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FOREWORD 

Thll report rcprca nta a cond nacd summary o f 
the work perform d und r Contract NJ\S8-S026 and ia 
submitted in I' rtial fulflllment of te chni ca l docum ntntion 
of th study, The work wns I' rlorm d by th Advanced 
Studi 8 O£Iicc , General Dynamic8/Aetl'on utica unci r 
the cogniz nc of Dr, 11. H, Ko 11 , Directo,' , .Future 
Proj eta OWc , NASA/MS}'"C, a nd 0 ", [(. 11.up(>e , 0 puty 
Director, Futu!' Projects OHic , nd Technica l Manag r 
oI Contract NAS8-5026, Th comm 'n ts and recommen­
dations by mcmb " s of th Futu,' ProJ t a Offico hnn' 
been moa t h lpful. 

INTRODUCTION 

A mann d captur mission to V nus or M,1'8 " 1'1'0-

scnts a kcy mission in pr I' ration for th go, I. of th 
first phas of a long-rang progt' m of m nn d pi, n t.ry 
exploration nnd base stab1i8hm nt ~ , 

Instrumentcd p!'ob 8 are v "y important in IH par­
ing the way for manned flight, but C,lnnot replac m,lnned 
xplorHion of th eol.1" aystem or vcn ou ,' n [ghborln~ 

plan ta, If for no othl'r r .on th~n th t th y I ck th • 
judgement •• nd SLIp rlor rc1!.lbllJty char ctrri6tlca contri­
buted by m n, without which a task of 8l,ch cnormlly ca.n­
not be accomplilh d, 

In the COLI I' of thi 
conc)u ions w re obt.1l n 

. Iudy, Ih 
d: 

(I) Fd t rOllnd-tl'1p mll.,ons to V nu. ( 360-420 d) T 

characterll d by short outbound tr,ln . I r, 1lIpt,,, c.lptur 
at n I' A/rp ~ 8 and ,I long r('turn orbll, Ilyp rbolic en­
try velodtie ar und r 50,000 ft/ . c w,thuut the ~id of 
a r("tro-man('uver, 

(2) Most e onomic Ca t (4500 d) round-Irlp c.ptur,' mla-
510n to Mars con .. t . 01 ,I Ihor l outbound Ir"n . f·r In .. 
favorablc window, C1l' u["r "ptur', cloo '-pl'l'lh lion r'­
turn trander orbit, IJow-down ne I' th,' p"l'1h~lIon (I' l'l­
helion brakl'),usi n~ 101 r-th I'm I propul IUtI th('"by re-
ducing the Earth approach velocity Ilnd .m Jl E. rth 
retro-maneuver, u.ing fuel which . rv d al . hi Iding, 
followed by hyperbolic ntry at 40-45, 000 It/. c By 
means of thia mi •• ion profile, th diU r nc b tw en 
!avorable and unfavorabl mislion yeaTl c n b gr tly 
reduced. 

(3) BI-Planet r ound-tnp mallon. 
oUer up,'nor flexlb,lity In limln~, 
ml .ion , {ollowlnjl {dvor,lb[ t ran 
mu.ion veloclll 8 umllar to thol(' 
mi. .Ion to Mar . alone, 

to Venu nd "",," 
Bi- PI,lnrt ''I,tur,' 

f ,. r WI ndo\!, •• ho ... n 
101' f.1 t round-trlp 

(4) Combination. o{ capture and pow('r(d fly-by (Pr H) 

in bl-planel ml"sions can be liS 'd to r duct Ignlfl ntly 
the arrival v('IOClly t E rth upon I' ' turn from M.lrl. Th.· 
mi "on p"riod il long('r than In (l), n m"ly clo ( to 
500 daya, but thll ma.lon olf 1'1 th adv ntil~" o( VI It-
In both plan t. In on mll.ion. 

(5) lnvestl atlon o{ pow,'n'd m n<,uv rI dUring (Iy-by 
wa. found to lnCr aI(' th number of av Ilablt' muolon 
window., to Incr a .... mu.ion Window. fr om day. tu 
w ek. and to r du,t' mil.lon v )ocity •• wI·1I I ml.llon 
period, compar d to non-power( d fly-by, 

(6) For a Venus captul'(' million, ullnll Ircul.tr, ptur' 
"nd r tro-thrult to Apollo ntry condition. (36,2.00 
ft/,ee), and nuell r Itaa"l WIth l .p 765, 

(a) elimInation of Apollo ntry cond,t,on nd I·ntry 
at 46, 000 ft/s c r due • th~ orbit 1 d ""rtur Wl'i ht 
(ODW) by 11% 

(b) changing {rorn nrcul"r to ('llIptlc c"pLUrr t 
n 11 r duc '. th,' orhltal d partur' wrillht by II ,., 
Thll ftjlUTI' t k" Into account tilt' lIk(')Y 11 cl fur ro-
tating the' major aXil o{ thl (,1111''''' 

(c) omitting rrtro-thrlllt to Apollo ntry ,HI (h ... ,,,­
injl to liJptlc C pture, rNiue I thl' orbit;,[ de'f",rtl1r 
w('i ght by 29 ,. 

(d) applying &lmOlphe ric br'lklng rl'l.lll( " 1 tl", Inlll,,1 
orbital W I/lht by 1.7"1. 

( ) al?plYlng . tmol"h ric braklflK and 'JIldttll1K Apullo 
r('duel'. tll(' orbital dl'p rturl' w/'iKht (ODW) by 4H%. 

j 

(7) For a Ma~ s miuion in 197 5, using an all-nuclear 
vchlcl with 900 s rc In th plan tll.ry . tagol, and capturing 
In a clrcu lnr o~bit wllh rd)'Cl to Apollo condJtlons a t Earth 
,. turn, 

(a) lncl' 
duc 8 th 

nee in ('ntry v~locity to 50 ,000 ft/ft Cl' -
ODW by 2 J % 

(b) lncr as In entry vf'loclly to 60,000 ft/ s 'c rc­
dll c a th(' OOW by 32% 
(c ) IncrCIl.H(, In rntry v lo cl ty to 70 , 000 £t/ecr I' -
dU(' (' ft the OOW by 10% 
(d) applic tlon of pel'lhcl1on braking, using so lar­
th rmal propu ls ion, " duc(' H th OOW by 45% 
(,) applle. tion of Il.erodynamic braking I' duce. lhe 
O I,)W by 41% 

(f) return from Mara with powcr('d fly-by 0('11.1' V nue 
I' 'due '. th OOW by 51 % 
(1\) .... pplJcutiol1 of aerodynnmic braking nnd perlh lion 
b,·, k,' ,·,'dll (.o<'8 Lh" OOW by 48% 

(8) Ji:n l"r l(lng Lhe dlamt'L I' of Saturn Y to 50 fl is of 
g"~At"r import.Jnc to It. U~1l aa ELV for hydrogen-carryin~ 
for ,nt(' I'l'l n,'t ry vchicl '8 lhan lncrea. in payload by 
I O-lS P" r""nl, 

(9) UIII('d on tile d L rmlnntlon of, chara c l 'ristJc gro88 
numb 'I' of bJn ry bil l of Inform, tion gnth I' don 'ach oC 
th" ., rnluionft nd b • don th 81'0" mJulon co.t Ii.tcd 

bllV', Lh,' mll.lOn yl 'Idl, if 'xprC8 (,d In term s of gros. 
nll,"b 'I' of bin, ry blt l pCI' 111'0" dollar ('xpcnded, were 
found LO tomp«'" a. follow~ : V(·nu. : fly-by or pow I' d 
fly-by: -6; 'll'pt'c, ptur (2.0 day.): - 36, S, Mar: 
pow,'red f1y-hy: - 9; clrCll lar capture PO daye): -75; cir­
culiI' c.lpl"r .lnd .urlace excur4,on : -81. Mar s -Venus 
hi-pl,ln ,t POWI'I'('c\ fly-by: - 14; Ma re c lI' cu lar captur and 
Vl'nu. f1y-by: - 89, 

(10) Con8,d'·l'1l1g. M r. b. oe ". Lh pl'1nc'pal goal of th 
fll'lt pha " oC man ' I ('xplol'ill[otl of thi . 80lar . y. tcm, th 
('v,rlu t ion of th,' dlift'r nt ml.lion tYPI' I , cxciusiv' oI .u r­
f"" ·xtur . ,on mi •• ,on, c. n II lummariol. d .. I Col low. : 

( ) On tho ba.i. of 10wl'It COIL and hIgh a t probability 
of millIOn IUCCC." V n1l1 pOWI' I' 'd fly-by mi.lion 
1', II" hJgh(,lt. 

(b ) On th bouil o£ co.t , e rly f allbility and rele­
vM,C/' oC ,nCoI'm. t,on 11 ' th,'red r,.1 tive to the e.tab­
ltlhmttnt of •• M.~rl b.l I', hi"h It rllL,n" gO(" to th,. 
Mnrl pow,'rrd Oy-by mi.llon. 

(c) On the b,1 il of ViHI 'ty oC In£ormatlon, th pre­
(,·Tt'nce· go" to lh M r8-V nUl powered fly-by 
mt •• lon, 

(d) On th,' .h of tot I mount and co. t o£ Inlor-
m .• lIon nd of mll"on oper lion 1 rei vanc' to I. ler 
c ptu« ,lnd ,"rf.let.' I'xcuruon mi •• lon. to M r I , 
hlllhl'lt I' tlnll 110 to thl' VcnuI lhphc c. pture 
mi.lioll. 

(I') IIl"h I t million yield, hlllhut million co.t, nd 
I ra . t orbit [ departure Wl'llIhL t;h I' cteriL the 
M re c ptUTt minion, Compari on b('tw n the two 
prtn ip, 1 nu ion profll,'. hOWl th •• t p('dheiion 
br 1< .. Ylrldl thr hortut mi Ion period (460- 190 
d ya); I' turn VI V nUl pow red Hy-by yi Id, .Ullhtly 
lower orbit I d"p rtur W laht., hIgher mi.llon 
yl Id and lonll r mi .. ion pl'nod ( bout bOO d y ). 

(I I) A 1'1 nl'l ry mi.llon ev lu tlOn m,~trlx w •• dl'v loped, 
I'rnploYln" th followlnll 11 roup. of .. v, [U tlon c rit ri.: 
R "l'lIr r1 . t.11 of thl' II't; nunlmum ELY r qlur d; t chno-
10111 lly ( riil· . t) f Ible achl'dul .. ; pro~r mmatic lIy 
f " .. bl ch dui; I' I tiv d .. v \c>pmt:nt rI k; mi'lion ri.k 
und I' condltlon. of prollramm((lIc ily It.',\ Ibl" ch dui; 
I' .quircd l.,unch f clllli I; de\'t"lopm nt CO"t and 01' r tlng 
con; IHllll uhJl'ctivl'. of miallon, ('xI' ct d mia .. on Yield; 
COIlII'"r liv,' 'V lu tlon of ... inll Inltrum nl d prob for th 
• \1nl' ml alon "bJtl~l1v in t I'm o( lc"hnololl!c 1 £ iblllty , 
rnhuuII yi,.ld In<1 cost, comp.ltlbility with f,,!luw-on mi ion 
obJ"t:tiv,·., hirl1lony 01 mi.,iun With n.llionl1 . " t: pro rilm 
In th lilll " nod In Cjuo.tlon. Thi • t of v lu .. tl0n crl-
t ri,. w I .11',,11 d to th(· v du \Lion uj I v ri ty of mialion 
(cf. Vol. ll; SUIllI1l ry). 



2 . STUDY OBJECTIVES 

The second phase of a Study of Early Manned Plane ­
tary Missions has been completed for the Future Projects 
Office of the NASA George C . Marshall Space Flight 
Center, Huntsville, Alabama. The primary study ob­
jectives were defined as follows: 

A. A detailed definition of the mission profile of a fast 
trip to Mars in the 1975 time period. The auxiliary 
vehicles (i. e. , manned landers , unmanned probes , 
etc . ) to complete this mission profile should be con­
sidered as a secondary objective . 

B. A preliminary design of a space vehicle system suit ­
able for this mis sion profile , including Earth launch 
requirements, orbital operations requirements, 
nuclear engine requirements, scientific mission re­
quirements and atmospheric re-entry requirements . 

C. A compatibility study of this space vehicle system 
for other missions within the national space program. 

D. The growth potential of the proposed space vehicle 
system. 

The expected re suits are to include the following : 

A. Refinements of the analysis of the four basic mis ­
sion modes investigated by GD/ A in the first part 
of thi s study. 

B. Refinement of the basic mission requirements in 
terms of weight, volume, power and other critical 
elements. 

C. Refinement of launch window specifications for Earth 
and target planet. 

D. Definition of abort and abort possibilities throughout 
the mission. Check list of the more probable emer ­
gency-type situations and how to cope with them . 

E. Refinement and implementation of previous work done 
in convoy vehicle design and systems analysis . 

F. Continued investigation of crew requirements. 

G. Detailed study of the development plan for this 
sion. The preliminary development plan shall 
tain a cost estimate for the total mission. 

• 
mlS -

con-

3 . RELATIONSHIP TO OTHER NASA EFFORTS 

The relationship of manned planetary ro und-trip 
missions to other NASA efforts is surveyed in Fig. 3 - 1. 
The interrelation was divided into 6 basic areas. 

(l) Destination payload, especially orbital reconnaissance 
equipment, data processing equipment, a variety of 
probes and the Mars excurs i on module (MEM) 

(2) Propulsion system, design criteria and configur ­
ation of the interplanetary vehicle (I /V) 

(3) Earth return conditions , particularly the state of 
the ar t in hyperbolic entry into the Earth atmosphere 
and in hyperbolic rendezvous with the returning I/V 

(4) Earth launch vehicle (ELV) availability and charac­
teristic constraints 

(5) The supporting instrumented probe program with ref­
erence to Mariner, Voyager and roving interplane­
tary probes (RIP's) 

(6) The manned space s t ation program as the principal 
instrument for o rbital development and testing of 
the ecological system and other life support equip­
ment and for long- duration training of the mission 
crew. The manned space station (or the orbital la b ­
o r a tory) is the principal means of orbital development 
and testing of practically the entire operational pay­
load of the I/V . 

The individual areas are detailed further in Fig. 3- 1. 
A distinction is made between contributory developments 
which presently add to the relevant state of the a rt and 
required r esear ch and development, both based on con­
ditions of FY - 64. The contributory developments repre ­
sent the principal foundation f o r an early "minimum- type" 
manned p l anetary mission. 

• 
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Fig. 3- 2 shows key research and development re­
quirements in preparation of manned planetary missions 
which are specified in Tab. 3-1, on last page . 

It was established that development of a chemo­
nuclear or all-nuclear I/V and the preparation of manned 
planetary flights would furnish the following contributions 
to o ther areas of astronautics: 

1. At least one type of long - duration ecological sys tem 
for a crew of about 8 persons operating over a period of 
450 to 600 days . 

2. Complete life support sections, modularized, which 
can be assembled in orbit to form a space station or on 
the Moon to form the nucleus of a base . 

3. A lunar shuttle vehicle of a variable payload capa ­
bility, depending primarily on the number of stages of 
the I/V configuration used. 

4. Providing mission specifications and particular in ­
centives for the development of nuclear engines . 

5 . Providing incentives and specifications for modificat ­
i ons of Saturn V and for the Post - Saturn ELV. Specifi c ­
a lly, it was found that enlarging the diameter of Saturn V, 
in order to increase the length and volume of its payload 
section, is more important than increasing its payload by 
10-20 0/0, assuming hydrogen- based I/V's are being used . 

4. METHOD OF APPROACH AND PRINCIPAL 
ASSUMPTIONS 

The study was divided into three phases (Fig . 4 -1). 
The first phase involved study of various vehicle config ­
urations and concepts, leading to the selection of prefer ­
red configurational concepts for the propulsion modules 
(PM) and the life support section (LSS). General payload 
requirements and mission characteri s tic s were estab ­
lished , basic performance requirements determined and 
mission modes were defined. This phase was completed 
during the first portion of the s tudy contract NAS8- 5026. 
The second and third phase were completed during the 
present study period. 

In the second phase, the selected configurations were 
s t udi ed in detail. From the se studies relatively accurate 
weight 5 ealing coefficients were derived in order to pro­
vide a reliable basis for the parametric analyses in the 
third phase . Special attention was given to the radiation 
protection of the crew and to vehicle/ engine integration 
problems, including the analysis of interaction between 
openly clustered nuclear engines (solid core, graphite). 
Operational problems were treated in greater detail. 
Various vehicle assembly modes were investigated and 
coordinated with Earth launch vehicle (ELV) requirements. 
Ground launch operations, orbital pre- departure operations 
and mission ope rations were normalized to permit a sys ­
temati c and consistent analysis~ In the area of mission 
analysis, guidance and navigational aspects were analyzed . 
Capture mission studies to either planet were continued. 
Powered fly-by (PFB) missions to either planet were in­
vestigated, as well as capture missions to both planets 
(bi-planet capture missions) and "hybrid" missions, in­
volving PFB near one planet and capture at the other (PFB / 
C missions); or vice versa (C/PFB missions). While the 
weight determination deliberately was kept conservative, 
t o conform with the expected realities of practical develop­
ment requirements considerable emphasis was placed in the 
mission analysis area, on measures to increase the at­
tainable payload fraction for vehicles with given engine 
specific impulses, by redUCing the mission re quirements. 

In the third phase , mission analysis and vehicle systems 
design and analysis we re integrated, resulting in the dev­
elopment of several nomographic methods , coordinating 
mission velocity requirements (by individual rnaneuvers) 
with vehicle stage weight determination. These methods 
are based on integration of the scaling coefficients to mass 
fraction coefficients and therefore permit a comparatively 
rapid determination of the orbital departu r e weight (or 
initial payload fraction) for a given mission. A weight 
determination computer program was developed , based 
directly on the scaling 



coefficients. In the operations analytical area, vehicle 
assembly modes were integrated with mission profiles ; 
ELV selection and launch requirements determined, tak­
ing reliabilities for orbit delivery, orbital mating and 
orbital fueling into account. The resulting procurement 
figures represent input into the cost analysis. In the 
area of program analysis, critical development problems 
and ground and flight test programs for the most impor­
tant components had to be evaluated before development 
schedules could be established. Development schedules 
and launch requirements, in turn, form the basic inputs 
for the analysis of development cost, indirect cost and 
direct mission cost data. 

The overall study was based on the following principal 
assumptions: 

1. Target planets: Venus or Mars or both. 

2. Reference mis sion years: 1975-1 9 77, with paramet­
ric extension of mission characteristics into the late 
seventies and early eighties. 

3. Reference mission group : Capture, with secondary 
consideration of fly- by and surface excurs ion. 

4. Reference mission objectives (MiO. ): 

MiO-l: Orbital reconnaissance of planetary surface 
(minim'.lm objective) 

MiO- 2: MiO-l, plus deployment of auxiliary vehic­
les , such as: environmental satellites (ES), atmos ­
pheric high-speed entry probes (AEP) atmospheric 
slow-descent or buoyant probes (Floaters), landing 
probes (Landers), landing probes capable of return­
ing to the I/V (Returners) and Mars moon probes 
(Phopro, Deipro) 

MiO-3: MiO-l, plus MiO-2, plus manned surface 
excursion capability 

MiO-2 was used as the principal or reference mission 
objective in determining destination payloads . 

5 . Interplanetary vehicle (I/V) propulsion systems as­
sumed to be available are listed in Tab. 4-1 . The 
thrust level of the "second generation" 250 k nuclear 
engine was determined to be near-optimum in the 
first phase of this study. The "advanced" nuclear 
engine (fast neutron spectrum) was used for Mars 
capture fast missions in combination with either the 
250 k engine or the 700 k engine for Earth departure. 

6. Interplanetary vehicles (I/V) considered were all of 
the hydrogen- or oxygen/hydrogen carrying type, 
in accordance with the engine sys tem s considered. 
Two basic vehicle types were assumed: the convoy 
vehicle (CV) and the multiplex vehicle (MV), pri­
marily the duplex vehicle (DV). 

In the convoy mode, at least two vehicles de ­
part successfully from orbit. The various loads are 
distributed over the convoy vehicles. In the duplex 
mode, two vehicles are coupled, instead of travel­
ing separately as in the convoy mode. Operational 

, and destination payloads are jointly mounted in the 
duplex. The destination payload and part of the oper­
ational payload are jettisonable. 

7. The following vehicle assembly modes were assumed: 

DFM = direct flight mode (i. e. complete assembly 
and operational readiness on the ground) 

OVAM = orbital vehicle-assembly mode (module 
mating and/ or fueling in Earth orbit) 

IVAM = interplanetary vehicle-assembly mode ( Life 
support section (LSS) is mated during heliocentric 
interorbital coast with the propulsion modules re­
quired to complete the mission) 

COVAM = capture orbit vehicle - assembly mode 
(LSS is mated in capture orbit with the propulsion 
modules required to complete the mission) 

8 . The following capture modes near the target planet 
were assumed: 

2 

(a) Retrothrust capture into elliptic orbit (Venus) 

(b) Retrothrust capture into circular orbit (Mars) 

(c) Aerodynamic capture into ellipse of n = rA/rp = 49; 
subsequent retro-thrust into circular orbit (Venus, 
Mars) 

(d) Aerodynamic capture and slow-down to near-circu­
lar velocity (Venus, Mars) 

9. Powered fly-by modes were considered for both planets. 
PFB involves a maneuver near the periapsis of the 
planet, to change from the arrival hyperbola into a 
suitable departure hyperbola. The powered maneuver 
is used as a means to modulate the effect of the hyper­
bolic encounter with planetary field (which does the 
main job in changing the heliocentric orbit of the inter­
planetary vehicle) as required in the particular sit­
uation. 

10. The following Earth return modes were assumed: 

(a ) Retro- thrust to Apollo entry conditions 

(b) Retro-thrust to specified hyperbolic entry con­
ditions (HEx; x = specified velocity) 

(c) Hyperbolic capture and slow-down to high sub­
parabolic speed, with subsequent Apollo entry 
(2-pa s s return mode) 

(d) Direct hyperbolic entry 

(e) Hyperbolic rendezvous (HR) . The returning I/V 
meets in its hyperbolic orbit with a (manned) 
pick-up vehicle (PUV) sent from Earth. The crew 
transfers and returns to Earth in the PUV. 

11. The following Earth launch vehicles (ELV) were as ­
sumed to be available: 

(a) Saturn V (Apollo configuration) 

(b) Saturn VM (Saturn V with 50-ft diameter, but 
unchanged payload weight capability) 

(c) Post-Saturn (ELV with 106 lb payload capability 
and practically no limits on diameter, length or 
volume of the 106 lb payload) 

It is realized that a Post-Saturn vehicle is unlikely 
to be available in 1975. It was considered here for 
purposes of comparison and in compliance with the 
work statement. 

12. Weight assumptions: Even at the risk of arriving 
at "unattractive" vehicle weights and, consequently, 
launch requirements and direct cost figures, no com ­
!,romise was made with an earnest attempt to keep 
the weight analysis realistic. Because of many intri ­
cacies and detail as sumptions which enter the weight 
analysis and which can not always be spelled out ,in 
detail, weight determinations are to a degree a mat-, .. 
ter of trus t. Every attempt has been made to avoid 
weigh't figu·res which could be seriously misleading 
regarding the practicality of a particular mission and/ 
or the adequancy of a particular ELV. 

5. BASIC DATA GENERATED AND SIGNIFICANT 
RESULTS 

Most of the significant results of this study concern 
capture missions to the target planets; combinations of 
capture and powered fly-by modes in bi - planet mis ­
sions; multi-stage H 2 -carrying vehicles using solid core 
reactor nuclear engines; crew sizes between 4 and 10 with 
their associated life support sections and shielding provis ­
ions; vehicle assembly modes; convoy investigation, orb­
ital operations and associated ELV analysis; emergency 
analysis; mission planning, mission evaluation techniques; 
and schedule and cost studies. 

5.1 Basic Data Generated 

A large amount of data was generated which can be re­
garded as basic in that they are applicable to studies other 
than this one. The data are subsequently described briefly. 

5. 1. 1 Mission Analysis 
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5. J. 2. J 1 0 v lopm nt of a weight d e t rmination pr o ­
gram on I BM-7090. Th prog ram whi h uses th w igh t 
s .ling 0 Hi i nt s l' f r r d to abov i s capabl of oper­
ating on th basls of impulsive v locity chang s as w 11 
as finit thru s t/ w ight r tios of a ny valu • 

5 . 1. J rati ns A n. lysis 

5 .1 . J. I A r liability matl"ix sys t m was developed 
to nabl rapid d e t ermin tio n of th numbe .. of ELV ' s nec­
essary to support a varl ty of I/V o nfigura tio ns. Th 
matrix p rmits immediat ass ssment of th numbe r of 
ELV luun hings n ssary t o assemb l (a ) o n v hicl , 
(b ) onvoy of thr v hi I s in orbi t, d('pending on th 
following ind p nd nt variabl s : 

I . Numb l' of m tings 
2. Numb r of fu lings (ta nker lau nchlngs ) 
3. ELV d livery reliability 
4 . Mating suc e s probabili ty 
5 . Fu ling su eSS prob biUty 
6. Int J' h a ng abili ty, or lack there"f, of modul s of a 

giv n v hicl and wh('r onvoy of 3 veh; 1 s is in-
volved: 

7. Ba~ d on I. - 5. : Modul s • nd vehicJ s in t r hang -
abl (' 

• 

9. 

Bas d on I. - 5.: 
hi 1 s int rehilng 
Bas d on I. - 5.: 
lnt l' hangeable. 

5 .1 .3.2 Char. 

lodule s 
abl 

not int l' ehang bl ; v -

N -ith r modul s nor v hi 1 8 

t risli , orbit 1 
operation and tni.. ion 0p"r 

ground op l' 

lions mod 1 
lion 
w l' d v lop d. 

5. I . 4 Program AnalysL 

5. 1.4. I i\ mlssion pl nmng mod 1 was t bhsh d , 
form liz.1n th tr tm nt of th princip I sh dul - con­
trolhng items d fin d in Fig. 3-1 bov. 

5 . 1.4.2 A mi Slon v. lllation mod 1 was cst bli h d, 
taking into count th cril ri shown in FiR. 5 - 3 . 

5 . 2 Signif1 nt R ulls 

5 . 2 . I Fa t ROllnd-Tl'lp hUlon (Sln 1< Plan t) 
Fi . 5 -1 how rly that for fli hts b tw n E rth 

~ Mar nd E rln ~ nu Lh f or bl tr. n l f I' Wln-
do"," I' not ln h rmony . Upon rn 1 at Lhl I' 'Ip ti 

tar et pi n t ( nu, E rth or I 1'1), th. opportul1l y 
{or a favorabl I' t rn fh ht hal F .1 d. For mono-

Ilipllc tran it rs dlr ctly to th rg t plo n t on h I 

ther for a Ch01 ith I' to d,'p rt h d of on 'I t 01' -
abl tran f I' w.ndo .... or to I' turn ft I' t h re.p tiv 
fa orabl I' turn Ll' n ft r "lndo . It w I found th t Lh 
latter ca is com( l' t.v Iy 1. dlS dvant g ous from 

n ov ral! mi •• on nd hI I ylt ma pOInt f VI"W. 

5.2.2 ~B~l~-~~~~~~~ 
In th CaUl' e of (urth l' .nv Iti lion it w 10 nd 

that th trand I' 1ndo con Lr 1nt n b I' h v d 1 -
nif1cantly by ·Hmin tIn' th I' 'qu1r m nt of d,r et Lr n.-
C r nd pI rmittln "d tours " 1 at and t I' t pi n t 
(b1-pl n t mUlion ). Th I' by I' t I' numb. I' of { vor-

bl. tran f I' w.ndo I bt corn va I bl . • 5-1 
shows that .hortly fttr 1 1'1 lrl'lV I I/t! rly 1976 [v­
orabl tran {r lndow 01' n. up to V nu wh. h m tch I 

n tly with Cavor bl. 1ndo to E rth. I) n, In rly 
1977, lh l' x.1l n opport I1lty to tr n f I' from E rth 
to V nUB , [ram V nUl t o M ra nd th n {ram I. l' to 
E rth. Slrnl1 l' opportunll. " lam. b tt 1', Olllt I 

ood I' • n in F 1. -I to ')clIt I 0 for th. r y. I' • 

It w • found th t th bi-pl n t rnl ll .on off, I' opportuni -
11 to v181L, t.y capt ure mod, both t I' • t pI 0 tl (l>l-
1'1 n·t ca!,tur m1.llon) t no re L I' amount of OVI I' 11 
malion v -la ity th n n d. d [or linKI -pi n t round-
trip with n un! vorabl. ,.. turn fhllht. On tht· oth r h.ind , 
bi - plan t m1S810n an!J flown w.th PI' Il n",le on pllln t 
and eaptul' at th • oth. r. 

5. l. 3 Pow r~d ]0 Iy-By (P]O B) 

Th lnvc atl tion of F B mallOnl I t •• bll h d th t 

pow T d fly-by , in olltr t to lill'pl F 11,1>1' d.ll. tht. 
E .. rth dc'" rtuT Window conaid. rably, rt'lultl, III 11' ny 
c a a , In ahort I' CJV"r 11 Illi lion I' riod ond low r v. l-
a .ty r qu.r rnl nta, prlllhtrlly b' ue ijr •• t. r .,fIlount 
of orb t ch.in ( n hI ,{f'·ct,·d than I, 1,0.1. bl, wi th tl 

1 

comparativ ly weak g-fields of the se planets. Thereby re­
turn orbits become available which have a lower hyperbolic 
excess velocity at Earth return. The PFB gives the as tr o­
nauts the prac tical advantage of modulating by thrust the 
plane t ary fi e ld which they encounter , in analogy to the 
throttle and the brake with which the car driver "modulates" 
the Hect of uphill and downhill s lopes. The velocity re­
quirement s for the powered maneuver at fly-by need not be 
large (Fig. 5-4). Generallya Lh pFB of 10 to 20% of the 
hyp rbolic ex ess velocity involved is sufficient. 

5 . 2.4 Mar s Capture a nd Venus PFB Mission 

The development of bi-planet missions , of powered £1y-
• 

by missions; and th e effectiveness of a helio centric orbi t 
change if negotia ted within the gravi tationa l field of a pla­
net , l ed t o th e combination of the se facts to reduce the Eartl 
arrival v l ocity when returning from Mar s in what other­
wis would be an unfavorabl e tra ns fer window. A powered 
fly-by near Venus on the way from Mars to Earth was found 
t o be v ry effective in lowering th e Earth arrival hyperbolic 
xc s s velocity. 

5. 2. 5 Definition of Referen ce Missions 

The above described inves t igat ion s led t o ,he accumu­
lati on of 6 rei rence missions , shown in Figs . 5 - 5 and 
5-6 . x ept for Misslon I whieh i.,s shown in Fig . 5-5 only • 
Tab . 5-1 pr sent s their principal characteris t ics. The 
missions are sp cial cases ln their respective Earth de­
parture wlndows. Their overall velocities are the resul t 
of th partlcular combination of individual maneuvers . 
Th .. ir v riation can alter the overall mission velocities 
w,th,n comparatlV ly wide limits. The principal factors 
aff.·et.ng th .. magnitude of the maneuvers are reviewed in 
th subs qll nt 5 paragraphs. 

5. 2. 6 Ea rth Return Velocity 

In mi l 10n& to Venus, favorable Earth-Venus transfer 
w.ndow. C n be uS d without ncountering exces sive vel­
ocit. I t E lTth r turn (. 2 ~ v::.o .35). if capture periods 

I' k pt short (lO-40 d) . In missions to Mars , use of fav-
Or bl Earth-Mar e tranS£er wmdow is associated with small 
I' 'rlh hon d. lane sand hlgh Earth re turn velocities , caused 
by c)mp rallY ly st ep lnt rlleCllon of the r~turn orbit with 
th !::arth'. orbit. Fi . 5-7 shows that the unfavorable mis -

lOn ye r to lara (roughly 1975-79) are due primarily to 
hI h E rth I' ·turn v loelhes . U the technological state of 
th Tt P rrnll s ret lrn into the Ea rth atmosphere at very 
h. 'h VI I oClty , th ddf I' nc ln th" sum of II VI through 
/)., 3 b tw n favor bl and unfavorable mission years is 

tly 1'1 due d. 

5. Z. 7 Penh l,on Br king (PB) 

1 h path .nt·r Llon an gle at l' turn cros lng of the 
E nh orb t n b I' due d i nH.c ntly , and the return 
v 10 t}' 10" l' d 01'1' pondmgly, by lowmg the vehicle 
do n t th p nh hon p 'ge. At the m 11 penhehon 
d1 t 'nc I 11 aunt I' d (.45 to .55AU), penhehon braking 
b) 000 to 000 it/ u a redu tlon in Earth arrival 
v IU<lty by 1 b, 000 to N, 000 it/ c . We1ght - wi e . the 

If t1\1 n r PU 11 l' d. d by the f et th t a heaVler 
)Ioldrnu tb loweddo,""n than ne l' E rthwhereevery-

thIn "pt the EE I 1 J ttl on d. 

• l.. Atmosph Braking (AB) 

to\ pht'n br In' '"" s ppll d t both plan ts . At 
V nu , th v 10 .ty" I' duc d to ne r - cll'cular, followed 
b~' I 11 tll pm< t bh.h clTcul l' orb,t 
.t 1. 1 l' .d1l .11 t Ill. t lar' th mode wo. applied 
to. t.,bh h. .rcld. I' orb. t t 1. J r d1i . For purpo e 

f omp T. on, pl rtl 1 br k,n' wa us d wh re the hyper -
b h 'pprlMch, IOClty 1 r du d by dr to 1I1ptie sp ed, 
f 110'"'" cl b) po,"". I' cl m. n uv I' to at bli h ncul I' orbit 

t I. l r U1I. Th ",.l 'nitud< f p t ntial v locity redu lions 
,n th uf I. I' • n b deduc d from Fi . 5 -7; it is a -
buul J t. 000 Cl/ t V nu . th W 19ht S Vlng fIect 
• I' du db)' th n' d for arrying h vy dr. br ke 
throllllh th E, rth d p,' rtur n)"n uv r. Oper tlon lly and 
t .hnolo', till' • r"d. tl • se ment of th pot nUal weight 
a'In' \l f'r frollt tht· un 'rt.lInt1 9 in th prt' t'nt know-

ll·d·, of both pl"n t ry tlllO pht·r . 



5. 2.9 Elliptic Captur e Orbit (EC) 
• 

. Capture in an e lliptic orbit was found t o be e ffect-
ive only at Venus, be cause the gravity field of Mars is 
not strong enough for comparable ve locity r e ductions . 
At Venus, capture in an elliptic orbit of n = l' A/rp = 8 (1'; = 1. I) results in a velocity reduction by about 7000 
ft/ sec. 

5. 2. la Hyperbolic 'Rende zvous (HR) 

In the HR mode (Fig. 5- 8), the inte rpla ne ta ry crew 
is met by a pick-up vehicle (PUV), launche d fr o m Earth 
orbit to rende zvous with the incoming I/V in it s hyper­
bolic orbit. Origina lly conceived as an em e r gen cy me as ­
ure, in case the pre-planned return mod e s hould fa il, it 
became apparent that the deve lopme nt of the P UV a nd the 
HR mode would be too extensive to be tr eated as mer e 
back-up effort of limited reliability. Typica l v e l oci ty 
requirements for the PUV rang e from 18. 3 km/ sec 
(60, 000 it/ sec), if the hype rbolic e x ce s s v e l ocity of the 
incoming I/V is ~bout 0.42 EMOS, t o 35 km/ sec (11 5, 000 
ft/sec), if the hyp erbolic excess i s a bout 0 . 72 E M OS ; 
this at a hyperbolic entry velocity of 15 . 3 k m /s ec (5 0, 000 
ft/ sec). At such velocitie s the orbita l d epartu r e weight 
of the PUV ranges from 750, 000 Ib to s e ve r a l million Ib, 
in spite of the fact that the initia l payl oad w e igh t of the 
PUV is only about 1/ 6 of tha t of the I/V. In spite of sev­
eral disadvantag es to be discussed in the m a in report, 
the use of HR can be justified prima rily o n the basis that 
HR is the only way to provide f o r the r eturn i ng crew a 
measure of insurance a gainst involunta r y r e - escape , 
should their own capture mode fail. 

5. 2. II Vari a tion of R ef e r e nce Miss ions 

The effect of a pplying the above modes to the individ­
ual maneuvers of the r ef e r e nce mission s , Tab. 5- 1, leads 
to the variations of ov e r a ll mis sio n vel ocity indicated i n 
Figs. 5-9 and 5-10. The cor respondi ng variation in orb ­
ital departure weight of a nu mber of 8 - man l/V ' s with 
nuclear and chemical p ropulsion modul es is shown in 
Fig. 5-11. In miss i ons t o Ve n us , ellipt ic capture is a 
significant weight s aving mode . Tbe e ffect of atmospheric , 
braking appears to be l es s s i gn ificant, because of the 
large mass of the drag brake . In missions to Mars, the 
effect of increas i ng hype r boli c e ntry speed is significant, 
in spite of increasi n g E EM weight, especially up to 
60,000 ft / sec. H R yie lds t he lowes t eight in thi s g r oltp ; 
but at considerable penalty in PU weight, becaus tb p ­
proa ch velocity i s vC: = 0. 59 EMOS in this case. Th PS, 
reducing the entry v e l oci t y to 50, 000 f t / s c, was found to 
be v e ry effectiv e, i n fact, e v e n mol' 80 than Ve nus PFS 
(Mission IV), i n spite of the fact that, a t perihelion, th e 
payload was 87, 6 00 l b . PB is seen to b similarly f­
fecti ve as comp l e t e AB. A combination of PS and com ­
ple t e AB (1I J) yields t he lowes t weight, short of com­
ple t e AB and HR. In Missioll IV the eff c t of Venus PFB 
greatly redu c es the o rbital departu r e weight (OOW) com ­
pared to Miss ion 1I A. The weight can be r duc d lurth l' 

by adding comp l e t e AB a t Ma r s which, in this cas is pa r­
ticularly e ffective , sin ce the weigh t of th v bicl I much 
s m a ller than und e r Mission U condi t ions . Mi 8ion VI in 
1977 ha s a s imila rly benefi cia l e ffect a8 Mluion IV in 
1975, compare d t o Mission IT A . 

5. 2. 12 C onclusi on.s 

On the basis of t he r esults so fa r i t is conclud d th t 
Ve nus mis sions can be Gown as single- planet mission s in . 
400 day.s rou nd-t rip time , without encount ering undu ly 
high Earth e ntry' velocities. E llipt ic captur reduc s th 
mis s ion e n e r g y r e qui r ements and, du.e to the charact ri s -

• 
tics of r a dar mappi ng, i nte rferes lea 8 w it h orbital l' con -
naissance than wi t h opt ical r econn i 8sance t M .r s . At 
l a t e r missions it w i ll become pos8ibl to us th pi n -
tary atm o sphe r e fo r capt u r e and establi.hm nt of a circu­
lar o rbi t. T he m08l a ttra cti ve return o r bits I d through 
the o r bit ' s a p h e lio n a t distances grea t r than on .A. U. 
(Fig . 5 - 6 ). 

F or Mars, ci r cula r capture Is found pr f rahl . The 
p r e fer r ed out bound tran.fer o r bit 11 sho'r t and li 8 in 
f.a vorable t ransfer window . R turn v i mono- Ulpt lc 

• 

5 

t ra nsfe r assures s hortest mission period a nd highes t 
degree of freedom in timing , but one mus t accept s m a ll 
pe r i he lio n d istances. Lowest orbit a l depar t u r e weight 
without A B at Mars i s a ttai ne d by HR a t the h i gh es t ve locity 
fo r whic h t his mod e is deve l oped a t t he time pr e ceded by 
PB if the incoming velocity is highe r t han t ha t a ttaina ble 
by the PU V. If a l onger mission per iod is accepta ble the 
best ret u r n flig ht f r om Mars is v ia Ve nus PFB, s i gni fi­
cantlY' reducing the Earth approach speed a t littl e cos t i n 
e ne r gy . Because of the use of power ed maneuv e r s a t fly­
by, a n a d equate degree of freedom i n timing the r e tu rn 
flig ht can be maintained ( cf . t he comput er results i n a sub­
seq uent vo l ume ). On ce the Mars atmosphere is bette r 
known, i t may be fou nd use f ul for aerodynami c br aking . 

5 . 2. 1 3 Singl e and Multiplex I / V Configur a t ion s 

Conceptual vehi cle studies for capt ure mission s , using 
chemical and solid core nuclear reactor engines , ha v e l e d 
t o the definition of six vehicle configura tions , dis t inguis he d 
by t he structural ar r angement of their propul sion modules . 
Four of t hese be l ong to single v e hicles ,defin ed i n Par . 5 .1. 7. 

The residual t wo classes are multipl ex v e hicles. The 
multip lex vehicle concept was de v el oped as a a l terna t i v e 
to t h singl e vehicle , trave ling in a convoy in w hich crew 
vehicles and cargo carrying service ve hic les are sepa r a t e . 
In the multip lex mod e , the individua l convoy vehi cles are 
clustered to form one vehicle which can be take n apar t ... 
if portions are damaged and must be abandoned ••• without 
necessa rily impe ding the capability of the remaining s ystem 
to fun ction as crew vehicle . A typical .dup lex vehicle design 
is shown in Fig . 5 - 12 , 

The multiplex vehicle, compared to the mult i - vehicle 
convoy , offers the advantages of simpl ified engine control 
a nd fli ght contr ol; good accessibility t o the auxiliary v e ­
hicles and o the r cargo, since th ey are l ocated in the same 
vehicl ; a nd it avoids crew module transfer from ship t o 
another in case of an mergency. 

The singl vehicles must be empl oyed in a convoy of 
at l eas t two. With the performance - limited v e h icles pre ­
sently under consideration, th e largest amount of destin­
ation payload w ight is obtained by ca rrying the crew in 
one vehicle and most of the destination payload i n the other , 
w hi! th heavi ly protec ted LSS of the crew vehicle i s trans ­
f rabl to th baCk- Up vehicl in case of eme r gency. The 
frontl s pi c d picts a convoy of 2 vehicles consisting of a 
Cl' w vehicl and a service v hicle (cut - away). 

Convoy modes gen rally have the advantage over multi -
pi x v hlcl s of lower ov raU vulnerability in case of cat­
astrophic failur s , h nce , oile r high assurance that the 
back- up veh i cle ·...,Ul b available to the crew in an emergency . 

Th conclus ion reached from the study of both modes 
i8 tb t th duplex mode should be investigated in g r eater 
d tail. 

5. 2. J 4 er w Siz e and Dis tribution 

Factors £!ecting th mission crew si z e are: Vehicle 
ori nt d t sks ; mis ion oriented tasks; duration of nominal 

p tur p dod; si z e of landing party on the surface of Mars; 
nd ov l' I ml8sion p rlod. Inve ti ations in the CourSe of 

this /ltudy ha led to th following results: 

er w si z fOr c pture mission (400- 450 d ) with optional 
I nding capability of 2, using the 2- vehicle convoy mode : 
8 - 10. For th 8arn , but with dupl x : 7 - 9; and without op­
tion I I nding C p billty, 6 - 8 nd 5 - 7, respectively. A crew 
slz 01 was B I ct d 8 l' f l' n . 

In a nucl l' convoy , th v hicles must , during pow r d 
flight , Ith r b cons!.d r ble dist nc (15- 20 km ) apar t 
to prol t h oth 1"8 Cl' W 8 from nu c l al' radiation (as ­
suming lh l' actors h v no aignifi nt sid shielding ), Or 
th Cl' w must b con ntr t d in on vehi le nd the i!er -
vi v hi must b lin d up b hind the C l' w vehicle . A ll 
oth r .ol u tions involv 8 v l' weight p n tU s . Th se t wo 
nIt rn tiv r quir m nt us aome of the pr blems in 
convoy ontrol m nti on d ub pr . 5. . 1 3. 

An .Import nt onclusion o( th ab 'm ntioned r('w 
distribution n lysis is th t th L tlon mllst b 
tr naierr b l ir m on ship to th e th 1". 



5. 2.9 Elliptic Capture Orbit (EC) 

Capture in an elliptic orbit was found to be effect­

ive only at Venus, because the gravity field of Mars is 

not strong enough for comparable velocity reductions. 

At Venus, capture in an elliptic orbit of n = rA/rp = 8 

(r ; = 1. I) results in a v elocity reduction by about 7000 

ft/sec. 

5 . 2. 10 Hyperbolic Rendezvous (HR) 

In the HR mode (Fig. 5-8), the interplanetary crew 

is met by a pick-up vehicle (PUV), launched from Earth 

orbit to rende zvous with the incoming I/V in its hyper­

bolic orbit. Originally conceived as an enlergency nleas­

ure, in case the pre - planned return mode should fail, it 

became apparent that the development of U,e PUV and the 

HR mode would be too extensive to be treated as Inere 

back-up effort of limited reliability. Typical velocity 

requirements for the PUV range from 18.3 km/ scc 

(60,000 ft/ sec), if the hyperbolic excess veloclly of the 

incoming I/V is about 0.42 EMOS, to 35 km/ sce (115,000 

it/ sec), if the hyper bolic excess is about 0 . 72 EMOS; 

this at a hyperbolic entry velocity of 15.3 km /s ec (50, 000 

it/ sec). At such velocities the orbital departure weight 

of the PUV ranges from 750, 000 Ib to several million Ib, 

in spite of the fact that the initial payload weIght of the 

PUV is only about 1 / 6 of that of the I / V. In spite of sev­

eral disadvantages to be discussed in the main report, 

the use of HR can be Justified primarily on the bas i s tha t 

HR is the only way to provide for the returning c re" 

measure of insurance against involunta ry r~-e ' ca pc., 

should their own captu re mode fall. 

5.2.11 Variation of Reference li s sio n a 

The effect of applying the above mode t o t h 

ual maneuvers of the reference m.i ' sio n s , T ab. 
in divld ­

-I , l eads 

to the variations of overa.ll mi5.ion velOC Ity l.nd l c. l~d 1n 

Figs. 5-9 and 5-10. The cOl'res po ndin ll variat ion in orb­

ital departure w~ight oC a n u mber of a-ma n I! V '. " i t h 

nuclear and chemical propu lsIon modules 15 ahown In 

Fig. 5-11. In miSSIons to enus , ell iptI C caplur i. a 

significant weight savin mode. T h e Cf ,:\ ! a t lnosph 1'1 

braking appears to be less I I nlhca nt, b"caua 01 t h 

large mass of the drag hraKe. In nu a ion. to . Ia ra , Ihe 

effect of increaSln h)'perbolic entry p e ed i ., nU,C n t, 

in spite of increa 10 EE_ I ""el h t, e .pe c ally up t o 

60,000 ft / sec. HR yields th~ 10 \\ eat ""i h t , n l lu. rOllp; 

but at conSlderable penAlty In P U " I h t, be u. th ap ­

proach veloclty 1 v': " 0 .59 £ IOS n thi. ca e. Th PB , 

reduclng the entry vel OCIty to 50, 000 It /_ c , • found 10 

be V4!ry ~i{f!ClIVf! , 1n { c t, even mor~ .0 than \' n P B 

(. lisslOn IV), in splle o f the f ct tha t, a t p rlhelion , t h 

payload "as &7,600 lb. P ia -n l a b a mll rly d­

Ceclive as complete AB. A comhlna tl on o f PB and com ­

plete AB (D J) yields the low AI '" ~I h t, ahor l 0 1 om ­

plete AB and HR. In . 11 • • ,0p I lh • . (f . Cl 01 n. P 

greatly reduces th~ orb" .. 1 depa rt u r e h t ( ODW ) com -

paredtoMi •• ,onUA. Th '" 1 h t can be r duc . d l ur th,,1' 

byaddin complel<' AB at lara wh I ch , In t hi • par-

ticularly eUecuve, • • nc thl' '" 1 ht o { lh •• much 

smaller than under ~h •• '0n U c onditI on. . 1181 on VI.n 

1977 ha. a .imilarly b ne!icialef{ Cl as ,Ii •• lon IV In 

1975, compared to Mi.Slo n 11 A. 

5. 2. I Z Conc:lu.,ons 

On the ba.i. o f Ih r . u lts so f I' It IS con cl d d t h I 

Venus misliona can be Oo wn a . a ln I - pla n t m , .ion. In 

400 day. round-trIp lime, Withou t f'n countc- rln undu l y 

hiah Earth .. ntry velo cit i .. .. £1I II' l ic c p I .. I'"due • l h 

mi •• ion en I' y r .. quir m .. nt . nd, d u t o l h , cha r ac t ri. ­

tic. of radar mAppln , int rf ... rt . 1 .1 w t h orbit I r .. on ­

nAt •• ance than WIth optical I' connal •• ne" a t la r . . A I 

lat r mis.ion. it will bC'Ocom" po • • i t.l" t o us t t h p i n _ 

tary atmo.ph re for c.apturt'! a nd " . ~bli .hm 0 1 o f Ir -

lar orbit. Th mo.t aUr cliv I' l u rn or l.llt . I" d Ih 

th ort.llt • aph lion at distane... I r Iha n o n"A. U . 

(Fi . 5-&). 

}orMa"',circul rcaptu r h fo nd p r 1 I' hI . '11 

pr .. { .... r d outt.ound tr na(" .. orbll i • • hu rl nd 11 • In 

( .. vor bl" tr noC,-r Window. Rcll u rn VI mono -dll"l i 

) 

transfer assures shortest mi s sion period and highest 

degree of freedom in timing, but one must accept small 

perihelion dis tances. Lowest orbital departure weight 

without AB at Mars is attained by HR at the highest velocity 

for which this mode is developed at the time preceded by 

PB if the incoming velocity i s higher than that attainable 

by the PUV. If a longer mission period is acceptable the 

best return flight from Mars is via Venus PFB, signifi­

cantly'reducing the Earth approach speed at little c ost in 

energy. Because of the use of power ed maneuvers at Ily­

by, an adequate degree of freedom in timing the return 

flight can be maintained (cL the computer results in a sub­

sequent volume ). Once the Mar s atmosphere is better 

kno wn, it m a y be found us eful for aerodynamic braking. 

5 . 2. 1 3 Single a nd Multiplex I/V Configurations 

C o nceptua l v e hicl e s t u dies for c apture missions , using 

c hen1ical and solid c o r e n u cl ear rea c to r engines, have led 

to the deIinltion of six v e hicle configu rati o ns, disting uished 

by th e s truct u r a l arrangem e nt of the i r pro pulsion modules. 

F ou r o f these be lo ng to sing l e vehi cles ,defined in Par . 5. I. 7 . 

The r esidual t wo classes a r e m ultiplex v e hicles. The 

multIp l ex v e h i cle concept was de v e l oped as a alternative 

to thr a ing l e v eh icle , traveling i n a convo y in which crew 

v e h lclea and cargo carryi ng se r vice ve hicles are separate. 

In t he mUlt ip lex mode , t he indiVldual convoy v e h Icles are 

clu. ter d t o form onc vehicle which can be take n apart ... 

If po rtl0na ar damaged and mua t be aban doned . • • withou t 

nec s.aul y impedinj;! t he capabIli t y o f the remainin g s y s tem 

t o funct Ion as crew vehic1. A typica l dup lex vehicle d es ig n 

,. sho,," in • ij;! . 5 - 12 . 

Th~ mUl tiplex vehlcl , compa r ed t o the multi - vehicle 

convoy, o Hers the advantages of simplifled e ng ine contro l 

nd III h t cont rol; ood acce •• lbihty to t he auxilia r y v e ­

ltic!. nd othe I' car 0 , since they a re located in the same 

vehlcl ; nd il avoids Cl' w module trander from shi p t o 

anolh I' In caa of n mer ency. 

Th., sm 1 vehlcl. mu.t be employed in a convoy of 

at t o . ~'llh th" perform nce - limit ed vehicles p r e ­

a"nlly under COn. d I' lion , th lar e51 amount of des tin-

lion payload ... 1 ht I. ob in d by c rryin Ihe crew in 

on v hid nd m t of th d nina t ion payload in t he other, 

h I th h vlly 1'1'01 et d LSS of th crew vehicle is t r an5 -

{ I' bl to Ih" cl - up v hIel in cal of emer ency. The 

(ronllap C d picu a convoy of Z,' hIcles con i.lin of a 

Cl' w hind aervice v hid (cut - way) . 

Convoy mod. n · rally h \ e Ihe dv nt.. O\'er mulll-

.,. h 1 I of 10 ... - I' 0 "I'all vuln rabillty in c se of cn t­

lur I, h nc • off I' hi h • ur nCe that the 

- up cl .... U a bl to th Cr w in an emer ency. 

Th concl ion I' h d trom th., study of both mode. 

1. lh I th dupl mod Iho Id inv"st nted in re t er 

d t I. 

5. • 14 nd D! tribut on 

ctora aff th mi .. lon Cl' w • 

or nt d t aka; mi .. ion orient d l ka; dur 

p I I' P I' od; .1 1 n part on th 

Ilnd 0 rim. aion p riod. Inv t llons 

th. • Itudy ~ . led to Ih foil I' 8 18: 

r,,: VehIcle 

lion of nominal 

a 1'1 ce • I I' ; 

n Ihe Our e 0 1 

er '" b (or capl I' mJ. Ion ("00- 450 d) wi t h op t ional 

I nd n b h I of , . th Z- \ hI 1 con o~· mod,,: 

- 10. For Ih 8 m , bu t th dupl., : 7 - ; nd ho t op -

I land n bil ty. 0 - nd - 7, 1'. c ' '' \ • C l' .... 

1 • I d aa I' ! I' n • 

In n I r On\" y , th v . l\I le m I, dudn po", .. r " d 

I, lI h r b nlld I' bie (1- - 0 km) par t 

loprOlo t h hI'" er ..... ir IOn \ r rill tlon ( e -

.uml" r IOU ha no.1 n i n t 8 d Bhi I, o r 

Ih r mu.t ne n I l' t d n On ,11hi 1" nd t h .er-

v I mu. t I hn d up behind th TO'''' ' hid • .\ 11 

th I' 8 I III n. In\' Iv ... " r h t p it. Th t .... " 

It rna l Ve I' qUIr III n l a u. III f t h . p r obJ .. rnl in 

om"y n I l' I ment l d ub r, ••• I • 

An Imparl li t n f t h n"d , r " 

atl' l b l ion I i • I till.. , . .",' 11 " 11\11 t bi' 

11' naltHr 1.1 I I' III on . hilI I III "I h~r. 



5. 2. 15 Interplanetary Vehicles 

A variety of vehicle configurations was developed. 
All principal capture mission configurations to Mars are 
propelled by nuclear engines. Vehicles to Venus involve 
nuclear, combinations of chemical and nuclear propulsion 
modules and and all- chemical vehicles. The design prin­
ciples which are similar in all cases are shown in Fig. 
5 - 13. The vehicle consists of propulsion section and 
life support section or service section. In the early 
manned planetary vehicles, the life support section con­
tains essentially the operational payload and the intransit 
payload; the service section contains the destination pay­
load. 

Hydrogen containers , or combinations of tanks and 
engines are jettisoned as the tanks are emptied. Each 
propulsion module is surrounded by a combination heat 
and meteorite protection shield which is jettisoned just 
prior to ignition of the particular module. By this means , 
a high mas s fraction is obtained for the operating pro­
pulsion module. 

The weight analysis of the propulsion structure has 
reached a level on which the remaining uncertainty toler­
ance becomes relatively unimportant compared to the 
effect of potential variations in mission velocity on the 
ODW. For example, in investigating the importance of 
jettisoning clustered tanks (Config' s - 22 & - 23) compared 
t o keeping a given PM unchanged during its burning pe riod, 
it was found that the ODW can be reduced by 2 to 30/0, if 
all satellite tanks are jettisoned at the same time (using 
I = 825 sec engines ); and by an additional percent, if 
t~~y are jettisoned in pairs as they are depleted. The 
benefits of jettisoning would increase at lower I ,how-sp 
ever. 

5.2 . 16 Vehicle Assembly Modes 

The purpose of studying various methods of assembly­
ing I/V's which cannot be transported into orbit in oper ­
ational condition, was t o find means of combining oper ­
ational and service payload within the convoy mode ; t o 
assure compatibility of vehicle weight with engines of 
limited thrust and ope rating life; and to reduce the number 
of ELV's required, as well as the ext ent of associated 
orbital operations. Reference system was a 2-vehicle 
convoy, an 8 - man crew payl oad around 131, 000 Ib and 
a service payload of equal weight. 

If t he S/V is to accompany the C/V back to Earth, 
OVAM is comparatively the most attractive mode for the 
following reasons: (a) weight to be transported into orbit 
is lowest; (b) number of orbital matings of modules is 
smallest (thi s is based on Saturn V-type ELV's); the de ­
gree of module interchangeability is highest. Interchange­
ability is the most important factor influencing the rate of 
increase in the probability of success when redundancies 
are added (Fig. 5 - 14). 

If the S/V is to remain in the capture orbit (i . e . in 
the case of r eturn flight of the C/V without back up ve­
hicle), OVAM (2) requires significant less transportation 
into o rbit than OVAM; whereas IVAM ( 2) (Fig. 5 - 15) and 
COVAM (2) (Fig. 5-16) are comparable to OVAM. This 
is shown in Fig. 5-17 which depicts the launch require­
ments for assemblying 3 Venus vehicles in orbit with the 
following weight distrib ution: OVAM: 3 I/V @ 106 Ib; 
OVAM (2): C/V = 106 Ib; S/V = 488,000 lb; (OVAM (2): 
CS/V = 843,000 Ib; PM-3 Carrier = 775,000 Ib; IVAM ( 2) : 
C/V = 262,000 Ib; S/V = 374,000 Ib; PM - 3 Carrier = 

• 
80!,!, 000 lb. The unfavorable effect of lack of module in-
terchangeability on the number of l aunchings required 
for (OVAM (2) and IVAM (2) is quite apparent. COVAM 
(2), however, has a number of operational advantages 
because LSS and service section are combined in one 
vehicle (the CS/V) during flight to the target planet. 

5. 2. 17 Life Support 

Already during the first phase of the study a dis ­
tinction was made between "dry" and "wet" LSS, the 
latter using propellant for shielding. Among the dry LSS 
a radial and horizontal version was developed. In com-
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pa ring inte grated with rnodulari z ed struc tu res, the latter 
were chosen, in spite of a slight weig ht penalty because 
in the performance-limited vehicles considered here. 
the option to jettison non-vital LSS-modules in an emer­
gency represents a valuable performance reserve for the 
crew. The final versions of the radial and horiz ontal sys ­
tems are shown in Fig. 5-18. Both versions have mini­
mum- size polyethylene borate radiation shelters, for 
reasons of weight from which the command module can be 
operated during the solar storm. The horizontal version 
appear s superior for the following reasons: Problem of 
canal sicknes s of the cr ew can be minimized; feeling of 
confinement is less pronounced than in radial version; 
artificial gravity is constant, because of single -floor ar ­
rangement; piping and plumbing is simplified and lighter. 
The gross volume avaiL-ble to the crew is 800 ft3/person 
at a net volume of 550 ft 3 /person; slightly larger than the 
volunle provided in a nuclear submarine. 

Among the "wet" versions , a life support section 
partly submerged in the PM- 4 LH2 tank was investigated 
during the first study phase. Additional propellant com­
ponents we re compared with polyethy1ene for the dry LSS. 
The results are summarized in Tab. 5 -2 for a shelter with 
internal dimensions: 8.5 ft dia., 5 ft height. Using 500/0 

Tab. 5 - 2 SHIELDING EFFECTIVENESS OF PROPELLANT 
COMPONENTS 

Polyethylene 
Monomethyl Hydrazine 
RP-l 
CH4 
OF 2 

Wall 
Thickness 
(ft) 

.635 
. 725 
.79 

1. 66 
. 533 

Wt. of 
Material 
(lb) 
11 ,450 
11, 920 
11,980 
14, 840 
18, 000 

Wt . of 
Propellant 
(lb) 
-

41, 700{ox. =OF 2) 
57 ,000 ., 11 

89 ,000 11 11 

23, 150{w. MMH) 

of the MMH stored in shelter walls yields a propellant 
weight of 22,000 lb. With a terminal payload (EEM) of 
9400 Ib for Apollo-type entry, this propellant p r ovides 
12,000 ft/ s ec for terminal braking, reducing PB to about 
4000 ft/ sec and resulting in further lowering of the ODW. 

5. 2. 18 Earth Launch Vehicle (ELV) 

Two ELV's were considered originally: Saturn- V and 
Pos t - Saturn (106 Ib, no volume restrictions ). It soon be ­
came apparent that with hydrogen- carrying I/V modules 
as orbital freight , the principal constraint of Saturn V was 
the volume of its payload section, rather than its payload 
weight. Thus , a hypothetical Saturn V M of 50 ft dia. with 
unchanged payload weight was added (Fig. 5 -1 9) . A com­
parison of the three ELV's is shown in Fig. 5-2 0 on t he 
example of establishing a convoy of 3 identical Mars ve­
hicles @ 2' 106 lb apiece in orbit . The study showed that 
enlargement of the diameter of Saturn V to about 50 ft 
w ould be very worthwhile , if it is to be used as ELV for 
LH2 - carrying interplanetary vehicle s. 

5. 2. 19 Ground Handling and Launch Ope rations 

The success of the manned interplanetary mission will 
be the result of a well coordina ted effort to completely 
prepare the I/V for its mission. Although the launch site 
will not be the final departure point for I/V, it is here that 
the tasks needed to assure the vehicle's readiness can be 
accomplished most easily. Because of the I/V's complexity 
and for reasons of basic economy. as many operations as 
possible must be performed on the ground, a minimum in 
orbit. Therefore, it was felt necessary in this study to be 
concerned with ground operations and launch facilities re­
quired to support the preparation of an interplanetary ex­
pedition. The impact and the compatibility of I/V require­
ments on facilities and on operations primarily designed 
to support the ELV were studied. 

A launch facilities requirements matrix for Sa turn V, 
a facility operational schedule and a ground operations 
s chematic were established. 



, 
5.2.20 Orbital Operations 

Orbital operations begin following cargo delivery 
which nominally is completed with the attainment of 
rendezvous in the immediate vicinity of the orbital 
launch preparation complex. Orbital operations involve 
primarily mating and fueling of space vehicle modules, 
orbital inspection, testing and checkout operations cul­
minating in a com.prehensive ntission readiness test im.­
mediately preceding orbital departure. Each of the 
major orbital operations was investigated and an orbital 
operations model developed (Fig. 5-21). 

5. 2. 21 Mission Operations 

The investigation of mission operations plays an im­
portant part in the development of a mis sion risk analy­
sis, failure enalysis and emergency analysis. A mis­
sion operations model was established for several dif­
ferent missions, showing primary operations and the 
sequence in which they are performed. A mission oper­
ations model for a fast round-trip mission to Mars 
(CC/SE) was combined with the operations model and is 
presented in Fig. 5-21. 

5.2.22 Ground and Flight Test Integration 

A model for integrating ground and flight (orbital) 
testing in preparation of a planetary mis sion was es ­
tablished. Primary emphasis was given to economic 
as well as engineering aspects, showing how such a 
test program can be planned to simultaneously benefit 
the national space program in general while benefitting 
to a maximum degree from events in the national space 
program in economizing the development of the I/V. 
In this respect, three focal areas were found which de­
serve considerable consideration by space planners in 
the near future: (a) Utilization of the Apollo Program 
and of the capabilities generated by it for orbital test­
ing, cislunar flight testing and partly for direct appli ­
cation to the planetary mission; (b) Saturn V growth 
as ELV for initial manned planetary missions; (c) space 
station development and development of a life support 
section (LSS) for a lunar base which initially, in effect, 
is nothing but a "stationary interplanetary vehicle", as 
far as operating life and most of its environmental con­
ditions are concerned. The development of amulti-pur ­
pose largely standardized LSS for long-operating life 
space stations, lunar base and interplanetary vehicle 
appears highly worthwhile from the standpoint of economy, 
time and operating reliability, compared to separate LSS 
for orbital launch facilities, space stations, lunar base 
and I/V. One attractive way to translat" this concept in­
to practice is to use the LSS of an I/V and use it in com­
bination with others for establishing a space station, an 
orbital launch facility and a test bed for the interplane­
tary development team. One of several orbital systems 
concepts developed during the study is shown on the in­
side of the back- cover. The system is Saturn V-compat­
ible. For more discussion cf. the subsequent volumes. 

5. 2. 23 Availability Schedule and Schedule 
Confidence 

Based on the analysis of the principal schedule con­
trolling items (cf. Fig. 3-1), an availability schedule 
was established, showing the expected data of availability 
(Fig. 5-22; black triangle; and Fig. 5-23~ and the esti­
mated earliest and latest availability. On this basi" a 
schedule confidence model was established, showing the 
probability of successfully meeting a planned schedule 
for a particular mission as function of time (Fig. 5-24*). 

5. 2. 24 Cost Analysis 

Cost data were divided into 4 categories. The direct 
development cost includes design and testing from the 
component level up to the complete vehicle; the cost of 
establishing and maintaining test facilities and of the test 
operations; the cost of the launch vehicles for the flight 
tests and of the flight test operations; the cost of ELV 
modifications or of a new Post-Saturn ELV. The indir­
ect development cost includes supporting scientific rc-

* For explanation of abbreviations see nornenclatur c 

in back of report. 
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search and the direct operating costs of space probes 
carried out in support of the particular manned program. 
The direct operating cost include procurement of launch 
vehicles, launch cost, procurement of space vehicles and 
spares, all based on given reliabilities. The indirect oper­
ating cost includes establishment of additional launch pads 
and the cost of orbitallabor as well as in ground support. 
A cost survey is presented in Fig. 5-25. 

5. 2. 25 Mission Evaluation 

A matrix has been developed for the purpose of eval­
uating planetary missions as consistently and objectively 
as possible. The model is discussed in detail in the sub­
sequent volumes. One of the aspects of mission evaluation, 
the approximate gros s amount of binary bits of information 
per dollar acquired during a given mission is comFared for 
7 missions in Fig. 5- 26. 

6. STUDY LIMITATIONS 

A prinCipal limitation of the study has been one of time 
to study in greater depth some of the great number of para­
meters, variables and trade-offs involved in obtaining a 
true optimization from a program.matic point of view, both 
as to its integration into the national space program as to 
the mission in its own right. It is certainly only a very 
first step, for example , to minimize the orbital departure 
weight when uncertainties in the mission planning (e. g. re­
liabilities, deployment of HR etc. ) imply uncertainties in 
total weight that may have to be transported into orbit which 
are many times the weight variation in a departure window 
around the minimum weight. An interesting example for the 
need for more careful study of important details was the 
finding, gained from computer data, that minimum orbital 
departure weight does not necessarily coincide with minimum 
transportation cost, if the effects of reliabilities and in inter­
changeability of modules are taken into account. On the 
other hand, the very fact that this limitation could be brought 
into sharp focus, pointing at the need for studies in consid­
erably greater depth is felt to be an important and valuable 
result. 

A secondary limitation has been the limited effort which 
could be devoted to the aspects of planetary exploration by 
the crew during the capture period. Both, the destination 
payload weight (auxiliary vehicles) and the required crew 
size are affected. 

The extent to which these limitations made themselves 
felt, was related to the complexity of the study subject, which 
grew as more was learned about it. To the broad scope of 
this study and the knowledgeable management by the Future 
Projects Office of NASA/MSFC goes the credit for keeping 
limitations to a minimum. 

7. IMPLICATIONS FOR RESEARCH 

Reference is made t~ Fig. 3-1 in which areas of impor­
tance to advanced research and technology are especially 
marked; and to Fig. 3-2 which shows key research require­
ments in preparation of manned planetary missions. To 
these should be added: 

Research on long duration ecological systems; search for 
combinations of inorganic and organic systems which may be 
superior to either pure system. 

Extensive and systematic testing of human crews under con­
trolled low-gravity and zero-gravity conditions for extended 
time periods. Behavioral Research on space crews over 
long periods of time to establish in predictable form the de­
gree to which crew members will retain their proficiency and 
reliability. 

The most critical areas of research for missions in the 
1975/79 time period are those which potentially require the 
longest lead time but without which adequate mission plan­
ning, preparation and execution is not possible: 

1. Nuclear propulsion sys terns. 



2. Hyperbolic entry into the Earth atmosphere at 50 to 
60· 10 3 ft/sec. 

3. Expl oration by instrumented probes of the atmos ­
phere of the target planet and of the meteoritic den­
sity in Earth - Mars space as well as near Venus and 
Mars. 

8 . SUGGESTED ADDITIONAL EFFORT 

The following subjects are suggested as now deserv­
ing increased attention: 

(I) Bi- Planet Missions : Systematic evaluation of Mars 
< Venus transfer windows as rela ted Earth < > • 
Mars and Earth • • Venus transfer windows involv­
ing capture on both planets. or capture o n one. PFB 
on the other. or PF B on both p lanets (I 975 -1 985). 

(2) Powered Fly- By Missions: Systematic search for 
PFB mission windows to Mars and Venus (1975 - 1979). 

(3) Perihelion Braking: Determination of minimum 
energy flight paths involving PB . 

(4) Hyperbolic Rende z vous: Continued investigation and 
evaluation of the HR modc; including th e establish­
ment of practical limitations on the maximum hyper­
bolic excess with which the PUV is capable to cope 
if powered by soli d core reac t o r engines . 

(5) 1ultiplex Vehicle s : Extension of structural analy-
sis and determination of scaling coefficients with 
particular emphasis on duplex vehicles. 

(6) Multiplex Vehicles: Continuation of the comparis o n 
of convoy mode versus multiplex mode. 

(7) Planetary Exploration: Crewactivitles. auxilia r y 
vehicles and other te chniques for p l ane t a ry expl o r­
ation during the capture period. including the fol­
lowing cases: 

(a) for a methodology of Mars and Venus recon­
naissan ce froITl orbit only 

(b) for a ITlethodology of Martian reconnaissance 
from orbit and at surface during a breif sur­
face excursion 

(c) for a ITlethodology of establishment and oper­
ation of a cynndic base on Mars. 

(8) Study 01 diagnostic requueITlents pertaining to the 
!IV: 

(a) methods of daITlage dctectlOn 

(b) methods of deterITlining precise location. type 
and extent of daITlage 

(c) methods of daITlage repair 

(9) Continuation of the analysis of OVAM (2) and 
COVAM(2). 

(l0) Development of a failure probability ITlodel and 
determination of spares. 

(11) Crew Sizing analysis. based on items (8). (9). (10) 
and (11) above. 

(12) Crew vs. EquipITlent Trade-Off 

Reliabili 

Crew EquipITlent 

(13) Trade- Off: Mission Period- Mi5 ion Energy- ODW 

Crew Size 
Spares Wt. 
Mission Ri 

Mission TiITle Mission 
Ener 

(14) Trade-Off: Shield-Propellant Wt. -P B -ERM 

RM 
L- R 

Shield Propell't 1-__ PB 
We T 

c t 

( 15) Effect of the degree of aerodynamic braking a t the 
target planet on the structural design and weight 
of the I!V and of the drag body. 

(16) Expansion and refinement of comparative program 
analysis . considering several different programs 
which lead to a first manned expedition; and analyzing 
each program as to its interrelation with space data. 
lunar follow - up and ELV development requirements . 

• 

• 
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EFFECT OF MISSION MODE ON ELY REQUIREMENTS 
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420 1 410 
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.. LAUNCH OF MODULE- CAR HYING ELV 
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,. - ~ 
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J ,:~ ) OPERATIONS CONNECTIW \VtTH DEUVERY OF S 

~_ NOMINAL CPERATIONS 

'V NOMINA L EVENTS 
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__________________________________ ."_' __ O_PT __ .O_N_A_L_E_V_E_NT __ S ____________________ 1 

NOTE: OPERATIONS IN QRI3ITAL PHASE ARE NUMBERED 1 THROUGH 47 " ORBITAL LAUNCH 
COUNTING OF MISSION OPEHATIONS BEGINS WITH 1 '-' ORBITAL LAUNCH 
DAYS OF ORBI TAL OPERATIONS ARE m :GATIVE AND COUNT ED DOWN 
DAYS OF MISSION OPERATIONS ARE POSITIVE AND COUNTED UP 

I 
• 

Fig. 5-21 SEQUENCE OF EVENTS CHART FOR C 
AND MISSION OPERA TlONS MODELS 
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AB 
AEP 
C 

NOMENCLATURE 

Aerodynamic Braking 
A'lIIospheric high-speed entry probes 
Capture 
Circular Capture CC 

Cre w Payload = Payload of crew vehicle (primarily, 
oper atio nal payload) 

COVAM 
COVAM(Z) 

CS / V 

CV 
C/V 
De stination 
DFM 
DV 
Ea 
EC 
EEM 
ELV 
EMOS 
ES 
FB 
HE 
HR 
IMICOMP 

I/V 
IVAM 
IVAM(Z) 

LSS 
M-# 

-1 
-Z 
-3 
-4 

Ma 
MEM 

Capture Orbi t Vehicle-Assembly Mode 
Same as COVAM except Service Vehicle 

only goes to target planet 
Combined crew and service vehicle in 

COVAM(Z) 
Convoy Vehicle 
Crew Vehicle 

Payload = Payload to b e used at destination 
Direct Flight Mode 
Duplex Vehicle 
Earth 
Elliptic Capture 
Earth Entry Module 
Earth Launch Vehicle 
Earth Mean Orbital Speed 
Environmental Satellite 
Fly-By 
Hyperbolic Entry 
Hyperbolic Rendezvous 
Interplanetary Mission Information 

Computer Program 
Inte rplanetary Vehicle 
Interorbital Vehicle Assembly Mode 
Same as IVAM except Service Vehicle 

only go e s to target planet 
Life Support Section 
Maneuver (# indicates maneuver in 

question) 
Earth Departure 
Target Planet Arrival 
Target Planet Departure 
Earth Arrival 
Mars 
Mars Excursion Module 

• • 

MiO Mission Objective 
MRM Mars Retro Maneuver 
MV Multiplex Vehicle 
ODW Orbital Departure Weight 
Operational Payload = Payload involving crew, life sup­

port section and other equipment 
required to operate the vehicle or the 
convoy 

OVAM 
OVAM(Z) 

O~bital Vehicle Assembly Mode 
Same as OVAM except Service Vehicle 

PB 
PFB 
PM-# 

PM-3 

PU 
PUV 

RA 
RIP 
Rp 
r* 
SE 
Service 

S!V 
Synodic 

only goes to target planet 
Perihelion Braking 
Powered Fly-By 

-

Propulsion Module (# indicates maneuver 
in que stion) 

Carrier I!V carrying the Mars or Venus 
departure propulsion module, to the 
target planet in IVAM(2) and COVKM(Z)· 

Pick-Up 
Pick-Up Vehicle 
Aphelion Distance 
Roving Interplanetary Probes 
Perihelion Distance 
Radial distance from planet (in planet radii) 
Surface Excursion 

Payload = Payload of service vehicle (primarily, 
destination payload) 

Service Vehicle 
Relating to the period between two con­

junctions or two oppositions of Earth -
Venus and Earth - Mars, respectively 

Time capture period at target planet 
Venus 

A vZ,Ilv3 = Impulse maneuvers at Earth departure, 
Mars arrival and Mars departure. 
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ABBP-E ~T 
( F e. S-ll, U, 24) 

';;t. Jl ~c. Sy.t.( '1' Optic.al -e 
tor 
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(':i' Rata ' : • 
..... ne .y km 

IrOlu or t for V ob!! 

u prOCe.. ay. 
tou e af>d delayed ra .miuion 

1.0 &.rlh 

StJUd COTe r actor / 
FirBt ene ration 

Solla core r-au-or/ rapblk-
It ~" " r a 'i con", 

N/P-lOM r' cl",,, P be Sy.tem - Fast 
~rl.e Ta ion 

(;CR-J Ga. Core Reactor Sy.tem - Firat 
/I" ne ratio" 

NI£-! '~d".ar EI"ctrlc SyHem - Ftr~t 

gen",..:H on 

C'rI' -J Controlled Th"rmonuc1ear Syltem -
F ra t ,,,,n,,rat on 

S .. turn-VM Hypothetical modul"d Sat ... rn of 
SO it dj ... 

• 
VB, LIM LimitIng .. tmoaph'ocie entry vehicle, 

HI{ Hyperbolic Rendezvoua 

Ewl. Syat. (450 d) F.cologlcal aystem for 450 d miuiona 

(I) Ve-~C Miuion to Venus - elliptic capt'lr<>. 
orbit 

(l) Ma-PYB Mi .. ion to Mare - powered Oy-by 

(3) Ma-CC Miuion to Mare - elrc"}ar capture 
orbit 

(4) Ma-SE Miseion to Mare - audacc excur.ion 
• 

(5A) Ma-SH Minion to Mare - aynodic baae 
(uae of gat cor .. reactor cngines) 

(58) Ma-SI3 MiulOn to Mare - aynomc base 
• (using nuclear pul.e .y.tem.) 

(6A) MA-LTB Mission to Mare - long term bale 
(uaing gaa core reactor enginel) 

(61l) MA-LTfl Miuion to Mars - long term baee 
(u,inb nuclear pulse systeml) 

• 
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B 
ALP 
C 
CC 
Cr ... 

co 'A 
COVAM 1, 

CSI 

CV 
C / V 
De .:'1"3 t ion 
DFM 
DV 
Ea 
EC 
EE { 
ELV 
EMOS 
ES 
FB 
HE 
HR 
IMICO .tP 

IIV 
IVAM 
IVAM(2) 

LSS 
M-

- 1 
-2 

-3 
-1 

cr 
CO'A ,2) 

icl .. 

Payload 
D.rrc 
Dupl 
Earth 
ElliptiC C \u 

d to 

Ea rth Ent ry od I 
Ea rth La h' hid 

I .. 

I: rth {UD Orb tal ped 
teUlte I:nviTonm ntal 

fly-By 
Hyperbolic I:ntry 
Hyperbolic: Rend" 0 I 

t .. 

t t 

Int rplAn rr 'Hulon Inform t n 
Computer Pro ram 

Inte rpl nt· rr \' "hid 
Int"rorbltal V .. hlcl" Allemb1r lod" 
Same • IVA. I exC p rvie'" hi I 

only e. to tar et plan t 
Lif. Support Sect on 
Man"u ... r (0 lndic (flS man .. u, r D 

q,I< Itlon) 
Earth D'·pd.rtur 
Target PI nd 1\ rr>v I 
Target Plo"n t Departr" 
Earth Arrival 

• 

I 

Ma Marl 
MEM Mar. Excur8Jon ModulI 
MlO Mi.alon Objrctl • 
MRM Mar. Retro Man"uye,. 
MV Multipl"x V"h!cl .. 
OOW Orbital O"p . .rtllr.· Wrighl 
Operatiorw.l Payload .. Payload invalvln!! er!l"", life ."p­

port .echon nd other ."l'Jlpmerll 
requir"d to op rat" th v~hId" or th" 

OVAM 
OVAM(Zl 

PB 
PFB 
PM-~ 

convoy 
Orbital V"hicle AI.Nnbly M"d., 
Same as OVAM excf'pt S rv\e.· V t!hlcJ'I 

only go,," to targ"t pl.Hod 
PerihelIon Braking 
Powered Fly- By 
Propuhion Modl"le (H Inrllc:at.,. m Ln<lU"'" 

in qu ... tion) 
PM-3 Carripr I/V carrying the M rl or V"n'lt 

depart"r" propuhion morl,,!t'. tu thl! 

PU 
PUV 

RA 
RIP 

SE 

targ .. t plan"t In IVAMll) and COVAMll) 
Pick-Up 
Pick - Up V"hicle 
Aphelion Dutance 
Roving Interpla.netary Prob ... 
Perihelion Outance 
Radial diatanc-r from planet (In ,,18net r dill 
S,j rface EXC'.lr lon 

Service Payload :c Payload of service "ehicle (primarily. 

SIV 
Synodic 

T cpt 
Ve 

deltmation pa.yload) 
Servicf' V .. hicJe 
Relating to the period between t .... o con­

junction. or two 0ppolltlonl of Ear th • 
Venu. and E&:rth - M~r •• re.pect!y"ly 

Time capture period at t .. r,f!t p!.&n.et 
Ven"e 

lIv). lIv2,lIv}" lmpuloe maneuvere at Earth departure, 
M~r. a.rrival awt .fara departure. 



• 

• 
• 

Mi •• ion . V -I 
V-lI 

M - I 
V -Ill M - lI M - Ill M-IV M-V M-VI • VM-I MV-I V'- I. I V -I . l M -I. I M-I. I. . 

• 

T.u&e't Planet V ... ·nu. V eo ntl l'l V t ' nu s V c n U8 Ma r . M d r, Ml.I nr M~lrlt Ma r~ Ma r ~ M ars 
V ('nus 

. 
M drs 

MOl rs Venus 

Mi •• ion Type Fly - By Fly-By Pow(tred E l lipti C 
• 

M l'd . En c r l!tY M ed. EIH.' q~ y Low ~ En~' rgy Puwc r cd F as t M 1S~10n Fd~ t MI SSion Sl o w Syno d . E ll. Capl. eir e . Capt. 

. Fly- By C ,I pl ll r l' Fly - By Fly - By Fly- By F ly-By Clre . Capl . C, r e . Ca pt , Mi ssion I< " . eir e . Capt. ei r e . Ca?" El\. Capt. 
• 

Surfacr Excursion N .. No No No No No Nu No No Y cs Ye . Yes No 
Cl bUll • 

• 

~dte S t' pl , 
De~rtu(e E~rth 

Late July Lctle Md r ch J II I y S·lO-H E ar ly Ma r c h E .... r1 y M .. r M id - O Ch 9 · , - 75 9· 5· 75 9·15 ·75 6·19 ·75 10·5-75 
• 

1975 197j 1975 1975 1977 1975 19i5 
• -• • 

Mi.sion DurAtion (d) 80.l80. 80. I.HO 100.lSO · 140 . (20) . l85. l85 • lS5 .l85 . 115.SjS ~ 140-240. IbO·PO.la) 160. ( lO.lO) l60+( lLO) 11.0- (1.46). 160. (38h 

160 360 350 l40' 400 S70 S70 650 l80 . llO . 440 ,2l0 , 440 ·37 0 · 9 .. 0 I.lO.( 19 8). 190+(64). 
210 • I 004 160 . 611. 

. 

V~locuy Rrqui r~m~nt. for 

• 

P ri ncipiil Maneuvrrs 
_M : I (101 Ct/ •• e)(ltm/nel (16 . 9)(5 . 15) (U . 4)( 6 . 84) (1 6 . 6 )( 5 . 1) (ll . 9)(4 . l4 (1. 9 . lUS . 9 4) (1.9 . l )(S . 94) ' (1 7 . 7 )(5 . 4) (14 . 9 )(4 . 5l ) ( 14 9 )(4 . 9 ) 14 . 9 )(4 .9 ) (11. . 4)(l . 93) ( 12) ( l. 66) (14 . 24)(4 . 34) 

M-2 (IOl Ct /nehkm/.ee ) • (4) (I . I.) (4 . 9 ) ( 1. 61 P ) (0 . 9 1.) ( I 7 0 )(5 . 6 ) 17 . 0)(5 . 6 ) (7 . 4) (1. . 25) p . 4) ( 1. 0 4) ( 12 .9 1\(3 . 7l) 

M- j (I O'J Tt /s .. eKkm /src ). (18 . S)(6 . 14 (19 . 4)( 6 . 4) 19 . 4)( 6 . 4) ( 12 . 7)(l.86 ) (14 . 2)( 4 . 32) ( ll . 9 )(4 . 24) 

M-. (I Oi 1I / see)(km / sec) ( 1 Z ) ( I ~ ) ( IS . 7 )( 6 . 15 ) 18 . 7)(6 . 15 ) (IL . 5)( l . 8 ) (8 . 9)(2 . 72) . -
_ : ~:~J}~!_~!!!!lt~~!~~~l_ --------- .......... 

(8 . 8) (2 . 68 ) (I l . 5)(4 . 12) -.. ----_ .. --_ ..... -...... -------- ---- ------- ------------ ----------- .. --- .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. --- -- ----- -- -- ---- ------ --- -------- --------- --- ----.- -_ .. ---
Ov .. rall mi •• ion \.°elocity 
bi.srd on N-I lhrou~h M-5 
without n~vjlati on.;,al cor -
rr e t ion m .. nruv~ r . ( Jot 

(16 .9 )(5 . 15) ( U . ~)( b . H4 ) (LO . 0 )( 6 . I) (30 . 6 )( l l) (l9 . 3)(8 . 9 4) (1. 9 . I )(S 9 4) (17 . 7 )( 5 . 4) (17 . 9 )(5 . 4 5 ) PO) ( I. l ) 70 ) (l l ) ( ll. . 5)(10 ) (50 . 9 )( 15. ; ) (6 l . 5)( 19. 1) 

(l/ne) (lr.m /. ~c) 

&a.rth Entry Velocity 
Without relro-thru.t 
(101 ft / .. e) ('km /.ee) 

• 
(45) (11 . 7, (H) ( 14 . I ) (41) (11 I ) (4 6 ) ( 14) ( S. 6 )(1 7 . 6 ) ( 60 ) (18 . 5) (4S . 5)(14 . S ) (4 7 ) ( 14 . 4) (o H. l.)(lO . 8 ) ( 68 . l)(LO . S) (3S) ( 11.6 ) (42 ) (1 1..7 ) (38) (11 .6 ) 

Rrtrolhruli t Rrqui r .. d p d or 
• 

P r oba bl y nOI No Probably Yc Pr oholbly P rob.:tbly Y {'s Y es No No 1':0 
to E oil rth Entry No Ye 

not no. no • 
• . 

• M ini mum number 01 pow-
ered I1\it.nruvrr. (not 
counting ~V,,,,aIJOnA) cor-

I I l j I. L I l 4 4 1 5 5 , 

rretion m.anru\,rr.) 

Opeu.tion.il.1 payload (incl. 
Earth f:fltry module) Il6 , OOO Il6.000 ILO.OOO 127 . 000 I j 1 . 000 1 j I. 000 I H. 000 I l6 . 000 11.8 . 00U 1L8.000 l IO .OOO • 310.000 lOO . 000 

O r b . Dep . Wt. (Ib) 
c..·OIl . .. rvatlVt ' 150. 000 550.000 4,0.000 . 100 . 000 1. 000.000 I . 000. 000 41. 0.000 l SO . OOO .! , WO, 000 I. . 10 0 .00 0 l.l oo.oob 3. 500 . 000 J.300.000 

opti m ie t ic 750 . 000 750 . 000 I. ;00 . 000 I . 500. 00 0 I. bOO . 000 . l OO . 000 l . 100 .000 
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Stat r of art satis fie s , 
Without spe cia l a c c el e r ati o n, 
the requl r ements fo r 
planetar y mis s ions V-I. V-U, 
V - llI, M -I. M -ll, M .. m 

----------------------~ Long - Dur a ti on Ino r gani c SYli t': ln fl . ., 
------------- - ---------~ 

State of art fla t i flfieli 

State oC a rt satisfies . 
without s pecial acceleration 
the requirements (or 
plallet~ry m issions M-IV, 
M-V. M-VI. V M - I, M V-I 

r equHement s Co r V-I/ V-Ul &. M-llI/M-V 

:PEo~~~~I.s€~;g~n~/.f~;-~-;lT~-;!!C_H!..b.:.-;-~S1."S~~~_=-t:.? :=:~~~~:~~ D 
State of a rt m ay or State of art should satisfy 
may not y e t flat i sfy r equirement s for M_I, 
rf'qulremf'nt s Co r M-I/M-lll M-D. M-Ill, M-VI. VM_I. 
&. M_V I MV-I 
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36 . 0 00 hI . ec 

] t" kw 

-1 7 . 000 ft / sec 

Sta tt" of art t".J lmi na tes 
need fo r ret r o Earth fo r 
practicall y all Venus 
mUSlons and for 
M -Ill, M - V, V M-I. MV-I 

T e ch n iq ue devt" l oped for 
a pproach ve l oc it ie s up t o 
4 5, 000 Ct / s ec 

50.000- 55. 000 ft/sec 

Slate of a rt elim inates n eed 
Co r retro Earth Cor many Mars 
mission., . depending on minimum 
pt" r ihelion di s ta nce cons tra.int 
during r e turn fl ight 

Approach v e locitie s 
up to 60,000 Ct/sec 
practical 

60 e kw 200 - 300 ekw I MW 

ROV ing i n t erplanetary prob." (0. 8 -1. 2 A. U.; 0.6- 1.4 A. U.; extra - ecliptic; 0 . 3 -1. 7 A. U. ; int o a steroid b e l t) 

O~h·!mlnati.on of met t!o rllt" . tream. and c ome tt which could endanger m a n ned space vehicles on p l anned m i ss i ons 

Mariner probe. to Vc nuiI and Mar .: Vo yaacr probe. t o Venuli and Mars 
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