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DEVELOPMENT OF A URIFIED GUIDANGE SYSTEM FOR CEUCENTRIC THANSFER

Juazed B, Cake and John 0, Regetz, Je.
Lewls Research Center
Natienal Aerouastics and Space Adulniwtration
Gleveland, Ohio

Abserict

A wethod fy presented for open loop puildance
of a wolur eléctric propulsien spaceeraft to geo—
synchronsus orbit., ‘The methed consists of deter-
mining the thrust veetor profiles on the ground
with an optimization computer program, and perform-
ing updutes baged on the differcnce between the
getual trujectory and that predicted with a pre-
clefon simylation computer program. The motivatioh
for performing the guidance analysis during the
mission planning phase is discussed, and a space-
craft design option that employs attitude oriens
tation constraints is precented, The leprovements
reqiired in both the gptimization progrom and sim-
ulation program arve set forth, together with the
efforts te Inteprate the programs into the ground
gupport softward “or she puidance system.

. Introduction

The recent Solar Electrde Propulsion mission
feasibility and desipn studies within HASA and in-
dugtry have stimulated the development of trajec—
tory optimization programs and nther mission anal-
yuis tools required for SEP mission design. The
afforty of the Lewis Research Center have been
directed primarily toward the developront of the
migsion analysils tooly for geocentric miwsions,
with particular emphasis on bringing eéxisting
migsien analysls tools to a state of development
syeh that the dmpact of the Guidanee, Navigation,
and Conétrol gubsystem desiygn upen SEP spagecraft
and thruster .subyystems may be properly assessed,
This fmpact muy be defined 4in terms of subsystem
hardware and operational requivenents, relative
cost, and reliability,

This paper dezcribes the developrment of the
ground software to effect the open loop cruise pui-
dance of SEP peocentrie trunsfer missions., The
goftware compriges the SECKSPOT computer program, o
trajectory optimization program developed by the
Charles Stark Draper Laboratory, and the SEOR pro-
gram, @ detailed sdimulatlon program developed by
the Analytieal Mcchanles Associates, Incorporated.
When integrated, the prograus will permit the
determination of the iwmpact of the CGuidance, Navi-
gatlon, and Contrel subsystem upon the SEP space-
craft systems 23 part of the preflight mission
degdpgn studies. Several SEP deslgn options. are
avallable to provide the accicude sensing and
attituds maneuver authority necessary to achieve
the required thrust vector dirvections. An option
that imposes attitude and thrust vector orientation
constraints as opposed to no eonstraints is pre—
sented together with the advantages and disadvan~
tages from o guldance viewpoint already ddentified
for each option. An overview is presented of the
propulsion gystem model diwmprovements belng made to
each program, the nodificacions to study the atti-
tude orientation congtraint option in hdvh programs
dnd the methed of integrating thé twe prograns.

1.  Cruise tuiduneg Dewipgn Motivabion

The motivation for the desipn of the crulse
guidatite during the pre-project or preliminary
mission planning phase is that for geoccentrice
transfer wissions this state of development 1s re-
quircd to define sdequately the requirements of
the SEF spacecraft and thruster systema, Sewe of
the requirements to be fdentified duriog the pui-
dance system development are those on:  thruster
threttling range and vate; thruster pioballing;
attitude concrol pointing; attitude sensing; solar
array podnting; thermal subsystem; and telemetry
und command antentnas. This identification is of
particular importance when the requirements for o
sroup of geocentrie missions are to be integrated
into a common set of don thruster snd power pro-
cesgor réquirements., An anolysis of the cost,
vellability, and operational simplieity of the
gpaceeraft gystems which meet the requirements,
establishes the Impact of the guidanece systenm on
the sppeecratt design. It also provides insight
For preject management into the tradecffs of the
guidunce gystem performance versus the spacecraft
design complexity and program costs, and permits
an early establishrent of the technology require-
ments for the fon thruster and attipude control
Syutoms .

Thig approach of developing a guidance and
navigation subsystem definition during the pre-
liminary SEP spacecralt dedign has also been advo-
cated in referunce 1. OUne of the most obvieus
quections is why must the desipgn and evaluation of
the guidance gystem be undertaken befere the wube
systems hardware requirements are finalized, The
preliminary hardware requiréments are typleally
derived by generating the reference trajectory with
# trajectory opuimlzacion computer program. The
errvor amilyszes conducted as part of the guidanee
system development and evsluastion way impose a set
of hardware requirements different from these
raquiremonts identified by the referencs trajectory,
In gome Instances, the changes in the havdware re-
quirements wmay be small eénough to still be accomo-
dated by the basweline design. However, for other
cases the finel design requivements may be ditferent
enotigh to supgest a different hardware sclection,
Should the required gystem prove toe operaclondlly
complex and expensive, it may be sdvantogeous to
compromise or relax the guldance sucecess require-
ments {transfer time, delivered mass, éte.) and
gelect a gimpler and possibly less expensive space-—
craft design, Another reason that the referénce
trajectory may lead to erroncous requirements iz
that the present optimizsvion program may prove in-
adéquate to generate realistle and accurate refer-
ence trajeetories Erom which the hardware require-
ments muy be identified, This iy becauge the opti-
mization programs are rather restrictive fin their
environmental and propulsion system models, and
therefore the optinum gelutions and required. thrust
directions determined from these programs may be
different from those sbrained if a detailed simu-
latdion and accurate representation of the spacecraft
and envirenment were employed. The restiictive



nature of these wodels arlses because of the uyse of
these programs for mission analysis and the akten-
dane requirement ro genarate optinum solutions
within o reasonable expenditure of cowmputer time,
Congeqguently, tho thrustes throttling eedel, the
soluyr arvay degradotion wmodel, and the solar array
power moedel are wguslly simplified in the optimi-
zation program ko provide a trovtable twoe point
boundary value problem. Add{tfowally, most upti-
mization prograws ewploy averoglsg teehnigues in
formulating the state and cogeoce equations. There
ig therefore a neéd to varify che performance of
the steering-luw or thrust direetions provided by
the optimizatfion progrin with another pregraw that
couples o detuiled environwental and spacecrafe
siudiation with 4 precision trajectury generation,

The SECKSPOT computer programie)s (33 (i),
developed by the Charles Stark Draper Laboratory
and the SECH computet program(3) developed by the
Analyecicul Mechandes Associates, Incorporated are
examples of optimizatics and simularien proprams,
regpectively, which have been selseted to integrate
into the ground software For the propused cruise
guidance methed, ‘The development of the original
versiony of both pregroms was supported by the
Goddard Spuce Flight Center, A8 the oprimization
program, SECKSPOT determines the thrust directcions
required to provide a winieum time trajectory be-
eween the infcinl and EFinal orbits specified as
input data. SEOR does not selve 8 boundary value
problem but rather generates s precision trafectory
using the thrust direction informition provided by
SECKSPOT. Thurvefore, SECOR provides not only a
cheek on the SECREPOY solution burb, as explained
below, g means to guggedt and develop any required
improvements 1n SECKSPOT's envirenmental and space-—
crafr models.

I1I. Cruise Guidance Appreach

The basic approach te the proposed open loop
crulze zuldance gystem is ghown in Figure 1. Upon
injectien fato the parking orbit by the launch
vehiele, the STDN network will track the spacecraft
and an otelt determination will be performed., The
SECRSPOT program will then be used to rarget to
the final conditions and determine the required
thrugt vector dirsctions, The thrust direetions
are first input to the SEOR prozram in the form
of state and costate Information. ‘The trajectory
predicted by SECR and 4n partieular, the final
orbit conditions will be compared to that obtained
from the SECKEPOT solution. If the difference in
the Final orbit conditlons caleculated by the pro-
grams fu unaceeptable, some fteraction may be re-
quired between SECKSPOT and SEORK to arrive at the
target conditiony wich SEOR.

The nature of the interface between the
SECKSPOL ond SEOR programs, and the information
tranamitted to the spacecraft 18 best explained via
an example., Consider an oeblt ralsing missilon
from a low altitudé, inclined clrcular parking
orble to geosynchronous orbit., The Intikial and
[inal conditions and environmental effects included
in thé SECKSPOT program run are listed in Table I.
The run assumes that the solar array surfaces are
maintained normal to the sunline and that the
thruster beaw power 1s proportional to the power
available from the thruster section of the selar
array. The propulsion system paramcters and space-
craft operational characteristics employed do rot
represent hardware requirements or preferrved oper-

1
ational choracteristics but rather were pelected to
11lustrate the guidunte method for a typieal mis-
glon,

Fipure 2 shows the time histories of the seid-
majur axis, inclination, ond eccentricity. ‘The don
thruster shutdown time during periods of carth
shadowing causey the eseentrieity bulldup. For this
cage, the shutdown period did not include any time
delay for restavting the thrusters after the spage-
eralt escrpes from the shadmi,

Tn SECREPOT, the state vector comprises the
five equinocetia] erbit elements, mass, and 1 MeV
fluence, and the eostute comprlscs the adjolnty to
thiy geven element stete, Figure 3 shows the time
histories of the equinoetial erbit eleménts and
their adjoint voriables or cestate as cowpubed by
SECREPOT, The significutee of thiz state and co-
state information is not necessarily in the values
themgelves, but vather in the slowly varying nature
of the data with wmission time. This suggests that
the state and ceatate Information may be cransmitted
to the gpacecraft computer as coefficients of a
functdon fitted to the data, The state and eostate
information can he transforiped inte the conkrol or
thrust veckor in the equincetial coordinate systew,
which in turn can be trangformed into in-orbic
plane and out-pf-grbit plane thrust direcnions.(z)
Figures & and 5 show the wut-of-orbit plané and
in-orbit plane thrust directions, respectively for
gevaral orbity durving the example misaion. The
small in-plane thrust component 1s required to null
the eccentricity.

Because the SEOR program requires a priori
knowledge of the thrust vector directions, the
equinoctial state and costate vecdtors output Erom
SECKSPOT will be input to SEOR which will transform
this information into the required thrust directions
as the intepration proceeds In SEOR. Several op-
tions as to the form of the thrust direction infor-
wation aectually transmitted to the spacecraft will
be Invastigated ag the guldance system development
proceeds, ‘The options to be studied inelude state
and costate informacfon, in-plane and out-of~pluane
thrust directions, wnd precomputed pttitude angles
as a function of arpgument of latitude or position
in orbit. Transforming the state and costate
{iformation inte precomputed attitude onpgles on
the ground and transimiteing this data to the apace-
craft reduces the computstienal vequirements of the
onboird computér. An algerithm to compute the
argument of latitude fs stored in the onboard com=
puter and updated with navigation informstion frot
ground tracking, or a limited onboard navigation
syatem might be employed to Feed the position in
the orhit to the guidance algorithms.

During the orbit raising, navigation informu-
tion {s provided by STDN tracking. When the differ-
ence between the accwal spacecraft position and that
prediceed by SEOR exceeds gome proedetermined level,
the miszion 1y veoptimized from the current state
to the target, SECKSPOT computes a new set of
thrust diveetdsans wideh vpdave the guidance algor-
dthms in the,ngaard computer, This retargecing
may be frequent in the early part of the miggion
wien knowledge of the blases in the thrust sub-
system and power subsystems is small.,  Examples
of early propulsion system uncertainties sre golar
array degradation, individual thruster and power
processor performance, and thrust vecter misalign-
ment.



ihe current versfen of the SECKSPOT program is
not capable of targeting on o final pesitifen or
longlewde i orblt. To achieve geosyonchronous or-
bit at a porticular Lengitude, a terminal guldance
system must he ackivated shortly vefore attalnment
of peosynchrudous attitude.

I¥., Arcitude Orieutetion Constraints

The requirement to orient the lon thrust vectoer
in the proper cut-stesrbit plane und lncorbit plane
direetions ag illustrated in ihe cxumple mission
has o mnjer {impact on the design of the SEP space-
crafc attitude control mystem. The ideul contrel
gystem, capable of providing these thrust diree-
tions and muintalnlng the selar arruy surfuces
noresl te the sunline, would indecd effect the pin-
imum cime or optimum trajectory. ‘lhose features
of the actfitude control system which ave Impacted
by this requiresent inelude the sttivude sensing
and steitede moneuvering capability.

Figure & shows o typlcal SEP mpacecraft con=
Eigueation and coordinate gystdim definition, For
this configuration the % axis lies in the orbit
plane and has the same sensc as the orbit velogdiey
vector; the y axis 1s perpendiculur to the orbie
plane and directed south, and the 2 axis iy paral-
lel to the earth radius vector and directed toward
the earth, For zere attitude errors, tho gpace-
craft roll, pitch, and waw uxes ave aligned with
the %, y, and 2z oxes respoctively. The fon thrus-
ters are mounted on the negative roll face of the
spacecraft and the solar azrays may be rotated
about their longitudinal axls Which is aligned
with the spacecraft pitch uxis. The out-of-plane
thrust compenent 1s provided by rotatdng the

- gpaeecraft in yaw and the in-plane coumpoient by

rotating in pitch. The xolar pinels are maintained
perpendiculur to the sun by reolling the spacecraft
until the panel longitudinal exis is perpendicular
to the sunline and then rotating the panel normal
to the sun, This method requires the use of a
star tracker or gimballed earth horizon sensor for
attitude sensing ond sufficlent contrel torque to
provide the required pitch, roll, and yaw motions,

An attitude control desipgn option proposed
during the SERT € design study(®) reduces the
attitude maneuvers to just yow motion but provides
lesg than optimum orblt radsing performance. As
indicated by the example mission, geosynchronous
transfers via eiréular orbits require a relotively
large out-of~orhit plane thrust component or yaw
motion to effect a reduerion in inclination angle
and a small in-plane component or pitch motion to
reduce the small eccentrieity builldup {see Fig-
uré 2) caused by sarth shadowing., The proposad
system employs a non-gimballed, two axiy earth
horizon sensor for pltch amd voll gensing, and a
sun gengor-gyro combination to provide yaw sensing.
Null operation of the horizon sensor reguives vhak
the spacecraft roll-pirch plane be malnti:wsd jev-
pendicular te the earth radius vector, g+ &hera-~
fore only yaw motien iz permitted. Moreovir. 7%
yaw motion -is unconstrained. One disadvantiage of
this system livs dn itz lack of capability to nulil
the residual eccentrielity dué to shadowing during
the orbit ralaing. Nulliasg the eccentricity at
the end of the transfer increases the transfer
time over that obtainced wien the eccentrieity is
nulled during the orbit raising. Wich che thrust
geceleration available at the end of the example
miseion defined fn Table I, approximately 6 days

would ba required to smwll up eceentyicity of 0,05,

The amvunt of eccentrielty bulldup due to
shaduwing may be controlled and the attendant traus-
fer time wuy be reduced by proper selection of the
lasnch dote and time, This 1z true for both tho
noticanstrained cuse and the constrained cage deo-
£ined above. Figure 7 shows the eccentricity builld-
up for the nonconstrained case at a4 different
lounch time, By ﬂelacting an initlal longitude of
the ascending wodo of ~407, Lhe maximum cccentrieity
is 0,02 oy compared to the eccentricity of 0.05
ahown in Figure 2 for an initial nede of ¢ . As
shown in Figure 8, the in-planc steering angle
requirements are reduged te less than 3 degrees,
compared to the 6 depree requirement shown in
Figure 5 for the initial nede of 0, The mission
time for this case is reduced to 179 days and the
final wass is 780 kg,

The second disadvantage of the stticude dou=
atrained system Is thot because voll nistion is not
permitted, the solar arrays cannot be #aintained
normal to the sun line throughour the erbit reve-
lution, The peak value of the solar array normul
sun offset is determined not enly by the magnitude
of the yuw steering angle, but by the erientation
of the orbit plane relative to the sunline. Con~
gider the situation where the sun ldes in the orbit
plone und 15 perpendicular te the line of nodes as
ghown in Flgure %, A yaw steering program is
employed to gsimultsnecusly c¢honge the semi-major
axils apd Inclinatien. For no oblateness and no
shadowing, the stecring program iz approximately a
sine wave, with zerc yaw angle at the antinede and
maximum yaw angle at the node. By constraining
the attitude of the center body, the arrays may
be direceed normal to the wunline at the antinodes,
but at the nodes the angle between the arvay noermal
and the aun 1s equal to the magnitude of the yaw
steering angle. Figure 10 shows the solar grray
power variation for that ovbit which hag che lewest
value of power during the exatple orblt raising
wigsion for some launch date and time. The use of
a steering law based on constant pover and no
shadowing was assumed: During the orbit raising,
the fon thrusters would be throttled egually te
toke advantage of the total array power available.
The throetling requirement of 1,4:1 {8 well within
the 2:1 throttling range required fov stable opet-
atfon of the 30 em thrusters being developed,  The
preferred method of thruster throttling would be
to throttle back on beam current and inerease the
beam voltage somewhat to maintain the thruscer
specific impulse near its full power value of 2900
gueonds.

The effect of this powér variation on the SEP
misaion performance hae been evaluuted for geo-
synchronous misslons requiring up to a year of
orbit ralsing time. The steering luw employed In
the simulation of the constrained case 1y the op-

*mum law for efrclo-to-circle transfers between
wclined orbits and assumes that the power over
the orbit revelution is constant; and that there
¢ no obluteness or shadow éffect. It was found
that for the constrainéd cuse, the total average
power was approximately 90 percent of full power.
The probable effect on the transfer time for the
constrained case would be to dncrease ib by a fac-
tor egual to the inverse of the average power ratio
over the tine for the nonconstrained case. For un
average power of 90 percent, the transfer time i
inereased by 11 percent.




A susmary of the preliminary SEP propulsion
system and attltude coutrel system requirements is
praosented inTable I, for the case of u SEP spoaca-
craft having ne actitude orientation coustraints
and for the guse with the attitude orientation
constraint of maintuining the spacecrafc rell-pleeh
plane perpendicular to the Barph radius vector,
The sulient advantages of the constralned systen
over the nencenstrained systom are the simplifi-
cation of the attitude contrel system and a possi-
ble redugtion in the thruster gimbal requirement
1f the thrusters are used to provide the atticude
maneuvering, The disadvantage of the esnstralned
cage 15 the requiresment of the propulsion svatem
to track the varying zolor areay pover and the
pttendant requircment on thruscer throtting ronge
ond rate. Based upon the prelimindry evaluation
of the SEP performunce and operational simplicity
of thae required attitude control asystem for the
degipn option employing attitude orientation con-
stralats, a atudy has been undertoken to determine
the cffect of attitude construints on aptional
geocentrie transfery, Modificarions are belng made
to the SECKSPOT computer propram so that the cow-
putation of the thrust directions is bused on an
optialzation formulation which accounts for the
power varistions over the wrbit revolution caused
by conutraiping the roll=pitch plane to be perpen-
dicular to the Earth radius vector, The transfer
timés for orbit raising trajectories using the
thrust directions computied from this new formula-
tion are expected to be smaller than those obtained
with the steering law employed in the gimulation
discussed above, Therefore the Gibii valalog
purformance of the constroined cdase will be wore
competitive with that for the nonconstrained case.

An additionul dmprovement to the mimsion
performance of the constrained cuse would be to
alleéw a limited amount of plteh motdon and atill
retain the non-gimballed horizon sensor. The mag-—
nitude of the pitch offset is limited to the fleld
of view of the sensor und the accuracy avallable
with the sensor ever the field of view., 1This pitch
freedom would permit small in-plane thruse offsecs,
such as those exhibited in Figures 5 and 8, to
control the eccentrieity durdng the orbit ruising
rather than walting to null the eccentricity nesr
geosynchronous orbilt.

V. SECKSPOT Program Modifications

Seversl modificacions ave currently being made
te the SECKSPOT computer program to improve lts
capability to simulate some aspects of the SEP
gystems and to add the capability to grudy the
optien of attitude orientation constrainty. The
objective iz to add as much detail to SECKSPOT as
pogalble without greatly incredsing the program
execution time. The lon thruster testart time
after shadow 18 befng added to the Earth shadow
time to obtain a more reallstic shutdown period
caused by shadowing., The restart btime is wmodeled
ag the sum of the time for the solar avray to
achieve operating temperature and the time for the
thrusters to achieve full thrust after the solar
array power has been applied tv the pover proces—
sor, HResults from array thérmal analyses and {fon
thrugter hardware tests have been used to develop
the model. A new Farth magnetic field model is
belng used to genorate the solar array degradatfon
model which 1y being generalized to conglder var—
ious solar cell shielding thicknesses,(7) Sub-

routines are being added te calculate parameters
that arc useful in the spacecrsaft design., These
parameters include in-plane und out-ct-plane thrust
directions, spacecraft ateirude angles to achieve
tiiese thrust direetions, atd the solar array in-
cidence angles on thé spagecraft body, The wajor
effort undarway iu the lnelusion in the optimiza-
tion problem of the attitude prientatisn eongtraink
vhereby the spacecraft roll-piteh plane is woin-
tained perpendicular te the Eprth radius vectar, (8)
The effuct of the wrientutien constraint is being
formulated In the equations of state and costate,
Ag indicated previously, the attitude constraint
causes the solur array power to vary over the orbic
revolution, In SECKSPOT, the thrust will be
assumed to be directly proportional to the arrvay
pover and the specific fwpulse will be ussumed to
be eonatant,

VI, SEOR Progras Madifieatioag

The meddficutions befng wide to the SEOR pro-
grnmcg) include o detalled thruster configuration
and throteling model, proviwiony for gencruting
thrust veetor erlentutiong based on input from
SECKSPOT, and pdditicn of the thruster restart time
to the shadow model. The thruster system config-
uration wedel will permic specifying the nuuber and
location of thu individual thrusters and the direc-—
tion of the threst vector relative to the wpace-
craft coordinates. As the golar arruy power de-
grades due to particulate radiation, the thruster
throttling model, based wpon 30 cm thruster test
dati, will compare the thrust ef the number of
operating thrusteis to that for sperating onc less
thruster, If the total thruse can be Increased,
one of the thrugcers will be shut dowm.

Steering dota will be dnput te SEOR frem
SECKSPOT in the form of a table or curve of time
histories ef the state and costate vectory required
te provide the minimum time trajectery. SEOR will
transforfm theze vectory into o thrugt veetor in the
coordinate frome required by SEOR, and thed as an
option apply the attitude orientation constraint of
maintaining the voll=pitch plane perpendlcular te
the Earth radfus vector. The nature of the inter-
face between the SECKSPOT and the SEOR progrom is
suffieiently general to permit the generation of
either eircular or elliptic crble raising trajee-
tory sinulations with SEOK.

One of the problems in synthesizing two pro-
groms such ay these with their different teclimiques
or level of detail Iin modeling the apacecraft and
envivonmental simulation Ls that the thrust profiles
generated by SECKSPOT when input to SEOR may not
produce the same final conditions in SEOR. If the
modeling in SEOR is cdorrect, then the integravion
of thege two programs will assist in improving the
SECKSPOT models to that gtate required for the
migglon operations. One of the wmore probable areas
whoere gotie disagreement may arise will be in the
solar array degradation model and the solar avray
power model. Both programs will use the same
electron and proton envirenment wmodels as developed
by the Nationdl Spice Sclence Deta Center. The
damage cocfficients relating the electron ond proton
flux to 1 MeV equivalent electron flux are Input
data to SEOR and to the degradation medel computer
code which Interfaces with SECKSPOT, and can there-
fore be made the same for both programs. We will
decouple the degradation wodels from the erajectory



integration and compare for cach program the re-
tults of the process of transforming from electrin
and proton flux to 1 MeV equivalent Flux, and from
1 MeV flux te solar array powet.

Y1E, Concluding Remarks

An appreaeh to effsct the open lovp cruise
puldance of a SEP spacecraft in geoccentrie trans-
ter has been dideussed.  The guldance system eon-
sists of determinis j the fon thrust vecter dirzec-
tiong en the ground with an optimization computer
progras, and transferting this information to the
spacecratt computer via ground commind. 'This pro-
cedure is repeated when the differenec between
the trajoctory predicted with a preciszion gimula-
tion eemputer program and the octusl trajectory
determitied from ground tracking execeeds some pre-
dutérmined level,

A wpacecraft design uption that employs atcd-
tude orientation constraints has been presented,
Modifications to the cptimization and simulation
gomputer progeamgs are currently underway and dn-
clude: improvements in the propulsion system sim-
ulation; a new formulation in the opeimizaticn
program te scudy the acticude orientation eon-
straints; and the integracicn of the programs to
transfer theugt direction information from the
optinization progrum, SECKSPOT, to the simdlation
program, SEGR.

Upon cowpletion of the integratiem ov unifi-
cation of these programs, the bosie ground sofe-
wyre to perform the eruise guidance will be in
hand., Simulation of the crulse guidance will per-
mit the refinement of the prelindnary propulaion
aygtem and gpacecraft hardwure requirevents de-
fined by the optimization program for the design
options under consideration, Upon the conelusion
of the trudeoff studies the question of how worth-
vhile and practical 1s o truly optimal geocentric
trajectory as compared to one which 1e less thon
optimal may Finally be answered from the viewpoint
of the spacecraft design, ’
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TABLE I.

& luput bata

EXAMPLE MESSTON CHARACTERISTICS

Intrial gemi-major axig, g ke 9524
Inieial cecentricity, ey V]
fnttial inelinmation, in' deg 28.3
Infrial argument of perlgea, @g de g i}
Iuftial lengitude of awcending node, db. deg a
Final somi-major axis, Ay lem 42164
Final cceentrieity, g 0
Final inelfioation, iF’ deg 28.73
Final argument of perigee, NF Free
Final lungdtude of sscending node, g Free
Launch date Junuary 1, 14980
Mass, kg B850
Thruster boam power, kw 4,83
Specific fmpulse, sec 2900

Ublateness and shadowing effects Ineluded.
Begradation focluded (6 mil coverglass, Inflnite backshielding)

B, Results

Transter time, days

Final mags, ki

Power ratfo

*
Equivalent to 2.6, 30 em thrusters

187
731
0.70

TARLE 17, SUMMARY OF PRELCIMINARY PROPULSTON BYSTEM AND ATTLTUDE
CONTHOL HEQUIREMENTS PO SEOSYHCHRONGTS MISSION WiTH

AN WITHGUT ATTITUGE QRIEN

Abtftude Cent gl
AbLEbwile sergor
Cantrol torgue

Freopulatun Seuteur
Salar arsay power

Thrusber throbtlo
eifoct, vangefrate

Thruster ghobal

Minglon Portormaes:

WA Const ruines

Slar trucker op
winballed horizen sensor

Rall, syow, and pliteh

Constant over revolution

1. Begradatlen offect
£33 (alow)

Bunter of mass
allpmaear and poessible
vantrol torques ahour
all awes

Oyt imal

ATTON CONSTRATHLY

Witanstrainty

Nop-g lubael bed Eorth
horlocy sensor

Yaw onky

Vartes evey orbit rov.s
poWEr PrOCHSEUrE must
track avatlable power

1. Begradatlon wffect
(a1 d{slow)

A PTower variation due to
atrtdtude constrabnts
{loartdff1gmin.

Centur of ougs

aligusent wnd pospibie

contrel porgues

whowt all aded

Sutreopt fmal




ATTITUDE
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SPACECRAFT COMPUTER
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'
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ORB T DETERMINATION
AND PREDICTION
SPACECRAFT CONTROL _
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FOR GUIDANCE UPDATE

STATE AND
COSTATE

SEOR _PROGRAM

VERIFY SECKSPQT SOLUTION
AND PREDICT TRAJECTORY

COMPARE ACTUAL ORBIT

STATE AND COS
INFORMATION

TATE

* SECKSPOT PROGRAM

DETERMINE OPTIMUM TRAJECTORY
AND THRUST DIRECTIONS

SYSTEM INITIALIZATION
1. INITIAL AND FINAL ORBITS

| TO PREDICTED

/

TERMINAL
DIVERGENCE, GUIDANCE
RESTART GATE

2, PROPULSION SYSTEM AND

SPACECRAFT PARAMETERS

Figure 1. - Cruise Guidance System Block Diagram,
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Flgure 2. - Time histories of classical orbit
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Figure 3. - Time histories of equi-
noctial elements and their ad-
joints,
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Figure 5. - In orbit plane thrust directions,
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Flgure 6. - Spacecraft configuration ar__ld coordinate definitions.
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Figure 7. - Eccentricity history when initial
node is ~90°,
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Figure 8, - In orbit plane thrust directions for an initial
node of ~90°,
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Figure 9, - Orbit-sun spacecraft geometry Hlustrating
solar array power variations,
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Figure 10. - Variation of solar array power
over thal arbit which has the lowest value of
value of instanlaneous power,
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