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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
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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.






