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Abstract

Some of the safety and survival aspects of
the manned lunar-lending mission are examined.
The conditions requiring abort to the earth, lunar
orbit, and lunar surface are determined. Some of
the possible design requirements to permit abort
to lunar orbit or surface are indicated. Iumar
orbital and surface survival kits are described,
and the stationing of such kits in lunar orbit and
at the intended landing site is proposed.

Introduction

A manned lunar-lending mission includes all
of the safety and survival problems of earth or-
bital and lunar orbital missions, plus problems
that arise from flight phases peculiar to the
lunar landing. For example, the lunar landing
involves saveral additional powered phases and the
danger of landing accidents on the moon, with
resulting problems of survival. FPhases common to
other missions, such as boost, earth orbit, trans-
lunar flight, lunar orbit, and earth recovery are
not considered in this paper, since these areas
are covered adequately In other investigationms.
The lunar-landing mission is considered from the
standpoint of the initial exploratory miseions;
that ias, no parmanent lunar base in assumed to
have been eatablished.

In this paper, the term "safety" refers to
the ascape and survival of the crew should an
emergency or acaident occur. The term "survival
refers to the long-term aspects of the crew exist-
ence after an emergency. Reoscue would be included
in the survival area.

An indicaticn of the extent of the problem
and the flight phases to be considered is given in
figure 1. A small sector of the moon is shown,
and the trajeatory of a vehlcle landing from lunar
orbit, then taking off to return to sarth ls
indicated, In general, the four flight phases

.are, ms indicated: phase 1, the lunar deorbit and
approach; phase 2, the actual lunar landing;
phase 3, lunar residencs, which includes sll the
time spent on the moon; and phase L, the lunar
take-off whioh extends from the firing of the
take=off engines to injJection into lunar orbit.

Algo included in figure 1 is a llet of perti-
nent items such as the altitude, the character-
istio velocity inerement involved in each of the
four flight phases, and the approximate duration,
in minutes, of the flight rhase. Fhaeee 1, 2,
and 4 are characterired by the operation of the
main propuleion system, mansuvering, &nd peeaibly
otaging. Phase 3 is primarily characteritéd by
long duration, while phase 2 has the added probe
lem of lunar impaet.

Obviously, any number of emergencies and

acoidents could oocur during a miasion such an
that illustrated in figure 1 which would result in

safety and survival problems. The presence of man
in the lunar-landing vehicle both complicates and
simplifies the problem because, although the
requirements for provision of safety and survivel
are much more severe, the man can be relied upon to
take a personal and active interest in the matter.

Safety

Considerations of safety are limited to
phases 1, 2, end 4, inasmuch as these phases
involve powered flight. Phase 3 1p discussed in
the following section on survival.

Bystem Failures

Some of the criticel system fallures that
might occur in phases 1, 2, and 4 are shown in
figure 2. A general safety requirsment might be to
alwvays provide a way out following one failure
(preferably two in series). Figure 2 lists how
this requirement might be met for several syastems.
Emergencies are presented in order of increasing
urgency: those requiring no immedlate abort; those
which may require immediate abort, depending on the
conditions prevailing at the time of the failure;
and, finally, one which requires immediate abort.
These, of course, kre not all of the systems in the
spacecraft, but are representative of the varlous
types. It might be noted that under safety provi-
sione, redundancy and repair are the mogt important
factors for all pystems except structure and pro-

1sion, for which repair is the primary provinsion.

fRedundancy is generally the only acceptable safoly

provision for faillures occurring during power-on
operstions such as in phases 1, 2, and !, but vhen
conditions provide sdequate time, it is possible
for the crew to take action to perform repairs.
Thus, on the surface of the moon or in lunar orbit,
the original capebility and reliability of the
systems may be regained if suitable equipment,
parts, and skills are available.

Abort Requirements and Goals

Abort regquiremente mnd the goals of abort
should also be considered in & discussion of safety,
.inasmuch as abort is the last resort following
emergency. Figure 3 shows the characteristic
velocity requirements for abort to each of three
possible target arsas: the earth, lunar orbit, or
the moon, These three locations, of course, have
different levels of desirability and attainability,
depending on the flight phase when the emergency
cccurs. For example, if an emergency occurs just
as deorbiting is initiated, it is obviously pos-
sible to return to the earth or to the lunar orbit
with much less expenditure of energy than io '
required by an abort to the moon. Conversely, if
an emergency occurs during the final phases of
landing, aborting to the moon involves much luaos
energy than to the earth or lunar orbit. Omitting
the earth, the choice between abort to the lurar
orbit or surface is dependent upon design, supply,
and survival considerations to be discussed.
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It might be noted in figure 2 that only fail-
ures of the propulsion system require immediate
abort. Various propulsion configurations can be
utilized to obtaln the 17,000 ft/sec velocity
potential required to land on the moon from lunar
orbit and return to earth. Figure b shows exam-
ples of some of these configurstions, with com-
ments on the results of propulsion failures. The
first configuration consists, essentially, of a
single stage for lunar landing and earth return.
With this configuration, any fallure in phase 1
and 2 results In a crash on the moon. In phase 4,
if a failure occurs below orbital velocity, =
crash results; whereas, at velocities above orbital
gpeed, the vehicle can remain in lunar orbit. With
the second configuration, a separate stage 1s
indicated for earth return and lunar landing.
Failure of the lunar-landing stage in phase 1 or 2
permits the use of stage B to abort to the earth,
lunar orbit, or the moon, since sufficlent velocity
potential exists in thie stage. If stage B fails
subsequent to a stage A failure, there is still a
possibility that the vehicle will remain in orbit
rather than crashing on the moon. Phase 4, in
this instance, is the same as phase 4 for the
single-stage vehicle. The third configuration has
three gtages: lunar landing, lunar take-off, and
earth return. In each phase there are two propul-
sion systems that can fail without a resulting
crash, Tt might be noted that for all three con-
figurations, failures in phase 4 preclude abort to
the earth.

Bafety considerations of another possible
operational technique and group of propulsion con-
figurations for the lunar landing are shown in
figure 5. A small vehicle s assumed to leave &
mother vehicle in lunar orbit, make a landing on
the moon, then take off from the moon to rendez-
vous with the mother vehiclc which will be used
for earth return. Three configurations are also
shown in this figure, The first again consists of
8 gingle propulsion system capable of the
14,000 ft/sec requirement for this mission. Any
propulsion failure in phase 1, 2, or k with thie
configuretion will cause the vehicle to crash on
the moon. In the second configuration, two par-
allel, independent propulsion systems are utilized
which operate throughout the flight. The propel-
lant supply systems can be interconnected at the
pilot's discretion, as required. If elther pro-
pulsion system faile, the mission can be completed
or an sbort can be made to the moon or to lunar
orbit in 81l flight phases. The third configu-
ration is similar to the second, in that two
indepsndent propuleion systemc are used. In addi-
tion, & second sisge is provided having a capa-
pility of epproximetely 3,000 ft/sec, for a total
capablility of 17,000 ft/sec. Both A and B pro-
pulsion systems can fail, and system C will still

" permit an sbort to either the moon or to lunar

orbit. If desired, the lander can be designed for
» 14,000 ft/sec total capability asnd lumar surface
refueling used to provide the required redundancy,

Considering the various possible configu-
rations and operational tnoohilques presented in
figures 4 and 5, selection of the best balance
betveen complexity, reliability, safety, and
efficiency is dependent, of course, upon the hard-
ware involved. It would peem that the first
configuration in each figure could not be coneid- '
ered because of safety requirements. A choice
between the second and third configurations would

probably depend upon the relative reliability of
the propulsion systems. It would appear that
serious consideration might be glven to the third
configuration in the direct lunar landing and to
the second configuration for the lunar rendezvous.

Effects on Design

In all of the foregoing, a tacit assumption
hae been made that abort to the lunar orbit or the
moon is prefersble to the emergency being experi-
enced at the given time. However, the effect of
such an abort requirement on the design of the
actual lunar vehicle must be considered. Some
effects havé been indicated, such as the additional
staging or parallel staging. Agaln, the possi-
bility of sborting to the moon with a stage that is
not the primary lunar-landing stage introduces the
necessity of having two lunar-landing gears on
successive stages, or a single landing gear capable
of two landings mounted on the lunar take-off
stage. Although it might slso be possible to build
sufficient shock-attenuation capability into the
capsule itself to withstand lunar-landing impect,
this capability does not appear to be a solution
because of the danger of fire and explosion.

Safety considerations would appear to require that
the lunar take-off engines not only be extremely
reliable but also be throttleable or otherwise
capeble of performing emergency lunar landings.
The capability of emergency landing, of course,
would be inherent in the parallel propulsion con-
figurations mentioned previously.

Survival and Rescue

In speaking of survival, it 1s assumed thet
the crew have escaped the immediate emergency and
have been able to attain a place of relative
safety. In this paper, this safety area is con-
sidered to be lumar orbit or the surface of the
moon. Each of these survivel locations offers a
number of survival supply and rescue possibilities,
as shown in figure 6. Each survival area has
different requirements in regard to launch rates,
vehicle development problems, and operational
feasibility. Some of the particular problems and
operational considerations are discussed in the
following sections.

Lunar Orbit

The lunar orbit might be considered desirable
as 8 location for long-term survival because less
expenditure of energy is required for rescue; that
is, & vehicle in lunar orbit is in a much more
shallow energy well than it would be on the lunmar
surface, Also, as indicated in figures 4 apd 5, it
18 frequently the only survival area available.

If it is assumed that a survival type of
emergency has occurred, that is, the 1iving module
of the vehicle is essentially undamaged but cennot
leave lunar orbit, the basic problem 1s that life
mst be sustained until a successful rescue attempt
can be mounted. As indicated in figure 6, rescue
may be by a vehicle already in orblt, vhich would
present no supply problem, or by 8 vehicle from
earth, which would require sufficient supplies on
the lunar Jander or a lunar orbital supply ship.
It is, of course, preferable that sufficient ’
supplies be contained in the lunar lander, if
poseible, thereby avoiding the necessity of pro-
viding 8 second vehicle; however, the amount of



supplies required depends upon the time for rescue
and may be excesslve for the lunar lander.

Consideration of the supplies required indi-
cates, as discussed in reference 1, that the pro-
vision of atmosphere is most critical for survival,
because the crew can survive from 30 to 40 days on
the supplies of food and water carried on a lk-day
lunar mission, but can survive only a few minutes
without breathing. Thus, from a survival stand-
point, any excess payload capsbility should be used
for atmospheric suppllies: oxygen and CO, absorb-

ent. A minimum of about 110 pounds of oxygen and
1ithium hydroxide (plus container welght) per man
would be required to match the total survival
period possible with the food and water carried on
a l4-day lunar-landing mission. This weight does
not appear to be too great a penalty to pay for
the increase in survival potential.

Another hazard, however, precludes reliance
solely upon supplies stored in the lunar lander.
This is the high probability of encountering a
major solar flare. Normally, insufficlent shield-
ing would be carried on the lunar mission for
golar-flare protection, reliance being placed,
instead, on prediction and statistics. Thus,
lunar-orbit survival will require the provision of
additional shielding by a supply ship or rescue in
a very short time. The improbability of being able
to launch a rescue ship in a short time makes the
provision of a supply ship in lunar orbit quite
attractive. Such a supply ship would be capable
of carrying sufficient shielding and supplies to
permit survival in lunar orbit for =& period of
several months until a rescue ship from earth
could arrive. This orbiting supply ship is
discussed further in the next section. ’

Rescue can be performed by providing a
manned or unmanned rescue ship in lunar orbit
(fig. 6); however, it appears that the manned
ship is undesirable because its duration on sta-
tion is limited. An unmanned sbip, it is be-
lieved, would be much less reliable than the
simpler supply ship discussed above. There-
fore, it is felt that the provision of a supply
ship in & permanent lunar orblt is to be pre-
ferred to the orbiting rescue ship.

The third rescue possibility, that of using a
lunar-lsunched rescue vehicle, will not be prac-
tical until a permanent base with sufficient
facilities exists on the moon. At that time, it
may be the preferred base for rescue operations
because a velocity of only 10,000 ft/sec will be
required to perform the rescue and proceed to
earth, or 14,000 ft/sec to rescue and return to
the moon. An earth-based rescue would require
about 41,000 ft/sec velocity.

It might be noted that all of these pro-
cedures for rescue in lunar orbit involve the
agsumption that the problems of orbital rendezvous
have been solved and that rendezvous is essen-
tially & normal operational technique. It is
believed that this cajability will probably have
been echieved during the time period under con-
slderation.

One final point might be mentioned with
regard to rescue in lunar orbit by an orbiting
rescue vehicle. This is the normal procedure of
operation i1f the lunar landing has been made by

means of a special vehicle, as dlscussed pre-
viously (fig. %); thus, a special rescue vehicle i1s
not required, since the mother vehicle fulfills
this role. .

Junar Burvival

Problems resulting from an accident or emer-
gency late in the lunar landing, during the lunar
residence, or immediately after lunar take-off
(phases 2, 3, and 4 of fig. 1) could eliminate the
possibility of attaining a lunar-orbit condition.
Therefore, survival on the moon itselfl must be
considered.

The high level of energy expenditure required
for a lunar landing creates complex supply and
rescue operation problems; therefore, it might be
well to regard survival on the moon operationally
in the same light as survival during polar expedi-
tions. In the pest, 1t was not considered cata-
ptrophic or even unexpected if the return of an
arctic or antarctic expedition was delayed 6 months
to & year by their ships being frozen into the ice.
Similarly, it would seem that if adequate prepa-
ration were made, a lunar accident which prevented
immedlate return of the crew should not be con-
sidered a catastrophe or cause extreme concern.

Six months' survival potential would probably be
adequate if the planned second lunar-landing
mission had rescue capabilities. This second
mission would probably be scheduled for launch

2 months after the first. Thus, allowing for fail-
ure of this mission, 2 months to launch a third,
and a 50-percent safety margin, a 6-month survival
time should probebly be provided. :

Two general survival areas must then be con-
sidered, as shown in figure 6: the intended
landing site, and & remote site. First, consider
survival following accident or emergency at the
intended landing site. Accldents and emergencies
are most likely to occur in this area, since it is
here that landing impact is made and the long-
duration lunar residence occurs. As indicated in
figure 6, there are four possibilities for supply
at the lunar-landing site. In this instance, it
would appear to be advantageous to place the
supply vehicle at the landing site before the

_lunar landing was attempted. This can be done

during vehicle develomment Just prior to the
landing attempt. Although, as will be discussed
later, supply by a ship in lunar orblt is also
attractive, it offers somewhat less assurance of
success. The supply ship could fail to operate
properly when called down, then rellance would
have to be placed on supply from earth.

The first requirement for long-term survival
on the moon is adequate shelter for protection
from radiation, micrometeorites, temperature
extremes, and vacuum. Since the stay on the moon
1s to be possibly as long as 6 months, there is a
virtual certeinty of encountering multiple solar
flares of sufficient intensity to be hazardous.
Similarly, micrometeorites of appreclable size
can be expected. Although no detail design has
been made, a possible form of shelter to provide
adequate protection against these hazards is shown
in figure 7. This shelter would be buried under
8 to 10 feet of lunar rock for protection from
radistion and extremes of temperature. At this
depth, the rock is estimated to have a constant
tempersture of -40° F. With proper insulation,
the internal heat generated by the occupants and



equipment will maintain & comfortable temperature.
Burisl of & lunar shelter of this type would be
performed by blasting out & hole, installing the
shelter, then mounding the lunar debris over the
shelter. It is possible that good fortune would
provide a crevice or cave in the vicinity of the
landing end thus greatly reduce the effort re-
quired. In figure 7 the astronauts have been
fortunate to find sufficient loose goil to bury the
shelter without an excavetion. The shelter illus-
trated has two air locks; one is normally used for
a sanitary facility, but provides also an emergency
alr-lock capability. The general dimensions are:
length, 22 feet; width, 9 feet; height, 7 feet;
and volume, 1,070 cubic feet. It might be of
{interest to compare these aimensions with those of
the hut in which Admiral Byrd gpent 6 months alone
in the sntarctic. This hut® was 9 by 13 by 8 feet
high, was designed for three men, and was similarly
buried for protection from the environment.

The supplies and systems required for the
proposed shelter are 1isted in the following table:

Supplies for [unar-landing "Survival Kit"
(8ix-month duration, three-man crew,
pressure = 7.3 psia)

Welght,
1b
Tireathing atmosphere:
Oxygen (2 1b/man/day, 10 shelter cycles,
500 air-lock cycles, 10 percent leak-
age, OO 1b for space puite) « « « . o+ 2,050
Op BLOTAGE « « o + s s s v v o 0 s 1,280
Kitrogen (10 ehelter cycles, 500 air-lock
cycles, 10 percent leakage) + « x o+ v s 900
Np 0tOrage « v o ¢ v v n e e v n 680
€0, absorption (LAOH) o 4 o v v o v v o v ¢ 2,040
Atmosphere decontamination {catalyst
burner, charcoal, fuel) + « « ¢ v o ¢ v 430
Food (2 1b/man/dsy] « « + « v e e v s e v e 1,100
WaLer » « s & s ¢ ¢ ¢ 5 8 v 2 v v ¥ v o4oyow 300

Water reclamation (condenser, 2 stills,
filters, eLC,) + v o o 4 v 4 Tt 4 ey 320
Sanitery facilities (fixtures, storage,

etc.)..----.-.......... 200
Electric power 1 kw (2 fuel cells

1 photo voltaic system, betterys e 500
HydrOGen « o v o v s = o s = ¢ 8 & 50 =0 216
Hydrogen storage and system .+ .« 2 0 o0 0o 200
OXYEED + « o + o =+ n v v v osomr e 1, Gl
Oxygen storage » « ¢ « = ¢« @ & ¢ 0o 0 0 0 1,200
Gheltor s o o o s o o o s ¢ o o o v o ¢ 0" 1,560
Miscellansous supplies (suits, communi-

cations, t00lB, recreational equip-

Ment, tC.) o & s oo ow s e T 3,000

Total 18,500

No attempt has been made to optimize this "sur-
vival kit;" therefore, conslderable welght reduc-
tion would probably be possible, particularly in
the electrical power system. A heat-englne system
operating on the temperature difference between
the lunar surface and subsurface might replace the
fuel cell required for night-time power with a
considerable saving in weight, Similarly, the
1ife-support system assumes no regrneration of
oxygen, but future developments will probably make
this’'feasible. Only a small vater reserve 15
supplied because regeneration of wagte water and
the additional water resulting from the fuel cell
will insure an adequate supply. The total payload

’

weight of the shelter and all supplies would thus be
about 20,000 pounds. Most of theee supplies would
not be stored within the shelter, but, instead,
would be stored smbove ground in a ghelter provided
by the nose cone of the supply ship.

The survival shelter would be shipped to the
moon in two parts for ease of assembling and
handling. As mentioned previcusly, it would prob-
ably be beat to land the supply vehicle on the moon
prior to the manned landing o that the supplies
would be svailable for use at that time. If the
supplies were not required by the lunar-lending

. party, they would be available for the next landing

crew in the same manner in vhich supplies have been
left by anterctic expeditlons for use by later
expeditions.

Burvival in a landing away from the primary
lsnding slte, that is, {mmediately after take-off
in phase 4, poses special problems. The distance
may be too great to permit the crew to return to
the landing cite and use the stored supplies at
that point. Although this is, perhaps, the most
Aifficult of all lunar survival problems, the
probability of en emergency in this aren requiring
survival provisions is fairly remote., Most mal-
functions requiring abort can be expected Lo occur
in the first few seconds of powered operation wvhen
the ship is still very close to the base. For
example, if the emergency occurs at less than
1,000 ft/sec, the landing will be made within about
20 miles of the hase, probably within walking dis-
tance, An emergency occurring at & later point
requires that a gurvival kit be provided at the
emergency landing site within the time during which
survival is possible with the stored atmosphere on
board the lunar-landing vessel. Burvival, in this
case, is critically dependent upon having & surply
vessel ready for launch on earth, or in orbit about
the moon o be called down to the proper landing
gite. It would probebly be preferable to have 8
gurvival supply ship in lunar orbit for call down
to the emergency landing gite. This vehicle would
contain essentially the same "survival kit" de-
scribed previously and would thus serve 8s a back-
up for the normal landing site. The vehicle would
probably be most accurately and favorably posi-
tioned if it were landed by radio control from the

- lunar lander. Thus, 1t could be landed at a

Jocation near suitable shelter locations and still
gufficiently remote from the lunar lander to avoid
damage {rom flying rocks and other debris dis-
lodged by the supply ship landing rockets.

Proper design of this purvival vehicle would
epable its use as the supply ship Tor aborts to
luner orbit. To perform this function, it would
be necessary for the survival vehicle to lncor-
porate adequate rendezvous capability and the
addition of the large amount of shielding for
solar-flare protection. As indicated in refer-
ences 3 and I, water shielding weights ou the
order of 5,000 pounds to 10,000 pounds may be
required for protection. This shielding could be
provided in an auxiliary compartment which could
be jettisoned if the "survival kit" is to be
landed on the moon, thus not interfering with the
lunar-landing performance. Having the kit already
in orbit rather than on the earth would greatly
increase the chances of successful supply as well
as reduce the time required for supply.

The orbiting supply ship might be used for
emergencies occurring at the normal landing site



and remote sites, thus requirlng only one survival 3.
vehicle rather thap two., However, it would eppear

to be much more effective to have the surpliles on

the moon at the intended lending site as discusaesd
previously, particularly when the probavility of & L.
malfunction at this location is ~onsidered.

One final point that might be discussed is the
possibility of a form of lunar-surface rendezvous
being utilized to improve the safety and survival
potential of the mission. A rendezvous of this
type could take the form of & duplicate mission
vehicle landed asutomatically st the intended land.
ing site prior to the mission. This is particu-
larly attractive if the lunar-oroit rendezvous
technique is employed because of the extremcly
small vehicle required and the fact that the mother
ship is already walting in lunar orbit. Similar
possibilities exist to provide propellants to avoid
marginal fuel conditions at lunar take-off. The
best combination of facilities, supplies, and
equipment in the survivel kit will vary greatly,
depending on the chosen lunar-mission Tlight. pro-
cedure and will require extensive study and evalu-
ation.

Concluding Remarks

This study of the lunar-landing mission indi-
catee that sbort to lunar orbi® and the lunar sur-
face 1s probable as a result of emergencies in
various phases of the missinon. These cmergencles
may result in considersbly longer orbital or lunar
residence time than originally planned for the
mission. Consequently, external supplies and
assistance will be required for survival and ultl-
maete rescue.

It appears that the most practical supply
vehicle combination for all the conditions dis-
cussed would consist of:

a. An unmanned supply ship at the
planned primary landing site and

b. An unmanned supply ship in orbit
capable of orhital rendezvous for orbital
supply and capable of lunar landing for
supply of unplanned remote landings.

In each of these casegs rescue would be performed
by a rescue shlp sent from earth.

Provisions of increased safety potential may
place unusual requirements on various spacecraflt
gystems, particularly for the propulsion system
and the landing gear where safety requlires some
form of redundancy. Additional important design
requirements are the provision of regcue capa-
bility in the basic lunar lander and extension of
sutomatic lunar-landing ~apabilities to large
payloads.
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A

PHASES OF LUNAR-LANDING MISSION

FLIGHT PHASE ALTITUDE,FT CHARACTERISTIC VELOCITY DURATION,

INCREMENT; FT/SEC MINUTES
L LUNAR DE-ORBIT AND APPRCACH 50000 TO 1,000 6,400 7 T0 20
2 LUNAR LANDING 1000 T O 400 |
3 LUNAR RESIDENCE [o} 0 | TO 10000
4 lalg{B‘A? TAKEOFF TO LUNAR 0 TO 50000 6500 5706

*INCLUDES 10° ORBITAL-PLANE CHANGE AND | MINUTE OF HOVERING

Figure 1

SYSTEM FAILURES AND SAFETY PROVISIONS

SYSTEM SAFETY PROVISIONS REQUIRED ACTION
GUIDANCE REDUNDANCY, REPAIR
ENVIRONMENT CONTROL  REDUNDANCY, REPAR  NO IMMEDIATE ABORT
COMMUNICATIONS REDUNDANCY, REPAIR
CONTROL SYSTEM REDUNDANCY, REPAIR
AUXILIARY POWER REDUNDANCY, REPAIR M:;(;f?“'“ IMMEDIATE
STRUCTURE REPAIR
PROPUL SION PARTIAL REDUNDANCY,  IMMEDIATE ABORT

REPAIR

Figure 2



CHARACTERISTIC VELOCITY REQUIREMENTS FOR ABORT

VELOCITY, FT/SEC

FLIGHT PHASE ABORT TO -
. EARTH | LUNARORBIT |  MOON
DE-ORBIT 3,500 TO 10,500 0 TO 7,000 6,500 TO 100
It LANDING 10,500 7,000 100
RESIDENCE 10,500 7,000 0
TAKE - OFF 10,500 TO 4,000 6,500 T0 O 0 TO 6,500
Figure 3

PROPULSION CONFIGURATION EFFECTS ON SAFETY
FOR DIRECT EARTH RETURN TECHNIQUE

CONFIGURATION _ __ PHASE | PHASE 2 FHASE 4

FEENTRY FAHLURE-CRASH SAME AS PHASE | FAIL AT V<Ve-CRASH
VEHICLE FAL BT VoVe- REMAIN
N ORSIT
e
MG £ e VELOCITY
i V(W-LLNAP ORBITAL VELDOITY)
REENTRY
VEWICLE
- EARTH A FAILS—ABORT TO EARTH, SAME AS PHASE | B FALS-V<Ve—CRASH
- RETURN  ORBIT,OR MOON VsV, REMAIN
IN ORBIT
. LUNAR B FAILS-V>V,-REMAN IN
LAND STAGE ORBIT
V<Ve-CRASH
.
.
A FAILS—ABORT 10 EARTH, SAME A5 PHASE | B FAILS V3500 FT/SEC
i ABCRT TO MOON
EARTH A ANDS V»3500 FT/SEC
RETURN FAIL —v»>3800 FT/SEC ABORT TO LUNAR
ABORT TO ORBIT oRBIT
o V<3500 FT/SEC © FAILS -REMAIN N ORBIT
_ ABORT TO MOON
LR
- y STAGE

Figure 4




el

PROPULSION CONFIGURATION EFFZCTS ON SAFETY
USING LUNAR RENDEZVOUS TECHNIQUE

CONFIGURATION PHASE PHASE 2 PHASE 4
CAPSULE FAILURE~CRASH SAME AS PHASE | FAILURE ~ CRASH
LANDING AND
TAKEOFF
STAGES
[ARY
PR
CAPSLLE AOR B FAILS-COMPLETE SAME AS PHASE | A OR B FALS-COMPLETE
MISSION OR MISSION
LANOING AND oRaIT &0
als TAKEOFF
STAGES ABORT TO
MOON
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Figure 5

SURVIVAL AND RESCUE POSSIBILITIES

SURVIVAL LOCATION SOURCE OF SURVIVAL SOURCE OF RESCUE

SUPPLIES VEHICLE
LUNAR ORBIT LUNAR ORBIT LUNAR ORBIT
LANDER (STORED) EARTH
EARTH MOON
MOON LUNAR ORBIT LUNAR ORBIT
(LANDING SITE) LANDER (STORED) EARTH
EARTH MOON
LANDING SITE
MOON LUNAR ORBIT LUNAR ORBIT
(REMOTE SITE) LANDER (STORED) EARTH
EARTH MOON

Figure 6
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LUNAR SHELTER AND SUPPLY SHIP

Figure 7




