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FROM: E. Cutting
SUBJECT: Proposal for & Trajectory Study of a Low Erergy Msrcury Mission

This m2mo describes a proposed trajectory-orisnied study of a Mercury nission
vaing an Rerth-Tenus-Mereury trejectary rather than & direct Earth-Mercury transfer,
With this muitiple encouter trajectary, vseful payloads can be schieved with o
stendard Ablos-Centaur. In many respscte the mission is less difficult than
Mueriner C. Background informestion is given in the discussion bsliow, The CGromd
Rulss af the study are then listed, These rules are fairly restrictive in crder
to Iimlt the scops of the study. It is believed thet the ground rules can sasily
be achieved, end it will be ncted that they will resull in & quite coservetives
dsoign, The study is dividsd into three areas, sach the respasibility o ms

o H

Canic Trajesctary Studies, M. A, Minovich, 1 man-month
Integrated Trajectory Studiss, F, Stwrrs, 1/2 men-manth
Guidsnce and Subsysiem Studies, E, Cutting, 1/2 man-menth

Coumprber production cests are estimated st $1500. Beferences ure listed sb the
end of this remo. The study will result in a Ssctiom 312 Techniesl Memo, Lo
be miblished by Sepiember 1, 1984. If the results meotl owr expsctstioms, the
T# wiil be republished as zn aternal repart. Coments cn this proposal sve
reguesied,
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DISCUSSLON

An unrenned Merewry flyby mission could accomplish several useful
scientific dbjectives. Among these are: msasure fislds and particlss
8% redli of & -~ .7 & from the sun, measuwre the suwrface temperature o
the cold side of Mercury, improve cur lnasledge of the mess of Mercury,
e*‘c.c.l Unfortunately, however, direct transfers from Earth to Mercwry
require csvs in excess of AO lmz secg 2 and thus large boost vehiclss
&re rGQu:LNda. An alternstive to the direct transfer is the mltiple
encaunter trajectary’, in which the spocecraft passes close to Verus
where It is deflected and comtinues to Mercury. The advantage of this
mltipis encounter trajectory is that gesoccentric 03'8 are reduced to
sbowt 13 km*/sec® allaring the use of less expensive launch vehicles
such a8 a standard Atlas-Cemtaur. Attendant disadvantagss ars increased
£light times end erre m&tivitisss. We have made & preliminery stuiy
of these faciars and concluds that the Barbth-Venus-Mercwry mission is
worthy of further investigation. A proposed trajsctory oriented mission
study is outlined belas, ' '
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GROUND RULES

(1) Uss Ewrth-Vems-Mercury transfer such as discusssd in references 4 and 5.

(2) PFiring pericd te bs 1970 Venus opportunity.

{(3) AMR lmmch at azimths of 90 - 1i°,

(4) Standard Atlas-Centexr with parking arbit cepebility,

{5) Standerd trajectory aiming point at Verus to be no closer then 3000 lm
from surface, (distance of elosest approach)

{6) No othsr restrictians m Venus aiming point (e.g. ocscultetions of Earth,
Sun, and Canopus ars allowed).

(7) Standard trejectories to be targetted far constent arrival tims st
Vonus (spmroximately Kovember 27, 1970). :

(8) Spacscreft to f£iypy Meraury,

(9) Standard trajectary aiming poimt st Mercury to be sbowt 50,000 (?) kam
fram Mercury and on cold side,

(10) Aiming point and arrivel time =t Mercury to be apmraximstely the sams
throughoat £iring pericd.

{11) No other resirictions on Mercwry aiming point.

{12) Desired launch pericd is sbouk 30 days.

{13) Desired payload weight is about 1500 lbs on standard Atlas-Centaue.

(14) Flight time to be abowt 150 days.

(15) Maximm commmicsticn distance te be ghout 150 x 106 z,

(16) Earth based radio guidance anly (no vehicle based observaticne),

{17) No mare than 3 maneuvers, if possibis,
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COMIG TRAJECTORY STUDIES

(1) Ueing HECON compute the fcllowing Venus-Mercury trajectories

initizl lawmch dey, Oct. 16, 190
lammeh day steps 1 day

final lsunch day. Jan, 16, 1971
initial £light time, 40 days
flight time step, 2 days

fingl flight time, 150 days

Obtain ssve tape, microfilm and copyflow of trzjectary date,

(2) From the HECON trajsctories, obtain cantours of C, relative to Venus
far the follawing variables plotied sgainst launch dates

Verus<Mercury flight time
declinat i of asymptote lsaving Veonus
right ascension of ssymplobe leaving Venus,

These curves are analogous to Fig. 10-1, 10-%, 10-5 in referencs 6,

{3) Using the date cbtained in (1) and (2) together with the Eerth-Tenus
design curves in reference 5 and the Barth-Venus trajectory datz in
reference 7, develop a logical design mrocedure far Earth-Tenus-Mercwry
trenafers,

(L) Use the design provedwre developed in (5), to carry aut the design for
the 1970 mission sccwding to the sbove groumd rules,

{5} For the design in {4), cbtein plots of the follawing verisbles ageinsst
Earth lawmch day.

declinatim and right esesnsion of incaming Venus asymphoie
declingtion and right asconsim of cigoing Vonus asympbcie
impect permmtar &b Venus

BeT end B°R at Venus

03 relstive {0 Barth

() Fromthe last curve in {5) cbbain apraximate launch pericd end pagicsd.
{7} From the selacted trajecteriss arnd reference 7, determine Earth injcctiom lecl.
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INTEGRATED TRAJECTORY STUDIES

Chsck mtés inciusion of Mercury is & target body in the Spece Trajectories
Erograny, .

Select 3 reprosentatiwe trajectories fram the firing psriod determined in
(6) of the Comie Trajectory Stwdiy. If possible, ane of thess should be
ths sars BartheVenus-tlercury trajectory studiad in reference 5,

Develop & method of targeting ths ini.e@axt.ed t.rajsctcsz'ias a.ecwding te
the gromd rules sp3cified abowe,

Target the trajectoriss and make the follawing plots {all three trajectariss
o each plot)

range from the Emth versus {iwe
range rgte from the Earth versus {ims
sun-prcbe distances vorsus tims

- eartb-prdbe-awn angles veraus time
cang angle of earth versus time
clesk angle of earth versus time
can® angle of Canopus versus time
clock angls of Canopus versus {iwms
rojectim of trajectary on ecliptic planc (separste plots)
celsstial latituds versus time
cslestial lamgitude wersus tims

Using TAIN obbain plots far cach trajectiory of
giming gones st Venus
aiming saies st Mercury

Campare integrated and cenic irsjectories particulsrly regarding C
reliative to Earth and B°T, B*R & Venus

Study linsarity o Inportant differsntiazl cosfficlents such as those
used in tergeting end in guidence studiss,

Estimate effect of wncertainty in I-ﬁarcury erhemsris an accuwracy o
traject ey eaieulstions,
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CGUIDANCE BND SURSETE‘.BE STUDLES

Study poscible scisntific mission cojectives, and carespmding trejoctery
constreints by coneulbing referencss 1, 9 and JPL spacs scisntists.

Dotermine major mrobleme in subsystem sreass by causulting JPL spscialists

tenperature cantrol

power
camumicat ims

guidance and control
rropulsian

Oblain differential coefficisnts fran HECON and Space Trajectariss runs
using trajectories from ciher two studiss,

Obtain estimates of arbit determination accuracy from references 10, JPL
specizlists and ODP rmms,

Pexrform an appraximete guidance anzlysis to obtain estimstes of guidence
accuracy and fuel requirements subject to growmnd rules,
8. first mansuver shortly after injection to carrect booster errors

be second mansuver shartly before Vonus arrivel to carrect exacution
errors and physical casstant errars

¢. third mensuver shartly after lsaving Venus te carrect Venus
arrivel errars propegeting into Venus ouwtgoing acymptote errora

Use TAFP 2 to verify results of (3} am e o the integrabed trajecicries
cotained in the Intsgrated Trajsctory Study.

Investigate effect of rhysicel canstent errars neglscted in {5) and (§).
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