINTLI{ 6.7147T670 03} 15+ TINZ1({=} .5184032D 03) A0, LDEGRI=4.82285010-03)
DEPENCENT PARAMETERS

1+0ELTA X( 2.397290-04) 2+0ELTA ¥{—~1,27285D=04) J+DELTA Z(=8.130750-05) 4, DELT X0(-1.0938%90~04) S+PELT YOU~1.961720~-03)
B+DELT ZD( 4.01517D-04) 11, POWER { 8.672C00D 00) 13,Te¥INTL{~1.331%910-04) 154T+TIMEL(~148B701D~04} 30.T,DEGRD{-1,801870=04)
THRUST SWITCHING TIMES {DAYS) C.0 an 1238.824 QOFF 1363.853 ON 1518.423 ON
ELECTRIC PROPJLSIIN PARAMETERS .
POWER EFFICIENCY PROP TIME J PROP TIME RATIO AVE ACCEL
846719973228 0+63375600000 1393.3738921863 0.9324505011 0.917657%035 0.0001823267
MASS COMPONENT BREAKODDWN
INIT AL PROPULSION PROPELLANT TAMKAGE STRUCTUIE PAYLODAD
234T7.0578738041 262.63143289198 389.7150553728 38.9715055373 0.0 1655.73908739742

. INDEPENDENT PARAMETERS
1+PRIMIL S5.0760147D 00) 24PRIMZ( 3.34634300 00) 3PRIMI{(-2.135827550 00) 44PDOTLI(~2.067164060D DO0) S«PDOT2L 3.56691T00 001}
64PDOT3( 3.2898985D0-01) L131,ACCEL{ 1.64774060~-04) 13.VINFIL 5.71746250 03) 15+ TIMEL(=~1.51788330 03) 30,LDEGR{~4.66131070-03)
. DQEPENDENT PARAMETERS
L.DELTA X{ 8,840580-04) 2.DELTA Y(=9.147750-041} 34DELTA Z(~1.93914D-05) 4.DELT xO{ 2.53154D-04) SDELT ¥0(~-T.39846D=-04)

G6+DELT ZD{ 1.523960-0a) 11, POWER ( 8.671¢5D 00) 2aTaViNTLI=1.43676D-04) 1S ToTIMELL 9.64158D0-06) 30T+ DEGRDI~3,70422D=-06)
THRUST SWITCHING TIMES {DAYS} Q.0 ON 121317,60t DFF 1356.6808 DN 1517,883 O~
ELECTRIC PROPULSION PARAMETERS
POWER EFFECIENCY PROP TIME 5 PROP TIME RATIO AVE ACCEL
B.6T10499330 0.&63376000040 1398,7361204604 0.939C740281 Q2215439260 C.00018051208
MASS COMADNINT BREAKDUWN .
INLY IAL PROPULSION PROPELLANT TANKAGE STRUCTURE PAYLOAD

2345.,4111595541 262.6027472223 391.549083B753 39.1549083875 0.0 1652.1044200790

THIS CASE IS CONVERGED.

40 TRAJECTORIES WITHOUT PARTIAL DERIVATIVES AND 9 TRAJECTORLES WITH PARTIAL DERIVATIVES REQUIRED FOR THLS CASE.
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CASE 1

TIME
R1
[ O
LG
PSI

EARTH

0.0
4.96384345%0-01
5.073209600 00
0.0

-1.5%$4890530 01

0.0

1.2365831020 03
-2 ,53611213:0 00
3. 75307033001
=1.95211637D 01
2.146249340 01
1.87T788487D 02

1.357152650 03
=1 2506145910 00
TL141745260=01
~1.95211637D 01
=4 .449565370 O]
1.97788a870 02

TEMPEL I1I¢1984)

1517856370 03
B8.86771280D-0%
532371134001
=2.05246%43D0 91}
=54113642860 01
2.597T44360 02

SEMI-MAJOR AXIS

1.880516470 00
-8,8564845150-01
3.348838750 00
0.0 .
9.409532320 01
=44655926720-03

2.67T0aS5T2D 00
~5.561296528D-01
—1+%10862588D 00
=1.8B467046%0-01

2.,810606830 01
=24.27625848D-04

2.670456720 00
-1.362417830 00
~8.5823381710-01
=1.BB4&670690-01

9.855055800 01
~2.27625848D~0a

3.03673002D Q0
~1.060322840 00
F4398167120-D1

—2.613432850-01

9.83736007D 01
2+211485150~-08

ECCENTRICITY
R3

L3

LPHI

PHI

DENSITY

4.,59968606D-01
0.0
-2 .+158B81492D 0O
0.0
92.39374288D 01}
G.6087549330-01

4.,906303780~01
4.74784359D=01
7.031355380-01
0.0

8.823T744160 01
1.335191740-01

449063037T8D-01
3.879444520-01
=1.171796060 Q0
Q.0
9.60875600D 01
2 +33909434D-01

S«44431648D-01
=5.703626660-02
=2.18494377D 00

0.0

9 .52427968D 01

522493074001

SWITCH POINT SUMMARY

I NCLINATIDN
¥1

La

CONE
LATITUDE
OPOWR

START OQF TRAJZCZTORY,

3.610570230 00O
1.0337223423 20
-2.06852277D0 00
7631060770 01
0.0
—1<245431432> 230

CLOCK
LONGITUDE
DROWD

THRUST ON

141924654840 02
6.020455560-01
4.5657394810 00
6.672519420 01
—£.975355590 01
6,.530838360-01

SWITCH THRUST OFF

1.08825737> 21
J.F65664360-01
1.3299231223-21
8.092104860 01
F.330652723 30
=1.278136203-01

1.25632040D0 02
=4 4460203160-01
1.8012584¢D-01
1.301452630 02
=1s6T379755D 02
1.309881140 €O

SWITCH THRUST 0N

1.08825737) 5}
T+10622057D«21
1.305273230-31
Te«293758790 01
1.081a42a825D 01
~2.649232772=-01

1.25632040D0 02
—2+85511823D~01
3«725147320-01
5706362440 0}
=~1«37868379D 02
1.17089652D 00

END OF TRAJECTORY, THRUST On

14243166502 01
TaB862621482-01
~4+0B80751532~01
T«957856502 91
=2.36285513D0 00
~3.7208674790-231

1.191131310 02
6695707070 ~01
B.725228400-01
24022546020 @1
~54,009352010 01
G«0306481530=01

ARG POS

v3

L6

HMAG

FLT PTH ANGLE
DEGRAD

1.800000000 02
=T+54731520D0-02
3.,310356990-01
1217642600 00
=9.H82721730~01
}.,003020000 0C

G.6FTHET45400 01
~1,201154030-02
—94J058536950-01

1.423959140 00
=~2.93507184D Q1

S«726068080-01

F.63835672D0 01
~7+20536006D~02
~8.547453840-01

1423952180 00Q
=2+65512448D 01

P.72606808D=-01

1.910410780 02
~2+232464320~01
S$.181773140-01
1351722080 00
2«6337632800~04
9.0641773290=-01

RMAG
MASS RATIO
[ 2 :
POYER FNCT
VMAG

CHI

1.01599843D0 00
1000000000 00O
1.0000C000D QO
9.79B629180-01
1.198640130 0¢Q
0.0

R.736T0624D 00

 8.713523710-01

1.77017914D DO
1.907430540-01
$+96945006D-01
9.000000000 01

2.0676545T4D 00
Ba.71352371D-01
1.77TQ17914D 09
3.13908T724D=-01
T«699490370-01
0.0

1.383438100 00
Ba331846790~01
1.884T39160 0O
6.064626290~-01
1.05658510D0 00
0.0

PAGE
TRAVEL
THRUST ACC
HAM
SWITCH FHNCT
PROP TIME
CHI REF

0.0 :
2.72282147D=02
=1.373000560=-02
5.238368410 00
0.0

0.0

2.529460510 02
6.08287T3110=-03
~1+37301267D-02
~1.27051147D-14
1.236831020 03
9.000000€C0D .01

2825622640 02
1.00425665D-02
=1.3730125670=02
~B+239936510-17
1.23683102D Q3
040

3.708292540 02
202263078002
—14373014410=02
8.16486183D-01
1397534440 02
a.90
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CASE 1

1+PRIMI( S$,0739096D 001
6, PO0OT3C 3.3103570D-01)
11, ACCEL( 1.64T785100-041)
16 TEKMEZ( Q.0 ]
213 THET1{ 0.0
262 THETE( Q.0
31, PHI31{ 0.0
A6+ PHIGL 0.0
41+PR1-AC 0.0
46,PD3-A( 0.0
51:PR1-B( 0.0
56 +PL3-8¢ 0,0
61 .PR1«C{ 0.0
66 4,PDIA-CL 0.0

1.DELTA X( 4.652450-06)

e G W e e e e e

ITERATOR SUMMARY

INDEPENDENT PARAMETERS

2.,PRIEM2({ 3.34BB3870 0J)
T«LMASS( 1.,00000000 001
12.,¥ JET{ 2.84392850 04)
17 1PARKT 0.0 )
22, THETZ( 0.0
27.THETT{ 0.0
3z, PHIZ2ZL C.0
37« PHI7! 0.0
42,PR2-A( 0.0
AT VINFAL Q.0
52,PR2~-B( 0.0
S7T,VINFB( 0.0
62.,PRA-C( C.0
BTV INFC( 0.0

[ N L R L T I V)

3PRIMI(~-2.15B51490 Q0)

Be LTAU( 0.0 }
13.,VINF1{ £.T7177410D 03)
184¥E-J1{ 0.0 )

23 4THETI( 0.0
2B ,THAZY3( 0.0
33, PHAI3( 0.0
38, P4Ial D.0
43 .PR3I-A( 0.0
48 .TIMEA{ 0.0
SA4PR3=3( 0.0
58 ,TIMEI( 0.0
63 ,PRI-CIL 0.0
68 .TIVMEL{ 0.0

F R e

DEPENDENT PAaRAMETERS

2.0ELTA Y{(-8.98292D-06)

3.0ELTA 2Z(-6.495T73D=0T)

4,PDOT1(~-2,.,04852280 0O)
G { 0.0
la.vINF2( 0.0
19,%¥ELD2( 0.0
244 THET4( 0.9
29, THETS( 0.0
34, PHLa4L 0.0
39, PAIGL G.0
44 PDLI-A( Q0.0
4G, K5aMPL Q.0
S4,.PDYI-8( Q.0
S59.k5AMPL D .0
G4,PO1~C0 0.0
69.KSAMPL 0.0

O e

4,DELT KDL 2.3923510-06)

S5.P20T21 4.5657308D 00}

10,0ECLN( 0.0 ]
15 TIMELI(=1,51 7TASGAD 03}
20,.,vELO3( 0.0 H
2G5 THETSI 0.0 }
30:LDEGRI-4.655926T7D=03)
35, PHIS{ 0.0 }

40.PHIIG( 0.0
45,4,P02=-A0 0.0
S50+KOROP{ 0.0
55,PD2~Bf 0.0
&0 KDRAOP( Q.9
65.PR2-C( 0.0
TOWKDROP( Q.0

P

SDELT YR(-6.471390=-06)

64DELT Z0( 1.012920-06) T { 0.0 ! B4 { 0.0 ) 9, < 0.0 ) 10 { C.0 }
11. POWER ( B.67100D 00) L2« { 0.0 ) 13.T«VINFI{=-1.06427D=06} la, L C.0 1 15, T+TIMELL T.733a%0-08)
16 { 0.0 ) 17 { 0.0 } 18, { 0.0 ) 19, ( 0.0 } 20, { 0.0 )
21, { 0,0 Y 22, { C.0 Yy 23, { C.0 ) 24, { 0.0 y 25, t 0.0 1
25 t 0.0 } 27, { 0.0 )} 28, { 0.0 }y 29, { 0.0 ) 30,T,DEGRD{ 2.21149D-08)
31. { 0.0 )y 32, t 0.0 }y 33. { 0.0 ] LYY { ©.0 Y} 35, ( 0.0 ]
2. { 0.0 }y 37, { 0.0 ¥ 328, £ Q.0 } 39 ( 0.0 P a0, Lt D.0 H
41, ( 0.0 Y 42 € 0.t} y 43, { 0.0 Y 44, { 0.0 ) 45, { 0.0 )
46, t 0.0 ) 4T, { 0.0 ] A8, I 0.0 } A9, ¢ 0.3 )} S50. { 0.0 }
51 (- 0.0 Y 52, [ C.0 } 53 { 0.0 } Ba, { 0.0 )} 55, { C.0 )
56y { Q.0 Y ST { 0.0 ¥} S8, { 0.0 } -1 { 0.0 } 60, { 0.0 )
&l { 0.0 )} G2 { 0.0 } 63, { 0.0 ) Ga&, { Q.0 1 65, { 0.0 )
664 { 0.0 Y67, ( 0.0 ¥ 68, { 0.0 ) 59, ( 0.7 Yy T0. { 0.0 )]
THRUST SWITCHMING TIMES (DAYS) 0.0 ON 1236,831 DFF 1357.153 ON 1517.856 UON
ELECTRIC PROPULSION PARAMETERS
POXER EFFICIENCY PROP TIME J PROP TIME RAAT IO AYE ACCEL
8.6710000072 0.53376020000 1397 453444460940 049382774144 09207290424 0.000180%291
MASS COMPONENT BREAXKDOWN
INIT AL PROPULSION PROPELLANT TANKAGE STRUCTURE PAYLQAD
2345,2405989059 262.6012352180 391 42220623053 39.,1222062306 Q.0

1652.295¢9515153

‘ SWITCH=-COUNT HISTORY ZeZabadedet At utss

204 TRRUST COMPUTE STEPS. 7 COAST COMPUTE STEPS
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CASE

H TIME  ECLIPTIC SOLAR
: LONGITUDE OISTANCE
L] 0.0 0.0 1.016
a 1.834 2.1 1.016
Y 2.644 3.1 MIN 1.015
e 13.958 16.2 1.024
5 83,425 8643 1.364
& 152.250 ‘114.2 1.867
5 173.189 121.2 2.016
4 226.549 135.4 2,372
5 339.728 155.6 2.992
7 267.083 159.4 3,118
7 539.712 178.8 3.679
S 546,123 179.a 3.604
4 555,803 180.3 3714
A T1e.156 194.5 3.913
5 748.378 197.5 3.922
% T748.744 197.5 3.922
&4 757.a03 198.3 MAX 3.922
5 759.268 198.a 3,922
5 946.761 215.3 3,742
S 983.421 Z16.0 3.729
4 1131.643 236.1 1,207
4 1157.452 239.7 3.103
4 1236.831 257.8 2.737
5 1296.317 265.5 2.320
7 1357.153  282.9 2.068
% 1394.950 2971 1.8a5
& 12432,834 315.0 1.636
S 1441,.845 319.9 1.591
& 1488.313  221,.3 1.579
A4 1936,468 322.5 1.569
4 1389,227 350.0 1,417
4 1517,072 370.1 1.383
3 1517.855 370.7 MIN 1,333
4 1517.856 370.7 :

1,383

MAX

MIM

MAX

MIN

MAX

MIN

max

WL 2441988 3.06570503D 01 _GeMsTe
24559032 361D 00 JULIAN DATE

" PLANET 4.96

X

38494001

Y

~B+86484510-01 Q.
5/C 4.96284940=-01 —-8.86484510~-01 0.

SEPTEMBR 161, 19868 1aJ2209000D 0L GaMals
2827321,2180 09 JULIAN DRATE

S/C B.86

EXTREMUNM POINTS 3= SELECTED FUNGTIONS
COMMUNICATION SHITCH , THRUST ANGLES INPUT ARRAY
ANGLE DISTANCE FUNCTION st THETA, PHI POWER ANGLE
B6.1 Ge 0 ON  S.24D 00 ~15.9 Gaal 93 .9 8.5 ON 0.0
87.7 0.01 S5.250 00 ~15.8 93.4 93.3 MAX 8.5 Q.0
AB.& 0.01 5.250 @0 157 93.1 53.0 a.5 0.0
8.7 0,05 MAX S.30D 00 ~1la.4 B88.+8 8849 Bes [: 1}
16640 Q.38 4,450 00 -0t 69.7 69 .7 5.5 0.0
115.4 1.22 3.830 GO 1941 62.8 MIN 64.5 3.3 0.0
101.0 1.58 MIN 3.30D 00 2446 62.0 B4 .8 2.9 0.0
67 .2 2.57 3.940 00 J6+5 MIN 6143 67 +3 2.2 Q.0
0.9 4.01 4,350 00 5145 63.0 73.6 1.5 [ 1Y)
16.9 MAX 4.07 4.70D 00 53.6 63.7 T4 B 1.3 0.0
171.8 MIN 2.70 . S.130 00 61.0 68.7 79.9 1.0 0.0
178.3 2.71 5.13D 00 61.1 . 68.9 B0 .0 Q.9 Q.0
167.8 2.75 MAX S5.130 00 6ls3 69.2 BC 2 - 0.0
24.1 4.82 ’ 4.850 00 MAX 62.7 73.5 B2 .5 0.8 0.0
248 MAX 4,93 4.590 00 62.7 74,3 B2.9 0.8 0.0
2.8 4,93 a.5%320 00 62,7 7443 82 .9 0.8 0.0
Gab 4.93 4,530 00 62.6 T4e5 83 .0 0.8 0«0
T8 4,92 4.53D GO 62,5 T4:6 83.0 MIN C.8 0.0
172.0 2.76 3.230 00 59.7 ‘ 783 84 .8 Ve 0.0
168.6 MIN 2.75 3.17D 00 . 59.% T9.0 84 % . 0.9 0.0
17.6 MAX a.16 1130 00 4T 83.+6 BS.7 1.2 0.0
6.7 4,10 B.55D-01 43.7 G4.5 B6Gal 1.3 0.0
St.n 3.25 OFF -1.27D-1s 21.5 88.1 85 .2 1.7 0.0
89.3 2:22 MIN =2.,37D-01 L TR EhxEEX L LR Ged 90.0
13a,8 1.24 GN ~3.240-17 =44.5 9846 G6 .1 2T 0.0
158.0 0.87 3.37D-01 -54,7 102.7 97 »3 3.3 0.0
133.2 MIN D0.76 6e35D-01 =589 105.2 97.8 4.0 D0
125.7 0.77 T.170-01 -5%.1 105.4 MAK 97.8 T 8,2 . D40
1z23.8 0.77 7.330-01 =59.1 MAX 10S5.% 97 .8 4.3 0.0
12241 077 T+850=01 NIN ~59.1 : 10548 97 .8 4.3 0.0
97 .8 0486 MAX Bl.79D-01 -56.3 1246 96 49 S5l Ce0
BYed 0.96 B.200-01 =51.3 98.5 95.3 MAX 5.3 0.0
g9.2 0496 8.150-01 =51a} F8eb 95.2 ' Se3 0e0
89.2 0«?6 ON 8.15D-~01 =511 PBed 5.2 - Se3 ON 0.0
MISSION SLHEDULE
DEPART EARTH
4 xDOoT YDOoT ZDoT RADIUS LAT,. LONG o
o B56IISTH0-01 4.B84968630~0)1 G40 1.0159984D 0O 0.0 ~50.7T53
o 1403372290 00 6.02045560D-01 —7.5473152D=02 1.0159984D Q0 Qa0 -60.753
ARRIVE AT TEMPEL I1{1988)
H x0T Yoor zoar RADILUS LAT, LONG
PLANETY 8.86766630=-01 ~1.06031390 00 —=5,70356170-02 ¥.85625975D0-01 6.69S577180-01 =2,23247440~01 1.36342820 00 =2+363 =50,093
7852521 50-01 S+69570710-0) =2.23246430~0} 1238343810 00 ~23363 ~50.09%

X

TTI280-9Q1

Y

~1.0603228D 00 =S5.7036267T0~02

TwO=-BODY TRANSFER ANGLE BETWEEN

EARTH

AND TEMPEL II(198AF 1S5 10,9158 DEGREES.



¥3

CASE 1 { CONVERGED) PERFORMANCE SJUMMARY

EARTH TO TEMPEL II{198B) WITH FIXED ARRIVAL EXCESS SPEED

ARRIVAL AT TEMPEL TI{198B) PERIMELICN

LAUNCH VEHIGQ.E IS TITAN 1II E/CENTAUR {COEFFICIENTS = 167238.9500
L0 = JUL 21, 19B4s 20.6671 HOURS GMT

JULLAN DATE 4590343511

AD = SEP 1&, 1988, 17.2200 HOURS GMT
JULTAR DATE R7421.2175

ELECTRIC PROPULSIDN SYSTEM PARAMETERS

3480.2038 1753.6965)

FLIGHT TIME = 1517.B564 DAYS,

EFFICIENCY COEFFICIENTS

ALPHA A {(KG/KW) ALPHA T (KG/AKW) TANKAGE FACTDR STAIUCTURE FACTCR B & (KY/SEC) E
15.00C0 15.2850 X Q.1000 0.0 tte53376 C.0 Qa0
ELECTRIC PROPULSIDN SYSTEM HMASS SUMMARY (KG)
INITIAL POWER PLANT PROPELLANT TANKAGE STRULTURE NET MASS
2345.2406 262.69012 3Sl.222} 39.1222 0.0 1652.2951
ELECTRIC PROPULSION SYSTEM PERFORMANCE SUMMARY
PIT Au) (Kw) PIHSKP) (KW) P{TARG) (KwW) T4R{1 AU} (N) ACC{1 AU) (M/SEC*¥*2) ISP (SEC) EFFIC CHAR DEG (DAYS)
B.6T10 0.0 5.2586 C«38646] 1.6378510=-04 2900.000 Ta53376 T«12100000 03
. COMSTRAINED MAX
EXTREME TRAJECTORIY AYD PERFORMANCE CONDITIONS
MAX DIST (AY) MIM DIST (AU) MAX POWER (KWw) MAX THIUST (N) BURN TIME (DAYS). DEGRD YIME (DaAYS) TRAV ANG (DEG)
349221510 1.015537;§ B8.458784 0.37B78515 1397.5344% 259,744 370.82935

. CEPARTURE AND ARRIVAL CONDIT IONS

PARK INC {DEG)
28.5000¢

DEP VINF (M/5EC)
&717 74104

C3 (KM*#2/SEC®%x2}
45.1280456

DEP DECL (DEG)
—5.T634

ARR WINHF (M/S5EC)
0+20776

C4 (KMea2/SECKEZ)
0.000000



C. MULTIPLE BALLISTIC SWINGBY MISSION

This computer run demonstirates how the program may be effectively used

in the investigation of all-ballistic missions (with electric propulsion absent).

In general, trajectories are forced to be all-ballistic by setting the pro-
pulsion-time adjoint variable X8 to a "large' negative number (X8 = - 1.D3)
with respect to the mass ratio adjoint variable X7 = 1.D0, These settings (to-
gether with the reference thrust acceleration X11 =1.,D-4, jet exhaust speed
X12 =1,D0, and non-zero primer vector components X2 = ,1D0 at the launch
planet and X42 = ,1D0 at the first intermediate-target) guarantee that the
electric propulsion thrust switch-function will be maintained negative, yielding
- ballistic flight at all times. The electric propulsion specific masses ALPHAA
and ALPHAT are also set to zero, so that the net spacecraft mass equals the

launch vehicle payload.

The particular ballistic mission simulation demonstrated here involves
a March 6, 1985 launch of a 1,635 kg payload by an Atlas/Centaur launch
vehicle (using the launch vehicle selection default-value of MBOOST = 0; actually,
changing MBOCST alters the payload mass computation but not the C g OF the
trajectory).

The primary target is the Earth, specified by MOPT3 = 3, and there is
one intermediate target, the comet Giacobini-Zinner, specified by MOPTX = 41,
The launch occurs fifteen days before (X15 = - 15.D0) the reference date
(MYEAR = 1885, MONTH = 3, MDAY = 21), and the spacecraft passes Giacobini~
Zinner 174.22 days (X48) after the reference date and arrives back at Earth

353 days (X16) after the reference date.

Ten days after passing Giacobini-Zinner a deep-space burn (of 188.9
m/sec) makes possible the re-targeting to Earth, This is accomplished by

‘inpufting TDV = 1.00010D5 together with X64(2), X65(2), and X66(2) = 1.DO0.

DRTEINAL PAGE 1C

TG0V QUALTY
85



The deep space burn velocity-increment (X64, X65, X66) initial guess is the

zero vector, by default. The deep-space burn could just have well occurred
before arriving at Giacobini-Zinner (e.g.,, TDV = 2,00005D5)., The iteration
sequence consists of a 6x6 hunt, with the independent variables being the initial
heliocentric velocity at Earth (X18, X19, X20) and the deep-space burn velocity _
inerement (X64, X65, X66), and the dependent variables being the position target-
ing at Giacobini~-Zinner (Y41, Y42, Y43) and at Earth (Y1, Y2, Y3). The setting
MAXHAM =0 is made to avoid an unwarranted BAD HAMILTONIAN warning

message due to the presence of the deep-space burn.

The detailed printout of the iteration sequence is omitted by setting
NPRINT = 3 (compared to the default value NPRINT = 7}, and three extra lines
are added to each print-block by setting MPRINT = 2,

Finally, the multiple ballistic swingby option is invoked by means of
MOPT4 = -3, 42, which directs the spacecraft to swingby the primary target
{Earth) in such a manner as to re-target to Earth (MOPT4(1) = ~3), and then,
at the second Earth passage, to again swingby in such 2 manner as to target to
the comet Borrelly (MOPT4(2) = 42). Furthermore, the first Earth swingby is
specified as unpowered (MSWING(1) = ~-1) having T2(l) = 480 days as the initial
guess of the Earth-to-Earth transfer time, and the second Earth swingby is
specified to be powered (MSWING(2) = -5) with a specified transfer time from
Earth to Borrelly (T2(2) = 127 days) and using the input Earth-departure helio-
centric velocity initial-guess XSWING(1,2) = .62D0, .91D0, 0,D0. Both swing-
by iterations converged, and the powered-swingby incremental speed turned out
to be -13,7 m/sec, the minus sign denoting a braking burn. The default value
of TGO = - 1.D0 resulted in the printout of several pages describing the tra-

jectory segments following the time of primary target passage.

It should be noted that the trajectory simulation would have terminated
at the primary target (first Earth encounter) if MOPT4(l) were zero, and would

have terminated at the second Earth encounter had MOPT4(2) been zero, The
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mission, as simulated, thus consists initially of a comet-flyby, followed by a
second comet-flyby making use of a double Earth-swingby to reach the second

comet,

The inputs for this computer run are listed below, and the resulting pro-

gram output is displayed on the following pages.

SMINPUT X7=1.D0,%2=,100,X42=,100,x8>-1,D3,ALPHAA=Q DD, ALPHAT=0.00

X64(2)=1,00,X65(2)=1,00,X66(2)=1,.00,X18(2)=1,D0,X19(2)=1,D0,X20(2)=1.D0

Y1(2)=1,D0,Y2(2)=1.00,¥3(2)=1,00,¥41(2)=1,00,Y52(2)=1.D0,YL3(2)=1.00

MYEAR=1985,MONTH =3, HDAY 21,M0PT2=3,M0PT3=3, HOPTX b1,X11=1, D &, X12 1.D0

TOV=1, 0001005 X15=-15 Do, X16 353.,00,X%X48= 17&.22D0
X18=-8.3276D~ 2 X19==-1, 003&“0 X20=-2,01430-3
T2=4380,D00,127,00,XSWING(L, 2)— 6200,.91D0, 0,00
_MOPTH="3,Q2,MSNING=-1,-5,MPR!NT=2,MAXHAH=D,NPR1HT=3'&END
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S4999399999PIFXIID—0G

¥5T = 0.0 . 0.0 .
¥58 = 0.0 » 0.0 * G P99 9GFIYIFIFAIFGD-05,
Y59 = 0.0 . 0.0 - G 9992020999979 0=05,
Y&0 = 0.0 * 0.0 . 9.99953999099399990-05,
Y&l = 0.0 . 0.0 . Fe 3993929999935 95D-05,
Y62 = Q0.0 . 0.0 . Fe9G939399999999990-05,
¥53 = 0.0 . 0.0 . C.9533099599959990-05,
Y&a = G0 . 0.0 . 9. 9953990993909 953D-05,
Yé&s = 0.0 . 040 ] F+9IRRI999Q0FGOAD=05,
Yot = 0.0 . 0.0 * F.999393999993039D-0D5,.
Y6r = 0.0 ' 0.0 . 2.99933939993993990~05,
Ye8 = 4.0 . 0.0 . Ga9979999399999939D 05,
Y69 a0 + 0.0 - . P2 99093993999 3939930-05
Y70 = 0.0 + 0.0 . Q. 59932999995933990-05,
EDUTPUT
AAI= 0,0 . +AE= 0.0 s AL?HAA= Q.0 A ALPHAT= 0.0 «ALTITUx
0.0 » AN= 1+500000000000000 +AR=  1.202000000CQ000D0 1 ASOLE Q.0 s D0 13
0.0 + 0.0 » 0.0 «Bl= 0.7600Q000000000000 1B1= 0.0 «B2=
0.0 +183= 0.0 sCNI= 0.2 sCNIX=  31.873724000000C00 + 0.0 '
0.0 v Cal » 00 1 CSTR= 0.0 +»CTANK= 0.2G999999959999990~01 4
CTRET= O.11312141%11211111%1 »DIm 13.00000000000CD0 #JURETR= 0.0 DPOWE 0.0 sECI=
0.0 +ECIX= 0,.,7C755350000000C0 v 0.0 « Q.0 « Q.0 - .
Q0.0 +EIlI= 0.0 + EMUODD= D0 +EMJDOX= 0.0 .
0.0 » 0.0 v Q.0 vy 0.0 + GAMMA X= 1.000000000000000 TGAP=
0.99999999999999990-04 JHOUR= 12.0000C000000000 «OMI= 0.0 fOMIX= 195.2073800000000 .
0.0 ’ s« Ca0 r Qe s 0.0 +PORFIX= -1,000000Q000000C0 »
PSLGN= 1«00000000000C000 »RADDDD= 1.00000000C00C0Q00 +IADDODX= 1.00Q0000000000000 ¢ Qa0 »
Q.10 s 0.0 » 0.0 «RAP=  38.0000000000000Q 2REVS= 0.0 .
RPER= 2.0000000G0000000 +S5AI= 1.0C00000000C0000 WSAlX= 3.516014000000000 v 0.0 ’
Qad +» DO » 0.0 . 1501= 0.0 +S0IX= 172.4822300000000 -
G0 . +» U0 v De0 v DD + SPIRET= 300.0000000000000 .
STATE= 1.000000000000000 s 0s90 « 0.0 + 0.0 . 1.00000Q00Q0QQ0Q00000 .
Q.0 +STEPLI= 0,3125000000000000D=01,STEFP2= D.1250000000000000 2TLOAST= 0.0 .
Q.0 « 0a0 v Du0 « 0.9 + 0.0 [
0.4 « 0.0 n CGeD s DO » 0.0 .
0.0 e DeQ v D0 + 0.0 » 0.0 M
G.0 v 0.0 » D40 « D.0 TOV= 100010,0000000000 » TGO=
~1.00C0C0C000CO00Q0 + THRET= 400.0000000000000 #TOFF= =1 .000000000000000 » —1.0000003000GC0000 + =1,0000000C0C0GQ00Q [
=1.0000Q00000000000 v ~1.0000000CQ000000 » -1l «000000000000000 + ~1.0000000000G0D0Q s —1.000000Q00000000 .
~1.,0000000000C0000 » ~1.0000000C0000000 v =1.000000000000000 e —1.0000000C0000000 s =1.0000CC0000000C00 .
=1.0000000000C0000 « =1.00C00000C00000C0 + —l.000000202200000 + —1.000000000000000 1 =1.000Q0000000Q000C0 .
~1.000000C£000C0000 + —1.000CC0000000000 «TPI= 0.0 : +TRIX= 168.1958333333332 r D0 L
0.0 r 0.0 v 0.0 +TPOWER= 0,1000Q00000000000D 31.TSCALE=
1.000000000000000 T 25 480.0000000000000 * 127.0005000000000 - 150.0CG0000CQ00QG0ED » 200.0000000000000 -
250.00000000000040 . 300.000000C000000 . 350,00C00D000C00Q - 400.0000000000G56G0 . 450.0000000000000 .
$00.0000€00000000 s XANGI= Qa0 XANG2= 0.0 1 KSwlNGs 0.0 .
.0 s 0.0 + £.620C00Q0000230000 v 0.910000Q0C000000000 o 0.0 .
Qa0 + 0.0 » 00 » Qa0 v D0 .
0.0 v 0.0 » 0.0 » a0 v Oa0 .
0.0 ¢« 0.0 v 0.0 +« Da0 » 0.0 "
a.0 + Qa0 v 0.0 s Ga0 » D.0 ]
Q.0 s U0 v Da0 » 3a0C » XO= 1.000000000000000 *
0.0 » 0.0 v 0.0 » 1.000001500000C00 » Q.0 »
0.0  IBAL= - O» INTPR= Qs [OUT= O+ IRK= 11 lRL= .14 IROT= QISP IN=
O ITF= A.ITPRNT= Oy JPP= DsJPRINT= 0»dT= Dy KPART= Q. LAUNCH=
Q.. 0ADX= Oy MAXHAMS O »MBOOST = T MDAY = 21+ MODE= 43 MONTH= ! A.MHMOPT=
O.MOPTX= a1 [+ 3% O O 0+MOPTZ= 3.M0OPTIA= 3+MOPTA= -3
A2, [+ 39 Qs Qe Je O [+ Q. OeMPON= [+
MPRINT= 23 MPUNCH= 0+MREAD= DeMSKRINS= - ~1ls -5 Oy [+ 8 O
0. [+ Qs O J e MY MASS= D« MUPDAT= 1 sMYEAR= 1985 «NOLST=
J o NHUNG= 25sNORMAL= O +NPERF= CuNPRINT= 31 NSET= [ [+ 1Y 300,
O 300« NSW ING= Dy NSHPAR= - 1. NTAPE= 17

CEND
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CASE 1

NO.  IMDEX

e N -
o
o

NO.  INDEX

[ T
-3
-

_ VALUE

~B.3276000000000000D-02
=1.00340000000000000 00

C =2.0143000000000000D=-03

C.0
[ Y]
0.0

I TERATOR PARAMETERS

INDEPENDINT VARIABLES

STEP LIMIT

1.000000000600000033 02
1.00000000000000000 0D
1.0000C000000000000 00
3,0000000000000003D 02
3.00000000000000060 00
3.00000000000000000 00

DEPENDENT VARIABLES

YALUE

0.0
0.0

0.0
[«
0.0

THIS CASE IS CONVERGED.

8 TRAJECTORIES wWITHOUT PARTIAL DERIVATIVES AND

mmnﬁ 4004 JO

o1 AOVd TVNIOIE0

TOLERANCE

$+99999599599999330D-05
F+999%999999939G59330D-05
B FIYIIGIIFIRRFGIID-NG
0299999993 0959399030-03
D VD299 999999999 30=035
P 99999 999 99999990003

PERTURBATLON

99T IIVIIPOD-05
9+439939999999999900-05
949399999999999990D~05
1.0000Q00000000000D-08
1.00000000000000000-08
1.C000000000000000D~08

WEIGHT

1420000000000000000
1.00000000000000000
1.00000000000000060D
1.00000000000C00000
1«00000000000000000
1.000000000000000060

3 TRAJECTORIES WITH PART [AL DERIVATIVES REQUIRED Fpm THIS CASE.
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XIrTyal ¥004 40
gF @9Vvd TYNIOIHO

CASE 1

TIME

R1

L

LG

PST

R1 REL

5/C NUC MAG
RI REL ECL

EARTH

0.0
=2.62222104D-01
0.0
G0
=F.816T16520=-02
~3.49582889D0 08

1.912533690 01

=3.T9705824D0 07

GIACOT-ZINIIGES)

1.8%2200000 02
Fe960T278630~-01
8.905341390-02
2.0
9.1181237630-02
=1 .634932600 01
=1 +698502370 01
=8 .552795 70D 00O

GIACOB~ZIN{1985])

1.8B92200000 02
Q.960727850~91
Ba.90534] 239002
0.0
911813763002
~1.20B7454450 Q7
1.5T739%077D 01
1.249239230 Q6

DEEF SPACE BHURN

EARTH

J.H80000000 02
-9.734610710-01
4.,a823972260-02
0.0
-1 .648833689D0-02
Y«37043768%0 02
-4,526972090 04
=3.245200580 0%

-7.587092060
=1.429000% 8D

=2+.3874581 00
~1l.826888580
=1.1 0128050

—B+304507040D
=4 a49482319D
~Ta580248210

SEMI=MAJOR AXIS ECCENTRICITY

R2

L2

LC

THETA

R2 REL

5/C TOT MaG
R2 REL ECL

P+966431370~01
2+422123450=-01
1.0000C0000~C1
Q.0

01
og
o1
a8

L.89370829D
3,398198320

P:966431370~01
2+.692757310-01
S»195455710-02
0.9

1.513198430 01
ai
o1
[ §

$.966421370-01
2,69279731D-01
£.195455710-02
0.0

1.5131984 30
6.81851853D
1+334148520
6.923702200

a1
o7
431
or

1868.9 METERS/SECOND AT

R.986165720-01
1.957986300-01
S«72647197D=01
Q.0

o1
a3
[+ 1]

44591343250 03

=1 +&648760240D

=1.0000C000D

R3

L3

LPHI

PHI

R3 REL

GED NUC MAG
R3 REL ECL

9.87735807D-02
0.0
0.0
0.0
T.587094180
3.840250440
1.912533690

o1

01
o8

END OF TRAJECTORY SEGMENT 1.

9 »87 735807002
8.909602210~04
2,.,915005070-04
0.0

1.513225260 01

=1.407311070 01

F 511060130 01
6+4)T390670-01

START

9.8772358070-02
8.209602210-024
2451500507D~04
0.0

1.513225260 01
1.332867580 0%

~1.000000000 30

1.332867580 05

1.030847080-01
5+66445051D=08
P 08642T06A0-04
0.0

B4304507070
8473961320

B8 +47396132D

or

SUITCH PDINT SUMMARY

FHCLINATION
L

L&

COME
LATITUDE

vl REL

SEQ TOT MAG
vl REL ZCL

START OF TRAJECTORY,

1.,012293330-21
“1.48125¢593-21
b.0
9.673317390 01
C.0
4.084347%02D 211

1.893708252> 01

=2.417045180 01

1.,01229530D=-21
=~1.651083033-014

NODE

va

L5

CLICK
LONGRTUDE
- ¥ REL
ANGIV.R)
v2 REL ECL

THRUST OFF

34458709420 02
—9.351537530-01
0.0
2.823917620
1.658703420
=1+50317S5770
2710054350
=3.89301082D

o2
o2
o1
o1
o1

3.858709420 02
9.527120150-01)

T.030975572-02 =5.991054340-02

9.010628970 01

4494735194222

5.033225320-21
l «339544310 DI
1.5586000623 30

OF TRAJECTORY SEGMENT 24

1.012295300-01
-1.65104%052~01

T=627306110
1.51273063D
—1.392004540
8.832212590
—3.52043428D

o1
ol
03
o1l
99

THRUST

3.458709420 02
P.527150150-01

7.0306755373-22 -5.971054940-02

94010628370 01
4294735194032
=9.B26659340 20
—i.000000000 30
=1.015951260 01

199.22 DAYS

END OF TRAJECTORY,

1.0792551a4p-01
=2+543430530-22
~4.716424172~-01
P+612970400 D1
3.268511273-26
=-3+55105422D0 04
=1.000000200 30
3.516379180 00

Te527306110 ©1
1.512780630 01
=2+.6367T73230 0O
14547059360 02
=7.470%70320-01

THRUST OFF

3.4860292000 02
=1.0018a2%580 QO
G+017T742720=02
2.827036970 02
1.636274650 02
“1776539290-01
1.769965160 02
~-54259509980-01

ARG POS

¥3

LG

HMAG

FLT PTH ANGLE
W3 REL
ANGLV XY 3

v3 REL ECL

1.800003000 02
~1.768323210-03
0.0
9.934383060-01
=5,66291334D 00
=1.,453723040 0O}
~1.84724312D 0}
2.298560b687D 00

THRUST OFF

2.925650260 01
1-535%1126430-03
~1+249%33590-03
9.93438306D~-01
Se226272890 01}
1.51302097D 03
447452085770 Q)
4=024222310 Q1

QFF

2925690260 01
126112643003
=1 24999359D-04%
Ye3343030060-01
S.29G2T289D 00
4.649802006D-08
2«61512895D0-01
4.649802060D-02

1.7999820650 02
=1.885530520-0C3
=1+065531000~-05

Q939428660 -0C1
~54335020270 00
~54616036930-02
=9.04932B670~-01
=5:616036930-02

RMAG

MASS RATIOD
Ly

POWER FNCT
VMAG

RMAG REL
RMAG ECL

9 .922382820-01
l.C0CC0C20D 0O
1000000000 00
1.00991973D0 00
1.00611892D 0O
3796095180 08

3.79609516D 0B

1.02183011iD0 00
1.CR00C0000 CO
1.,00C000000 00
T .603559020~01
P ,669205880-01
3.237683210 01

30217683212 ©1

1.031830150 00
1.00C0000020 00
1.00000000D CO
9 +603559020-01
P.656920588D-01
GaP2484193D 07

52924841930 Q7

P.929569T8D-01
1.00000000D ©Q
1.C0000000D 00
1 +008957940 00
1.00637995D0 0O
4+591465B820 03

42591465820 03

PAGE
TRAVEL
THRUST ACC
HAM
SWITCH FNCT
PROP TIKME
¥YMAG REL

VHAG ECL

Q.0
1.70303186D-02
=2+479404650-02
=8.850362410 04
Q.0
4.58807963D0 01

%.588079630 01

2.092569C30 02
1.619452160-02
=24473404690~02
=%,1534069050 04
0.0
2.060510690 01

2»060510690 01

2.092569C30 02
1.619452160=02
~2a479404690=02
-2+153409050 04
Q.0
12018745010 Q1

1.0187459010 01

3.627565180 02
1.70147784D-02
—2+520507910-02
~8+855672360 04
0.0
3.55593883D0 00

3.555938830 00
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CASE 1

1+PRIMIC
64+POOT 3(
11 . ACCELY
16.TIME2(
21, THET(
26+ THETG(
31, PHILAL
36, PHIGL
41 ,PRI=A{

0.0 }
0.0 )
1400000000~04)
3.53000000 O}

Q.0 H
0.0 }
C.0 )
0.0 }

8.90534140-02)

46,PD3-A1<1.24999360=04)

51,PR1-8(
' S6.PRI-B¢
51.PR1-CI
65,PD3I-CL

G.0 L]
0.0 )
Q.0 }
1.45433320-04}

1:0ELTA X(=2.,169930-07)

ITERATOR SUMMARY

INDEPENDENT PARAMETERS

Z2.PRIM2( 1,00000000-01) IPRINI( DaO ¥ 4,,PDOTIL 0.0 } SyPDOTZ2L Q.0 ]
TTLLMASSE 1.0000000D 0O} 8¢ LTAJ~1.00000000 03) 9 L 0.0 ) 1Q4DECLNL 0.0 . }
124V JETL 1.00000000 00} 13.VINFLIL 0.0 . ] 14.VINF2( Q.0 ) 15 TIMEL{~1,.50000000 01}
17+IPARK( C.0 ] 18.VE_J1(=1.4812547TD~01) 19 VELIZ(~9.95153750-01) 20,VELO3{~1,76892320-03)
22, THET2( 0.0 Y} 23,THET3{ 0.0 P 24,THET4{ 0.0 } 2S5.THETS( D.0 }
27, THETYL( 0.0 Y} 2B.THIYA{ 0.0 ) 29+ THETS( D .0 ) 30.LDEGRI 0.0 )
32s PHIZ2( Q.0 Y 33, P413( 0.0 ¥} 344 PHIG{ 0.0 ¥  35. DPHISC 0.0 H
37+« PHI17L 0.0 ¥ 3B, HAI3( 0.0 ) 3¢, PHISL 0.0 ) 40,7HTI10L 0.0 }
42.PRZ—A{ 5.1954557TD-02) 43,PR3I-a[ 2.9150051D~04) 44 .PDI=Al T.0309T7560=02) A4S5.P02-A(-5.39105490-02}
AT+ VINFAL 0.0 } 48 .TIWMEA( 1.7422000D 02} 4G,KSAMP{ 0.0 } SO0.KOROP( 0.0
€2.PR2-BL 0.0 ) S3.7R3-30 0.0 }  S54,P0DL-8( 0.0 P 55,PD2-B{ 0.0 ]
ST«VINFOL 0.0 }  S8,TIVEBL 0.0 } SPKEAMPL{ Q.0 } ©O0.KDROP{ 0.0 H
62.PR2-CL L. 0 ) 63 PRI-CL D.0 } 64,PD1-CL 5.57)43290-03) 65,PD2-C( 3.03094120-03)
6T VINFCL 0.0 ) EBZTIMEI{ 0.0 } 69+ KSAMFP( 0.0 } TO.KDROFP{ 0.0 ’

DEPENDENT PARAMETERS

2+DELTA Y( 3.069100-05) 3.DEiTA Z{ 5.6564450=08) 4y i 0.0 ] S { Q.0
S, ¢ 0.0 ) Te { ¢.0 ) -8 { 0.0 ¥ 9. { 0.0 )y - 10, { 0.0
1%, { 0.0 | I - { 0.0 » 13, { C.0 H 14, ( 0.0 ). 15 { 0.0
16, i 0.0 )} 17 t 0.0 ) 18, { 0.0 ) 159, { 0.0 ) 20, { 0.0
21, ( 0.0 ) 22, { 0.0 y 23 ( 0.0 Y 2%, { 0.0 ) 25 { 0.0
26, { 0.0 P 27 ( Q.0 } 28 [ 0.9 1] 29, { 0.0 ) 30. { 0.0
31, ( 0.0 P 32, { C.0 } 33 ( Q.0 ) 3a, { 0.9 } 35, ( 0.0
b, { 0.0 Y 37, { 0.0 ) 38, { 0.0 ) 39, { 0.0 )l at. ( 0.0
A1,DEL X A(=S.71T71480-08) A42,DFL ¥ A{=«2.,07305D0=07) 43.,0EL Z Al 4,28%73D~09} 443, { 0.0 } 85, L 0.9
AG . ( D.0 ) AT { 0.0 P a8, { 0.0 Y 49, { 0.0 } 50, ( 0.0
Sl { 0.0 ) 52. { 0.0 ) 53, { C.0 84, L 0.0 } 55, { 0.0
S5 { 0.0 } 57, { 0.0 )} 58, { 0.0 } 59, { 0.0 } 50, { 0.0
&1, { Ca0 ) E2. { 0.0 Y &2, ¢ 0.0 ) 64, L 0.0 } 65, { 0.0
.1 { .0 | - ¥ t D.0 LI -2 { 0.0 } 69, { 0.0 ) Y0, { 0.0
THRUST SWITCHING TIMES (DAYS) G UFF 189.229 VvIZIT 199.220 oK 368,000 OFF
ELECTRIC PROPULSIDN PARAMETERS
PONER EFFICIENCY PROP TIME J PIOP TIME RATID AVE ACCEL
18175.6839354432 g.00000000AS 0.0 ' Qa0 0.0 . 0.0001000000
. MASS COMPONENT BREAXKDOWN )
INITIAL PROPULSION PROPELLANT TANKAGE STRUCTUIE PAYLOAD
1634.7360602603 0.0 0.0 Q.0 0.0 1634.7360602603
SWITCH-COUNT HISTORY ALL 5
0 THRUST COMPUTE STEPS.

52 CDAST COMPUTE STEPS

e mer e e e e W ke Yl o W NS W N
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CASE 1 EXTREMUM POINTS 07 SELECTED FUNCT IONS

PAro

> rr0

TIME ECLIPTIC SOLAR COMMUMICATION SKITCH THRUST ANGLES INPUT ARRAY
LONGITUDE DISTANCE ANGLE DISTANCE FUNCTION PS1I THETA PHI POWER ANGLE
0.0 0.0 0992 I8 0.0 OFF -8.35D 04 L2 KRR EN LET S Q.0 ON 90,0
82.559 93.1 MIN 0.8%98 S o6 0.23 -8.17D 04 ook A EEEH K& LRLE Y (o34 ] 90.0
LT72.513 200.2 l1.016 TTes MAX D7 -%.03D 0a ok kk ok LES 3 13 AL LS Ca0 90.0
19,220 209.3 la032 T9.9 D.26 GFF -9,150 04 *xdkk ¥t MERK AL Qa0 0.0
199,220 209.3 1.032 TR2.9 U+36 OFF -9.150 08 wokkkk xRk R * moE Nk 0.0 S90.0
1992.220 218.3 1+047 82.5 0445 OFF ~9.27D 0a ok ok LEL R3] * Aok Dald 90.0
26T.702 275.6 MAX 1.102 106.2 0.29% ~Q.720 Oa LELZE (L2122 [ 2221 Qa0 90,0
368.000 262.8 0993 10168 C+00 QOFF ~B.35D 038 L2 1 x] L E ST} LA L Q.0 ON 90.0
CASE 1
MISSIIN SCHEDULE
-—MARCH &, 1987 1.200000000 Ol GaMsT, .
e ———— 224 0131 4 0000 00 JULIAN_DAYE CEPART EARTH
X ¥ z XpOT Yoor ZDOoT RADIUS LAT,. LONG «
PLANET =9 ,.,622221C0=01 2.422123320-01 0.0 -2+6045)55D-01 -9,73554920~01 0,0 9.922353980-01 0.0 165,871
S/C -9-62222}00—01 244221234D-01 Qa0 =1 4481253 70-01 =2.95153750=01 —L.T6H92320=03 9,9223898D=01 0.0 165.871
SEPRTEMAR 11, 19685 _ _1.72800000D 05_GaM.Ts
_— 248632022200 00 JULIAN_DAIE PASS GIACDA=-ZIN({$8S5) AT 20.605 KW/SEC
' X ¥ z xpOT YooT oot RADIUS LAT. LONG &
PLANET P.56072850-01 2.69279940-~01 B. 9095593008 ~2,1733271D-01 1.0709143D 00 ~5.78352090-01 1.03183020 Q0 0.049 15.128
S/C Q.GEOT2TR0~0] 2aH927973D=-01 B.90960220-04 =1.5310431D-01 G«52719010=-01 1+56112640-03 1.03183010 00O O.0a%9 15.128
TWwO-BA0Y TRANSFER ANGLE BETWEEN EARTH AND GIACOB-ZIN(1985) IS 209.2569 DEGREES.
——HARCH 9, 1985 _1.200£90000 01 G.MaT.
BA8629F, 0000 00 JULIAN_DATE PASS EARTH AT 2.556 KM/SEC
X Y Z xoar ¥YDOT ZDoT RADIUS LAT. LUMNG
PLANET =9,73460850-01 1.9576794D~01 0.0 ~2.13%9335D-01 -9.8418468D=-01 [+ ] 992950 T10-Q1 D0 16B.629
0.000 168.627

S5/C —9.73461070-01 1.95798630-01 S.66445050~-08 -9,54383)50-02 ~1.00184300 00 =1.B83553050-03 9.92056980=01

TWwO-80DY TRANSFER ANGLE BETWEEN EARTH AND EARTH Is 2«7583 DEGREES.

L T —— —— T L i ey e e 7 T . . L e v 7 = B
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PERFORMANCE SUMMARY

CASE 1 (CONVERGED} : //
J//N\\) . EARTH - TQ . EARTH FLvay - )
1653.7180)

A652.7T918

WITH YISITATION OF GIACOB~ZIN{(1985)
7T350.1300
368.0000 DAYS.

{COEFFICIENTS =
12,0000 HOURS GWT FLIGHT TIME =

LAUNCH VEHIC.E IS ATLAS(SLVIX)I/CENTAUR
LD = MAR &, 1985, 12.0000 HDURS GMT AD = MAR O, 19886,
JULTAN DATE 46131.0000 JULTAN DATE 46499.0000
ELECTRIC PROPULSICON SYSTEM PARAMETERS
~ . EFFICIENCY COEFF{CIENTS
ALPHA A (KG/KW) ALPHA T (KG/KW¥) TAMNKAGE FACTOR STRUCTURE FACTOR a8 D (KM/SEC) E
0«0 G.0 : Q0.0300 a0 D.76300 13,000040 0.0
ELECTRIC PROPULSIDN SYSTEM MASS SUMMARY (KG)
INITIAL POWER PLANT PROPELLANT TANKAGE STRUCTURE KRET MASS
1634.7361 0.0 040 D0 Ge0 ‘ 1634.736) .
ELECTRIC PRIFULSION S¥STEM PERFONMANCE SUMMARY
P{l AU} (Kw) P{HSKR)} (XW) PITARG) (Kw) THR1 AU} (N) ACC{1 AU} (M/SECk*2} ISP (SEC) EFFIC CHAR DEG (DAYS)
18173.6339 C.0 18339.2277 G.+1634T74 1.000000D0-0% 0.102 0.00000 1.00000000 30
EXTREME TRAJECTORY AND PERFORMANCE CONDITIONS
MAX DIST (AU} MIN DIST (AUV) MAX POWER {KW) MAX THRUST (N) BURN TIME (DAYS) DEGRD TIME (DAYS) TRAY AMNG {(DEG)
141019581 0.89682011 ] Q.0 0.0 0.0 I62.T5652
DEPARTURE AND ARRIVAL CONDITIONS
DEP DECL {(DEG)} . PARK INC (DEG) CEP VINF (M/SEC) C3 (KMERZ/SECREZ) ARR VINF (M/SEC) Ca4 (KMAR2/SECH¥2)
=~54+12456 28.5000 3407 .23049 11.609629 3555.93682 12.644701
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SWINGABY CONFINUATION AMALYSIS

THIS CASE IS CONVERGED.

11 TRAJECTORIES WITHOUT PARTIAL DERIVATIVES AND 4 TRAJECTORIES WITH PARTIAL DERIVATIVES REQUIRED FOR THIS CASE.

EARTH SHINGSY CONTINUATION TO EARTH
PASS DIST {RADIL) SPEED {MrsSEC) INCLEN (DEG) NOXE (DE3) AR3 PER {(DEG} LEG TIME (DAY¥S) MISSION TIME (DAY¥S} ARR VINF (M/SEC)
60 .0441 3837 .49 16Z2.1881 185.7729 loB.232 527.95 895.95 355T.35
ARRIVAL v0O = 1.1B80590570-01 =14765830020«02 ~1.885530520-03 MAG = 1.193872350-01 (ZCLIPTIC REFERSNCE SYSTEM)
DEPARTURE VOO = 1.140582540-01 —-3.527075853D0-02 5.0058593720-07 MAG = l.019387T2420-01 {ZCLIPTIC REFERENCE SYSTEM)
ARA IV AL vao S.88875047D-01 —1.4?907?740-01 =1.579340130~-02 MAG = 1.000000000 00

= LECLIPTIC REFERENCE SYSTEM)
DEPARTURE V0O = 9,553638390-01 —2.954317790=-01 4.192960525-05 wAG {EC

= 1.000000000D 00 LIPTIC REFERENCE SYSTEM)
HELIOCENTRIC APPROACH ANGLE = 177.0+ OCEPART AMGLE = 174.2, BEND ANGLE = B+7T DEGREES.
SWINGBY INCLINATION WsR.Ts ECLIPTIC = =6.0 DEGREES.
POYERED SwINGBY INCREMENTAL SPEED = Q0«0 METERS/SECOND. 3END ANGLE = B.7 DEGREES. (P_.ANETDCENTRICH

POWERED SWINGBY ANALYSIS ONLY,. FOR FIXED SWINGBY LEG FL IGHT TiME 127.0 DAYS.

THIS CASE IS5 CONVERGED.

S TRAJECTORIES wITHOUT PARTIAL DERIVATIVES AND 2 TRAJECTORIES WITH PARTIAL DERIVATIVES REQUIRED FOR THIS CASE.

ARRIVAL ¥Co = 1.050964190-01 =S.673956330-02 ~4.,6585296620-07 MAG = 1.194346490-01 LECLIPTIC REFERENCE SYSTEM)
DEPARTURE V00 = B.3261401BD-02 8.24040653D0-02 ~1479817708D-02 MAG = J.1851568140-01 (ECLIPTIC REFERENCE SYSTEM)
ARRIVAL VOO = 8.79949161ID-01 =4,.75067862D=0C1 =3.89777727D-05 MAG = 1.000000000 OO (ECLIPTILC REFERENCE SYSTEM)
DEPARTURE W00 = 7.02528184D-Q1 6.952943030-01 =1,517233730-)1 MAG = 1.000000000 GO (ECLIPTIC REFERENCE SYSTEM)
HEL ICCENTRIC APPROACH ANGLE = S+7+ DEPART ANGLE = 78.9s OEND ANGLE = 73.3 DEGREES.
SWINGEY INCLINATION WeR.Te ECLEIRTIC = 9.1 DEGREES.
POWERED SwINGBY INCREMENTAL SPEED = —-13.,7 METERS/SECOND. IEND ANGLE = 7343 DEGREES. (PLANETOCENTRIC)
EARTH SwINGAY CONTINUATION TO BORRELLY (1987}
PASS DIST (RADI1) SPEED (M/S5EC) INCLIN (DEG} NODZ (DEG} ARS PER {DEG) LEG TIMZ (DAYS}) MISSION TIME (DAYS) ARR VINF {M/SEC)

336306 TOST 496 15,9836 15.8632 263592 L27.00 1022.,95 17349.7A
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DETAILED PRINT OF POST-SWINGBY TRAJECTORY SEGMENT TO

FOR SOLUTION HAVING

PSI

R1 REL

S/C NUC MAG
R1 REL ECL

EARTH

3.68000000D 02
~9,73461071D~01
4.,823372260-02
0.0
9.057T12656D=02
9.370437850 02
-4 .52697209D 00
-3,246200580 01

EARTH

8.9594%8970 02
B.383806430-01
5. TE5927250=01
C.0
=54153042T2D=02
3..76962€320 01
=1315872€1D0 01
22729361300 01

SEMI-MAJDR AXIS
R2

Ltz

LC

THETA

R2 REL

S/C TOT MAG

R2 REL ECL

1.0326259580 00
1.987986300-01
5+ 7264T197D=-01
Qe
~8.304506190 01
=-4.494823190 03
~7.58024821D 00
4.59134325D 03

14036259580 00
-5,668903470-01
=T.098020000~01

[+ 4]

-3 50224599 01
=T.02304520D 00

=1+764379180 01

=2.69330673C 01

ECCENTRICITY

R3 REL
GEQ NUC MAG
R3 REL ECL

START

1,09300439D~01
D4 66445051D~04
Q2.08642T7540-04
0.0
8.304507070 01
8.47396132D0 00
=1.0000C00000 30
B.473961320 00

1.093004390~01
1 .407953980-07
=8 .220367550-04
0.0
Q94502245790 01
2.10628507D 01
=1 .000000000 20O
2.106285070 0Ot

EARTH

€0.04 PASSAGE DISTAMCE

INCLINATIDN
Vi1

L&

CONE
LATITUDE

¥1l REL

SED0 TOT MaAG
V1l REL ECL

CLOCK
LONGITUOE
V2 REL
ANGI{V,R]
V2 REL ECL

OF TRAJECTORY S5EGMENT 3, THRUST

2.865711310-25
~%.943510390-02
—4.716428170-01

F.612979400 21

J+268511273=06
=3.537653372 00
=1.000002300 30

3.439721553> 30

1.,799999910 02
~1.019455460 00
9217742720-02
2.827D36970 02
l.6862735650 62
3.601293000-01
1.741873710 02
=1.050537400 Q0

END OUF TRAJECTORY.s THRUST CFF

2.865T7113210-05
G.430039113-31
8.09333294D-01
T.24204053D 21
T+9T0926233-06
3.53975135D 20
—1.000000002 3Q
3.130288092 00

14799999310 02
7+66090340D~01
~5e489732690~012
Z2.505688390 02
=3.806549570 01
3.53421754D0=-01
S+7T01724440 0O
~1+689983170 00

ARG POS

v3

LG

HMAG

FLT PTH ANGLE
¥3 REL
ANG{Y s XY)

V3 REL ZCL

OFF

J«3436274730 02
S«0058599%20~07
~1..06253100D-05
1011357460 00
~5+80167143D 00
1430991 200~-05
2.402389420-04
1243399120D-05

1.459345130 02
=4 .65523660D0-37
=~5.163421370-04

t.0518062460 00

6.131398520 00
=~1.3865706210-05
“~2.2332451870-0%
~1.388576210-035

RMAG

MASS RATIO
L7

PORER FNCY
VHAG

RMAG REL

RMAG ECL

9492956978001
1.0000C000D 0O
1.000000000 00
1.008997940 QO
1.024293310 Q0
4.59140382D0 03

4.5914566820 03

1.012050T70 00
1.000000000 00
1.0000C0000 Q0
9.6479243T0~01
1.005572600 00
4.37490012D0 01

4+374900120 01

PAGE
TRAVEL
THRUST ACC
HAM
SWITCH FNCY
PROP TIME
YHMAG REL

VMAG ECL

3627565180 02
170147 74a0—02
=2.5503753910=~02
=3+5656150740 DA
Q.0
J3.55593905D0 00

3555939050 00O

8.800635580 02
1.660659590-02
=2+550375510=-02
=3.58057058D 04
C.0
3.,557351060 00

3.557351060 00
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CASE % EXTREMUM
I TIME ECLIPTIC SCLAR COMMUNICATION
LONGITUDE DISTANCE ANGLE DISTANCE
Q 0.0 0.0 Cs992 3.4 0.0
4 82.559 93.1 MIN 0.898 S4 .6 Q.23
5 179.513 200.2 1.016 7T.6 MAX 0.47
4 189,220 209.3 1.032 79.9 Ced b
0 189.220 209%9.3 1.032 79.9 Q.46
& 199.220 218.3 1.0a7 82.5 O35
4 R26T.702 275.6 MAX 1.102 106,.2 Q.29
4 368.000 362.8 0,993 101.8 0.20
0 3J6B.000 362.8 0.993 101.8 Q.00
4 368.005 362.8 Q.993 4.2 MIN 0.00
4 434.075 436.2 MIN 0.923 54.5 Q.17
5 S21.214 S530.2 1.032 B3.4 MAX Q.38
4 626.726 616.2 MAX 14150 169.8 Db
9 632,049 620.2 1.149 176.5 MIN Q.16
T 632.345 620.4 1.149 HMAX 180.0 018
5  T42.558 Ti2.l1 t.012 8z.B MAX 0.35
4 B819.3277 TS6.2 MNIN 0.523 ST9 G20
3 B9%.946 BHC.] 1.012 92«6 MIN 0.00
4 B95.94& BBCO.1 le012 149.5 ¢.00

_AUGUST 193 1987 14070151880 01 GaM-Ts

e 2887 026,936D 00 JULIAN QATE
X Y 4
PLANET  8.3838046D0-01 ~S.66890170-01 Q.0

sSsC A.38328064D-01 -5.,66890350-01 1.40793400=~07

TWo-800Y TRANSFER AMGLE BETWEEN EARTH AND

POINTS 3F SELECTED FUNCTIONS

OFF

OFF

OFF
OFF

OFF

OFF

aFF

PA

SeITCH THRUST ANGLES INPUT
FUNCTION PSt THETA PHI POWER
-B,850 0a& wEExk XERRKE FEEKE . 0.0
-B+13D 04 wak Ak L3 2 I ] ER L) 0.0
~3.03D 04 tEELE ERUkRE LRSS 0.0
~-$.150 04 Rk ERERE * kg [
-94.130 04 & ok Kk FEkEREN ook bk 0.0
-9.270 04 EEKE ISl I YT 0.0
~-2.72D 04 ELEL X LR FY * kK Ek 0.0
-B8.35D 0a& LA LIN EERERE LEE L2 0.0
~3.57D 04 *k k% MR EEE LELE 14 0.0
=3.370 Qa8 FEKEE EEREEER iy Ek G.0
~3.520 Q4 "REE R LET YY) AR 0.0
~34502D 04 LR L2 kFrkEE LELY TS D0
=3.53D 04 Kok LEEE 1] ] LR LT 0.0
-3.5230 04 LEE 2 2] LEEL LY I EEE S 0.0
=3.53D 04 E2 R Y EELEER LTS Q.0
~3.330 04 Rk E RS EE LEE LY 040
-3.52D0 04 LERLE EERNEE LR 4 0.0
=3.330 04 *EREF LI TR Y LEEE L) 0.0
~3.,59D C4& LEXY S KEREEE 238y 0.0
S5 EARTH AT 3.557 K¥4/5EC
xpar ¥YoaT 2007

5.43312430-01
5.4900891D0-01

EARTH

RADIUS

B.24830500=01 0.0
T+6809094D~01 -4.65529662-07

1.01205050 00
1.01205080 €O

1S 160.063&6 DEGREES.

ARRAY
ANGLE
ON 90.0
90.0
9040
20.0

90.0
0.0
90.0
O S0.0

90.90
90.0
90.0
90.0
90.0
90.0
S0.0
9C.0
90.0
0.0

ON  90.0

LAT.

Q.0
0.000

LONG »

~34,065
—-34,065
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DETAILED PRINT OF POST-SWwINGBY TRAJECTORY SEGMENT TOD

FOR SOLUTION HAVING

PSI

R1 REL

S/C NUC MAG
R1 REL ECL

EARTH

8.95%9a58970 02
- 8.38380643D~01
=5.765927250-01

0.0
=9.B2025299D-01
=} .693679870O 08

1.72856513D 01
=1.193069720 08

BORRELLY (1987}

1.022943900 03
3.802012360-01
8.117853470-01
0.0
2.768403¢30-01
4.,86518B110 00
~1.701231010 01
B.272545890 00

3.306 PASSAGE DISTANCE

SEMI=-MAJOR AX1S ECCENTRICEITY

R2 REL
5/C TOT MAG
R2 REL ECL

1316756960 00
=5.668903aT70-01
—7.09802000D-01

C.0
=9.502319760 01
—6e702547460 07

1.6%8047380 01
-6.182465150 Q7

14316758960 00
14304194170 00
—4.196489360-01
Q.0
=1l.01086943D0 02
~3.596949150 00
=2.,000980980 01
22547955290 00

R3 .
L3

LPHI

PH!

R3 REL

GEQ NUC MAG
R3 REL ECL

START OF TRAJECTDRY SEGMENT 4,

2.3162a9270-01
1.407953980-07
—8.2203673550~-04
G0
2.502245790 01
T«213193150 Q7
1,73856509D 01
lL«42144577D 08

2.31624927D~01
=2.10878993D~02
44265490640-03
0.0
1.050B86701D0 02
~2.092276580 00
1.48530167D ¢1
=0 724732440 QO

INCLINATION
vi

L4

LONE
LATIYUDE

V1l REL

SED TOT MAG
¥1 REL EZL

?+341092220-01
6.271738930-01
8.0902332940-01
7.99284059) 01
7.270925230=26
2.630309322 D1
1.698047383 01
2.609B31230 01

BORRELLY(1987T)

CLOCK
LONGITUDE
vz REL
ANG (V. R}
va2 REL ECL

THRUST

1.45934393D 02
$.772345630-01
~5+4B9732690~01}
2.60568839D 02
=3.406549570 01
5.913232670 00
1.66528869D 01
3.052780470 Q0

.
END OF TRAJECTORY. THRUST OFF

9:341092220-01
=T+43453532223~9])
2.10373153p-01
1.030228%20 02
~34593381812-01
4.T0047212D0 DO
12427062080 01

4.72217%33> Do

1.459349923D0 02
4416215351D0=-01
4435452117D-01
2.6252297%D 02
T.374743690 013
~1+135572788D0 o1
T.428070770 D1
3.255345610 00

ARG POS

v3

L&

HMAG

FLT PTH AKNGLE
V3 REL
ANGI{V 4+ XYY

¥3 REL ECL

OFF

1.7292995110 02
=l.728177080D-02
=-5.163421370-0%

1.116295080 00

Te906435520-01

G4183891170 DO

1.089650330 01
-B.246352700 0D

2.878102260 02
1.089302600-03
5.,26235184D-03
1411623353080 00
1327035960 01
~1.22460387D 01
~4+483695910 01
—1.63742896D Q]

RMAG

MASS RATIO
L7

PO¥ER FNCT
VYMAG

RMAG REL"
RMAG ECL

1.012050770 00
1.00C00000D 0O
1.000000000 GO
Q.B847924270-01
1.103061650 00
1.952108950 ¢@

1 .959108550 08

1.358646430 00
1.0000C00CD CO
1.000000000 0O
6246815844001
B8+841640200-01
1.,09612553D 01

1.09612553D 01

PAGE
TRAVEL
THRUST ACC
HAM
SWITCH FNCT
PROP TIME
VMAG REL

¥YMAG ECL B

8.800635580 02

1.660659590-02

6. 8337Q7930=-02

3580570580 04 .
0.0

2. 745858260 01

2.T45458260 01

9.87BT42730 02
1.09373500D-02
6.854707930-02
3.895213250 0a
0.0 '
1.734974390 0L

1734974390 0%
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CASE 1
1 TIME ECLIPTIC SOLAR COMMUNICATION
LONGITUDE OISTANCE ANGLE DISTANCE

4] 0«0 [« ] 0.992 3t 0.0
4 B2.55% 93.3 MIN 0,898 5446 0.23
5 179.513 2op.2 1.016 TT+6 MAXK 0,47
4  189.220 209.3 1.032 T9.9 0.46
0 189.220 209.3 1.032 79.9 Q.06
4 199.220 218.3 1.047 82.5 0.45
4 267,702 2756 MAX 1.102 106,.2 0.29
4 36B.000 352.a 0,593 101.8 0.00
0 365.000 352.8 0.993 101.8 0.20
4 3568.005 262.8 0.923 84.2 MIN 0.00
4 A24.075 436.2 MIN D.923 S54.56 Cal?
5 521.214 530.2 1.032 - B3.4 MAX 0,38
4 B26.726 616.2 MAX 1.150 169,.8 0.16
9 £32.089 620.2 1.1a9 179.5 MIN 0O.16
? 622,145 620.4 1.149 MAX 1BQ.0 0.16
B T742.568 Ti2.l L.012 B2.8 mMaX D0.35
& 81%.377 795.2 MIN 0.923 57.9 0.20
3 BS5.946 £80.1 1.012 a2.6 MIN 0,00
4 Ag95.945 EBBO.1 1.012 149,.5 0.00
0 B895.946 B880.1 i.012 149.5 0.00
7T B895.946 A80.1 1.012 15141 MIN Q.30
B 9E3.191 %as.8 1.150 MAX 173.7 0416
4 1022.946 9B7,.9 1.359 12546 G.53

DECEMBER 24, 1987 _1,07015188D0_0)_GaMaTa

——— e E837 133, 3360 20 _JULLAN _DOATE

X b4 z

1.30419420 00 =2.10878S4D-02
1.30415420 00 —2.10878990-02

PLANET 3.8020118D-01
S5/C 3.8020124D-01

TwO~BODY TRANSFER ANGLE BETWEEMN EARTH AND

oFF

OFF

oFF
OFF

GFF

OFF

OFF

QFF

OFF

EXTREMUM POINTS OF SELECTED FUNCTLONS

SWITCH THRUST ANGLES ' INPUT
FUNCT1ON PS1 THETA PHI POWER
-8.850 04 kkk® LEI 1T Y] PR L L] 0.0
-8.13D Qa xkOkE ELE T ¥ e By ek 0.0
-9.03D Qa -k ok PEEEESE LR L L) 0.0
-9.15D Q& LIl LT3V 21T TS 0.0
-9.15D 04 bty LER LT L LRI R 0.0
~2.270 04 FEEEE [Ty LELET. 0.0
-F.72D C4 AL LY e EnEE LELE T 0.0
~B.35D Q4 LEE LR nEkkph LA LEY ] 0.0
=3.570 C4 *h Ak kKR RE Kk Rk 0.0
=3.373 Q& LR LR REREEE LRt E 0.0
~3.320 04 LR 2R | LLE LSS LELE L 0.0
=3:520 04 LEEE 3 LS R 2] LI EE ] 0.9
=3.550 04 LELER L2 3N LEEE L) 0.0
-3:53D 04 L2 LY LAY RN ] ] LETE L 0.0
=3.5%0 04 ko EER R LY LRt L 0.0
-3,58D 04 LEELE [LE 32} EALE L) 0.0
-~3.320 04 ok K L e RN Y [ETETS D
-3.380 0a LR L LA RS S EELE L) 0.0
«3+4580 04 LES 13 LI ERE Ak 0.0
-32.530 ¢a EL T LY ELE Y ERE LT Qe
~3.330 04 EEX TR EEEEE EkExk 0.0
-3.590 0% LAY EuELRR XL T 0.0
=3.3J)0 0a LI LY (LI L] Ekhag 0.0

PASS BODRRELLY{19%87) AT 1T.350 K4/5EC
xpoT YDOT ZpoT RADIVS

=8.9327315D-01
=T+3453532D~01

BORRELLY{1287) 15

340472085001
4,16015950-01

1.35864640 00
1.35R64640 00

S5.50840372=01
1.08730260~-03

267.8768 DEGREES.

ARRAY
ANGLE

ON  90.0
90.0
90.0
0.0

90.0
Q0.0
90.0
ON 90.0

90.0
90.0
20.0
90.0
90,0
90.0
90.0
90,0
900

. 90.0
AN 90.0

200
0.0

0.0
ON  90.49

LAT.

—0.8689
“Q.889

LOKMGa

T3aT72T
TIa7aT
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