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SUMMARY

This report presents a comprehensive collection of trajectory and spacecraft
design data for unmanned interplanetary missions using sub-optimally powered solar
electric propulsion. Data are presented for flyby and orbiter missions from Earth to
Venus, Mars, Ceres, Jupiter, Saturn, Uranus, and Neptune and for flyby missions
to Mercury. The planets are assumed to be in circular, coplanar orbits. For each
mission, both direct and indirect flight modes are represented, and fully optimized
(except for power) trajectory data are given for missions using the two launch vehicles
Titan III X(1205)/Centaur and Titan IIT C. A constant jet exhaust speed solar electric
propulsion system having a specific mass of 30 kg/kw is optimized in terms of jet
exhaust speed to yield maximum net spacecraft mass. The hyperbolic excess speeds
at departure and arrival and the heliocentric travel angle are optimized for each
mission. For orbiter missions, a chemical retro stage is used to brake the space-
craft into a highly eccentric capture orbit about the target planet.
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INTRODUCTION

This report presents solar electric interplanetary trajectory and performance
data for spacecraft having a reference power which is less than the optimum value.
iis closely related to Reference 1 in format and identical in basic assumptions.

The data presented should aid spacecraft designers in making decisions concerning
an appropriate power level for a basic electric propulsion moduie.

Missions Investigated

Data were generated for flyby and orbiter missions from Earth to Venus, Mars,
Ceres, Jupiter, Saturn, Uranus and Neptune. Only flyby data were generated ic
Mercury, as the computer program encountered severe convergence difficulties in
attempting to obtain orbiter data, for reasons given in Reference 1. For all orbiter
missions, a chemical retro-stage performs an implicitly-optimal impulsive braking
maneuver at the periapse of the capture orbit at a distance of 2 target-planet radii
from the center of the target planet. The resulting capture orbit has an apoapse
distance of 38 target-planet radii from the center of the target planet. For orbiter
missions to Jupiter, Saturn, Uranus, and Neptune, the electiric propulsion system is
jettisoned prior to performing the retro maneuver, and for orbiter missions to Venus,
Mars, and Ceres, it is carried into the capture orbit.

The data generated correspond to open-angle transfers: that is, the total helio~
centric travel angle is optimized to produce a local maximum of net spacecraft mass.
Since there are, in general, several values of travel angle which produce such a local
maximum, only the two solutions corresponding to the shortest flight times are con-
sidered, These are called Mode A and Mode B missions, corresponding to approx-
imately 3 and 13 revolutions around the sun, respectively. Both modes were inves-

tigated for all missions.

Two launch vehicles were considered for each mission: Titan III X(1205)/ C%ntaur
and the Titan III C. This choice of launch vehicles is a subset of the six launch vehicles
investigated in Reference 1, and is deemed a representative pair consisting of a large-
type and small-type launch vehicle.

The electric spacecraft reference power [i.e., the electrical power to the
thrust subsystem at one astronomical unit (AU) from the sun] was decreased from its
optimum value to 40% of that value, except in instances where convergence difficulties
‘prevented obtaining lower power levels. Reference 1 is the foundation upon which this
report is based. For each type of mission (represented by a single figure consisting of
four graphs) in Reference 1, three flight times were investigated by decreasing the
electric spacecraft's reference power level, except in cases where two flight times were



considered sufficient or where convergence difficulties again prevented obtaining the
desired data. It is noted in passing that convergence difficulties prevented obtaining
only a very small percentage of the desired data.

Spacecraft and Mission Parameters Presented

The quantities chosen for presentation consist of the initial and net spacecraft
masses, the electric propulsion system and propellant masses, the retro-stage pro-
pellant mass (for orbiter missions only), the maximum and reference power levels,
the thrust and jet exhaust speed, and the propulsion system total operating time. Also
presented are the minimum and maximum solar distances, the heliocentric travel
angle, the launch and arrival hyperbolic excess speeds, the retro-maneuver incre-
mental speed (for orbiter missions only), and the initial Lagrange multipliers.

Method of Data Generation and Presentation

The software tool which generated the numerical results of this report is
called TOPCAT and is described in Reference 1. Selected parameters defining each
optimal trajectory are punched on cards by TOPCAT, and these cards are subsequently
fed into a data-management and electronic-plotter computer program (ADMAP), which
sorts and condenses the data before reading it onto magnetic tape. The resulting data
tape, generated for this report, contains approximately 670 trajectory-summaries,
representing all of the missions described above. The data tape is then fed back into
the computer program, which electronically (SC4020) plots any desired subset of the
data, employing automatic scale-selection, curve-labelling, and graph-titling, and
fitting a cubic spline with null end-moments through the discrete points contained on
the tape. For example, all the plots in this report were generated in 4.5 minutes.

BASIC ASSUMPTIONS

The basic assumptions involved in the generation of this data are identical to
those used in Reference 1 and therefore are not repeated here. For quick reference, the
propulsion system efficiency and power variatien curves are included here (Figures 1
and 2), together with the solar system and spacecraft constants employed (Tables I,

II, and III). These are the same as in Reference 1.
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TABLE I
PLANETARY CONSTANTS

Gravitational Orbit Planet
Constant Radius Radius
(km3 /secz) (AU) (km)
Sun 1.32718 x 1011 ————————————
Mercury 2.17562 x 104 3871 2500
Venus 3.24853 x 105 7233 6100
Earth 3. 98603 x 10° 1. 0000 6378
Mars 4,29778 x 104 1.5237 3415
Ceres 2, X 102 2.7673 390
Jupiter 1.26707 x 108 5.2028 69880
Saturn 3.79179 x 107 9.5388 57540
Uranus 5.78673 x 106 19.1820 25500
Neptune 6.87631 x 106 30,0577 25000 -
TABLE 11
- SPACECRAFT MASS SCALING CONSTANTS
Specific Propulsion Low Thrust " Retro Stage
System Mass, « Tankage factor, kp Inert Factor, kr
(kg/kw)
30 0.03 0.11111
TABLE III
LAUNCH VEHICLE PAYLOAD COEFFICIENTS
b
bl 2 b3
SIC/SIVB/Centaur 721340.64 3221.5896 1317.1900
Titan III X(1207)/Centaur 204140, 98 3556.4093 1610. 6525
Titan IIT X(1205)/Centaur 144286. 44 3668, 7527 1680. 2110
Titan III C 385417.36 2436.6746 1891.3260
Atlas (SLV3X)/Centaur 77360.130 3652.7918 1653, 7180
Titan IIIvX/Centaur 53329, 556 3958,6734 1759, 2682



PRESENTATION FORMAT

Order of Presentation

The numerical resulis are presented in graphical form and are ordered accord-
ing to ascending figure number, Fig. a. b. cN, where a, b, and ¢ are integers and N
is alphabetic: a assumes values one through eight, corresponding to Mercury, Venus,
Mars, Ceres, Jupiter, Saturn, Uranus, or Neptune, respectively; b assumes values
one through four, corresponding to (1) Mode A flybys, (2) Mode B flybys, (3) Mode
A orbiters, and (4) Mode B orbiters; ¢ assumes values one and two, corresponding
to the launch vehicles Titan III X(1205)/Centaur and Titan III C, respectively. N
assumes the characters A, B, or C, corresponding respectively to ascending
values of flight time. Each figure, therefore, represents a specific flight time for a
given class of missions, having a given destination planet, and using a given launch
vehicle. The destination, launch vehicle, mode, and flight time also appear explicitly
in the title, directly to the right of the figure number.

Basic Layout

Each figure consists of four graphs, each having the percentage of optimum
reference power as independent variable. Two graphs are situated on each of two
opposing pages so that all pertinent information corresponding to a given flight time
for a given set of missions is available at a glance. Each curve is lettered, the
letter-code being given at the top of each figure.

The first graph (upper left) presents the mass breakdown of the vehicle, in
kilograms. This consists of (A) the net spacecraft mass, more commonly known as
payload, (B) the initial spacecraft mass, which is equivalent to.the payload of the
launch vehicle, (C) the propulsion system mass, (D) the low-thrust propellant
mass, and (E) the propellant mass of the retro-stage, which is present for only or-
biter missions,

The second graph (lower left) presents the parameters which characterize the
solar-electric propulsion system, and also the maximum power encountered along
each trajectory and the total power-on time of the solar-electric propulsion system.
These consist of (F) the propulsion system reference power (power at one astronom-
ical unit from the sun), in kilowatts, (G) the maximum power which is required of
the solar-electric propulsion system as the spacecraft travels along its trajectory,
in kilowatts, (H) the solar-electric propulsion system jet exhaust speed, in meters
per second, (I) the spacecraft thrust at one astronomical unit from the sun, in
newtons, and (J) the total low-thrust propulsion time, in days.

The third graph (upper right) presents the basic parameters which characterize
an interplanetary trajectory. These consist of (K) the maximum distance which the
spacecraft recedes from the sun, in astronomical units, (L) the closest approach
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which the spacecraft makes to the sun, also fn AU, (M) the total angle through which
the spacecraft travels around the sun from the earth to its destination, in degrees,

(N) the hyperbolic excess speed of the spacecraft at earth departure, in meters per
second, (O) the hyperbolic excess speed of the spacecraft at the destination planet,
in meters per second, and (P) the incremental speed performed by the retro-stage
at the periapse of the capture orbit, in meters per second, and which is present for
only orbiter missions.

The fourth graph (lower right) presents the four initial Lagrange multipliers
which are required to start a given optimum trajectory. Their magnitudes correspond
to an initial mass-ratio Lagrange multiplier which is normalized to unity. For the
performance index of maximum net spacecraft mass, the primer has units kilogram-
tau/AU and its derivative has units kilogram/AU, where tau is the normahzmg unit
of time equal to approx1mate1y 58,13244 days.

Standardization of Scales

Due to the wide range of magnitudes among the many parameters which are
plotted, it was deemed necessary to choose standard scales for the ordinates of the
four graphs. This in turn requires the presence of scaling factors for each curve
(assumed to be unity when not present), which appear, following a slash (/), with the
letter-code above each figure. These scaling factors are very easy to interpret; for
example, if a quantity has an apparent value of 4 and a scaling factor of 1000, then
its true value is 4 times 1000, or 4000,

The scale factor selection was performed automatically by the electronic-
plotter computer program ADMAP. The selection algorithm allowed a given curve to
- exceed the upper and lower ordinate bounds of each graph by up to ten percent of the
respective maximum upper or lower value which may be plotted. Therefore, in a
few instances, most of a curve may lie, for example, above the graph (and hence is
not plotted), but this unplotted portion of the curve must lie entirely within 110% of its
maximum plotted value, which is usually sufficient information.

Curve Labelling

The labelling of each curve with a letter-code was also performed automati-
cally by the electronic-plotter computer program ADMAP and exhibits some weaknesses.
The possibility of overplotting of letters, which may render them unrecognizable, is
the basic weakness of the labelling algorithm. This possibility is due to the absence
of a "memory'' in the automatic-labelling routine. Such a. memory was considered
unnecessary since each curve is tagged with a letter at both endpoints, and the
probability of a double-overlap is negligible except for the reference power (F)
and maximum power (G) curves, which frequently coincide. For these two curves,

a special, limited memory prevents the overlap of their code-letters.



DISCUSSION OF NUMERICAL RESULTS

In the discussion which follows, a capital letter enclosed in parentheses ()
refers to the letter-code associated with a given plotted quantity.

As noted and explained in Reference 1, the x-component of the initial primer
(Q) is apparently equal to the negative y-component of the initial primer derivative
(T). A corner in a propulsion time curve (J) reflects the appearance or disappearance
of a coast phase along the trajectory. For some Mode B missions, the minimum solar
distance (L) will be unity {corresponding to the launch at Earth) for some values of
the reference power and will dip below umity for other values. These two segments of
the minimum solar distance curve will be separated by a corner, even though the spline
fit will tend to smooth the corner out or even oscillate slightly there. Corners will
appear in other curves, notably in the maximum power (G), which splits away from
the reference power (F). This in turn tends to cause corners in the jet exhaust
speed (H), the thrust at1 AU (I), and the propulsion system mass (C), and may
even cause the propulsion time {J) to rise or drop slightly.

The reference power (F) is obviously a straight line which, if extended, would
intersect the origin. The value of the optimum power may be obtained from the refer-
ence power curve (F) at the right hand border of the graph, where the percentage of
optimum power is 100. Since maximum net spacecraft mass (A) is the performance
index, curve (A) will exhibit a local maximum where the percentage of optimum power
is 100. To determine the degradation of net spacecraft mass as the power decreases
from its optimum value is a principal facet of this study.

CONCLUDING REMARKS

This report falls slightly short of the originally planned comprehensiveness,
due mainly to convergence difficulties with the computer program. Mercury orbiter
missions are absent for reasons mentioned in Reference 1. This report is intended
as an offspring of Reference 1, and it is therefore limited by the data which is presented
in Reference 1.

No attempt is made here to draw conclusions from the data, the basic purpose
of both Reference 1 and this report being merely the presentation of data,

As in the case of the data published in Reference 1, the data published here
resides on a single magnetic tape, which may be exploited and interrogated to obtain
answers to many basic questions. Perhaps the most basic question is that of asking
what missions can be accomplished for a fixed value of the reference power.
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PROPULSION SYSTEM PARAMETERS

VEHICLE MASSES

POMER -AT 1 AU tKW)

A NET SPACECRAFT MASS (KG)/1008 F
8 INITIAL SPACECKAFT MASS (kG)/1000 ¢ MAXIMUM POMER (KW)
¢ FPROPULSION SYSTEM MASS (KG) /100 H  JET EXHAUST SPEED (M/SEC)/10GD0
C PROPELLANT MASS (KG)/100 1 -THRUST AT 1 AU (N)/1.GOE-1
, 1 PRCFULSION TIME (CAYS)/100
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PERCENTAGE OF OPTIMUM POWER

FIG. 2.2.2A VENUS MODE B FLYBY MISSIONS
' TITAN II1 € LAUNCH VEHICLE
FLIGHT TIME 350 DAYS
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X MAXINUM SOLAR DISTANCE (AUI/1.00E~3 @ X~COMPONEWT OF PRINER KXIX D40
L HINIHUH SOLAR DISTANRCE -{AD} 71.GGE-3 B Y-COMPONENT OF PRIMER
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VEHICLE MASSES

PROPULSICN SYSTEM PARAMETERS

[+ R gl od

NET SPACECKRAFT MASS (X6)/310GD
INITIAL SPACECRAFT MASS (XKG)/1GOO
PROPULSION SYSTEM MASS (KG) /100
-PROPELLANT MASS (KG) /10

FOWER AT 1 AU (KW)

MAXIMUN POMER (KW)

JET EXHAUST SPEEC (M/SEC) /10000
THRUST AT & AU (N)/1.GOE-%
PROPULSION TIME (LAYS)/100
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F16. 2.2.28 VENUS MODE B FLYBY MISSIONS
TITAN 111 C LAUNCH VEHICLE
FLIGHT TIME 410 DAYS
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VEHICLE MASSES-

PROPULSION SYSTEM PARAMETERS

A NET SPACECRAFT MASS (KG)/1G00 FPOMER AT 1 AU (KW) /10 XXXX D43
B INITIAL SPACECRAFT MASS (KG)/10GO ¢ MAXIHUM POWER (KW)/10
C FROPULSION SYSTEM MASS {KGC)/1G0 N JET EXHAUST SPEEC (M/SEC) /16000
T PROPELLANT MASS (KG)/100 1 THRUST AT 1 AU (N)/1.GGE~1
€ RETRO FROPELLANT MASS (KG)/100 J PROFULSION TIME (CAYS)/100
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FIG. 2.3.1A VENUS MODE A ORBITER MISSIONS
TITAN T11 X(12053/CENTAUR LAUNCH VEHICLE
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FLIGHT TIME 200 DAYS
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MAXINUN SOLAR DISTANCE CAUl

X P SETEO IMCREMENTAL SPEED (WsSEC? 10D HEER Bag
L WINIKUW SOLAR CISTANCE (AU}/1.GGE-1 @ X-COMPGNENT OF PRINER
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POMER AT 1 AU (KW) 710 kXXX 043
MAXIMUM FOMER (KW) /10

JET EXHAUST SPEEC (M/SEC)/10000

THRUST AT & AU (N)/1.00E-1

PROPULSION TIME (CAYS)/100

NET SPACECRAFT MASS (KG)/1000
INITIAL SPACECRAFT MASS (KG)/10GO
PROPULSION SYSTEM MASS (KG)/100
PROPELLANT MASS (KG) /100

RETRO PROPELLANT MASS (KG)s100

MmMONO>
LT OW

VEHICLE MASSES
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—

PROPUL.SION SYSTEM PARAMETERS

P 20 a0 ' 60 T80 200
PERCENTAGE OF OPTIMUM POWER

FI6, 2.3.18 VENUS MODE A ORBITER MISSIONS

TITAN 111 X(C1205)/CENTAUR LAUNCH VEHICLE

PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 300 DAYS
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K WARINUM SOLAR CISTANCE 141) P RETRO INCRENEMTAL SPEED 1M/SEC)Z100 XEAXX 0%
L MNININUM SOLAR CISTANCE 1AD)/1.0DE-1 - X~COMPGNENT GOF PRIMER
N HELIGCENTRIC TRAVEL ANGLE (DEG}/Z100 & Y-COMPGNENT OF PRIMER/S.DDE-4
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

PERCENTAGE OF OPTIMUM POWER

FI16. 2.3.2A VENUS MODE A ORBITER MISSIONS
TITAN 111 C LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 200 DAYS
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A NET SPACECRAFT MASS (KG) /1000 £ POMER AT 1 AV 1RW)
B INITIAL SPACECRAFT MASS (KG) /160G G MAXIMUM POMER (KW) :
C FROFULSION SYSTEM MASS (KG)/108 R JET EXHAUST SPEEC lHISE()IiODDD
D FROPELLANT MASS (KG)/100 I THRUST AT 1 AU (N)/1.0BE~-1
€ RETRO FROPELLANT MASS (KG)/100 3 PROPULSION TIME (LAYS)/1G0
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TRAJECTORY PARAMETERS

lLLAGRANGE MULTIPLIERS

K HAXIHUW SOLAR DISTANCE (AU P RETRO IRCREMENTAL SPEED (M/SEC) /100
L RINRIMUK SOLAR DISTARCE (AU/3.G0E~-3 ¢ X-COMPONERY OF PRIUER
H HELICCERTRIC TRAVEL ARGLE (CECIZI00 R Y-CONFONENT OF PRIMER
R LAUNCH EXCESS SPEEC (W/SEC) 71GGD $ E-COMFONEMT OF FRIBER DERIVATIVE
O AKRIVAL EXCESS SFEED (M/SEC)/71GGH T Y~COHPONENT OF FRIMER CERIVATIVE
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

PERCENTAGE OF OPTIMUM POWER

F16. 2.3.28 VENUS MODE A ORBITER MISSIONS
TITAN 111 C LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 300 DAYS
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A NET SPACECRAFT MASS (KG)/1000 F POMER AT 1 AV (RW)
B INITIAL SPACECRAFT MASS (XG)/1D00 ¢ MAXIMUM POMER (KW)/10
C FROPULSION SYSTEM MASS (KG)/100 H JET EXHAUST SPEEC (M/SEC) /10000
T PROPELLANT MASS (KG)/400 1 THRUST AT 1 AU (N)/1.DOE-%
E RETRO PRGPELLANT MASS (KGC)/1GO 3 PROPULSION TIME (CAYTS)/100
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K WAXINUM SOLAR RISTACE t(avh ? RETRO INCREMEWTAL SPEED (H/SECISR0D RRZE 83
L WINIMUM SOLAR CISTARCE (AU)/1.G68-1 @ X-CONPOMEMY OF PRINER
% HELIGCEMTRIC TRAVEL AKCLE (DECI/1GB & TY-CONFONENT OF PRIMER/Y.OGE-S
“ % LAUNCH EXCESS SPEED (K/SEC)71GDD $ X-COMPGMEMT OF PRINER DERIVATIVE
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NET SPACECRAFT MASS (KG)/1000
_INITIAL SPACECRAFT MASS (KG)/1000

A POWER AT 1 AU (XKW)/10
B

C PROPULSION SYSTEM MASS (KG)/1GO

[

€

HAXIHMUM POWER (KW) /10

JET EXHAUST SPEEC (M/SEC) /710000
THRUST AT & AU (N)/1.0G0E~-% -
PROPULSION TIME (CAYS)/i00

XRXXX 053

PROPELLANT MASS (K6) /100
RETRO PROPELLANT MASS (KG)/100

I HM

VEHICLE MASSES
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FIG. 2.4. 1A VENUS MODE B ORBITER MISSIONS
TITAN I11 XC1205)/CENTAUR LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 340 DAYS
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% HMAXINUN SOLAR DISTANCE (AUI/1.GGE-1 £ RETRO INCREMENTAL SPEED 1%/SEC)/100 XXX 03
1L MINIMUM SOLA% DISTANCE (AU} /1.GGE-1 @ X-COMPONEMT OF FRIRER
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

NET SPACECRAFT MASS (KG)/10DO

A F .POWER AT 1 AU (KW)/10 XXXX 033

B INITIAL SPACECRAFT MASS (KG) /1000 G MAXIMUM POWER (XW)/10

C PROPULSION SYSTEM MASS (XG)/1G0 H JET EXHAUST SPEEC (M/SEC) /10000

C PROPELLANT MASS (KG)/7100 I THRUST AT ¢ AU (N)/1.00E~1 "

£ RETRO PROPELLANT MASS (KG)/100 J FROPULSION TIME (CAYS)/100 -
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FIG. 2.4.18 VENUS MODE B ORBITER MISSIONS
TITAN IIT X(1203)/CENTAUR LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 420 DAYS
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MAXIMUN SOLAR DISTANWCE (AU)71.00E-1

® P REIRO INCRENENTAL SPEED (M/SEC)/40D XXX 034
L MINIMUM SOLAR DISTANCE (AU)/1.D0F-1 @ X~COMPGNENT OF PRINER/1.D0E-1
M HELTOCENTRIC TRAVEL ANGLE (DES)/100 & Y-COMPONENT OF PRIMER
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- VEHICLE MASSES

NET SPACECRAFT MASS (KG) /1000

XXXX 033

PROPULSION SYSTEM PARAMETERS

A " F POMER AT 1 AU (KW)/1D
B INITIAL SPACECRAFT MASS (KG)/1000 ¢ MAXIMUM POWER (KW)/1D
¢ FROPULSION SYSTEM MASS (KG) /16O H JET EXHAUST SPEED (M/SEC)/1000D
C PROPELLART MASS (KG)/100 1 THRUST AT 1 AL (N)/1.GOE~1 ’
€ RETRO FROPELLANT MASS (KG) /100 J PROPULSION TIME {CAYS)/100
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FIG. 2.4.1C VENUS MODE B ORBITER MISSIONS
TITAN IIT1 X(C1205)/CENTAUR LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME S00 DAYS
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X MNAXINUM SOLAR CISTANCE (AU ? GETRO INCRENENTAL SPEEC (M/SEC)/100 REXX 038
L RININUM SOLAK CISTANCE (AU}/1.GGE-1 @ X~COWPOMENT OF PRIMER :
. M HELIGCEMTRIC YRAVEL ANGLE (DEG)/1G8 & 71~COMPONENI OF FRIMER
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS.

10

©

'™
=]

POWER AT 1 AU (KW)

PERCENTAGE OF OPTIMUM POWER

FIG. 2.4.2A VENUS MODE B ORBITER MISSIONS
TITAN III C LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 340 DAYS
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A MNET SPACECRAFT MASS (KG)/1000 F .
B INITIAL SPACECRAFT MASS (KG)/10GO G MAXIMUM POWER (KW)/10
C PROPULSION SYSTEM MASS (KG)/100 H JET EXHAUST SPEEC (M/SEC)/10000
C PROPELLANT MASS (KG)/100 I THRUST AT 1 AU (N)/1.00E-1
€ RETRO FROPELLANT MASS (KG)/100 ) PROPULSION TIME. (CAYS)/100
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K MAXIMUN SOLAR CISTANCE 1AUD/1.GDE-1 F RETSO INCREMENTAL SPEED (N/SEC)/10B RXXE 038
L WINIHUW SOLAR CISTANCE {AU)/1.GGE-1 @ X-CGHPONENT OF PRIMER
. M HELIOCENTRIC TRAVEL ANGLE (DEG)/100 R Y-COMPONENT OF PRIMER
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© ARRIVAL EXCESS SPEEC (H/SEC)/10UD T Y-COMPGNENT OF PRINER CERIVATIVE
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

FOWER AT 1 AU (KW)

" A NEY SPACECRAFT HASS (KG)/1000 ¥
B  INITIAL SPACECRAFT MASS (KG)/1000 ¢ MAXIMUM POMER (KW)
C FROPULSION SYSTEM HASS (KG1 /100 H JET EXHAUST SPEED (M/8EC) /710008
C PFROPELLANT MASS (KG) /100 L 1  THRUST AT 4 AU (N)/1.0GE~%
E RETRO FROPELLANT MASS (KG) /400 J FROPULSION TIME (LCAYS)/180
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FIG., 2.4.28B VENUS MODE B ORBITER MISSIONS
TITAN I11 C LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 420 DAYS -
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MAXINUM SOLAR BISTANCE (AU} /1.00E-3

K P RETRO INCEEMENTAL SPEEC (H/SEC) /100 RXXX %o
L RININUM SOLAR CISTARCE (AU} /1.GOE~2 Q@ X-CONPONENY OF PRIMER/1.080GE-3
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

XXX
A NET SPACECRAFT MASS (KG}/1600 ’ F  POWER AT 2 AU (RW)’ o6
B INITIAL SPACECRAFT MASS (KG)/1G0OD 6 MAXIHUM POMER (KW) -
C PROPULSION SYSTEM MASS (KG)/100 H JEY EXHAUST SPEED (M/8EC) /310000
C PROPELLANT MASS (KG)/100 1  THRUST AT 1 AU (i) 731.00E~-1
E RETRO PROPELLANT MASS (KG)/300 J PROPULSION TIME (DAYS)/100
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F1G. 2.4.2C VENUS MODE B ORBITER MISSIONS
TITAN 111 C LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME S00 DAYS
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MAXIMUM SOLAR CISTANCE tAU) - XXZR 062

x P RETRO INCREMENTAL SPEEC (M/SEC)/100
. L MINIMUM SOUAR CISTANCE (AU)/1.0GE-3 @ X-COMPONENT OF PRIMER
M HEUIOCENTRIC TRAVEL ANGLE (CEC)/108 K Y~COMPONENT OF PRINER
N LAUNCH EXCESS SPEEC (M/SEC)/1GDD S X-COMPONENT OF PRIMER CERIVATIVE
© ARRIVAL EXCESS SPEEC (M/SEC)/1G00 T Y-COMPONENT OF PRIMER DERIVATIVE
105 ' .
m
% 8
- L L
)
=
é. o) |
6 R —————
<<
&
o
@
o . . _
oo P
U ]
w
2 ’ ———
e ., . »
N\
X
o _ !
10
7]
o
3] 5
-l
3
a.
Po—
s
Q S
-J \
= A
bt R
4
<
%
< -5
h wd
-i0 20 40 - 60’ 80 : 100

PERCENTAGE OF OPTIMUM POWER
F16. 2.4.2C (CCONCLUDED)

69



VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

A NEY SPACECRAFT MASS (KG) /1000 F  POWER AT 1 AU (XW)
B INITIAL SPACECRAFT MASS (KG)/1000 G MAXIMUM POMER (XMW) -
€ PROPULSION SYSTEM MASS (X6)/100 H . JET EXHAUST SPEEC (M/SEC)/10000
C FROPELLANT MASS (KG)/1DO 1 THRUST AT 1 AU (N)/1.GOE-%
' J FROFULSION TIME (DAYS)/100
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VEHICLE MASSES
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

10

10

AT 1 AU (KW)/10

PERCENTAGE OF OPTIMUM POWER
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FLIGHT TIME 550 DAYS

98

A NET SPACECRAFT MASS (KG)/1000 F POMER
B INITIAL SPACECRAFT MASS (KG)/1000 G MAXIMUM POWER (KW)/10
€ PROPULSION SYSTEM MASS (KG)/100 N JET EXHAUST SPEED (NISEC)I!ODBU
£ PROPELLANT MASS (K6) /100 I THRUST AT 1 AU (N)/1.00E-1
E RETRO PROPELLANT MASS (KG) /100 J PROPULSION TIME {CAYS)7100
v .D\ |
TN
><(
£ —
gy
8 /
% ‘ A
e e i oo}
I
474 :
1 — . J
\ | ,
P—‘—‘_,—afd—aa—:
F
" ,./
Hp——""" —/—'—7
o 20 © 40 60 80 100

XXRX

091




HAXIMUN SOLAR CISTARCE (ALY
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POWER AT'1 AU (KW)/10 XXX 093
MAXIMUM POWER (KW) /71D
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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FIG., 3.4.1C MARS MODE B ORBITER MISSIONS
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

NET SPACECRAFT MASS (KG)/1G00
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FIG. 3.4.2A MARS MODE B ORBITER MISSIONS
TITAN II1 C LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 660 DAYS
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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A NET SPACECRAFT MASS (KG)/1000 F POWER AT 1 AU (KW)
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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B INITIAL SPACECRAFT MASS (KG)/10GO ¢ MAXIMUM POWER (KW)/10
¢ PROPULSION SYSTEM MASS (KG)/100 H JET EXHAUST SPEEC (M/SEC) /10000
C PROPELLANT MASS (XK€) /100 1" THRUST AT 1 AU (N)/1.0GE-3
. : J FROPULSION TIME (CAYS)/100
10 - -
8
6
/
) | //
/ . ‘ L
24 7y —
+]
10
Aff”L
s //
)
H ] _ ]
] ! | /ﬂ
b 20 40 60 60 160

PERCENTAGE OF OPTIMUM POWER
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

10

10

NET SPACECRAFT MASS (KG) /1000

POWER AT 1 AU (kW) /10

A F.
B INITIAL SPACECRAFT MASS (KG)/31GDO G MAXIMUM POWER (KW)/710
€ PROPULSION SYSTEM MASS (KG)/i100 H - JET EXHAUST SPEED (M/SEC) /710003
D PROPELLANRT MASS {KG)/100 I THRUST AT 2 AU (N)/1.00CE-%
3 PROPULSION TIME (DAYS)/100
;’dﬂfﬂﬂfﬂfﬂ’;Ja.'
4;4f””7 - L}
4 | —
< e
h
BE /
!/
I
; g
GF/
0 20 40 60 " 8D 100

' PERCENTAGE OF OPTIMUM POWER

FI16. 4.1.1B CERES MODE A FLYBY MISSIONS

TITAN IIT X(1205)/CENTAUR LAUNCH VEHICLE
FLIGHT TIME 350 DAYS ‘

- 110

XXXxx 103




K MAXINUM SOLAR DISTANCE (AU Q  X-COMPONENT OF PRIMER/1.00E-1" XXxX 11
" L MININUM SOLAR OISTANCE (AU)/1.00E-1 R Y~COMPONENT OF. PRIMER
M HELIOCENTRIC TRAVEL ANGLE (DEG)/100 S X-COMPONENT OF PRIMER CERIVATIVE
N LAUNCH EXCESS SPEED (M/SEC)/1000 T Y-COMPONENT OF PRIMER CERIVATIVE/.00E-1
O ARRIVAL EXCESS SPEED (M/SEC)/1000 .
i0 N . L
@ , .
@ e .
w __of
fad
=
é . .
s
< m‘\
S
13 .
o .
£d
[TY]
>9 '3 L3
&
o 2 - . . [
o
10
N
o R .
(TY R = =
3
a.
—
1
£ o T — -
¥
2
2 |
[+ 4 $
% -
- < =5
o |
%% — 20 40 0 80 "100

'PERCENTAGE OF OPTIMUM POWER
FIG. 4.1.18 CCONCLUDED)

111



PROPULSION SYSTEM PARAMETERS
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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10
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FLIGHT TIME 250 DAYS
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VEHICLE MASSES

XXX 11
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

NET SPACECRAFT MASS (KG)/1GGO

A F  POWER AT 1 AU (KM)/10
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FIG¢ 4,2.1A CERES MODE B FLYBY MISSIONS
TITAN II1 X(C1205)/CENTAUR LAUNCH VEHICLE
FLIGHT TIME 700 DAYS
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‘VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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C FROPULSION SYSTEM MASS (KG)/100 B JET EXHAUST SPEEC (M/SEC) /710000
£ PROPELLANT MASS (KG)/1GGO 1  THRUST AT 1 AU (N)/1.0GE-%
J FROPULSION TIME (DAYS)/100
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FIG. 4;2.18 CERES MODE B FLYBY MISSIONS »
' TITAN 111 X(C1205)/CENTAUR LAUNCH VEHICLE
FLIGHT TIME 900 DAYS
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K MAXIMUM SOLAR DISTANCE (AU) @  X-COMPONENT OF PRIMER/1.00E-1 XKRR 118
L MINIMUM SOLAR CISTANCE (AU)/1.00E-1 R Y-COMPONENT OF PRIMER
M HELIOCENTRIC TRAVEL ANGLE (DEG)/1G60 § X-COMPONENT OF PRIMER CERIVATIVE
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

A NET SFACECRAFT MASS (KG)/1000 F POMER AT 1 AU (RW) /40
B INITIAL SPACECRAFT MASS (KG)/10G60 G MAXIMUR POMER (KW) /40
C PROPULSION SYSTEM MASS (KG)/106 B JET EXHAUST SFEED (M/S8SEC) 710000
B FROPELLANT MASS (XG)Y/100 I  THRUST AY & AU (N)/1.00E~-1
3 PROPULSION TIME (CAYS)/100
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FIG. 4.2.1C CERES MODE B FLYBY MISSIONS

TITAN II1 XC1205)/CENTAUR LAUNCH VEHICLE
FLIGHT TIME 1100 DAYS
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HAXIMUM SQLAR BISTANCE (AU)

X @ X-COMPONENT OF PRIMER/1.00E~1 XXXR 114
. L MINIMUM SOLAR CISTANCE (AUI/1.0GE-1 R Y~COMPONENT OF PRIMER .
M HELIGCENTRIC TRAVEL ANGLE (DEG)/100 § X-COMPONENT OF PRIMER DERIVATIVE
N LAUNCH EXCESS SFEED (M/SEC)/1GGO T Y-COMPONENT OF PRIMER DERIVATIVE/1.0DE-1
O ARRIVAL EXCESS SPEED (M/SEC)/1000 . :
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

i0

10

PERCENTAGE OF OPTIMUM POWER

FIG., 4.2.2A CERES MODE B FLYBY MISSIONS
TITAN III C LAUNCH VEHICLE
FLIGHT TIME 700 DAYS
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A NET SPACECRAFT MASS (KG)/1000 F  POMER AT 1 AU (KW) /10
8 INITIAL SPACECRAFT MASS (KG)/1G0O ¢  MAXIMUM POWER (KW)/10
C PROPULSION SYSTEM MASS (KG)/10G0 N JET EXHAUST SPEED (M/SEC)/10000
C  PROPELLANT MASS (KG) /100 I THRUST AT 1 AU (N)/1.00E-12
4 PROPULSION TIME (CAYS)/100
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HAXINUM SOLAR CISTANCE (AU)

K @  X-COMPONENT OF PRIMER XXXX 12¢
L MINIMUM SOLAR CISTANCE (AU)/1.GOE~% & Y-COMPFONENT OF PRIMER
. M HELIOCENTRIC TRAVEL ANGLE (DEG)/1GG § -X-~COMPONENT OF FRIMER CERIVATIVE
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

10

10

A NET SPACECRAFT MASS (XG)/1000 F POWER AT 1 AU (KW)/10
B INITIAL SPACECRAFT MASS (KG)/1000 G MAXIMUM POWER (KW)/10
C PROPULSION SYSTEM MASS tKG)/100 M JET EXHAUST SPEEC (M/SEC) /10000
C PROFELLANT MASS (KG)/100 I THRUST AT 1 AU {N)/1.00E-1
J PROPULSION TIME (CAYS)/100
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FIG. 4.2.28 CERES MODE B FLYBY MISSIONS
TITAN II1 C LAUNCH VEHICLE
FLIGHT TIME 900 DAYS
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K HAXIMUW SOLAR BISTANCE (AW) . @ X<-COMPONENT OF PRIMER/§.0OE-% 12
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VEHICLE MASSES

" PROPULSION SYSTEM PARAMETERS

A NET SPACECRAFT MASS (KG) /160G F  POMER AT 1 AU (KW) /10
B INITIAL SPACECRAFT MASS (XG)/1000 G MAXIMUM FOWER (XKW)/1D
C PROPULSION SYSTEM MASS (KG) /100 B JET EXHAUSY SPEEC (W/SEC) /710000
C FROPELLANT MASS (KG)/inO 1  THRUST AT 1 AU (N)/1.GGE~}
4 PROPULSION TIME (CAYS)/100
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FIG. 4.2.2C CERES MODE B FLYBY MISSIONS
TITAN 111 C LAUNCH VEHICLE
FLIGHT TIME 1100 DAYS -
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MAXIMUM SOLAR CISTANCE (AU)

\ XXXX 12
@ 13 Q X-COMPONENT OF PRIMER/1.00E-1 2
L MINIMUM SOLAR DISTANCE (AU)/1.00E-% R Y-COMPONENT OF PRIMER
M HELIOCENTRIC TRAVEL. ANGLE (DEG) /7100 § X-COMPONENT OF PRIMER CERIVATIVE
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PROPULSION SYSTEM PARAMETERS

VEHICLE MASSES

A NET SPACECRAFT MASS (KG)/100 F  POWER AT 1 AU (KW)/10
B INITIAL SPACECRAFT MASS (KG)/10GO ¢ MAXIMUM POWER (KW)/10
C PROPULSION SYSTEM MASS (KG)/10GG W JET EXHAUST SPEED (H/SEC)/10000
C FROPELLANT MASS' (KG)/1GB0 1 THRUST AT 1 AU (N)
€ RETRO FROPELLANT MASS (KG)/10GD 3 PROPULSION TIME (CAYS)/100
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FIB., 4.3.1A CERES MODE A ORBITER MISSIONS _
TITAN 111 X(1205)/CENTAUR LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME S00 DAYS
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K MAXIMUM SOLAR DISTANCE (AU) P RETRO INCREMENTAL SPEEC (M/SEC)/1600 kxxx 12
« L MINIMUM SOLAR CISTANCE (AU)/1.00E-1 @ X-COMPONENT OF PRIMER '
M HELIOCENTRIC TRAVEL ANGLE (DEC)/100 R Y~COMPONENT OF PRIMER
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

10

10

A NET SPACECRAFT MASS (KG)/100C F  POWER AT 1 AU (KW)/10
8 INITIAL SPACECRAFT MASS (KG)/1GOO G MAXIMUM POWER (KW)710
C PROPULSION SYSTEM MASS (KG)/1000 H ' JET EXHAUST SPEED (M/SEC) /710000
C PROPELLANT MASS (KG) /1000 i 1 THRUST AT 1 AU (N)
E RETRO PROPELLANT MASS (KG)/108 3 PROPULSION TIME (CAYS)/100
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FIG. 4.3.18 CERES MODE A ORBITER MISSIONS
TITAN 111 X(1205)/CENTAUR LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 690 DAYS
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X MAXIMUM SOLAR BISTANCE (AW P RETRO INCREMENTAL SPEED (M/SEC)/100 ARAR 120
L MINIMUM SOLAR DISTANCE (AU)/3.00E=1 Q X-COMPONENT OF PRIMER/1.GOE~1
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

10

10

A NET SPACECRAFT MASS (KG)/1000 F POWER AT 1 AU (KW)/1D
B INITIAL SPACECRAFT MASS (KG)/1000 G MAXIMUM POWER (KW) /10 -
€ PROPULSION SYSTEM MASS (KG)/1000 H JET EXHAUST SPEEC (M/SEC)/10000
C  PROPELLANT MASS (KG) /1000 I THRUST AT 1 AU (N)
€ RETRO PROFELLANT MASS (KG)/10 J PROPULSION TIME (CAYS)/10D
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FIG. 4.3.1C CERES MODE A ORBITER MISSIONS
TITAN TIT X(1205)/CENTAUR LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 900 DAYS
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K MAXINUM SOLAR DISTANCE (AU). P RETRO INCREMENTAL SPEED (M/SEC)/1D RXXX 13
L MINIMUM SOLAR CISTANCE (AU}/1.00E-1 @ X-COMPONENT OF PRIMER/1.00E~1
. W HELIOCENTRIC TRAVEL ANGLE (DEG)/7100 K Y-COMPONENT OF PRIMER :
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

NET SPACECRAFT MASS (K6)/100

A F POWER AT 1 AU (KW} /10
B8 INITIAL SPACECRAFT MASS (KG)/1G0G ¢ MAXIMUM POMER (KW)/10 #
C PROFULSION SYSTEM MASS (KG)/1GD B JET EXKHAUST SPEEC (M/SEC) /100600
C FROPELLANT MASS (KG) /100 1 THRUST AT 1 AU (N)/1.00E-1 :
t RETRO PROPELLANT MASS (X6) /100 J FPROPULSION TIME (DAYS)/100 x’
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PERCENTAGE OF OPTIMUM POWER

FI1G. 4.3.2A CERES MODE A ORBITER MISSIONS
TITAN II1 C LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 530 DAYS
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K MAXINUM SOLAR CISTANCE (AU) P RETRO INCREMENTAL SEEEC tM/SEC) /1000 Xkxx 11
- L .MINIMUM SOLAR CISTANCE (AU)/1.G0E-1 Q X-COMPONENT OF FRIMER
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PROPULSION SYSTEM PARAMETERS

VEHICLE MASSES

10

10

A NET SPACECRAFT MASS (KG)s100 F POWER AT 1@ ﬂU (XKW} 710
B INITIAL SPACECRAFT MASS (KG)/10GO & MAXIMUM POWER (KW)/10
C PROPULSION SYSTEM MASS (KG) /100 H  JET EXHAUST SPEED (M/SEC) /210000
C PROPELLANT MASS (KG)/100 . 1 THRUST AT 1 AU (N)/1.0GE~2
E RETRO PROPELLANT MASS (KG)/100 d FPROPULSION TIME (CAYS)/100
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FIG. 4.3.28 CERES MODE A ORBITER MISSIONS
TITAN III C LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 660 DAYS

140

XXXX 133




HAXIMUM SOLAR DISYANCE (AU}

MINIMUM SOLAR DISTANCE (AY)/1.00E«4
HELIOCENTRIC TRAVEL ANGLE (BE(’HIIDD
LAUNCH EXCESS SPEED (M/SEC) /71000
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A NET SPACECRAFY MASS (KG)/4GOD F POMER AT & AU (KMW)/10
B INITIAL SPACECRAFY MASS (KG)/10GO ¢ MAXIMUM FOMER (XW)/40D
C PROPULSION SYSTEM MASS (KG)/1G0 H JET EXHAUST SPEED (M/SEC) /10000
C PROPELLANT MASS (KG}/1GO 1  THRUST AT 1 AU (N)/1.GGE~-1 ’
€ RETRO PROPELLANT MASS (KG) /1D J FROPULSION TIME (CAYS)/100
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MAXIMUM SOLAR CISTANCE (AU) Xxxx 13

MINIMUM SOLAR CISTANCE (AU)/31,.00E-1
HELIOCENTRIC TRAVEL ANGLE (DEG) /100
LAUNCH EXCESS SPEEC (M/SEC)/1G00 .
- ARRIVAL EXCESS SPEED (M/SEC) /100
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VEHICLE MASSES

) XXXX 137
POWER AT 1 AU (KW)/10 X 13

PROPULSION SYSTEM PARAMETERS

A NET SPACECRAFT MASS (KG)/1000 F
8 INITIAL SPACECRAFT MASS (KG)/1000 G MAXIMUM POWER (KW)/1D
€ PROPULSION SYSTEM MASS (KG)/1000 H JET EXHAUST SPEEC (M/SEC)/10000 -
L PROPELLANT MASS (KG)/1000 1 THRUST AT 1 AU (N) ‘
E RETRO PROPELLANT MASS (KG)/10 J FROPULSION TIME (CAYS)/100
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FIG. 4.4.1A CERES MODE B ORBITER MISSIONS
TITAN IIT X(1205)/CENTAUR LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 1100 DAYS
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MAXIMUM SOLAR CISTANCE (AU

X P RETRO INCREMENTAL SPEED (M/$EC)/10 kXXX 138
L MINIMUM SOLAR CISTANCE (AU)/31.00E-1 § X-COMPONENT OF PRIMER/1.00E-1
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

"~ 10

10

A NET SPACECRAFT MASS (KG)/1000 £ POWER AT 1 AU (KW)/10
B INITIAL SPACECRAFT MASS (KG)/1GOO G MAXIMUM POWER (KW) /10
C PROPULSION SYSTEM MASS (KG)/100 M JET EXHAUST SPEEC (M/SEC) /10000
£ PROPELLART MASS (K$)/100 1 THRUST AT 1 AU (N)/1.00E-1
E RETRO PROPELLANT MASS .(XG)/1D J PROPULSION TIME (CAYS)/100
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FIG. 4.4.2A CERES MODE B ORBITER MISSIONS
TITAN II1 C LAUNCH VEHICLE
PROPULSION SYSTEM NOT JETTISONED
FLIGHT TIME 1070 OAYS
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XXX 140
K MAXIMUM SOLAR DISTANCE (AU) . ® RETRO INCREMENTAL SPEED (M/SEC)/1D
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'PROPULSION SYSTEM PARAMETERS

VEHICLE MASSES
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VEHICLE MASSES
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PROPULSION SYSTEM PARAMETERS

VEHICLE MASSES
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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VEHICLE MASSES
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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FOWER AT 1 AU (KMW) /10

PROPULSION SYSTEM PARAMETERS

VEHICLE MASSES
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

A NET SPACECRAFT MASS (K¢)/100 F  POMER AT 1 AU (KM) /10
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RETRO INCREMENTAL SPEED (M/SEC) /71000 XXX 279
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

i0

10

NET SPACECRAFT MASS (KG) /100

PERCENTAGE OF OPTIMUM POWER
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

NET SPACECRAFT MASS (KG)/1000

A “F POWER AT 1 AV (XW)/iD
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

A NET S%A(ECRAFT MASS (KG)71GOD. F POWER AT 1 AU (KW) 710
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NET SPACECRAFT MASS (KG)/100 POWER AT § AU (KW)/10 XKxxx 277

A F
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

PERCENTAGE OF OPTIMUM POWER

FI1G. 8.1.18 NEPTUNE MODE A FLYBY MISSIONS
TITAN II1 X(C1205)/CENTAUR LAUNCH VEHICLE
FLIGHT TIME 3000 DAYS
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

XXXXx 285

A NET SPACECRAFT MASS (KG)/1GO F  POWER AT § AU (KW /10
& INITIAL SPACECRAFT MASS (KG)/10GO0 G MAXIMUM POWER (XKW) /10 -
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MAXIMUM SOLAR DISTANCE (AU /10 'X-COMPONENT OF PRINER - XXXX 288

K- 3 2
L HIRIMUM SOLAR TISTANCE (AU /71.G0GE-3 % Y-COMPONEWNY OF PRIMER
¥ RELIOCENTRIC TRAVEL ANSLE (DEG) /10D § X-COMPONERY OF PRIMER CERIVATINE
M -LAUNCH EXCESS SPEED (MssEC)rz1000 T Y-COMFONENT OF PRINER DERIVATIVE
O ARRIVAL EXCESS SPLED (M/SEC)/IGGEO :
“ 10 Y
@ 8 "\ ] :
o L] \ o
Ll
b
£ s
-«
a
P
S
= 4
|8
= K
<
e
| gl & ™
O
0
10 e
R\
b ; 3
w s
omg
]
Q.
=y
oo
el 1 1
= .
= a1 ;
w Q 8
9
Z
= 3 I
’ w e ——
~ 5
~10 o ) 40 60 30 100

PERCENTAGE OF OPTIMUM POWER
FIG., 8.1.1C CCONCLUDED)

293



VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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X HAKINUM SOLAR DISTANCE 1AU)/1D @ X-COMPONENT OF PRIMER XXX 288
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PROPULSION SYSTEM PARAMETERS

VEHICLE MASSES

NET SPACECRAFT MASS (K¢) /100

A F  POWER AT 1 AU (RW)/10
B INITIAL SPACECRAFYT MASS (KG)/1000 G MAXIMUM POWER (KW)/10
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) N § PROPULSION TIME (CAYS)/1000

10 —

8

1 /

4 / : '

. ;—"7
Q/

2 -
Af————" _____________34
el

0

10
/

a ”,r

s ///

4 1 -

* / ‘

. // )

o .

[} 20 40 60 80 100

PERCENTAGE OF OPTIMUM POWER

FIG. 8.1.2B NEPTUNE MODE A FLYBY.MISSIONS
TITAN II1 € LAUNCH VEHICLE
FLIGHT TIME 3500 DAYS

206

XXXX 28%




HAXINUM SOLAR TISTARCE (AU)s1D .

. - - l
X Q  X~COMPONENT OF PRIMER . XXXX 230
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PROPULSION SYSTEM PARAMETERS

VEHICLE MASSES
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

'A NET SPACECRAFT MASS (KG) /1000 F POWER AT 1 AU (KW)/10
£ INITIAL SPACECRAFT MASS (KG)/1GODO ¢ MAXIMUM POMER (KW) /10
€ PROPULSION SYSTEM MASS (KG)/1GOO H  JET EXHAUST SPEEL (M/SEC) /710000
€ PROPELLANT MASS (KG) /1000 1  THRUST AT 1 AU (N)
: . 4 PROPULSION TIME (CAYS)/1000
10
a
3
| I
B/
.4
2 L -}
R &
A
<
o+
10
/
6 ”/f'
/ F
3
4 ;
H
2 3
J 3
1 p—
[} - 0
1] 20 40 €0 . 8 100

PERCENTAGE OF OPTIMUM PQOWER

FIG. 8.2.1B NEPTUNE MODE B FLYBY MISSIONS
TITAN IIT XC12035)/7CENTAUR LAUNCH VEHICLE
FLIGHT TIME 3300 DAYS

302

XXXX 295



X HAXINUN SOLAR DISTANCE - {AU)/1D @ X~COMPGNERT OF PRINER/1.00€-1 RXXX 2368
L MINIMUM SOLAR DISTANCE {(AU)/1.006E-1 & Y~COMPOKENT OF PRIMER
B M HELIOCENTRIC TRAVEL ANGLE (BEG)/100 S X~COHPONENT OF PRIMER DERIVATIVE
N LAUNCH EXCESS SPEEC {M/SEC)/1000 T Y~COMPGNENT OF PRIMER DERIVATIVE/1.00E-1
O ARRIVAL EXCESS SEEEC (#/SEC)/{00GO ' '
10 .
L11]
[+ 4 8
d
7
¥
. \
- L
E s
a.
-
S
- ¢
(&3
(11}
s ]
P
o 2
o
10
v
o
b s
g . 1
[+ 18 R}—— ]
o —R
_J 5
D .
b j
[11] b~ :
i ]
Z
< \____ﬁ
1.4
2
o
g
REllrs 20 : a0 €0 80 100

PERCENTAGE OF OPTIMUM POWER
F1G. 8.2.1B (CONCLUDED)

303



'VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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PROPULSION SYSTEM PARAMETERS

VEHICLE MASSES.
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS

PERCENTAGE OF OPTIMUM POWER
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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PROPULSION SYSTEM PARAMETERS

VEHICLE MASSES
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VEHICLE MASSES

PROPULSION SYSTEM PARAMETERS
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PROPULSION SYSTEM PARAMETERS

VEHICLE MASSES.

NET SPACECRAFT MASS (KG) /100
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