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ABSTRACT

This report presents a brief summary of the results of
recent studies conducted on spacecraft sterilization. A
recapitulation of the advantages and disadvantages cffered
by various sterilizing agents and methods is included, Also
included are clean room requirementr and concepts, personnel
requirements for sterile vehicle assembly, concepts for the
sterilization canister, handling and transportation require-
ments {or the spacecraft and bus, concepts for terminai heat
sterilizaticn, and the potential contamination problems
existing as the lander separates from the bus,
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FOREWORD

This report was prepared tor Manuf: cturing Enginecring Laboratory,
Marshall Space Flight Center, Huntsvilie, Alabama, as an effort to
provide information on the following topics:

1) Present methods of sterilization that are mcst promising, and
the effects these rnethods have on materials for vehicle com-
ponents,

2) Processing and packaging practices as related to fabrication

| and assembly, and the problems existing with these practices,

3) Practices heing developed and/or pursued to permit handling

of the sterilized vehicles up to time of launch,
4) Procedures being used tc measure cleanliness level in the

‘ sterilization labaratory,

J- formation sources for this report were obtained from Internatioral
' Aerospace Abstracts, NASA Scientitic and Technical Aerospace Reports,
| open source literature contained in the Redstone Scientific Information
Center, and conferences with persons in Marshall Space Flight Center
who are wcerking with the spacecraft sterilization problem,
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Section I. INTRODUCTION

Contaminaticn of ceiestial bodies with earth microorganisms would
very likely make studies of any extraterrestrial life impossible. There-
fore, in 1959 and 1960, the National Acronautics anda Space Admini-
stration formulated official policy letters declaring that it was cssential
to sterilize spacecraft for the following reasons:

1)

3)

To preserve clues to the origin of life and of the universe
which may be hidden berneath the luna strata or under the
atmosphere of extraterresirial bodies.

To prevent inadvertent seeding of extraterrestrial surfaces
by earth-like cultures,

To protect the earth from mutual contamination.

As a consequence, many studies have heen performed to determine
the n:ost feasible methods of sterilizing spacecraft which have a
reasonable possibility of extraterrestrial impact. The various suggested
techniques of achieving sterility of unmanned spacecraft to prevent
biological contamianation of other nlanets include sterilization by vacuum
of outer space, by radiation, by chemicals, and by heat,

Experiments have shown that micrches remain viable aiter exposure

to Jltrahigh vacuum, even in tests up to 35 days.

L2 _— L
’ Therefore, it is

concluded that vacuwm exposure of outer space will not decrease the
probability of contamination.

Sterilization can be accomplished by both ultraviolet and ionizing
radiation. Ultraviolet radiation reaches only directly exposed surfaces
and is of no use for interiors, shadowed surfaces, and holes. In fact,
the penetrating power is so low that orgarisms can be protected by a
thin layer of dead ox‘ganisms.l Ailthough ionizing radiation is much
more fpenetrating, it will damage semiconducfors pius many plastics
and elastumers, including solid propellants, as well as optical proper-
ties of many glasses and pigments when exposed to dcces as great as
107 rad,* which is the approximate dosage required to ensure sterillty.s
Further, ionizing radiation is expensive, hazardous, and complex.
Radiation may be useful for reducing the biological load.

An appropriate concentration of ethylene oxide is a good sterilizin§
g28 and does not damage the great majority of spacecraft components,
It can, however, kill only microbes on exposed surfaces and cannot
reach interiors such as gasket scats, tlanges, closed screwholes,
electrical connecturs, and sealed components, Certain liquid chemicals,
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such a8 turmaidehyde in methanol, are guod sierilants. Because of
their high viscoeity and surrface tension, liguid chemicals will not
penetrate many crevices that would be reached by gas. Mereover,
liquid sterilanis damage certain components such as electrical con-
nectors.

Dy heat 1s the most promising means of spacecraft sterilization,
Mvoist heat requires less time and a lower temperature than dry heat,
but it cannot penetrate vacuum tubes, transistors, lebricants, sealants,
plastics, eic. Heat cause 2 design problem because it creates struc-
tural distortion and because it lowers the reliability of some ¢lectrical
equipment such as guidance and communications gear. Work i6 now
being done tc develop heat-proof components. Alsc, many solid fuels
either come apart or refuse to burn at all after exposure to sterilant
temperatures. ¢ Some propellants, however, are completely unchanged
by hLeat treating.

Although the techniques for spacecraft sterilization have not been
firmly established, dry heat, in particular, and exposure to ethylene
oxide gas appear to be the most likely candidates. It is probable that
severaj kinds of treatment will be selected and used together., The
only cverall sterilization method approved now is dry heat, which is
expected to kill organisms both on surfaces and inside solids, Caseous
ethyienc oxide is approved for surface decontaminatiorn, Backup studies
of other forms of sterilization and decontamination, including X-ray
radiaiion, are continuing. Beginning with the ethylene oxide decon-
taminatiot, an ultra-clean, or biuclean, environment will be required,
Next in order will be reassembly, system check-out tests, encapsulation
of the pavinad in 1r a
verification test, terminal heat sterilization, a gross system check,
sterilization certification, and launch,
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Sectior ll. BASIC REQUIREMENTS

The basgic requirements for sterilization of vehicles which will land
R . V- . . . T
on another planet is8 a NASA policy which is summarized as follows:

1} The lander will be assembled in clean rooms at specified
levels of assembly,

2) The lander will be subjected to an approved sterilization
procedure.

3) The lander wili be inclosed in a baicteriological harrier to
maintain cleanliness and sterility, After decontaminatioa,
the incluosure will not b2 vpened within any portion of the
Earth's aimosphere which might re-coataminate the lander,

The requirement for terminal sterilization of vehicles which may
land on another planet crestes a severe design environment, cspecially
for those landers of extremely large size as proposed for the Saturn V
launch vehicle. Compatibility with the spacified sterilization environ-
men’ must be a basic design requirement from the inception of any
program.

Tue methods and procedures for implementing these requirments
have nci yet been established but are receiving extensive study. It is
likely that the degrze of assurance of sterility will vary according to
which planet the lander cr orbiter is destined for. & Agsuming that
Mi:cs duoes support some type of life, rigorous sterilization standards
muet be established a2nd met for the first spacecraft that will land on

Fhim amloen ~d
R O e T A

in ordes to allow e cumnpletion of biological experiments
before contamination occurs. Some recent prelirninary data obtained
from the Marirer IV? vehicle suggests that the Martian atmosphere may
ot be conducive to life as previously believed. Jaffe® is of the cpinion
that the required degree of assurance against microbioclogical contam-
ination of Venus can be modified by the chance that Earth organisme

could s.ot grow in that environment.

In i 17 port cn Mars Vovager Systems. Wooten and Merz¥ reiterated

that space~ralt wh:i~h enter a planet's atmosphere must be sterilized to
the extent ti.a. the probability of intruducing a iiving organism is less
than 1 in 10, 00¢, V=zhicles which orbit the planet must be similarly
sterilized {f the probability of irapacting is greater than 1 in 13, GO0,
Sterilization is8 not required if the vehicle is assured of a rninimum
timie of 50 yeare in orbit before impacting the planet. The 50-years-
in-orbit criterion is considered satisfied by setting a miaimum altitude
of 1500 kilometers (€10 nautical .niles).
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Section {Il. CLEAN ROOMS REQUIREMENTS

1.  Bosic Concepts

NASA's pulicy requires clean rooms and clean work stations
for the mianufacture, assembly, and testing of vehicles which are to be
decontaminatcd vr sterilized. Hovever, there is a problem in main-
taining bioclean requirements throughout the entire train o1 events,
including testing, leading to the sterilization oven. For example, some
test equipnient., such as a shaker, will present upusual and difficult
[iroblems in clean room design because of its size and the founrdation
required to support it, T Also, the sterilization oven may be lovated
at the launch site while the assembly plani is located 2t & different
gite. 1ln both of these cases, the hardware would have to be removed
from the assembly clean room: tu be transported to another location.

Proposgals to maiutain cleanliness throughout every siape of assembly

and test include the vse of rigid canisters, plastic bags, and portable
. . . 1
controlied environment facilities,

One concept!! for maintaining cleanliness during assemoly of a
lander to be totaily heat ster.lized suggested the use of two buildings -
one within the other, The exterior building would be for environmental
protection, and the internal building would be divided into rooms in
which the various steps in sterilization aud assembly would be performed
pricr to terminal heat sterilizaticn,

The Sterilizaiion Handhook' describes the concept ul a bactericicgl-
cal buarrier system fo1 agsembly as being both the physical karrier
surrounding the hardware under fabrication (often an inexpensive,
lightweight material which is limpervious to the ingresa of Lacteria
and other particular contaminante) and the procedural barrier. Fabri-
calion personnel gain access to the hardware through glove ports in the
walls of the isolator. If required, personnel may be completely encased
in a plastic film so that they may move about in an insulator. A
sterilizing enirance port is provided for contamination control »f tools,
parts, etc.; and an exit port is provided for removal of waste, equip-
ment, etc. The atmosphere within the barrier, under a slight positive
oresgure, i8 constantlv rirculated and filtered to remove particles in
the submicron range. Since the assembly personnel are 2 prime souice
nf bacterial contamination, they wear surgical masks, clean clothing,
and suitable protective gloves,
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Pecent indications by NASA'? are that clean rooms, including
portable clean rooms, used for control of biological contamination of
spacecraft are to provide for larninar flevw of air movement from
ceiling to floor, and shall conform to Federal Specification 209, Class
E 1 100, Cuncepts for this type roumn are shown in Figures | and 2, and
particulate contamination levels for clean roorns are shown in Figure 3,
Where work benches are required, laminar airflow will have a hori-

T~

'i- zontal movement toward the worker, Only decontaminated tools will !

i i be used on decontaminated parts. Biclogicai loading in and on the :
! ) spacecraft will not exceed 10° viable organisms at the time it is brought
to the termir.al sterilization oven, If there is evidence that the viable :

L contamination exceeds lCa, the spacecraft will have to be exposed to a »

higher temperature or longer heat cycle during terminal sterilization, J
Frequent samples from fallout air and surfaces cf assembiies would

reppm———r
A

have to be obtained to determine total viable particle count. and spore
] f content, as practicable. 1
However, the above stringent requirements may be relaxed by an [
alternate method of lowering the biclogical load of viable organisms to
10°  The method prr;poscdl 1s to use low ievel heatl cycles for internal
decontamination in place of manuracture and assemkbly in ciean rooms
and clean work spaces. Parts so heated must be handled subsequently
in clean facilities.
2. Assvmbly, Tast, and Sterilizotion Facility
Inh studies for the construction of a new Assembiy, lTest, and
i Stcril;’zatiun.‘Facility performed by Daniel, Mann, Jo! i80a, and
: Mendunhaii,” two anpreoachecs for clcan fuving are bewuy considered:
} 1)  The Jaminar flow approach in which high ¢fficiency parti-
culate air filters are used with vertical laminar air flow -
to maintain a low level of particulate and microbiological g
centamination, )
l : 2) The sterile asscmbly approach in which techniques develouped
f by germ-~frece animal researchers are used to obtain and

fmaintain a sterile cenvironment,

The results of the studies and the cnsuing decisions regarding the . ST
method to Le used in the facility have not been made. o f_ .
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a. IL.aminar Flow

The essential elenients of the laminar fiow approach are
described in the following paragraphs.

The main structure has a high bay asgsembly area. The
h:gh bay area will be a (lass 100 clean room, utilizing laminrar down.
flow in accordance with Federal Standard No. 209. Air at 80 feet per
second will enter the high bay through a special ceiling plenum, flow
downward through high efficiency particulate air filter modules, and
leave through a grilled metal floor. lenums, blowers, and air
balancing devices such as filters for handling the return air flow will
extend below the floor level. In order to maintain bioclean standards,
the high bay walls will be coverec with nyloa reinforced vinyl.

An area for operational suppurt equipment (CSE)} will be located
just outside the clean area. In this way, OSE associated with a given
capsule can be located near the capsule to simplify electrical and
visual monitoring.

A dual-purpose, specially designed steel chamber is provided that
will be used as a clean lock as wall as providing fcr surface sterilizing
(decontaminating) a capsule, majoi capsule components, lar, e jigs,
etc. Surface decontamination of the entire capsule or cther large com-
ponents is accomplished by means of an ethyiene oxide (£TO) cycle.

A gepavate dvy test heat oven, located outside the building, is provided
to starilize the proof-test model capsule in i’s biclogical barrier,

implementation of various microbiological techniques such as surveil-
lance, monitoring, assay, and certification. This laboratory includes
areas for sterile transter, media preparation, sample handling, bio-
logical assay work, and various utility operations associated with
microciological investigations,

Floor space is provided for special processing of personnel. This
includes air locks, air showers, suiting areas, locker rooms, and
areas for medical examination, FParallel areas exist for men and
women,

A ¢

The main floor of the facility alse incindes a receiving area
decontamination arsa, and a transfer area using plassclaves., Most
heating, ventilating, air coanditioning, and special electrical equipments
are installed in che basement. The second floor includes a con'rol
room, a receiving area, and various areas for mechanical equipment,
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b. Sterile fasembly

Essential elements of the sterile assembly approach are
described in the foilowing paragraphs,

The main structure has two high bay sterile assembly areas, To
ensgure sterility, all surfaces of the assembly room are decontaminated,
ali equipment entering the room is decontaminated, all air entering the
room does 8o through glass filters, and all personnel eantering the room
do so in sterile barrier suits. The air filters and material pasathroughs
will provide a barrier against microorganisms which have been found
effective by germ-free animal researchers. All cracks and seams in
the room will be gealed, Walls will be smooth, epoxy coated, so that
they may readily be washed down with a 2-percent peracetic acid or
equivalent effective gurface decontaminant,

An area is provided fcr operational support equipment, Part of
this area is in the corridor between the two sterile areas for equipment
requiring short electrical lines or close viewing and part of this area
is on the secornd floor at one end of the building,

Two dual-purpose steel chambers are provided to perform the ETO
dccontaminaticn and clean lock functions as in the case of the laminar
flow system chamber. These chambers wili also be used to dry-heat
sterilize the capsule proof test model.

A rnicrobiolegical laboratory is provided for develspment and
implementation of various microbiological techniques auch as surveil-
lance, monitoring, assay, and certification. This laboratory includes

T H 3 H Iy ] s ~ oY e [ M
ai€as (w1 sieriie iransier, meadiz preparaticn, and various uiility oper-

ations, However, because of the very low contamination levels expected,
sterile tranafer will be done under glove box conditions to ensure
against contamination during the transfer.

A special air leck with a bactericidal wash will be provided to
decontaminate the surface of the suits worn by personnel in each sterile

area,

In the main {loor are areas for several ovens and sterile locks, a
tool room, a service aisle, and a receiving area,

The badement has areas for mecnaninzal cguipment, sterilization
ovens, a boiler room. a chiller room, locker room toilets, a quarantine
storage area vchere parts of questionable sterility are verified, and a
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norimal storage area. There is 2lso a glove box area where sterile
parts may be assembled without the need for personnel to "suit up" for
the sterile assembly area.

The seccond floor, in addition to the OSE area, has a centrally
located control room to menitor and contrcl facility functions,

i UV
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Section V. PERSOKKEL

Because personnel are a prime source of contamination during
assembly in clean rooms, the following requiremernts will likely be
implemented: 13

1) Al perscns in the ¢lean voom will wear maeks and approved
barrier clothing. Barrier clothing is required for all portions
of the nody which reach from a level of 3 inches below and up
along the spacecraft as mounted in the room.

2) No person shall enter the bioclean area whn has open cores,
noticeable dandruff, a cold, a fever, or diarrhea. This
requirement was in the original NASA Irterim Requireinents
{or Bicclean Facilities, paragraph 4. 12,

3) Sterile surgical gloves or sterile disposable plastic gloves will
be used to handle decontaminated spacecvaft parts,

The original (1963) Interim Requirements were cancelled and
Federal Standard Number 20¢ was substituted; however, the essential
provisions of paragraph 2. 17 of the original requirements will be
retained, The provisional draft for a subsequent Interium Document
provides 1or the microbioassay of personnel.l

Assay shall be made (not less thaun one per week) of the quzlity of
bioclogical contamination on the skin of each person whose duties take
him routineiy into the clean room in which flight hardware is present.
Samples shall be taken from the cheek, chesl, back, forearm, pclin,
and any other locations and at any time required by the sterility control

moreaneel
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The following items have not been specified: 16

1) The fre quency of physical examinations.
2} The need for routine inspections by a physician,
3) The microbioassay of the skin,

It appears that NASA is inclined to dispense with the requirement for
a routine examination by a phygician and will rely on persons in the

clean room to exclude persons with open sores. Personnel suffering
from fever, colds, and diarrhea are to report these ailments (o their
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General Electric Company‘ conducted a poll to determine the
informal opinion of the NASA Bioclean Requirements, particularly with
reapact to the prescribed methods of personnel contamiunation control,
Commente were golicited from five nationally -known pharmaceutical
and chemical laboratories and from a medical officer, a psychologist,

and two shop pecple at General Electric. There was a consens. : on
the following points:

1) Daily examination by a physician is nonessential,

2) Sterilized clothing is the moat effective, practical means of
minimizing vontamination of hardware.

Reliance on the buddy system for monitoring is undesirable.
A system of self-reporting must be founded on psychologically
valid incentives.

4) Microbiological standards of acceptadility will increase labor
costs substantially.

3)

13

B s

— s ==caso————
e ade — v




Sectlon Y. STERILIZATIOM CAMISTER

Three basicaily different approaches to the terminal sterilization
canister are a flexible film container, a r.gid coniainer. and a com-
) . . . . 1
bination of flexible and rigid materials.

The advantages of using film isolators include light weight, case
of access, ard visual inspection. H0wever, film containers have been
evaluated and reiectec. by Gen~-ral Electric becauase of several objec-
tionable characteristice. One of the most cbjectionable characteristics
is the difficulty in jettison and sezzration of a thin film from an obhject
whose shape is relativelv complex., An objectionable characteriatic of
film bags is their mensitivity to penetrations. Since films are easily
ripped or punctured, it is not desirable to have the success of a space
program supported by such a weak link.

The rigid canister will he much lesgs ausceptible to handling damage
then the film canister, and it also lende itself to relative ease of
separating mating eiements in flight, However, the rigid canister has
several design problems. Assuming that a gas is used within the
container, internal pressure will build up during thermal stevilization
and, unless properly vented, could damage the container. Upoa cooling,
the canister rmay draw a vacuum and be subjected to collapsing presgures
unless sterile gas is added. If NASA's ''no access' policy aiter terrninal
sterilization should be modified, a rigid canister would virtually elim-
inate access,

The combination of a flexible and a rigid canister combincs the
besi deeign featurces ot both. In essence, this type of container is 2
flying glove box or dry box. The rigid portions of these canisters
could be made to fit the shape of the planetary lander, while asceptic
entry ports and work stations could be located in a manner that would

facilitat: access if NASA's '"'no access'' policy is relaxed.

It is expected that the ''no access after terminal sterilization' ‘
policy will be relaxed if microbiologists can be convinced that an
absclutely sterile entry to the capsule can be made. 17

The general design criteria for the canister are as follows:'®

i} HKeep out bacteria, spores, and other organisms.

] Be as light as pessible, since it aAccompanies the capsule into
space.

3) Be able to contain the capsule and any remote handiing gear. 4
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4)

5)

6)
7)
8)

9)
10j

Incorporate sterile electrical connections for flight, ckeckout,
and test,
Contain as few as possible electrical connections whic should
te in-flight digconnects. Sterile access throvgh glove boxes
may be necessary to make electrical discounects

Act as a meteroid bumper, if weight penalty for such design
can be tclerated and if retained until just prior to Mars entry,
Contain sterile plumbing fittings for liquids and gases, if
required.

Remain unaffected by hot or coid ethylene oxide.

Remain unaffected by dry heat up te 145°C

Eject the capsule pefore Mars entry without comp.omising ]
sterility. : oo : - TS
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Sectien VI. HANDLING AND TRANSPORTATION

A study was rnade by General Electric'® to assess the problems
associated with handling and transporting a2 canister in the sequence

of events prior to 1-unch.

+

The study considered the terminal sterili-

zatien of the vehicle at the laainch site and at the manufacturer's

facility.

To sterilize at the launch site, the following steps were considered:

L}

2)

3)

The vchicle is assembled and checked out under carefully
controlled environment. This implies the existence of a
clean room facility at ithe launch site which is as good as the
facility where the spacecraft was assembled.

The spacecraft-canister combination is subjected to termiral
sterilization and is mated with the orbiter,

¥inal checkout of the system is performed and the system is
iaunched.

To steriiize at the rnanufacturer's facility, the following steps
were congidered:

1)

2)

3)

4)

The lander is assembled and checked out under clean ceonditions,

then sealed in the containing canister and terminally ster:lized.
The steirilized canister i8 shipped to the launch site. A
shipping container for the canister -lander combination may

be required tu protect the canister from damage,

The canigtar 1o maoved with

& ER - . b K
....... L Wil lne uiluleer, MO C:e2n TCCI

facilities are required,
The system is launched.

By comparing the advantages and disazdvantages of both of the above
sequences, il was concluded that terminal s erilization at the launch

site i8 preferred.

1)

2)

The primary reasons for this choice are as followa:

It may be impossible to transport a fully assembled lander
to the launch site.

The techniques for bivlogiczlly monitoring a sealed canister
over long pericas of tirme are complicated and rnay penalize
the canister design.

Terminal sterilization at the launch site would permit all
pressurized liquids o: fiuid systems in the lander to be

charged where safe!y procedures and techniques are well
developed.
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In a study {or an assembly, test, and sterilizition facitity for the
VYoyager Landing capsules performed by Daniel, Mann, Johnson, and
Mcndcnhall,'!’ it was expected that facilities will be required at Keanedy
Space Center to provide for the following functions:

1) Allow for loading pyrotechnics, £quibs, rocket moturs, and
any othes explogive devicee into the capsule.

2) Allow terminal heat sterilization of tre complete landing cap-
sule within its biclcgircal barrier,

3) Allow for various tests to be conducted such as spin and balance,
center of gravity locaticn, etc.

4) Allcw for operational checkcout of the copsule upon compledior
of the above tests, o T
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Section VII. TERMINAL STERILI!ZATION

Current policy indicates that landers will be subjected to @ terminal
dry heat soak at a\n?lﬂ of the temperaturcs and corresponding times
shown in Figure 4, Hardware qualification will be performed by
three 36-hour heating cycles at 145°C, 1w20, 21 Figure 5 shows a concept
for a terminal heat sterilizatioa vven. It should be understood that
heating a vehicle to the temperatures and corresponding times shown
in Figure 1 will not praduce a sterile vehicle regardless ol the state of
cleanliness prior to hiealing. The specified gterilization procedure is
based on a vehicle that has undergone biclogical load reduction prior
to sterilization, '

Thermal sterilization in the prescnce of a conducting gas within
. . P e . . B a2 .

the cuntster 19 preferablPe to oterilization in a vacuum, The advantages
gained in using a gas, such as nitrogen, include shorter therrnal rise
tirmes, elimination of designing for atmospheric overpregsures on the
canister, and the climination of the pogsibility of atmospheric contami-
nation caused by leaks at the interface hetween mating sections in the

. 23, ; .
canister. In one stady, the presence of a gas reduced the time to
reach sterilization temperature almost 50 percent over the vacuum
sterilization method, This method resulted in a reduction in tetal
soak fime at e¢levated termperaturead and reduced the most extreme
termnperature gradisnts by a considevable tactor, If thermal sterilization
is conducted in a vacuurn and aftecrward a sterile gas, such as cthylene
oxide, 18 releaged within the canigter, these advantages are negated.

(9] Al _ 1 .y ~- . - "
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insulation may be required for internal equipment, batteries, for
instance, to prevent excessive temperature rise during entry at Venus,

L . - . 22
This insulation could add many hours to cach sterilization cycle.

Flevated temperatures lower the reliability of some zlectrical
instruments and components, Conscquently, any component or part
that is adversely af{ected by hecat must be carefully selected, and special
developments will likely be required, Studies have been made to deter-
mine the effect of temperature on components, and other studies are
in progress.
gideration

in structural design {ov sterilization. Although NASA's requirements
prohibit access tu Lhe sealed canister atter terminal sterilization, Tenny,
Fried, and Crawford“® have suggested that it may be advantageous to
sterilize gases and liquids separately and charge the system aiter

The design of pressure vesscls vecomes an important con

18
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sterilization of the vehicle and tank, These¢ authore have stated that
“gince a relatively high weight penalty ia impose | on a planetary landecr
when the large -volurmne, high-pressure vessgeis arc deaigned to withstand
terminal heat sterilization with the tanks charged, it becomes advan-
tageous to study other sterilization methods which may riniinize or
ciiminate this weight penalty. An alternate method that minimizes the
weight penalty 18 to heat sterilize the vehicles with the tanks installed
but not charged, then charge them with a sterile gas. This technique
eliminates a hazardous condition during sterilization and deserves
further study. '

When thermal sterilization is vsed, the major proublems with the
vehicle structure are the effects of transien: thermal gradients and
the material deyradation due to temperature-time exposure. Ternny,
Fried, and Crawford?® show that the scverity of the thermal gradients
and the subsequent thermal stresses and distortions are governed in
part Ly the rate of heating and cooling, the method of heat application,
and the magnitude of the thermal resistance patks between the hLeat
source and the heat sink, The material degradation is affectad by the
temperature level and duration. As a result of their study of a model,
these authors arrived at the following conclusions:

1) High thermal conductivity materials and joining techniques
should be used as imuch as possible in the vehicle structure.
Examples are brazed core honeycomb sandwich in prefererce
to bonded sandwich and welded joints in preference to buolted,
tivated, or bonded joints.

2) Programmmed heating and cooling is degirable and necessary
iz wides co MimmMive thermal grad:ients in the vehicle struciure,
T :chniques for heating and cooling the containing canister
warrant further study.

3) Thermal steriliz.tion in the presence of a gas is far more
eificient than in a vacuum, both in terms of minimizing total
sterilization time and in reducing thermal gradients.
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Section Yill. LANDER SEPARATION

After the sterilized spacecraft has been lzunched, the possibilities
for centamination have not heen removed unless provisions are rnade
early in the design cycle tc elitminate them. Several potential sources
of contamination exist when the protective canister is separated and
jettisoned. These sources include contaminaiion from particle impinge-
ment from the orbiter and canister and, in particular, from M 8quib
actuated devices, solid propellani ungines, co!d gas attitude control
systems, and outgassing from coatings, greasesn. paints, eic.

A study by General Electric'® pointed out the fullowing ccnsider-
ations which affect design and manufacturing seguences:

1) There may be a need fer biological load reduction on the space-
craft dependent upon when the sterile canister is opened. If
the canister remains sealed until shortly before entry into the
Mars atmosphere, the requirements for cleanliness will not
be as stringent as if the canister is opened shortly afier the
spacecraft leaves the atmosphere.

2) Ejection of the upper helf of the canister niust be accomplished
8D as not to contaminate the lander on Mari. It may be desir-
avle tc repressurize the canmister just prior to opening so as
to maintain an outflow of gas as separation occurs. Additien
of a gas bottle invokes a weight penalty.

3) When the upper half of the canister has been removed and the
landes is siill aliached 1o the anzcecratt and i attitude cor-
rection of the spacecraft is required, the attitude control gas
must not contaminate the lander. This may mean sterilizing
the attitude control gas systern of the spacecratt with attendant
weight increase in the pressure vessels and piping and attendant
complications in the spacecraft {(bus) system.

4) Umbilical connections between the canister and the lander must
be separated in flight. Any debris caused by separation must
not contaminate the lander,

%) Prior to planetary entry, the lander is separated frem the
spacecr. ft, and the spacecraft is reoriented and given a velocity
change. This means that the lander, when it is propelled by
the AV rocket, must pass thrcugh space which is diffused with

rate of dispersion of the gas and, if particulate impingement
does occur, to the probability of contamination of the lander,

gas from the spacecraft, Consideration must be given to the
22
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