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SECTION 1
11  LessonsLearned Summary

Sample reurn missons require  chemica
contamination to be minimized and potentid
sources of contamination to be documented
and presarved for future use. Genesis focused
on and successfully accomplished  the

following:
Ealy involvement provided input to
misson desgn:
a) cleanable materidsand cleanable
desgn
b) misson opeation paamees to

minimize contamination during flight

Established contamination contral
authority a a high levd and developed
knowledge and respect for contamination

control across dl inditutions a the
working levd.
Provided state of-the-art Spacecraft

assembly cdeanroom  fadilities for science
caniger assembly and function tedting.
Both particulate and arborne molecular
contamination was minimized.

Using ultrgpure water, cleaned spacecraft
components to a veay high levd.
Stanless sed components were cleaned
to carbon monolayer levels (10" carbon
atoms/cnt)

Egablished long-term curation facility

Lessons learned and areas for improvement,
indude

Bare duminum is not a ceanable surface
and should not be used for components
requiring extreme leves of deanliness.

Section 1
Introduction

INTRODUCTION

The problem is formation of oxides during
rigorous cleaning.

Representative  coupons  of  relevant
spacecraft components (cut from the same
block a the same time with identica
aurface finish and deaning history) should
be acquired, documented and preserved.
Geness experience suggedts that creation
of these coupons would be facilitated by
gpecification on the engineering
component drawings.

Component handling higtory is critical for
interpretation  of andyticd results  on
returned samples.  This st of rdevant
documents is not the same as typicd
documentation for one-way missons and
does include daa from  severd
inditutions, which need to be unified.
Dedicated resources need to be provided
for acquiring and archiving appropricte
documents in one locaion with easy
access for decades.

Dedicated, knowledgesble contamination
control oversght should be provided a
dgtes of faborication and integration.
Numerous excelent Geness chemigs and
andyticd fadlities paticipaed in the
contamination oversght; however,
additiond oversght a fabrication gtes
would have been hepful.

12  Background

Curation of extraterrestrid samples for
planetary science encompases 6 important
dements  keeping samples pure, preserving
accurate information about samples, reserving
a portion of sample for future <udies
examining and dassfying samples, shaing
information on new samples, and preparing
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and digributing samples for research and
education. At Johnson Space Center, much
experience has been gained during curation of

Moon rocks, Antarctic meteorites, and
interplanetary dust  collected from  the
stratosphere. Building on this curation

expertise, new laboratories were built to
prepare the Geness Misson payload for
launch in keeping with curdion
responghilities, which begin in the ealy
planning stages of any sample return misson.

Geness will be the firds NASA misson to
return extraterrestrial samples to earth since
Apollo crews brought back Moon rocks and
sils. The god of this misson is to place

Section 1
Introduction

solar wind collectors of various materids a
the earth-sun L1 pogtion for two years to
capture solar wind nude by implantation.
Then, the spacecraft will return the collectors
to Eath for laboratory andyss.  Johnson
Space Center (JSC) respongbilities were
threefold: & contaminaion control;  b)
payload cleaning and integration; and, ¢) olar
wind sample curation. The deaning effort of
the payload (the caniger contaning the
collector surfaces) is addressed in this report
(Fig. 1-1). The Geness spacecraft aso
caried some molybdenum-coated platinum
fols for the collecion of radionudides.
Thee ae inddled outsde of the cean
canister and are not addressed herein.

Concentrator

Canister lid

Deployed arrays

Fig. 1-1. The payload canister, lid open showing arrays and concentrator, spacecraft aeroshell.

The payload caniger, a 16x30 inch “tuna can”
shape, is congtructed of duminum and opens
like a cdam shel. The caniger contents are
relaivdy smple chemicaly and desgned for
cleanability (Fig. 2, 1-3). Ingde are 5 arrays
onto which vaious maeids cut into
hexagond shapes are attached. A mechanism
to deploy the arrays around a pivot point is
seded such that no pats of the motor are
exposed to the interior of the canigter.

An dectrodatic focusng grid is used to
concentrate solar wind low mass nucle. Two
canider interior engineering thermd shidds
were modified to dso sarve as solar wind
collectors.

The god of the misson is to sample solar
wind for the entire periodic table?, and, while

! Genesis Discovery Mission Implementation Plan:
Science, Materialsand Analysis (1998)


THSee
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protons and cetan low aomic number
eements are abundant, others are scarce.
Even extremdy Ilow levds of teredrid
contaminants could obscure  the solar
mesasurements. Therefore,  contamination
control is criticd for Geneds reslting in
devdopment of new cleaning and verification
techniques and payload assembly in Class 10
environment.

Fig. 1-2. Genesis canister opening.

The collector surface cleanliness requirements
vary by dement as a portion of the expected
solar wind flux and the requirements range
from contaminant aoms less than a ppm to
less than 10° ppm.  Specific limits of
contamination on the collector surface a the
time of andyss by cabon, oxygen and
nitrogen are st a less than 10™° atoms/cn?
(roughly one monolayer, as measured under
vacuum a 200°C). The surfaces of the
canigter interior need to be clean with respect
to dements easly mobilized, for those atoms
could be transferred to collector surfaces as

Section 1
Introduction

gas or plasma.  Micrometeorite impacts play a
role in mohilizing meterid.

Because of these dringent contaminaion
control requirements, many lessons learned in
the preparation of the Genesis payload for
flight ae agpplicdble to future plangtary
samples return missons, paticulaly those
focused on dean sample handling.

1.3 Rationaleand Scope

The Geneds Misdon contamination control
strategy®> (CCP) can be summarized as “start

cleen, keep it clean”. In detal, the 4
components are:
1. Sat with dean collectors, mount into
clean canister

2. Minimize surface contamination until
sampleisreceved for anadyss
a) Purge cleen caniger with pure
nitrogen
b) Keep canister seded after leaving
cleenroom until on dation a L1,
sed for return to Earth (the “sed”
is not hermetic, but closure under
positive pressure nitrogen  purge
prior to launch and after recovery,
plus pressure equdization through
a filter/sorbant for cruise and re

entry).

c) Ondadion thrusers and canigter
desgn to diminae line-of-Sght
exposure  of collectors  to
unacceptable materias

3. Cleen wuface prior to andyss if
necessary

4. Use andytical tools that provide depth
resolution

2 Stansbery, E. K. (1998) Genesis Mission
Contamination Control Plan. JSC-28272, Johnson
Space Center, Houston, TX

3 Genesis Spacecraft Program Contamination Control
Implementation Plan (1999) GN-52400-100
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The lessons learned from Genesis applied to
other plangtary sample return missons should
be summarized as “get it clean, keep it clea”,
for cleaning process development was dso a
big pat of Geness preparation. Much was
learned, not only of technology but adso
interactions among curators, science team,
design engineers and mission planners.

Section 1
Introduction

The man portion of this document is
dedicated to a technicd description of the
proceses for cleaning hardware, verification
of deanliness and edtablishing dean assembly
environments.  However, achievement of the
cleenliness goads depended grestly on
teamwork among various disciplines.

Fig. 1-3. Fully open canister revealing deployed arrays and concentrator
(in center).
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SECTION 2:

Section 2
Clean Overview

OVERVIEW OF CLEAN MISSION DESIGN, CLEANABLE

HARDWARE AND MATERIALS

Geness  extreme cdleanliness requirement, as
with any future Mars sample return misson
looking for evidence of life, is driven by
sience a the andyticd detection limits
Therefore cleanliness was addressed early in
the misson planning and shgped both the
misson flight profile and the hadware
design. The approach presented in the
Geness Discovery  Misson  Contamination
Control Plan (1998):

“The strategy to maintaining
adequate contamination control to
meet science requirements is to start
with clean collector materials before
launch and keep them clean
throughout the mission. Ultra-clean
collectors will be sealed insde a
clean science canister at JSC. This
canister will not be opened until the
spacecraft arrives on-station at L1 to
begin collecting solar material; thus,
no additional cleaning requirements
are placed on the assembly and
integration of the spacecraft and
Sample Reentry Capsule (SRC). The
science canister will be purged with
clean, dry nitrogen after sealing at
JC until Launch Vehicle fairing
closeout. The selection of materials
and spacecraft design, as well as
flight operations, are designed to
minimize contamination of the
collectors during the flight portion of
the mission.”

The importance of integraing contamination
control  requirements  into  the sample
acquistion hardware desgn  is  highly
goplicable to sample return missons, and
Geness did this wall. From the vey
beginning, detailed atention was paid to clean
sample handling of returned specimens and
long-term curation; thus seting an example
for future sample returns.

2.1 Mission Design and Flight
Operations

Four primary sources of potentid collector
surface contamination were identified early:
eath-bound handling of collectors and
caniger, outgassing from Spacecraft
components  during  flight, micrometeoroid
impacts, and propelant from dationkeeping
thrusters (Fig. 2-1). Although this document
mainly addresses contaminaion control  for
ground  handling  operations,  Sgnificant
redrictions were placed on spacecraft design
and flight operations.

The misson was desgned to minimize
goacecraft  outgassng  contamingtion by
encloang collectors in a clean caniger and
keeping the canister seded until the collectors
were on-dédion a L1. The rationde was to
alow the gpacecraft components to outgas in
the vacuum of space for 2 months before the
canister was opened.



g« Cleaning Genesis Sample Return Canister for Flight:

Section 2
Clean Overview

Lessons for Planetary Sample Return

Micromete orite Contaminant
Molecular film Spall zone L &Jaftldes
& e L

.4

W Implanted solar wind

Fig. 2-1. Types of potential surface contamination acquired during flight
include particles and molecular films which can be mobilized by
micrometeorite impacts. Implanted solar wind nuclei are expected to be

up to 100 nm in the subsurface-

A SPACE Il contamination modd was used
to asess the return flux  sdf-scattering
contamination, which  demondtrated  that
contamination was congrained to depths of
<1 A Micrometeoroid  flux  modeling
folowed by experimentd impact dudies
resulted in design criteria that there would be
no line-of-sight between Spacecraft
components and the solar wind collection
urfaces This was to minimize
contamination from mobilization of materid
by micrometeorite impacts. The dation
keeping thrusters were configured to comply

with the no line-of-gght rule and modding of
propelant plume didribution verified that
contamination from this hydrazine was

acceptable.
2.2 Start with Clean Collectors

At the high levels of deanliness Genes's
required, direct measurement of collector
surfaces would degrade the cleanliness, so the
production process for cleaning the slicon
collectors was verified (Fig. 2-2).

1.E+13 r

——Fe

1.E+12 ¢
1.E+11

— Fereq
—— N

1.E+10
1.E+09
1.E+08
1.E+07

Atoms/cm”2

—Nireq

——Cr

—Cr req

Fig. 2-2. Example of process cleanliness verification for surface of
silicon collectors showing that iron, nickel and chromium are well below

the limits of 10™* to 10™ atoms per cm®.
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23 Keep Coallectors Clean Inside of a
Sealed Canister

The clean collectors were mounted ingde of a
clean caniger which was “seded” indde of a
Class 10 cleanroom. Since a vacuum sed was
not precticad, the implementation of “seded”
was accomplished by means of a paticulate
filter/molecular deve pressure equdizer and a
high purity nitrogen purge to mantan
postive pressure  (DP = 0.1 pd) within the
caniger. The purge was mantained
throughout these activities:

a) the transport from Houston to Denver

b) integration into the spacecraft in Denver

¢) functiond tesing of the gpacecraft in
Denver

d) transport to KSC

e) launch preparation in Payload Hazardous
Processing Facility

f) on the launch pad until launch vehicde
fairing close out

Brief interruptions of purge were dlowed for
Specified payload trangtions during
pacecraft processing. One impact of the “Stay
seded” requirement was that the payload
function tests (completed fully in the Class 10
cleenroom environment a Johnson Space
Center) could not be repeated after integration
into the gpacecraft in the Class 100,000
integration facility by opening the caniger.
Therefore, the payload design incorporated a
function testing subset that could be verified
without opening the canider.

2.3.1 Paticulate Filter/Molecular Seve

The  capacities for the  paticulate
filter/molecular Seve were based on &bility to
prevent contamination from reentry ablation
and from environmentd ar pressure changes

Section 2
Clean Overview

during the year-long period of integraion
with the spacecraft and the Delta rocket.

2.3.1 High Purity Nitrogen Purge

Table 2-1. Nitrogen Purity (achieved by
point-of- use filtration/purification).

Contaminant Genesis

Requirement
Oxygen <10 ppb
Tota hydrocarbons >5 ppb
Carbon monoxide <10 ppb
Carbon dioxide <10 ppb
Water <10 ppb
Hydrogen <10 ppb
Particles 3002 pm| <20
diameter

24  Canister Cleanable Design Features

24.1 Mechanianss Mechanisms  produce
patides and require lubricants to function;
therefore, moving pats are minimized in any
clean environment. The Geness canigter had
only two moving functions indde the caniger:
the array deployment and the array laich. The
aray deployment mechanisn was externd to
the caniger, with only the pivot rod extending
into the caniger through a gpecid low
offgassng axid sed. The aray lach
mechanism was externd to the caniger with
liner motion effected through a med
belows. The caniger lid hinge and locking
ring were entirely externd to the canigter.

24.2 Machined Shapess Blind holes
threaded holes and sharp corners are harder to
clean; therefore, these were minimized where
possble.  However, because of the large
number of individud collectors to be

mounted, several hundred screws were
inddled into blind holes Cleaning these
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blind, threaded holes required maor rework
of the array frames (see section 4.6.2).

25 Cleanable materials

Specid materid redtrictions for Geness were
due to chemicd species being incompatible
with science objectives, and these redtrictions
were levied upon the basic aerospace
engineering  guiddines for lower mass
materidls, corroson ressant materids and
stress corrosion cracking resgtant meaterids
for use in gace The requirements for
materids that could be deaned to high levels
were not well defined during the desgn phase
of Geness Low paticle generation by
abrason, smooth surfaces and low offgassng
qudities were recognized as dedrable for
cleanability; however, compatibility with the
chosen cleaning solvent, ultrgpure water, was
not fully appreciated.

251 Vodiles - For science reasons,
volatile materids were not permitted indde
the caniger. Elastomers, plagtics, lubricants,
and dsaking compounds for fasteners are
typicadly outgassng compounds and ae
affected by this redriction. As a practicd

Section 2
Clean Overview

metter not dl of the compounds can be
eiminated entirdy. The drategy followed
was diminate use where possble, identify
and use only low outgassng species, use
gndles amount posshble Huorine-
containing  compounds ae  paticulaly
incompatible with science requirements.  The
nonmetd maerids used in the Geness
caniger areliged in the Appendix.

252 Meads - The dructurd materid of the
canider and aray frames is duminum, an
aerogpace staple for structures. However, not
wishing to add contaminants from anodizing
or other finishing processes, the duminum
parts were not finished after mechining. Two
dggnificant  problems resulted from  this
decison, which are addressed in Section 4
Cleaning Efficacy. One problem was the
reectivity of the ndive oxide duminum with
ultrapure water and the other concerned the
resdue from the dectric discharge machining
(EDM) process. Fasteners were typicdly
danless ded, the deaning of which was
draghtforward and successful. The metd
materids used in Geness caniger are liged in
the Appendix.
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Clean Environment

SECTION 3: MAINTAINING A CLEAN ENVIRONMENT

Ealy in the misson planning a decison was
made to cleen and assemble the payload
canister under Class 10 cleanroom conditions
a Johnson Space Center.  The cleaning
process and the payload assembly would take
place under exposure to particle-free room air,
as opposed to within a glovebox nitrogen
environment (which was deemed impractica
for caniger assembly and  collector

inddlation and which is difficult to keep
paticde-free).

3.1  AirborneParticle Control

Two connected cleanrooms were built to
prepare the payload. One 10 ft x 20 ft room
was used for cleaning the hardware with
ultrapure water (UPW) and another 15 ft x 15
ft room was reserved only for assembly and
curation of solar wind samples (Fig. 3-1).

- <+
L omr s m ]

Assembly
Lab

T
Cor'@)r

44— Garment

Room ¢

Fig. 31. Genesis Class 10 Cleaning Lab and Assembly Lab. Air pressure gradients are shown with

arrows. Particle monitoring stations are numbered.

The as-built certification in February 2000 for the

Cleaning Lab and the Assembly Lab was Class 1 and for the corridor Class 100.
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Assembly/Curation Lab (1107)
300
8 20| 3
(&S]
3 150
8
S 100 r
8 ¢} o
O® . -
0
$ +® g & g $
date
*+ 0.3 plocation1 + 0.5 plocation 1 ¢ 0.3 plocation 2
A 0.5 plocation 2 — Class 10; M2.5 (0.3y) — Class 10; M2.5 (0.5p)
Ultra-Precison Cleaning Lab (1112)
300 r
g =0t
(&)
5 200 r
3 150
8
S 100 r
B |
e—a—a s ddd dLEe sa-RRWbasse aal A 2ddT o
$ P NG & g ENg
date
¢+ 0.3 plocation 3 s+ 0.5 plocation 3 ¢ 0.3 pulocation 4
A 0.5 plocation 4 — Class 10; M2.5 (0.3p) — Class 10; M2.5 (0.51)

Fig. 32. Weekly “at-rest” air particle monitoring at stations depicted in
Fig. 3-1 during year 2000 cleaning and assembly operations. The
Assembly/Curation Lab room had two, unexplained, single-point
excursions above Class 10, while the Ultra-Precision Cleaning Lab had
one.

10
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Fig. 3-3. View of Cleaning Lab from
corridor.

The cleanrooms, built to IES dandards
(Inditte  for  Environmentd  Sciences),
function by sweeping the room cdling to
floor with laminar flow (100 fpm) of ULPA
filtered ar. The celing has tota coverage
with ULPA filters and the floor is 100%
perforated flooring. These environments are
good a mantaning a low paticulae
environment, when operated propely by
traned personnd. Proper operation requires
vigilance concerning the materids tha ae
dlowed into the cleanroom. The JSC
curaion team has extensve experience in
operation of laminar flow cleanrooms, thus,
mantaning a low arbone  patide
environment for Geness demning ad
assembly was  accomplished. Figure 3-2
shows the “a ret” weekly paticle
monitoring for Assembly/Curation Lab and
the UltraPrecison Cleaning Lab.  Airborne
paticulaes ae a function of number of
people and activity in the deanroom. During
asembly of the caniger, arborne particles
were counted continualy by a sensor which
was placed beow the assembly activity (Fig.
34). Figure 3-5 shows daly averages for
sampling by this sensor taken during periods
of activity. Particle counts directly related to

11
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goecific assembly activities are discussed in
Section 5, clean assembly.

Fig. 3-4. Particles were monitored
continuously during re-assembly of canister.
The sensor was located beneath the

assembly workstation.

3.2  Airborne Molecular Contamination
Assessment and Control

Higoricdly, arborne molecular

contamination has not been assessed in

typicd aerogpace cleanrooms. However,

knowing that monolayer organic

contamination was a concern for Geness,
atention was paid, during congruction of the
Geness clearoom auite, to choodng the
lovest off-gassing pants and sdants
practicable and to usng minimad amounts of
these materias. In addition, carbon sorbant
filration wes added to the ar handler.
Cleanroom ar was sampled in three different
ways Sorbant tube, witness wafer, and
caniger. These techniques each provide
different, but complementary ingght into the
nature  of the  arborne  molecular
contamingtion (AMC) within the room.
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Particle Counts During Genesis Reassembly
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Fig. 35. Daily average particle counts during active assembly operations from sensor
located directly downstream from canister (location shown in Fig. 3-4).

3.2.1 Sorbant Tube Sampling 3.2.2 Witness Wafer Sampling

The sorbant tube sampling technique is a  This is a passve sampling technique that
dynamic method that uses a pump to pull a involves placing an ultraclean dlicon wafer
vay lage volume of ar through a tube in the room for some pre-determined amount
containing a sorbant materid like Tena® or  of time Voldile condenssble maerid
Carbosieve®. In theory, this technique has the  (VCM) accumulates on the surface over a
advantage of having an dmogt unlimited  period of time. This technique is good for
detection  capability for species C6  deermining what the build-up of VCM
(hydrocarbon molecules possessng a least  contamination on surfaces is like over a
sx cabon aoms) and larger, redized by  period of time but it assumes that the slicon
sampling for longer times. In redity there are is representative of dl criticd surfaces in the
problems that prevent this most notably the  deanroom and that the affinity of al surfaces
preferentid  displacement of larger species for  for the contaminaion is  uniform. This
sndler species when the number of bound  technique is primaily effective only for
active dtes nears its suraion limit. A looking a  highbailing, “condensable’
NASA document exiss on this type of molecues and obtaning a quditdive
sampling in deanroom environments'. determination of the VCM flux on surfaces.

3.2.3 Caniger Sampling

! Sheldon, L.S.; Keever, J. “Collection and Analysis of The caniger sampling techmique involves
NASA Clean Room Air Samples’” NASA CR-3947 collection of ar in an evacuated SUMMA
(1985)

12
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caniser of known volume’.  SUMMA
canigders ae soecid danless ded canigers
that have been eectropolished or coated on
ther interior. This type of sampling permits a
“live’  collection of arborne  molecular
contaminates C1 and lager.  While this
sampling technique is in theory, the mogt
quantitetive and representative of the room
ar, it is generdly to difficult to observe any
of the medium to high boiling contamination,
which tend to be lower in concentration.

3.24 Andyss

Andyss of samples was caried out by a
technigue known as gas chromatography-
mass spectrometry (GC/MS).  This technique
permits a mixture of compounds to be
separated (via chromatography) and identified
by ther corresponding mass pesks (via mass
pectrometry).  For both the sorbant tube
sanples and the witness wafer samples the
additiond dep of thermd desorption is
needed to introduce speciesinto the GC/MS.

3.25 Assessment of Airborne Molecular
Contamination L oad

Contaminants fdl into 5 broad caegories 1)
dloxanes, 2) pladticizers, 3) solvent vapors,
4) human metabolic products, and 5) persond
hygiene products’. With the exception of the
cydic dgloxanes, admos dl of the AMC
collected via the witness wafer ad sorbant
tube techniques was off-gassed pladticizer or
pledicizer derivatives. The cydic sloxanes
ae off-gassed from dlicones  as

2 Hsu, J.P.; Miller, G.; Moran, Victor, 111 “Analytica
Method for Determination of Trace Organicsin Gas
Samples Collected by Canister” J. Chromatographic
Sci., 29, 83-88 (1991)

3 Erickson D. and Pacheco K. (2001) Organic
Outgassing in NASA’s JSC Genesis Clean Rooms.
Report to K. McNamara, Worcester Polytechnic
Institute, Worcester, MA 01609.
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decomposition products and
source of these are HEPA filters.

the primary

The active slicon witness wafer was a good
measure of the species likely to adhereto
room-exposed surfaces, especidly for Genesis
snce many solar wind collectorsare slicon
wafers?

the
load

per

Sx months dter completion  of
cleenrooms, the molecular organic
measured on silicon wafers was 20 ng/cnt
24-hour  period. This basdine remaned
condant  throughout Geness  canider
assembly, dthough the contribution  from
dloxanes became proportionately less.  The
bulk of the load is from pladicizers with a
dloxane/pladticizer raio decressng from 0.4
to less than 0.04 during the 9 months of
Geness caniger ceaning and  assembly.
Human metabolic products and deaning
solvents  (isopropanol, ethanol) were  best
messured by direct ar sampling® and vary on
ghort time scales.

Typicd molecular species found in  the
Geness laboratory are shown in Table 3-1.
IPA was the sandard Geness organic solvent

for deaning.

In addition to HEPA filters, sources for these
trace organic species include adhesives, PVC
tubing and piping, pladic containers, laminae
flooring, eectronics, cleaning solvents (IPA),
persona hygiene products (“soaps’,
moisurizers, deodorants), and  metabolic
products. In preparation for return of Genesis
samples, an ongoing effort to further reduce
the organic arborne load is underway and has

“ Analyses by Balazs Analytical Services, Fremont, CA
>Mickelson E. (2001) Molecular Contamination
Control: Strategiesfor a Facility to Receive Returned
Martian Samples, Report to Mars Returned Sample
Handling project, JPL.
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dready reduced the totd load measured by
slicon wafer to 10 ng/en?. For example, the
laminate flooring is being replaced with meta
flooring. Control  of human  body

Table3-1 Typicd Airborne Molecular Species

contaminants is more rigorous via dricter
hygiene rues and 100% contanment in
HEPA-filtered suits for dl  laboratory
activities.

Direct air sampling (low ppb)

Sampling on sorbant (<<10

Sampling on silicon witness

ng/L) wafer (<1 nq/cmz)
Isopropanol (IPA) (120 ppb) Toluene TXIB (Texanol Isobutyrate)
Ethanol (25 ppb) Benzaldehyde Butoxyethoxy ethanol
Methanol (20 ppb) Ethyl hexanol p-Acetyl acetophenone
Acetaldehyde Naphthalene Diethyl phthalate
Acetone Methy| naphthalene Dibutyl phthalate
Pentane Dioctyl phthalate
Toluene I sopropy! myristate

Hexamethylcyclotrisiloxane

Cyclo (M&Si0)qg

Octametylcyclotetrasiloxane

I sopropeny! benzene

Decamtheylcyclopentasiloxane

| sopropenyl acetophenone

Cyclo(Me,SiIO)g

14
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The deaning procedures gpplied to the
Genesis caniger hardware derive ther history
from use in deaning the tools and containers
for curtion of Apollo lunar samples and
Antarctic meteorites.  The materids from
which these tools and containers are made is
limted to 300 szies danless deds
duminum 6061 and Teflon film and Teflon
sructurd solids.  No lubricants are applied to
these materids or used within the sample
handling environment, except xylan, a solid
form of Teflon in an organic binder applied
saingly to some threaded surfaces. The
cleaning fluid used is ultrgpure water (UPW).

4.1 Ultrapure Water

UPW water (electronic grade E-1, ASTM
D5127-90), with cation/anion concentrations
in the low parts per trillion, was chosen as the
cleaning fluid for Geness hardware because it

Section 4
Cleaning Efficacy

EFFICACY OF CLEANING PROCESSAND VERIFICATION

was thought to leave very low resdue. This
ultrapure water, prepared by continuous
filtration (& 0.04 um paticle sze), irradiation
with UV, and ion exchange, is characterized
by a resdivity of 18 MW and a totd
oxidizable cabon (TOC) concentration of
<10 ppb. This compares with a resdivity of
about 14 MW for laboratory deionized weter.
The Geness ultrgpure water system supplies
10 gd/min. Table 41 details the chemidry of
the UPW used for cleaning Genes's hardware.
The UPW is monitored continudly for TOC
content and particles down to 0.05um in Sze
(can detect single cells). Figures 41 and 42
ghows the in-line monitoring results.  Water
of this high deanliness levd is “hungry” and
“reactive’ (having eevated levels of both H+
and OH ), hence, the usefulness as a deaning
solvent.

Table4-1. UPW chemica anayses’ All speciesare below detection limits except boron.

PARAMETER CONC PARAMETER CONC PARAMETER CONC
PPT PPT PPT
Dissolved silica <100 Low L evel Analyses Low L evel Analyses
Aluminum (Al) <2 Copper (Cu) <2
Anions by IC Antimony (Sh) <2 Gallium (Ga) <0.5
Fluoride (F-) <100 Arsenic (As) <3 Germanium (Ge) <3
Chloride (Cl-) <200 Barium (Ba) <0.5 Iron (Fe) <10
Nitrite (NO2-) <20 Beryllium (Be) <1 Lead (Pb) <1
Bromide (Br-) <20 Bismuth (Bi) <1 Lithium (Li) <1
Nitrate (NO3-) <20 Boron (B) 2100 Magnesium (Mg) <2
Phosphate (HPO4=) <20 Cadium (Cd) <3 Manganese (Mn) <2
SQifate (SO4=) <50 Calcium (Ca) <20 Molybdenum (Mo) <4
Chromium (Cr) <3 Nickel (Ni) <2
Monovalent & Divaient Cobalt (Co) <0.5 Potassium (K) <10
Cations by IC
Lithium (Li+) <10 Silver (Ag) <1l
Sodium (Nat) <10 Sodium (Na) <5
Ammonium (NH4+) <50 Srontium (Sr) <0.5
Potassium (K+) <20 Tin (Sn) <3
Magnesium (Mg++) <20
Calcium (Cat+) <20

! Balazs Analytical Laboratories, Fremont, CA
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Fig. 4-1. Total oxidizable carbon content of UPW during year 2000. TOC
rises during periods of heavy usage because water completes fewer cleanup

cycles.
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Fig. 4-2. Total oxidizable carbon content of UPW during year 2000.
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42  Cleaning Approaches

The approaches used for cleaning the various Genesis canister components depended on materid
composition:

Table4-2

Material/Configur ation Cleaning Approach

Aluminum, structural; 6061, 7075 Cold UPW (15, 30C) ultrasonic, megasonic cascade
Fasteners, stainless steels some with dry | Hot UPW (65-75C) ultrasonic cascade

lubricant

Polished collectors: auminum, gold, | UPW rinse or cascade at various temperatures
vitreloy

Elastomers (0+ings) Cold UPW (15-20C) rinse with agitation

Enclosed mechanisms, electronic boxes, | Reagent grade isopropanol (ipa) wipe
filter housing, exterior cabling

Exterior painted surfaces \acuum brush under black light

Thereisadiginction in the levels of dleanliness achievable for those materids ingde the canister
and those on the exterior. The elastomer o-rings are a the boundaries between exterior and
interior.

43  Precleaning

The UPW cleaning plan was initidly based on
the assumption that hardware would have
been precleaned by dandard aerospace
guiddines (MIL-STD-1246C) using
degreesers, ariving a the Johnson cleaning
laboratory reedy for find cleaning. In
actudity, many of the components required a
precleaning and degressing process before
find  cleaning. Isopropanol  (IPA)  was
sdlected as the organic solvent for degreasing
because it is obtaingble in a highly pure form
relative to other solvents. The surfactant of
choice for the meta surfaces was Brulin 815
GD. The preferred technique for scrubbing in
aurfactant  solution is to keep the piece
submerged to preclude detergent drying on N ;

the piece, and thus, creating particles which Fig. 4-3. Precleaning by scrubbing in

are hard to remove (Fig.4-3). surfactant solution. Item remained
submerged until rinsing to preclude drying of
detergent on surface.

r.

17
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Fig. 44. cCascade both flow of UPW is 2
gallons/min. An array frame is being cleaned

in this view. Below the array frame, the
rectangular ultrasonic generator is visible.

44  Typical Proceduresfor Cleaning

For find deamning, the waer flow in the
cascade baths is 2 gallons per minute (Fig. 4
4). The water flow is designed to sweep away
paticles. Additiondly, the beath is agitated by

bubbling nitrogen gas introduced into the
bottom of the tank.
4.4.1 Aluminum
Procedure:
a wipe surface with knit polyester

wipe dampened with IPA (2 cycles)
srub surface 10 times with - knit
polyeser wipe usng 20% Brulin
815 GD, rinse between scrubs (2
scrub/rinse cycles)

30 minutesin UPW cascade bath at
30°C, rinse, and dry using

pressurized Na.

b)

Aluminum was difficult to dean with UPW,
due to formation of oxides and hydroxides.
The duminum hardware for Geness caniger
interior was not finished by anodization after
fabrication. The reason for the use of bare,
mechined duminum was to  exdude
contaminants from anodization baths and to
minimize the gpedfic suface aea resulting

18
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from a thick oxide coating capable of holding
arborne  molecular  contaminants  (science
requirement).

It was quickly gpparent that cleaning bare
duminum in hot UPW rexulted in formetion
of a gold to bronze coloration. A deaning
time and temperaure test matrix? ranging
from 30°C to 75°C and 15 minutes to 30
minutes was conducted for both duminum
6061 and duminum 7075. The reaults
indicated that auminum could be cleaned a
low temperature without discoloration. The
7075 dloy was more susceptible to
discoloration,  hinting tha the larger
proportion of dloying dements in 7075,
compared to 6061, influenced the
discoloration.  Morphology of surfaces at high
megnification showed two forms larger
needle lahs nudedting a regular intervas
and totd coverage of wrinkled structure (Fig.
45, 46).

In addition to the oxidehydroxide formation,
evidence of UPW eroson aound inclusons
in the duminum is apparent, creging a
roughened surface (Fig. 4-7). The increased
pitting and the increesed specific surface area
due to fine-graned hydroxide formation
demongrate that aluminum is not deanddle
with  UPW.  The pitting dlows trgps for
patides and the increesed chemicdly active
surface dlows for sorption and concentration
of ionic spedies from deaning flud and of
gaseous molecular  species in dtorage and
flight envirorments. Further, Basic et al. 3

2 Caution should be used in extrapolating these
observations. Surface finish and batch variations were
not taken into account. Thistest was performed on
1/8” sheet coupons. Discoloration was not quantified.
Many months later the discol oration remained, but
differences were less apparent.

Improved cleaning methods for planetary protection
bioburden reduction ( 2000). C. Basic, K.
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have demondrated that duminum is not
biologicaly cleanable by other methods.
Therefore,  duminum  surfaces ae  not

recommended when extremely clean surfaces
are required.

4.4.2 Sanless Sted

Procedure:
a) wipe surface with knit polyester wipe
dampened with IPA (2 cycles)

b) scrub surface 10 times with  knit
polyester wipe usng 20% Brulin 815
GD, rinse between scrubs (2
scrublrinse cycles)

¢) 30 minutes in UPW cascade bah at
70-80°C, rinse, and dry usdng
pressurized N

The finish on danless sed dructurd pieces
was generdly good and &bility to use hot
UPW dlowed pieces to be easly cleaned.
Threaded dainless ded fadteners  were
precleaned by ultrasonic treatments in IPA
followed by Brulin detergent.

Venkateswaran, S. Chung, W. Schubert, G. Kazarians,
C. Echeverria, A. Okonko, M. Musick, R. Kern, Mark
Anderson, J. Allton, C. Allen, N. Wainwright, R.
Mancinelli, and D.C. White. First Annual Astrobiology
Science Conference, Ames, CA.
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Fig. 4-5. The wrinkled texture of hydroxides
(boehmite?) resulting from UPW cleaning of
aluminum 6061 at 75°C for 30 min. Scale
bar is 100 nm.

Fig. 4-6. The needle laths (bayerite?)
radiating from single point. The view is from
same coupon in fig. 4-5. Scale bar is 100nm.

Fig. 4-7. Erosion pit around inclusion in
aluminum 6061 cleaned in UPW at 50°C for
30 minutes. Scale baris 1 um.



.
E" Cleaning Genesis Sample Return Canister for Flight:

Section 4

Lessons for Planetary Sample Return

- f |
= H #’/?

Fig 4-8. Electronics Box cleaning with IPA-
dampened swabs.

4.4.3 Electronic Boxes, Enclosed
M echanisms, Filter Housing, Exterior Cabling

Procedure:
Cleanroom polyester wipes and foam
tipped swabs were used for wiping the
surface with IPA to remove particles and
films (Fg. 4-8).

444 Elagomers (O-rings)

Procedure:
a wipe with Kknit
dampened with IPA
b) UPW cascade bath for five minutes
at 45°C. air dry

polyester  wipe

Cleaning Efficacy

4.45 Exterior Painted Surfaces

Procedure:
Brush surface with sadble brush while
vacuuming with HEPA filtered
cleanroom vacuum. This is performed
under black light to assure dl vishle
particles are removed.
45  Cleaning Verification Approaches
The chdlenge confronting verification of
extreme levds of cleanliness is that direct
methods of measuring deanliness will  result
in degradation of the deanliness  Thus, the
indirect methods of rinse water andyss for

each piece and process vdidation by means of
coupons was used. (Table 4-3).

Our gpproach differed from the standard form
of sting passfal limits on deanliness levels.
The deanliness levd was capability driven.
Because each piece cleaned presented unique
chdlenges, items were cleaned until TOC and
particle levels could not be further lowered.

Table4.3

Material/Configuration

Verification Appr oach

Aluminum, structural; 6061, 7075

Analysis of rinse water for TOC and particles >1um

Fasteners, Stainless steels, some with dry
lubricant

Analysis of rinse water for TOC and particles>1um

Polished collectors: aluminum, gold

Analysis of rinse waterfor TOC and particles >1um

Elastomers (o-rings)

Binocular microscope inspection

Enclosed  mechanisms,  filter
Electronic boxes, exterior cabling

housing,

Inspection of wipes

Exterior painted surfaces

Inspection with high intensity light, black light

20
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The cleaning processes are further vadidated
by dealed andyss of the surfaces of
coupons cleaned aong with the hardware.
These dudies ae ongoing and condst of
scanning electron microscopy (SEM) a  high
megnification, X-ray photoel ectron
spectroscopy  (XPS) and other  surface
measurements.

46  Major Components. Cleaning

Results
4.6.1 Canigter Base and Cover
4.6.1.1 Canister base Fig. 410. A stream of megasonically
energized UPW generated by a portable
The caniser base was caved from a solid wand is used to clean the canister base.

block of Al 7075 T73 stock, with the exterior
having a hard anodized finish. Cleaning the
caniger base (Fig. 4-9) was rddively
sraightforward, compared to cleaning the -~
cover, and demondrated the effectiveness of ;?
using a megasonic deaning wand on objects "'t
which cannot be submerged in an ultrasonic |
bath (Fig. 4-10).

-

Fig. 4-11. Unpainted portion of canister
cover is rinsed with UPW. Painted portion is
covered with film Teflon taped at rim.

Fig. 4-9. Canister base is rinsed with
ultrapure water (UPW)

21
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4.6.1.2 Canister Cover

The Geness caniser cover (Fig. 4-11) was
dso caved from a sngle block of auminum
7075 T73. Two features of the cover required
extracare in deaning:

a) The exterior top surface was coated
with a fragile white themd pant
(Hughes Aircraft M-1).

b) The flange with the seding surface
was coated with an eectroless nicke
plating to prevent the dlicone rubber
sed from adhering to the duminum.

This corfiguration of having a rddivey dirty
and uncleenable panted surface on the
exterior precluded a find cleaning by tota
immerson in a cascade bath (particles from
pant would only be redigributed on the
interior is such a process). The approach
taken was to clean the exterior, followed by
cleening of the interior in such a way that
materid  from the pant could not be
transferred to the interior.

Predeaning included the wiping of the
arface with IPA and removing the RTV
seking compound from threaded holes. The
cover exhibited pitting from oxide corrosion
and etched finger prints, which upon testing a
gndl aea, was improved by wiping with
10% phosphoric acid solution.  Then, the
panted surface was cleaned by vacuum-
brushing under a black light. The painted
surface was kept dry by taping a teflon plastic
cover around the circumference.

A team of 5 was required to clean the cover.
The nonpanted exterior portion was

22
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srubbed  with Brulin - in smdl  paiches

immediatdy folloved by copious flushing
with UPW. Likewise, a 10% phosphoric acid
solution was wiped in smdl patches followed
by UPW flushing. When a darkening of the
nickel surface was observed, the cover was

flushed thoroughly and dried for further
examination. Extensve andyss and
experimentation determined that the

discoloration was due to formation of nicke-
phosphorous compounds, which could be
removed by polishing with 005 pm
duminum oxide (Fg. 4-12). Therefore, the
discoloration was polished off and the cover
was re-cleaned. The find UPW rindng was
done with the megasonic wand.

The effectiveness of the megasonic wand is
demondrated in the high leve of particulate
cleanliness achieved for the canister base and
cover (Fig. 4-13)

Fig. 4-12. Electroless nickel coating on
cover sealing surface was darkened during
cleaning. The nickel-phosphorous material
was polished off with aluminum oxide and the
cover recleaned.
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Canister Cover & Base Cleanliness vs. Standar ds
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particle size (microns)
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Fig. 4-13. cCanister Cover & Base Cleanliness vs. Standards (MIL-STD-1246C)

Array Frames—Al 6061 plate

The aray frames ae the ddicate, ary
sructures that hold the collector hexagond
wafer firmly in place (Fig. 4-14 and 4-20).
Two lesons from deaning of the intricate
array frames were notable;

a)

b)

The intricate dructure of the array
frames was cut by eectric discharge
mechining (EDM). The difficulty of
cleening an EDM surface was not
appreciated until the surface texture
and chemisgry wee examined in
detail.

The design required about 100 blind,
threaded holes per frame, 67 of which

had locking inserts ingdaled. A
detalled cleaning and drying sequence
for these holes was devel oped.

23

Procedure;

a) JPL clean to MIL-STD 1246B, leve
300

b) JSC visud ingpection and mapping
usng otoscope in blind, threaded
holes mechanicdly dean frames and
holeswith IPA swabs and wipes

c) return frames to JPL for removd of
EDM surface by PhosBrite dip

d) JPL ingalation of ssinserts

e) JSC visuad ingpection and mapping
usng otoscope in blind, threaded
holes

f) UPW cascade bah with individud
jetting of water into every hole

g Cascade 15 min. with ultrasonic ON,
followed by 15 min. ultrasonic OFF

h) Repeat step h) for reverse sde

i) Spray rinse

J) Blow dry with purified nitrogen
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k) Dry in HEPA-filtered nitrogen oven
for 15 minutes

m) Dry each hole with a hested, filtered

nitrogen probe inserted into the hole

Veify hole dryness with moisture

probe inserted into hole

JSC visud ingpection and mapping

usng otoscope in blind, threaded

holes

p) Storeunder purified nitrogen

n)

0)

4.6.2.1  Electric Discharge Machining

Electric dischage machining (EDM,) high
voltage from a cutting wire to the work piece,
was used to cut the intricate form of the
duminum 6061 aray frames. The cutting
wires used for Geness frames were brass or

Section 4
Cleaning Efficacy

znc-coated brass.  The process produced
molten duminum from the work piece and
molten wire materid and typicaly took place
under an organic-laden cooling fluid in a shop
environment (Fig. 4-15).

Dross layer - metal from
cutting wire included

re-melted aluminum substrate
heat affected aluminum
e ——————————————

e — *

Fig. 4-15. Typical EDM surface
cross-section.

Fig. 4-16. Scanning electron microscope (SEM) images of EDM cut surface of array
frame. Left image shows texture. Right image is same view in backscatter mode. It
shows dark, carbon-rich areas and bright copper areas.

The molten blobs adhering to the cut surface
were very re-entrant and overlapping. They
trgoped contaminants, meking the surface
uncleendble (Fig. 4-16).  Typicdly EDM
molten rind and heat-dtered duminum
subgrate, for duminum 6061, is 5 to 15 pm

24

thick. The molten wire materiad contained
Cu, Zn and Ag, which needed to be removed
(Fg 4-17). Experimentation with severd
phosphoric acid brightening dips resulted in
the decison to use Albrignt & Wilson's


THSee
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Phosbrite 174 dip for 6 minutes. The
reallting suface was much  improved in

cleancbility (Fig. 418, 4-19).

Fig. 4-19. Only remnants of molten metal
remain on array frame after phosphoric
acid treatment.

Fig. 4-17. Molten copper blob from EDM
cutting wire deposited on array frame

surface. _ Fig. 4-20 shows an array frame being rinsed

prior to catching particle and TOC sample.
The array frames, with the numerous blind
threaded holes, were cleanable to better than
MIL-STD 1246B level 50 (Fig. 4-21).

Fig. 4-18. Much improved array frame
surface after treatment in phosphoric acid to
remove molten EDM rind.

Fig. 4-20. Rinse water from array frame is
captured in beaker for particle counting
analysis.

! Performed at George Industries, Pasadena, CA.
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Fig. 4-21. Particle count results from rinse water for array frames C, B, E, L and H indicate that
the frames, with exception of one particle, were cleanable to better than level 50.
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4.6.3 Gap Shidds— Al 6061 T6 sheet, 0.015
inches thick

The gep shidds were thin sheets of duminum
between the aray frame and the attached
hexagond wafers.  Ther purpose was to
shied the arays bdow from solar wind; thus
keeping the regime collections separate.

Procedure:

a)

b)
c)

Pre-cleen  visud
mapping

[PA wipe (2 cycles)
Brulin GD815 scrub and rinse (2
cycles)

UPW cascade bath with ultrasonic, 15
min. each sde

UPW cascade bah with nitrogen
bubbles, 15 min. each side

Spray rinse and sample rinse water

Blow dry with purified nitrogen

Repeat steps d-g untl TOC and
particle counts ae reduced to best
leves

Post- clean visud inspection and

mapping

ingpection  and

d)

The demning of the ggp hidds illusraed
cleaning to best levels. Figures 4-22 and 4-23
show a gep shidd being placed into the
cascade bath and in the bath. Initid deaning
results resulted in quite high TOC vdues in
the rinse water (Fig 424), the source of which
was uncertain but might have been resdud
detergent. The process was repeated 2 or 3
times and the find reslts were much
improved. Figure 4-24 shows that MIL-STD
1246B levd 25 or less was achieved. In
addition an andyss of rinse waer for 17
metas, 7 anions and 6 cations a the 1 ppb
levd reveded 3 ppb duminum only. The
TOC was 50 ppb above basdine.

27
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N

Fig. 4-22. Gap shield being lowered into
UPW cascade bath.

Fig. 4-23. Gap Shield in cascade bath

i

Fig. 4-24. Rinse water being captured for
particle count analysis and measurement of
organic content.
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Array Gap Shield Cleanliness vs. Standards
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Fig. 4-25. Particle count results from rinse water for gap shields B, E, H and L indicate that the shields,
with exception of a single particle, were cleanable to better than level 50 (MIL-STD-1246C).

47 Comparison of surface cleanliness at
the atomic level

Representative coupons cleaned in the same
manner as the flight hardware can be assessed
for contamingtion usng an extremey low-
levd method of detection. Some priminary
results are presented here. Four Geness
coupons were compared usng  X-ray
photoelectron spectroscopy (XPS) (Table 4-
4). This technique penetrates only about 4 nm

into the surface, thus andyzing the
monolayer contaminants. Comparison of the
numerica results is highly modd dependent
and surface texture greatly influences the
interpretation  (Fig. 4-26). A solar wind
collector was made from gold foil, which was
cleaned in hot UPW. The duminum aray
frame, gap shidd, and thema shidd were
cleaned in cold UPW. The aray frame had
been dripped in phosphoric acid brightener
and shows different results than the two

28

duminum dheet pieces (gap shidd and
therma shidd).

Usng XPS, Mickelson et al have quantified
known amounts of carbon contaminant on
gnooth danless sed finishes cleaned by the
JSC-UPW method. They determined that a
No. 7 finish, 304 danless sed can be
deaned to a leved of =10 carbon atoms/cn?;
however, aurface finish is citicd to
effectiveness!

! Mickelson, E. et all (2002) Cleaning and Cleanliness
Verification Techniques for Mars Returned Sample
Handling in LPSC 33 abstracts, Houston, TX
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Table4-4. XPSmeasures of surface contaminants on 4 Genesis coupons?

Coupon Atomic % Atomic % Atomic %
Carbon (as 1s) Oxygen (as 1) Substrate aluminum (as
2p) or gold (as 4f)
Gold fail 44.48 14.33 4119
Array frame 55.46 27.01 12.98
Gap Shied 18.71 51.97 1968
Thermal Shield 16.01 51.81 2024

Fig. 4-26. SEM image of surface textures of cleaned coupons for gold foil, array frame, gap
shield and thermal shield.

2 Analyses performed at MERSEC-University of
Houston, Houston, TX
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SECTION 5:

Previous hardware assembly experience for
the JSC Genesis team conssted of assembling
rdaivey dmple and gandler, pieces in
laminar flow benches laminar flow Class 100
tunnd and nitrogen atmosphere gloveboxes
(Figs. 51, 5-2).

Fig. 51. Class 100 laminar flow tunnel for
preparing and examining interplanetary dust
particles captured in the stratosphere

Fig. 5-2.
prepared and stored in positive pressure
gloveboxes continually purged with pure
nitrogen.

Lunar rocks are examined,

Section 5
Clean Assembly

CLEAN ASSEMBLY TECHNIQUES

In these gmdl ewironments the materid
compogtion, meateria cleanliness  and
personnd traffic and equipment ae grictly
controlled and minimized. Typicd Spacecraft
asembly fadlities are larger multi-story Class
100,000 room in which a wide range of
materids and complex motorized equipment
is required. At low eactivity leves these
rooms can be operated cleaner than Class
100,000 (Fig. 53). However, the assembly of
the Geneds science caniger took place in a
amdl tightly controlled Class 10 room, 15 ft x
15 ft with an 8-ft high cdling. The assembly
team conssted of Jet Propulsion Laboratory
(JPL) enginears, technicians and  Quadlity
Assurance, scientigts from JSC and engineers
from Los Alamos Nationd Laboratory. Clean
as=mbly of the Geneds science caniger was
achieved by rigorous adherence to personnd
training, controlled access, and controlled
materids.

Fig. 5-3. The sample return capsule for
Genesis was assembled and tested within
several multi-story spacecraft assembly
rooms at Lockheed Martin Astronautics in
Denver, Colorado.
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Fig. 5-4. Dryden suit completely envelops

person. Self-contained battery motor forces
exhaled breath through HEPA filters.

51  Personne Training

All persons entering the Geneds assembly
aea completed JSC cleanroom certification
and JPL dectrogatic discharge training.
Additiond  Geness  deanroom  training
incuded anud sessons in ‘Behavior in
Cleanrooms, ‘Working in Laminar FHow',
and ‘Gowning for the Cleanroom’:. All
persons working within 2 mees of the
payload were contained in Dryden suits (Fig.
5-4). These Gore-Tex glits completely
enclosed the body. A full face hood and

1 Micron video training series
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Clean Assembly

provided quality observation opportunities
without compromising the Class 10
cleanroom. Observers were required to don
full cleanroom suits.

andl ar pump ensured that exhaed bregth
and other metabolic products were released
only through a HEPA filter & the rear of the
suit, away from the work surface.

52  Controlled Access

Only 3 persons were dlowed in the assembly
room a one time Managers, science
observers and support personnd  were
restricted to the Class 1000 corridor,

induding photogrgphers with only a very few,
documented exceptions (Fig. 5-5).
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53  Controlled Materials

The amount and deanliness of materids
entering the cleanroom was redricted and
documented.  Quadlity assurance documents
and enginering drawings were  minimized
and used only in the corridor, with the
exception of a few gheets printed on
cleenroom peper.  All tools used in the
cleenroom and for assembly were precision
cleaned and dripped of lubricant. Use of
lubricant on the payload was extremey
minimized and applied with grest care.

54  Examplesof clean assembly

The extensve viewing windows from
the corridor allowed observers and the
QA and engineering documentation to
be maintained outsde the Class 10
room.

The hands-on assembly technicians
learned not to touch the hardware,
even with gloved hands. Fasteners
were inddled usng tweezers, and
larger pieces of hardware were
handed usng deaned duminum fail
‘potholders (Fig. 5-6).

Technicians learned not to work over
the clean hardware, but to approach
from below or the sde so that filtered
arflov  could sweep contaminants
anay.

Application of the lubricant Braycote,
to a few citicad surfaces in limited
amounts, was very dgrictly controlled.
The Braycote was prepared in smdl
quantities and brought into the
cleeroom in a seded contaner
immediately prior to use and removed
upon completion of task. Because this
lubricant is extremdy perdgtent on
surfaces, a dedgnaed “lubricant”
holder was the only person to touch
the container. Usars were extremely
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Section 5
Clean Assembly

careful not to touch other surfaces or
clothes or door knobs while applying
the Braycote. Tota glove changeout
and lab work surface wipedown were
done a completion of lubricant
goplication.

Fig. 56. During assembly, fasteners were
handled with tweezers, not gloved fingers.

55  Examplesof ActivitiesvsAir

Particle Counts

Detalled examination of the arborne particle
concentration, as measured underneath the
caniger (reference Fig. 3-4), showed: 1) that
any paticulae oontamingion is quickly
swept away and 2) intricate procedures and
even movement of large pieces can be
accomplished with minimum paticle
geneation.  The paticde counts shown in
Fgures 5-7 and 5-8 which were taken in 10
minute intervas and accounted for dl paticle
>01 um. Paticles generated during
replacement of collectors on an array (Fig. 5
7) were minimd. This was a ddicate
procedure involving 2 persons and was
typicad of sub-assembly work. A range of
particle concentrations was generated for
activities shown in FHg. 5-8. Removing
“ramps’ and inddlaion of the lock ring (a
large diameter device) generated measurable
paticles, most of which were <01 pm
dianger.  This adtivity involved removing
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and insating threaded fasteners.  However,
later in that day the eectrical connectors were
mated on the exterior and associated cabling
was tied with a highly particle-generding
woven Dacron tape. Use of this materid on

" Cleaning Genesis Sample Return Canister for Flight: Section 5

Clean Assembly

the exterior of the canister is reflected in the
vey high paticde counts. Cable tying was
dways done downdream of the science
caniser 0 particles were swept away from
sengdtive surfaces.

50 - 7/22/00

40
30 .

20 ~

Particles < 1.0 p/ft3

10 1

0 T 00 ¢ —0—0—&

. TS

* o V'S 4

T & 9—& 4 1

7/22/00 7/22/00 7/22/00 7/22/00 7/22/00 7/22/00 7/22/00 7/22/00 7/22/00 7/22/00

10:48 11:16 11:45 12:14 12:43

13:12 13:40 14:09 14:38 15:07

Fig. 5-7. Particle counts taken downstream from the assembly work space during replacement of wafers

on the B array.

15000 - 8/3/00
. Mate electrical
Ei connectors, tie cabling
o 10000 on exterior of canister.
—
\
§ 2
2 5000 1 Remove ramps ¢ o
5_’3 and install lock .
. * *
0 090000000000 0000000000000 0000

8/3/00 8/3/00 8/3/00 8/3/00
9:36 10:48 12:00 13:12

8/3/00 8/3/00 8/3/00 8/3/00
14:24 15:36 16:48 18:00

Fig. 5-8. Particle counts taken immediately downstream from assembly workspace. Installation of lock

ring, a large component, illustrates fast clean-up in airflow. Use of Dacron tape to tie cables was dirty
work performed on the canister exterior and done downstream from clean surfaces.

33



" Cleaning Genesis Sample Return Canister for Flight:

Lessons for Planetary Sample Return

SECTION 6:

LMA

ecanister purge

Section 6
Documentation

DOCUMENTATION

INTERIOR TO CA

NISTER

JPL/Caltech

®collector coating process
®implantation experiments

Canister handling

®inventory

® images
JPL

®canister materials

®assembly process

LAN L gas records
econcentrator
handling, cleaning
composition | Collector, J SC

®cleaning process & verification

e®handling & environment history

®inspection records
einventory

oflight configuration
emanufacturer purity & cleanliness certifications
®special analyses & images

O XPS cleanliness assessment
®cxperimental material inventory
®lid foils coating process

p ovitreloy composition

1
JPL
ocollector flight

installation procedure
oflight configuration

Collector
Characteristics

e®drawings

®special analyses
& processes
®QA procedures

EXTERIOR TO CANISTER

®Quality records

LMA

SRC components
omaterials list
oflight configuration images
®significant composition data
eoffgassing analyses
®lid foils installation process
oflight temperature records
®passive temperature data

Fig. 6-1. Pre-flight Documents. The database essential to interpretation of analytical results for Genesis

solar wind samples is comprised of documents from several institutions.

These documents must be

managed by one archive responsible for long-term preservation and ease of access to future scientists.

The god of beng ale to interpret the
andyticd results on returned Geness samples
require detaled documentation of the
deaning process for each piece, cleaning
veificaion results and room environment a
time of deaning and assembly. These
historical records need to be matched to a set
of coupons and reference materials preserved
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for future comparison anayses.
Documentation from early in the fdborication
process of the science canister, collectors,
Sanple Retun Capsule and  Geness
laboratory congtruction comprise a portion of
the essentiad data needed; thus, documents
from severd inditutions need to be managed,
preserved and made eedsly avalable over the
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next few decades, if not longer (Figs. 61 and
6-2). JSC Geness personnd redized from
the beginning that personnd dedicated to
document management were a high priority,
but resources did not dlow for this
Documentation had to be organized at the end
of the process.

At JSC the principd document for each
Geness collection surface (slicon wefers and
other polished surfaces) and science canister
sructurd components is the data pack. The
data pack for each piece contans the pecific
cleening process, cleaning verification results
and time and location hisory, plus
observationd notes and images. These
documents are stored in a controlled data
vault. Summary  documentation  includes
hardware inventories, cleaning process logs,
cleemroom use logs and environmenta
monitoring records. In addition to the JSC
records, the JPL, LANL and LMA records are
needed to maintain complete histories.
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UTTR/LMA
RECOVERY

‘as-received' condition description, images

disassembly process

SRC component numbering, orientation,
packaging, location

environmental logs

00O

JSC

PRELIMINARY
ASSESSMENT

O 'as-received' condition

O array maps, images

O surface chemical data

O disassembly process

O collector inventory, handling history

O canister component inventory, handling history
O environmental logs

JSC
LONG-TERM
CURATION

© handling and environmental history
O subdivision process

o sample lineage and orientation

©O allocation tracking

o environmental logs

Fig. 6-2. Anticipated post-flight documentation.
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Because of the very low levels of detection
necessty to measure the solar wind, trace
contamingtion from any source may interfere
with interpretation of pogt flight andyss of
the returned samples.  Thus, it is citica to
maintain an archive of coupons representative
of both bulk and collector-surface materias
prior to flight for comparison with the
reiurned samples. It is equaly essentid to
have coupons of spacecraft materids, which
have been cleaned and handled in the same
manner as flight components for comparison.
Severd types of coupons and materids are
being archived & the curation facility.

7.1  Solar wind collectors (non-flight)
Geness collectors ae comprised of very
specidized materids, and it is important to
achive samples of each materid. In some
cases, it was necessary to obtain collectors
composed of the same materid from different
vendors, reaulting in variaions in important
trace impurities and surface contamination.

Because of this extensve andyss was
conducted prior to sdection of flight
meaterias. Furthermore, detalled optica

examination was conducted prior to sdection
of flight collectors from each lot.  The
arcchives contain many specimens of collector
materids, and the associated documentation,
from the same manufacturing lots as the flight
specimens.  The collector materids are stored
in the manufacture-cleaned cassettes for
which Geness curators measured the organic
off-gas products of atypica cassette.

72  Canister material coupons

Clean caniger interior coupons are extremey
important.  The  Geness  Contamination
Control Plan emphasized this importance and
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Coupons

COUPONS AND REFERENCE MATERIALS

specified that such coupons be acquired.
These coupons are materids, which are not
only from the same materid type and surface
finish as the flight components, but were aso
cut from the same parent materia, preferably
cut a the time. Likewise it is dedrable that
the pieces were cleaned together.  Once
obtained, it is critical that the coupons be
dored in a manner that preserves their
clenliness for many years. Such clean
dorage is not trivid and requires dorage
under nitrogen of the purity specified in Table
2-1, or better, and storage insde of containers
and dorage vaults for which organic off-

gssing is etremdy low and wdl
characterized. For Geness coupons, the
sorage  enclosures were  eectropolished

dainless ged, mantaned in the Class 10
environment and purged with the point-of-
use-purified nitrogen.

In practice, it was difficdt to obtan materias
meeting dl the criteia above because
coupons were not individudly specified in the
fabrication drawings and qudity monitoring
documents. Two drong recommendations
from the Geneds experience are 1) that a
contamination control  representative be  on
dte a the desgn and fabrication process to
modify coupon acquistion requirements as
ongoing processing changes demand it, and 2)
that representative coupons be incorporated
into the engineering drawings.

7.3  Spacecraft reference materials
Reference materidls are pieces of collector or

goacecraflt materids, not especidly handled
soecificdly in the manner to preserve the

highex levd of suface contamination
informetion, but gill  containing  informetion
pertaning to impurities and contamination
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asociated with specific manufacturing lots of
meterid.

In addition to hardware and cleaning coupons,
cetan reference materids need to be
achived for future comparison. These
incdude samples of lubricants — staking
compounds, ceaning fluids, fabrication
cutting fluids, handling gloves and cdeanroom
materids which have been in contact with
collectors and spacecraft parts.  Though a
number of such samples were preserved and
arcchived for the Geness misson, the process
was less systemetic than desired.

Again, it is recommended that a detailed plan
for obtaning and tracking such maeriads be
incorporated into procedura requirements and
that curatorid personne establish some on
dte monitoring a the gpacecraft assembly
Ste.
74  Witness Plates

The purpose of witness plates is to obtain an
asessment of arborne contamination in red
time.  Since witness plaes are used to
messure very low levds of contamination
during a particular time or process, their vaue
and accuracy decreases with time and storage.
For that reason, witness plates are generdly
not archived, but andyzed immediatedy. The
results are documented. This was true for
Genesis witness plates in generd, however, a
number of arborne organic witness plates

were archived in the event they might prove
useful.

75  Experimentally
Analogs

Implanted Sample

In order to prepare for analyss of returned
solar wind samples, scientists require sample
andogs to verify both the andyss and surface
cleaning methods proposed for use on flight
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materidds.  These andogs ae collector or
amilar materids thet have been
expaimentdly implanted with nude to
dmulate the implantation of the solar wind in
space. These pieces are curated and dlocated

by the Genesis curators in he same manner as

flight maerids  This includes cleen dorage,
sample subdivision, dlocation and
documentation.
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Materids ldentification and Usage Lists (MIUL) were evaluated for these parts of the Genesis Payload Canigter:
LANL Instruments
Payload Canister Structure
Collector Arrays and Collector Materids
Array Latch, Assembly, and Deployment Mechanism
Cover Drive and Lock Ring Assemblies
Standard evauation criteria for spacecraft materials were used for these evauations. In some instances, Materias with
aTablelll Stress Corrosion Rating per M SFC-Spec-522 were gpproved for use on the basis that the materias would

not be subjected to a sustained tensle stress and a corrosive environment. In some instance materias with a Total Mass
Loss greater than 1.0% were accepted on the basis of subtracting the Water Vapor Recovered datum from the Total

Mass L oss produced a number less than 1.0%.



LANL INSTRUMENTS

Tablel. Materials | dentification and Usage List - Non-M etallic M aterials

ltem Maerid Description/ Application Materia Therma Comments
No. Brand Name Specifications Vacuum
Supplier Stability (%)
1 Epoxy Nonconductive Lid Seal JPL FS513414 (Sec. 5) TML =0.22 Acceptable
Epo-Tek H77 NHB 5300.4(3J) VCM=0.00
Epoxy Technology Inc. WVR=0.08
2 Epoxy Conductive Silver Epoxy JPL FS513414 (Sec. 5) TML =0.19 Acceptable
Epo-Tek H21D NHB 5300.4(3]J) VCM=0.00
Epoxy Technology Inc. WVR=
3 By Conductive Silver Epoxy JPL FS513414 (Sec. 5) TML =1.00 Acceptable
Epo-Tek H22 NHB 5300.4(3]J) VCM=0.01
Epoxy Technology Inc. WVR=
4 Raychem Spec. 44 Wire Insulation MIL-W-81044 Insulation Inner: Acceptable
MIL-C-27500 TML =0.67 - 0.77
VCM=0.02 - 006
WVR=0.02 - 005
Insulation Outer:
TML =0.67 - 0.77
VCM=0.02 - 006
WVR=0.02- 005
5 Raychem Spec. 55 Wire Insulation MIL-W-81044 TML =0.08 - 0.52 Acceptable
MIL-C-27500 VCM=001- 004
WVR=0.01 — 005
6 Parylene Conformal Coating and Potting JPL FS513414 (Sec. 5) TML =0.75 Acceptable
NHB 5300.4(3J) VCM=0.02
WVR=
7 EN11 Conothane Staking and Conformal Coating JPL FS513414 (Sec. 5) TML =0.45 Acceptable
NHB 5300.4(3J) VCM=0.03
WVR=0.14
8 Ink, Epoxy Marking Labeling of the CEBs MIL--43553 TML =0.74 Acceptable
CAT-L-INK 50/700R/9 VCM=0.01
Hysol/Dexter WVR=0.54
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LANL INSTRUMENTS

Tablel. Materials | dentification and Usage List - Non-M etallic M aterials

Application Materid Thermd Comments
ltem | Materia Description/ Specifications Vacuum
No. Brand Name Sahility (%)
Supplier
9 Epon 828/Versamid 140 70/30 Staking JPL FS513414 (Sec. 5) TML =101 Acceptable
BW Epoxy, 24h, 60° in air NHB 5300.4(3J) VCM=0.01
WVR=0.32
10 Uralane 5750-A/B (LV) Conformal Coating JPL FS513414 (Sec. 5) TML =0.65 9 hour cure @
CibaGeigy Corp. NHB 5300.4(3J) VCM=0.01 65 Degrees C
WVR=0.01 Acceptable
11 | Stycast 2850/Cat9 Staking and Potting JPL FS513414 (Sec. 5) TML =0.25 Acceptable
NHB 5300.4(3J) VCM=001
WVR=0.08
12 Stycast 2850/Cat11 Staking and Potting JPL FS513414 (Sec. 5) TML =0.52 Acceptable
NHB 5300.4(3)) VCM=0.03
WVR=0.07
13 Eccobond51/Cat9 Staking and Potting JPL FS513414 (Sec. 5) TML =0.52 Acceptable
NHB 5300.4(3)) VCM=0.03
WVR=0.07
14 Eccobond 83C Conductive Epoxy JPL FS513414 (Sec. 5) TML =0.52 Acceptable
NHB 5300.4(3)) VCM=0.03
WVR=0.07
15 G10 Circuit Boards, and Thermal Standoffs | MIL-P-13949 TML =0.48 Acceptable
for the CEB Mountsto the VCM=0.01
Concentrator. WVR=
16 Arlon 31N Polyimide EGlass Circuit Boards TML =0.90 Acceptable
VCM=0.00
WVR=0.27
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LANL INSTRUMENTS

Tablel. Materials | dentification and Usage List - Non-M etallic M aterials

Application Materid Thermd Comments
Item | Materid Description/ Specifications Vacuum
No. Brand Name Stability (%)
Supplier
17 KEL-F GIM/GEM Insulators TML =0.02 Acceptable
VCM=0.01
WVR=0/01
18 Tefzel Electrical Isolator Material TML =0.05 Acceptable
VCM=0.00
WVR=
19 Ddlrin Transformer Bobbins TML =0.39 Acceptable
VCM=0.02
WVR=0.10
20 Solid, Fluorinated ethylene H.V. Cable Double Shielded Cable Core TML =0.00 Acceptable
propylene (“Teflon” 100X FEP | and Jacket Material VCM=0.00
Fluorocarbon Resin) WVR=0.00




Tablell Materials | dentification and Usage List - M etallic M aterials

LANL INSTRUMENTS

ltem | Materid Application Materid StressCorrosion | Comments
No. | Description/ Specifications Cracking Rating
Condition
1 Al 6061-T6 Boxes, Structural Tablel Acceptable
Elements of the Sensor
Assemblies
2 Indium, 99.99% Pure Soft Metal Sedls, for Corr=A Acceptable
the GEM
3 Gold Finish Material for Acceptable
Concentrator Interior
Surfaces
4 Stainless Steel 34 Concentrator Grid Tablel Acceptable
Mesh, Grid Supports,
Target Holder, and
Tripod Struts
5 Solder High Temperature QQ-S-571E Acceptable
SN-10 Solder for Transformer | MIL-F-14256
Windings




Tablell Materials|dentification and Usage List - Metallic Materials

LANL INSTRUMENTS

ltem | Materid Application Materid StressCorrosion | Comments
No. | Descriptior/ Specifications Cracking Rating
Condition
6 Solder PCB Fabrication QQ-S571E Acceptable
SN-63 MIL-F-14256
7 Solder High Voltage QQ-S571E Acceptable
SN-9% Connections within the
Concentrator Dog
House
8 Irridite External thermal MIL-C-5541 Acceptable
finishes for the GEM Class 3A
and GIM
9 Ebanol-C ESA Black Optical Per Manufacturer’s Acceptable
Enthone Coating on the GEM Specification
and GIM
10 Black Anodize Concentrator, bottom MIL-A-8625C Acceptable
of mirror electrode, and
CEB external surfaces
11 TMM Ceramic Small Piece Partsfor Acceptable
Rogers PCBs
12 Alumina 99% Pure Standoff material Acceptable

for High Voltage
Plates, Wires and Grids




Tablell Materials | dentification and Usage List - Metallic Materials

LANL INSTRUMENTS

ltem | Materid Application Materia StressCorrosion | Comments
No. | Description/ Specifications Cracking Rating
Condition
13 Opaque Alumina Light tight seal, GEM Acceptable
14 Kovar H.V. Connectors, and Acceptable
Threaded I nserts
within the Alumina
Standoffs
15 Copper Brazing materid for the Acceptable so long as material does not
Covar to the Alumina. contain cadmium.
16 Phosphor Bronze Wire GEM/GIM dimple Most have Acceptable, but need to get specific material
motor retention spring corrosion cracking | callout
ratingsof A




Payload Canister Structure MaterialsList

Materials I dentification and Usage List - Non-Metallic M aterials

Item | M aterial Description/ Application Material Thermal
No. | Brand Name Specifications Vacuum Comments
Supplier Stability
(%)
Silicone Rubber O-Rings, Canider Sedl, Exterior | AMS3345 TML =0.02 | Acceptable
1 | S899-50 VCM=0.00
Parker WVR=0.00
Seding Washers, Exterior MIL-R-83298 TML =0.10 | Acceptable
2 | VitonB Typel Class| VCM=0.00
WVR=
Thread Locking BS504228 TML =0.12 | May usefor int.
3 | RTV-566 VCM=0.00 | fastenersif OK’d by
WVR=0.02 | Gen. Contam. Eng.
Thread Lubricant for Exterior BSS513525 TML =0.11 | Acceptable
4 | Braycote 600 Fasteners VCM=0.04
WVR=0.01
Thread Lubricant for Exterior BSS513526 TML =0.36 | Acceptable
5 | Braycote601 Fasteners VCM=0.04
WVR=0.01
Lubrication of shear pin taper for | BS505462 TML =0.23 | Acceptable
6 | LubeLok 4306 shear pins exterior to canister seal | FS502753 VCM=0.00
WVR=
M1 Paint Various Externa Surfaces Hughes Specs TML =1.13 | Acceptable
7 SCGM S 56072 VCM=0.01
SCGPS 30030 WVR=0.71
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Payload Canister Structure MaterialsList

Materials | dentification and Usage L ist- Metallic Materials

Item | Material Application Material Stress Corrosion
No. | Description/ Specifications Cracking Rating, per Comments
Condition M SFC-Spec-522
Al 7075-T73 Canister Base QQ-A-367 Tablel Acceptable
1 | Hand Forging and Cover
Al 7075-T73 Connector Brackets | QQ-A-250/12 Tablel Acceptable
2
A286 Sainless Sted Shear bushings AMS 5737 Tablel Acceptable
3 Radid Raller Pins
Fasteners, Inserts
15-5PH H1025 SRC-Canigter AMS 5659 Tablel Acceptable
4 | Sanless Sted Shear Bushings
Al 6061-T6 Thermd Shidd/ QQ-A-250/11 Tablel Acceptable
5 Collectors Support
Structure
303 CRES Inserts AMS 5640 Tablel Acceptable
6 | Stainless Stedl
Nitronic 60 Tapered Shear Pins | ASTM A276 Tablell Acceptable
7 (annedled)




Payload Canister Structure MaterialsList

Materials | dentification and Usage List - Metallic Materials

Item | Material Application Material Stress Corrosion
No. | Description/ Specifications Cracking Rating, per Comments
Condition M SFC-Spec-522
Magnaplate HMF-NT | Sed Faying Acceptable
8 Surfacesonthe
Canigter Cover
Maraging Sted! Rampsfor Locking | MIL-S-46850 Tablelll Acceptable
9 Ring Type3, Grade 250 No sustained tensle load or
corrosive environment.
A286 Sainless Sted Inserts AMS 5737 Tablel Acceptable
10
302 CRES Shim Stock QQ-S-766full Tablel Acceptable
11 | Stainless Stedl hardness
12 | Maraging Sted! Ramps MIL-S-46850 Tablelll Acceptable
Type 3 Grade 250
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Collector Array and Collector Materials- Array Materials

Materials | dentification and Usage List - Metallic Materials

[tem | Material Application Material Stress Corrosion Canister Location
No. | Description/ Specifications Cracking Rating, per Interior/Exterior

Condition M SFC-Spec-522 Comments

Al 6061-T651 Frame - deployable | QQ-A-250/11 Tablel Interior, Acceptable
1

Al 6061-T651 Frame - fixed QQ-A-250/11 Tablel Interior, Acceptable
2

Nitronic 60 Roller, aray frame | ASTM A276 Tablell Interior, Acceptable
3

A286 Stainless Stedl Pin, roller AMS 5737 Tablel Interior, Acceptable
4

302 CRES Washer pin, QQ-S-763 Tablel Interior, Acceptable
5

440C CRES Sleeve, AMS 5630 Tablelll Interior, Acceptable
6 latch interface Protect from corr.

environments,

15-5PH H1025 Shim, ADM AMS 5659 Tablel Interior, Acceptable
7 | Sainless Sted interface
8 | Al 6061-T6 Retainer, lower QQ-A-200/8 Tablel Interior, Acceptable

Retainer, upper

CRES 157 PH E-clip, MS16633 | AMS 5520 Table| for CH900 Interior, Acceptable

9 condition only.




Collector Array and Collector Materials- Array Materials

Materials | dentification and Usage List - Metallic Materials

Item | Material Application Material Stress Corrosion Canister Location
No. | Description/ Specifications Cracking Rating, per Interior/Exterior
Condition M SFC-Spec-522 Comments
301 CRES Spring, Retainer AMS5516 Tablel Interior, Acceptable
10
303CRES Washer, Retainer AMS 5640 Tablel Interior, Acceptable
11
A286 Stainless Stedl Fastener, Retainer | AMS 5737 Tablel Interior, Acceptable
12
303CRES Insert, Retainer AMS 5640 Tablel Interior, Acceptable
13
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Collector Array and Collector Materials - Fixed Saddle Materials

Materials | dentification and Usage List - Metallic Materials

[tem | Material Application Material Stress Corrosion Canister Location
No. | Description/ Specifications Cracking Rating, per Interior/Exterior
Condition M SFC-Spec-522 Comments
A286 Stainless Sted Main Structure AMS 5737 Tablel Interior, Acceptable
1
440C CRES Roaller Clamp AMS 5630 Tablelll Interior, Acceptable
2
Al 6061-T6 Clamp shims QQ-A-250/11 Tablel Interior, Acceptable
3
303 CRES Insert AMS 5640 Tablel Interior, Acceptable
4
A286 Stainless Sted Bolt AMS 5737 Tablel Interior, Acceptable
5
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Collector Array and Collector Materials - Fixed Saddle Materials

Materials I dentification and Usage List - Collector M aterials

[tem | Material Application Material Thickness Canister Location
No. | Description/ Specifications (inches) Interior/Exterior
Condition Comments
CZ Silicon Collectors 0.0197,0.0217, 0.0237, | Interior, Acceptable
1 0.0256, 0.0276
FZ Silicon Collectors 0.0197,0.0217, 0.0237, | Interior, Acceptable
2 0.0256, 0.0276
Sapphire Collectors 0.0197,0.0217, 0.0237, | Interior, Acceptable
3 0.0256, 0.0276
Gamanium Collectors 0.0197,0.0217, 0.0237, | Interior, Acceptable
4 0.0256, 0.0276
Aluminum Collectors 0.0197,0.0217, 0.0237, | Interior, Acceptable
5 0.0256, 0.0276
S on Sapphire Collectors 0.0197,0.0217, 0.0237, | Interior, Acceptable
6 0.0256, 0.0276
Al on Sapphire Collectors 0.0197,0.0217, 0.0237, | Interior, Acceptable
7 0.0256, 0.0276




Collector Array and Collector Materials - Fixed Saddle Materials

Materials | dentification and Usage List - Collector Materials

[tem | Material Application Material Thickness Canister Location
No. | Description/ Specifications (inches) Interior/Exterior
Condition Comments
Diamondon S Collectors 0.0217, 0.0237, Interior, Acceptable
8 0.0256, 0.0276
Au on Sgpphire Collectors 0.0217, 0.0237, Interior, Acceptable
9 0.0256, 0.0276
C on Sapphire Collectors 0.0217, 0.0237, Interior, Acceptable
10 0.0256, 0.0276
Sapphire Collector, Half 0.0197,0.0217, 0.0237, | Interior, Acceptable
11 0.0256, 0.0276
Au on Sgpphire Collector, Half 0.0197,0.0217, 0.0237, | Interior, Acceptable
12 0.0256, 0.0276
Vitreloy Collector, Half 0.0197,0.0217, 0.0237, | Interior, Acceptable
13 0.0256, 0.0276
C on Sapphire Collector, Half 0.0217, 0.0237, Interior, Acceptable
14 0.0256, 0.0276




Materials | dentification and Usage List - Non-Metallic Materials

Array Latch

Item | Material Description/ Application M aterial Thermal Canister Location
No. | Brand Name Specifications Vacuum I nterior/Exterior
Supplier Stability Comments
(%)
Vespel, Grade SP3 Bushing, Cam Shaft BS505776 TML =054 | Exterior, Acceptable
1 VCM=0.01
WVR=
EA9394 Structurd Adhesve BS505776 TML =137 | Exterior, Acceptable
2 VCM=0.01
WVR=0.52
Braycote 601 Lubricant, externd parts BS513526 TML =0.36 | Exterior, Acceptable
3 VCM=0.04
WVR=0.01
4 | Braycote 600 Lubricant, externd parts BS13525 TML =0.11 | Exterior, Acceptable
VCM=0.04
WVR=0.01
5 | Microseal 200 Dry Lube Latch pivot pin and latch pivot Vendor Specification TML =2.65 | Exterior acceptable
retainer VCM=0.21 | onlyif themd
WVR= vacuum baked
6 Thread Locking, Interior and BS504228 TML =0.12 | Acceptable
RTV-566 exterior bellows fasteners VCM=0.00
WVR=0.02
Exterior Switch Nut Staking TML =042 | Exterior, Acceptable
7 | Solithane113/C113-300 BS502695 VCM=0.01

WVR=




Array Latch

Materials | dentification and Usage List - Non-Metallic Materials

Item | Material Description/ Application Material Thermal Canister Location
No. | Brand Name Specifications Vacuum Interior/Exterior
Supplier Stability Comments
(%)
8 | Ke-F Insertsininterior fasteners Vendor Specification TML =0.03 | Acceptable
VCM=0.00
WVR=0.01
O-rings, exterior belowsseding | MIL-R-83298 TML =0.10 | Acceptable
9 |VitonB washer Typel Class| VCM=0.00
WVR=




Array Latch

Materials | dentification and Usage List - Metallic Materials

[tem | Material Application Material StressCorrosion Canister Location
No. | Description/ Specifications Cracking Rating, per | Interior/Exterior
Condition M SFC-Spec-522 Comments
Al 7075 T7351 Latch Body QQ-A-250/12 Tablel Exterior, Acceptable
1
Nitronic 60 Latch Bushings ASTM A276 Tablel 225 ks Ult. work hardened
2 Exterior, Acceptable
440C CRES Latch Roller AMS 5630 Tablelll Exterior, Acceptable
3 (Nitronic60isTablel | used for EMU, FMU will use
or Tablell) Nitronic 60
17-7 PH Pin, Latch Pivot AMS 5529 Tablel Exterior, Acceptable
4 | CH900
A286 CRES Adj. Link AMS 5525 or Tablel Exterior, Acceptable
5 AMS 5737
15-5PH CRES Pin, Latch Tab AMS 5659 Tablel Exterior, Acceptable
6 | (H21025) Pin, Cam Roller
440C CRES Seeve, Can Roller | AMS 5630 Tablelll Exterior, Acceptable
7
8 | Al 7075 T7351 Link, Support QQ-A-250/12 Tablel Exterior, Acceptable
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Array Latch

Materials | dentification and Usage List - Metallic Materials

[tem | Material Application Material Stress Corrosion Canister Location
No. | Description/ Specifications Cracking Rating, per | Interior/Exterior
Condition M SFC-Spec-522 Comments
9 | A286 CRES Pin, Support Link AMS 5737 Tablel Exterior, Acceptable
Al 7075 T7351 Housng QQ-A-250/12 Tablel Exterior, Acceptable
10
A286 CRES Cam AMS 5737 Tablel Exterior, Acceptable
11
Al 7075 T7351 Retainer, Cam Shaft | QQ-A-250/12 Tablel Exterior, Acceptable
12 Crank, Cam Shaft
A286 CRES Pin, Crank AMS5737 Tablel Exterior, Acceptable
13
15-5PH CRES Actuator Block AMS 5659 Tablel Exterior, Acceptable
14 | (H1025) AMS 5862




Array Latch Assembly

Materials | dentification and Usage List - Metallic Materials

[tem | Material Application Material StressCorrosion | Canister Location
No. | Description/ Specifications Cracking Rating, | Interior/Exterior
Condition per MSFC-Spec- | Comments
522
Al 7075 T7351 Bracket Switch QQ-A-250/12 Tablel Exterior, Acceptable
1
15-5PH CRES Pin, Latch Roller AMS 5659 Tablel Exterior, Acceptable
2 | (H1025)
A286 CRES Retainer, Latch Pivot | AMS 5737 Tablel Exterior, Acceptable
3 | (aged)
Al 7075 T7351 Inductor Arm, QQ-A-250/12 Tablel Exterior, Acceptable
4 Switch
Al 6061 T6 Cover, Housing QQ-A-250/11 Tablel Exterior, Acceptable
5
440C CRES Insert, Cam AMS 5630 Tablelll Exterior, Acceptable
6 No corrosive environment or
sudtained tendile load
Nitronic 60 Seeve, Crank ASTM A276 Tablell Exterior, Acceptable
7
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Array Deployment M echanism

Materials | dentification and Usage List - Non-Metallic Materials

Item | Material Description/ Application Material Thermal Canister Location
No. | Brand Name Specifications Vacuum Interior/Exterior
Supplier Stability Comments
(%)
Thread Locking BS504228 TML =0.12 | Exterior
1 | RTV-566 VCM=0.00 | Acceptable
WVR=
Silicone Rubber O-rings AMS3345 TML =0.02 | Exterior
2 | S899-50 VCM=0.00 | Acceptable
Parker WVR=0.00
Teflon Sedls, Insulaion ASTM D3368 TML =0.01 | Exterior,Acceptable
3 VCM=0.00 | Shidded from Radiation.
WVR=0.00




Array Deployment M echanism

Materials | dentification and Usage List - Metallic Materials

Item | Material Application Material Stress Corrosion Canister Location
No. | Description/ Specifications Cracking Rating, Interior/Exterior
Condition per M SFC-Spec- Comments
522
Ti-6Al-4V Anneded Covers AMS 4911 Tablel Exterior, Acceptable
1
Al 6061-T6 Base QQ-A-250/12 Tablel Exterior, Acceptable
2
Al 7075-T7351 Sides QQ-A-250/12 Tablel Exterior, Acceptable
3
440C CRES Bearings ASTM 5630 Tablelll Exterior, Acceptable
4

6l




Cover Driveand Lock Ring Assemblies

Materials | dentification and Usage List - Non-Metallic M aterials

Item | Material Description/ Application Material Thermal Canister Location
No. | Brand Name Specifications Vacuum Interior/Exterior
Supplier Stability Comments
(%)
Marking Ink Electronics Assembly Marking BS502673 TML =4.63 | Exterior, Acceptable
1 | Wornow Ink, M -Series VCM=0.04 | onBassof Smdl Amount
WVR= (<1gm.) used.
Thermolitel2 Adhesive, Conforma Encapsulant | BS502698 TML =0.36 | Exterior, Acceptable
2 | Cab-o-SIM-5 for Electronics Assembly. BS502697 VCM=0.02
Solithane113/C113-300 BS502695 WVR=0.15
Thermolitel2 Adhesive, Conforma Coating for | BS502698 TML =0.42 | Exterior, Acceptable
3 | Solithanel13/C113-300 Electronics Assambly. BS502695 VCM=0.01
WVR=
Urdane 5750A/B (L/V) Conforma Coat Adhesive BS515376 TML =0.65 | Exterior, Acceptable
4 VCM=0.01
WVR=0.51
Silicone Rubber Payload Canister Sedl AMS3345 TML =0.10 | Exterior, Acceptable
5 | S899-50 VCM=0.04 | Thermd/Vec. Bake at
WVR=0.01 | 120 Deg C,120 hrs.
Lubrication of Cover Drive BS505462 TML =0.23 | Exterior, Acceptable
6 | Lube-Lok 4306 Mechanism FS502753 VCM=0.00
WVR=
Sedson drive linkage, track ASTM D3368 TML =0.01 | Exterior, Acceptable
7 | Teflon Seds rollers, and ring guide rollers VCM=0.00 | Radiation exposure
WVR= limited.
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Materials | dentification and Usa

Cover Driveand Lock Ring Assemblies

eList - Non-Metallic Materials

Item | Material Description/ Application Material ThermVac. Canister Location
No. | Brand Name Supplier Specifications Stability (%) | Int/Ext, Comments
M1 Paint Various Externd Surfaces Hughes Specs. TML =1.13 Exterior, Acceptable
8 SCGM S 56072 VCM=0.01
SCGPS 30030 WVR=0.71
Teflon Insuletion ASTM D3368 TML =0.01 Exterior, Acceptable
9 VCM=0.00 Shielded from Rediation.
WVR=0.00
Nylon 6/6 Sedlsfor track rollers MBO0115-029 TML =223 Exterior, Acceptable
10 | Mo2 Filled VCM=0.01
WVR=1.55
11 | Scotchweld 2216 Spot Bonding Adhesive for BS515671 TML =1.13 Exterior, Acceptable
Electronics Assembly. VCM=0.02 Temp. not to exceed 60
WVR=0.51 deg. Cent.
12 | Braycote 601 Lubrication of Bearingsand Track ~ BS513526 TML =0.36 Exterior, Acceptable
Rallers VCM=0.04
WVR=0.01
13 | Braycote 600 Lubricart, externd parts BS13525 TML =0.11 Exterior, Acceptable
VCM=0.04
WVR=0.01
14 | Stycast 2850/Cat11 Staking and Potting JPL FS513414 TML =0.52 Acceptable
(Sec. 5)NHB VCM=0.03
5300.4(3J) WVR=0.07
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Item | Material Description/ Application M aterial ThermVac. Canister Location
No. | Brand Name Supplier Specifications Stability (%) | Lnt/Ext, Comments
15 | Dexter 463-3-8 Cat-a-Lac | Someint. and ext. surfaces of the JPL FS501424 TML =0.52 Acceptable
black paint. Cover Drive mech. and therma VCM=0.03
encl., int. surface of Lock Ring WVR=0.07

Drivethermd endl.




Materials | dentification and Usage List - Non-Metallic M aterials

Cover Driveand Lock Ring Assemblies

Item | Material Description/ Application Material ThermVac. Canister Location
No. | Brand Name Supplier Specifications Stability (%) | Int/Ext, Comments
16 | CVv2510 (Cab-0-SI Connector potting TML =0.52 Acceptable
added) VCM=0.03
WVR=0.07
17 | Carbonfilled Kaptontgpe | Motor wrapping Vendor Spec. TML =0.52 Acceptable
VCM=0.03
WVR=0.07
18 | Eccobond 55/9 Electronics Assembly BS502501 TML =0.44
VCM=0.02
WVR=
19 | Copper Clad GlassBase | Printed Wiring Boards MIL-S-13949 TML = Acceptable on the basis of
Polyimide Resin Laminates VCM= electronics assemblies
(includes B- Staged materid WVR= being baked out.
for halefilling)




Cover Driveand Lock Ring Assemblies

Materials | dentification and Usage List - Metallic Materials

Item | Material Application Material Stress Corrosion Canister Location
No. | Description/ Specifications Cracking Rating, Interior/Exterior
Condition per M SFC-Spec- Comments
522
7075-T7351 Payload Canister QQ-A-250/12 Tablel Exterior, Acceptable
1 Lock Ring For flight modd, lock ring made
from 7075-T7352 rolled ring
forging.
6061-T6 Canigter Sed QQ-A-250/11 Tablel Exterior, Acceptable
2 Retainer, Lock Ring
Mechanism Cover,
Maraging Sted Rampsand Bearing MIL-S-46850 Tablelll Exterior, Acceptable based on lack
3 Peds, Lock ring gear | Typelll, Grade of corrosive environment and no
Ssegment 300 sugtained tendle load
4 | A286 Sainless Sted Fasteners AMS5737 Tablel Exterior, Acceptable
5 | Solder Electronics Assembly | SN63 Exterior, Acceptable
7075-T7351 Plate, Brackets, QQ-A-250/12 Tablel Exterior, Acceptable
6 ArmsCover Drive
M echanism
52100 Bearing Stedl Outer Race and MIL-S-7420 Tablelll Exterior, Acceptable, No sustained
7 Roallers, Track Rollers tensle dtress or corrosive
in Lock Ring environment.
8 | 8620 Stedl Track Roller Studs AMS 8690 Tablelll Acceptability to be determined on
(magnetite coated) andysis and screening for cracks

and corrosion




Cover Driveand Lock Ring Assemblies

Materials | dentification and Usage List - M etallic Materials

Item | Material Application Material Stress Corrosion Canister Location
No. | Description/ Specifications Cracking Rating, Interior/Exterior
Condition per M SFC-Spec- Comments
522
15-5 PH CRES Hubs, Cover Drive | AMS5659 Tablel Exterior, Acceptable
9 | H1025 Mechanism
CRES 304 Track Roller Spacers | QQ-S-763 Tablel Exterior, Acceptable
10
A286 Stainless Sted Hard Stop for Lock | AMS5737 Tablel Exterior, Acceptable
11 Ring Drive
Mechanism
Al 6061-T6 Cover Enclosures QQ-A-250/11 Tablel Exterior, Acceptable
12
13 | Copper Alloy 102 Temp. Transducer Exterior, Acceptable
Housng
14 | CuNi Alloy 715 Ferrule on the Temp. Exterior, Acceptable
Transducer Housing
15 | Solder Mask Electronics Assembly | IPC-SM-840 Acceptable
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