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Sample Handling Architecture Framework
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Sample Handling Product Breakdown Structure
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Sample Handling Use Cases
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Sample Handling Requirements Structure
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Sample Receiving Facility Activity Flow
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L3-Sample Handling Assumptions

I

A-L3-SH.1 EES Deintegration in Cleanroom EES deintegration occurs in a cleanroom and is performed using half-suits or full-suits.

A-L3-SH.2 OS Deintegration and SH_Activities in DWI OS deintegration and all subsequent sample handling activities occur within double walled isolators (DWI).

A-L3-SH.3 OS Deintegration and RSTA_Handling_Activities in OS deintegration and sample handling activities dealing with the RSTA prior to opening can be performed using gloves in a DWI.
Glovebox

A-L3-SH.4 Sample-Intimate_Activities using Remote Sample handing activities associated with opening the RSTA where the sample is exposed to the DWI environment and handling hardware must be
Manipulation performed using remote manipulation to mitigate risk of contamination of samples from gloves.

A-L3-SH.5 RSTA in STIC Outside of DWI The RSTA must be fully encapsulated with a Sample Tube Isolation Container (STIC) if needed to be removed from a DWI or Isolator Lin.

A-L3-SH.6 Operational Environment ISO Cleanliness Level: Class 3

* Pressure: -250 Pa with respect to external environment +/-2.5 Pa (101,075 Pa +/-2.5 Pa)
e Temperature: 18 to 21 +/-1 C
e Atmosphere:

— Nitrogen

— 02 Concentration: <0.2 ppmv

— CO Concentration: <0.1 ppmv

— CO2 Concentration: <0.1 ppmv

— H20 Concentration: <0.2 ppmv

‘Key’ (K) indicates importance and high priority. 'Driving’ (D) indicates that the requirement 'drives up' cost, schedule, or risk.



Sample Handling Product Breakdown Structure
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Sample Handling Activity Flow
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Sample Handling Block Diagram (Overview)
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Sample Handling Block Diagram (RIC-1)
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Sample Handling Block Diagram (RIC-2)
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Sample Handling Block Diagram (PIC-1)
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Sample Handling Complete Activity Flow
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Sample Handling Measures of Effectiveness (1)

Sample Integrity

Integration
Correctness

Implementation Risk

Aggregate
Processing Time

Safety Performance

Sample
Contamination

CONOPS Activities
Completed

Sample Return
Readiness

Sum of sample handling activities which preserve the scientific value of the
samples

Interface and integration compatibility with SRF cleanroom facilities and (double-
walled) isolators. Measured in # of integration events that cause design change of
MRSH system.

Risk of delivered system failing to meet project objectives

Time it takes for all MRSH systems to complete their CONOPS, not including
SRP/Curation activities

OSHA regulations, NPR 8820 safety regulations, NPR 8715.3D or acceptable rate of
injury TBD

Amount of debris and other contaminants interacting with the sample directly

Percentage completion of planned activities to complete mission

Percent of preparation activities successfully completed on time prior to sample
arrival
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time[hour]

percentage[%]

risk[1-3125]

event[#]

mass[nanogram]

quality[1-100]

percentage[%]

percentage[%]

1000

1000

100

1500

100000

100

100

100

Sample Integrity

SRF Construction

Objective Implementation Risk

Project Execution Duration

Personnel Safety Performance /
Human Hazard Risk Factor

Sample Integrity

Planned Measurements Completed
Planned Recovery Activities
Completed

Sample Return Readiness



Sample Handling Measures of Effectiveness (2)

par [System-of-Systems (L3)] Sample Handling System[ Sample Handling Technical Measures ]J

Aggregate Processing Time : [l CONOPS Activities Completed : [ Sample Integrity : [l
time[hour] percentage[¥:] quality[1-100]
wlfeasure of Effectivenssss wlfeasure of Effectivenssss wlfeasure of Effectivenesss
max = 40. max = 100.0 max = 100.0
min = 20.0 min = 99.0 min = 95.0

[t] | ' [e<]

aconstraints aconstraints
MOE-1 :Aggre?ate MOE-2 : CONOPS Completion
Processing Time {moeZconops = o == co.min &
{moeitime =t > t.min & t < t.max} CC <= CC.max}

moe1time moeZconops

L]
wconstraints
MOE-3 : Sample Integrity
{moe3integrity = i == i.min &
i == i.max}

moedintegrity

Sample
Contamination :
mass[nanogram]

wlfeasure of Effectivenesss

max = 100000.0
min = 1000.0

¢]
swconstraints
MOE-4 : Sample Contamination

{moe4contamination = 8¢ = sc.min
& 8c < sc.max}

| moe4contamination |

moel moe2

wconstraints
Total Score : MRSH MOE

moes moes

moe3

{score = (ifimoe1, 1, 0} & ifimoe2, 1, 0) & ifimoe3, 1, 0) & if(moed, 1, 0} & ifimoe3, 1, 0) & ifimoed, 1, 0) & if(moe?, 1, 0) & if(moed, 1, 0)) / 8.0%

moer’

moed

SCOrE Real

MRSH MOE Ratio :

moed

moeSsafety ‘ I moedrisk

aconstraints aconstraints
MOE-5: Safety Performance MOE-G :
{moeSsafety = & == e.min & & Implementation Risk
<= g.maxy} {moebrigk = r >=r.min &

r == r.max}
2
' [ ]
|

moefready

wconstraints

MOE-T : Sample Return
Readiness

{moeTready = rp == rp.min &
rp <= rp.maxj

[ |

moegintegration

swconstraints

MOE-8 : Integration
Correctness

{moegintegration = ic>= ic.min
& ic <= ic.max}

|T|

Safety Performance [ Impler_nentation Risk : [
: event[#] risk[1-3125]
wldeasure of Effectivenssss wlfeasure of Effectivenesss
max = 1.0 max = 1500.0
min= 0.0 min = 1000.0

Sample Return Readiness

Integration Correctness : [l
percentage[]

: percentage[ta]
wlfeasure of Effectivenesss
max = 100.0
min = 95.0

wlfeasure of Effectivenesss
max = 100.0
min = 98.0
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L4-EES Deintegration Assumptions

I e

A-L5-EESD.1 EES Decomposition EES consists of the EEV (Earth Entry Vehicle) and the SCV (Secondary Containment Vessel) which contains the OS.

A-L5-EESD.2 UTTR Landing Site The EES will land in Utah and will be secured in a container which will be airlifted to a nearby mobile laboratory at UTTR (Utah Test and Training Range).

A-L5-EESD.3 Mobile High-Containment Facility UTTR Facility design is still TBD - currently assumed to be a mobile high containment test facility.

A-L5-EESD.4 Removable SCV Lid Assembly The SCV body and lid assembly shall be designed to withstand impact forces such that the lid mechanism can still be untorqued and removed after re-
entry.

A-L5-EESD.5 Robust EEV Interfaces Handling interfaces on the EEV shall withstand re-entry and impact conditions.

A-L5-EESD.6 Bunny Suits Personnel will be in full body suits and respirators and will have hands-on access to EEV.

A-L5-EESD.7 OS Extraction Location SCV Lid opening and OS extraction and packaging for shipment occur in a 10K cleanroom environment within the UTTR Facility.

‘Key’ (K) indicates importance and high priority. 'Driving’ (D) indicates that the requirement 'drives up' cost, schedule, or risk.
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EES Deintegration Activity Flow

(‘act [Activity] Deintegrate EES [ Deintegrate EES ] | Actvity Act N
ivi or
EES Deintegration Allocation
) I:l Deintegration
EESLEIEI_::IRE in 3: Secure 4 1 Airlift EES to Specialist
Bagged EES in UTTR Maobile High )
. _ 1:Locate and a Hard Case -1 Containment Lab m Robotic
':_:— Inspect EES Operator
= Handli
> L 3.5: Sterilize [ cystem
in EES on Landing Site | — 9@'
ground in
UTTR:EES i E
TBR: Add images,
possibhy in
5: Transport EES in 6 : Install Lift 7 : Lift EES 8 Sts’rf;“’tfagii ‘nﬂ separate
Hard Case inside | Brackets on | outofhard | ] Dolly orgﬂo-ll-mrer diagram/view.
the Mobile Lab EES case Fi
o ixture
: B
=
S
(]
5 10 : Orient EES 11 : Install GSE 12 : Use G5E to
- for SCV Lid | on EES during Apply Reverse
E Remowval Lid Removal Torque on SCV Lid
E
=
§ b3
= t EES+5CV
o ’_&‘ - - 14.5 : Reassemble o .
£ | ( 13:Lift 5CV Lid + 05 14: Lift SCV Lid to and store EES+5CV SRR
£ Out of the SCV Body Separate 05 from - 1 =X
© SOLAR Mechanism
=
=] Adir Transport
= £ 05 in ERIC to
SRF
15 : Inspect 16 : Lift & 17 : Purge 18 : Pull ‘h_l’g{:uum, Seal,
and Cleam 05 Secure 05 | | | ERIC with | and Sterilize ERIC+0S | 1 _ g@
inside ERIC G5N2 for Transport
L out ERIC+0S, Cleaned & )

Inspected : ERIC
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L4-0OS Deintegration Assumptions

I e

A-L5-0SD.1 No Detrimental Yielding OS has not experienced detrimental yielding.
*All bolts can be removed.
*0OS Bolt Catcher assembly can be removed.
*0S Lid can separate smoothly from canister after releasing OS Lid Shaft.

A-L5-0SD.2 Glove Port Access RIC 1 DWI has glove port access.

‘Key’ (K) indicates importance and high priority. 'Driving’ (D) indicates that the requirement 'drives up' cost, schedule, or risk.
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L4 OS Deintegration Product Breakdown Structure

bdd [System (L4}] OS Deintegration [ OSD PBS ],J
OS Deintegration = 0s 0s =
o parts
1 1 zContexts «Physicals RSTA ; RSTA [30]
[]
1 003 0S Deintegration Stand -
1
LRT Lid Release Tool m acomments
1 Add image(s)
"
i Crank Wheel o
1
LEG 05 Lid Extraction Guide ]
1
CRC | 0s canister Retaining Clamp [
1
DSAK 05 Allen Key -
1 i .*
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L4 OS Deintegration Block Diagram

ibd [System (L4)] OS5 Deintegration[ OSD IBD ]J_J

LRT : Lid Release Tool [1]

CW : Crank Wheel [1] LEG : 05 Lid Extraction Guide [1]
_ L
-0s [05[1] |
Shaft
Mut |
L — — —

CRC : 05 Canister Retaining Clamp [1]

QD5 : 05 Deintegration Stand [1]
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OS Deintegration Activity Flow

(‘act [Activity] Deintegrate OS[ Deintegrate 05 ] | N
Activity Actor
Start with 05 Deintegration Allocation
EREirI:-ll:l EI?F ™ H Deintegration
Specialist
E 1: Remove 05 on support N g ]
. - —F GSE from ERIC and Inspect ] Robotic
= . . Operator
_E_ IRSTA Orientation = "90.0™ 7}
- v Handling
= [l
. System
in ERIC+05 As-
Received : ERIC :
2: Secure 05 on support ) 3: Sterilize 05 with M‘; éf&ﬁﬁi?&fﬁﬁﬂﬁr’ed 5 : Install Lifting
GSE on tl.1e P{!LC—'1‘Trayl_ . ‘u’HI_J ‘ . with 6x M4 Screws) .ﬁ..dapt_er ‘ .
_ IRSTA Orientation = "90.07 =} ) {RSTA Orientation = "90.0° {RSTA Orientation = 90.0° 1 {RSTA Orientation = "90.0°
O = X
E i~
8.5 : Retract PAC-1
Tray and Close —
|' PACIRIC Door %®
|
o~ . —
£ 3: Load OS on support GSE S E M I (9 Lower 05 using 05 10 : Install tool to hold
E on PAC-1 Tray into RIC 1 d Lift 05 {}f PACT Deintegration Stand Torx screw in place
E RSTA Orientation = “90.07 1 an ° e [RSTA Orientation = “90.0¢" [RSTA Orientation = "90.07 out R3TA As-Received :
E ; ' {RSTA Crientation = “90.0" 7} H ' 4 ) RETA
(] n r parameter:Multiplicity = "30°
[Weighed]
11 : Install tool to 12 : Remove hex bolt 13 : Lower 05 Lid and '1_4 - Whilv_a holding 0% Lid to C_PS
E apply torque on and washer from Canister to set 0% Lid on 0% Deintegration Stand base, partially
= bottom hex bolt bottom of OS5 Deintegration Stand base lift 0% Canister from O35 Lid
{RSTA Crientation = “90.0" iRETA Qrientation = “20.0™ {RSTA Orientation = "90.0" * IRSTA Orientation = "90.0M °}
\:1’ ) A : 7 L] Continue to
15 : Install 0§ : : : Secondary
Deintegration Forks 16: Fully lift 05 17 : Retract 05 13 : Remove all RSTA from 05 |} Seal CONOPS
between RSTAS Canister from OS5 Lid Deintegration Forks {RSTA Orientation = “90.0° 7}
[RSTA Orientation = 90.0° 1 {RSTA Orientation = “90.0" {RSTA Orientation = “90.0" : - | — e‘@:‘
i X X
\ A
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L4-Handling System Assumptions

I e

A-L4-HS.1 End Effector Scope Only interaction with the stations inside the PIC-1 Glovebox is through the RSTA and/or STIC. End Effector grips around a cylindrical interface and moves it
from station to station, picking up and dropping it off at discrete CSYS’s (No applied force required during arm/station interactions).

A-L4-HS.2 Manipulator Paths Manipulator path is pre-planned using the station CSYS’s and intermediate waypoints (i.e. no real time path planning and obstacle avoidance is required).

A-L4-HS.3 RSTA Clocking RSTA clocking orientation is currently only required for the SPA station. Tube can be pre-aligned to this orientation prior to pick up by the robotic arm

(method TBD). As station designs mature, clocking orientation of the RSTA may become important and will need consideration with respect to the
Manipulator/EE.

A-L4-HS.3 Operational Environment ISO Cleanliness Level: Class 3
e Pressure: -250 Pa with respect to external environment +/-2.5 Pa (101,075 Pa +/-2.5 Pa)
e Temperature: 18 to 21 +/-1C
e Atmosphere:
— Nitrogen
— 02 Concentration: <0.2 ppmv
— CO Concentration: <0.1 ppmv
— CO2 Concentration: <0.1 ppmv
—H20 Concentration: <0.2 ppmv

‘Key’ (K) indicates importance and high priority. 'Driving’ (D) indicates that the requirement 'drives up' cost, schedule, or risk.
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Handling Product Breakdown Structure

bdd [Svstem (L4})] Handling System[ HS ],J

Handling System =
[ ]

KMHP |1 EE [1
Manipulator End Effector

H3B
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Handling Block Diagram

ibd [System (L4)] Handling System[ HS ]J_J

1

Mount
Interface MNP :

Mount

Manipulator
Interface

P

RSTA
_ Interface EE:End Interface
ol Manipulator [1] Effector [1]
EE

Interface

| = G_r::-u_nd EupEort_Equr;enT |

—
RETA
Interface
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Handling System Activity Flow

(‘act [Activity] L4 HS Activity Flow [ L4 HS Activity Flow ] ] )
Handling System
s Install RSTA
into Gas
._ - Extraction |— — — — — — — — — — — — — — — — 9@'
Start System Finish
wcomments
| Includes de-install steps.
5 :Install RSTA -
5 into RIS o >R
E Finish
(%]
g
E Ready to
= Ready : Install RSTA Deinstall? : De-install RSTA
g for = X _[es] _ = — — SeTe from LAST _ 9@,
®| LasT? th [ [Dres] th
@ o Finish
o N [Me] |
=] | [Mo]
& |
- | Ready to
[ Deinstall? |
9 Ready j..‘li.., IVesl (TinstallRSTA | _ oo~ _ . _ _ : De-install
for LIOF-_~ into LIO ~ Ies] | RSTA from LIO 7"@!
| Finizh
| Mo Mol |
| |
| v v
| : Return to
————————— StartingPosition | — — — — — — — — — [ — >(®)
Finizh
Activity Actor Allocation
|:| Sample Handling Processor
[] Robatic Operator
[] Handling System
\ .,
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L4-Secondary Seal System Assumptions

A-14-SS.1 SSS Decomposition Secondary Sealing System (SSS) is composed of two seals:
*Secondary Outer Containment Case (SOCC): a cup seal applied on the bearing race of RSTA
*Sample Tube Isolation Container (STIC): a container where the RSTA+SOCC get placed to be removed from DWI

A-14-SS.2 SOCC ASAP RSTAs removed from OS need SOCC seal as soon as possible.

A-14-SS.3 STIC for Outside DWI STIC is how the RSTA is allowed to leave the Double-Walled Isolator (DWI).

A-14-SS.5 Gloved SS Installation SOCC and STIC can be (de-)installed with human gloved hands.

A-L4-SS.6 Robotics De-scoped Robotics de-scoped in RIC1 and RIC2 to save cost.

A-14-SS.7 SOCC Remains SOCC remains installed throughout the entire sample removal process.

A-14-SS.8 Installation Stations The SOCC and STIC have their own installation stations to relax the requirements on the robotic arm and operator.
A-14-SS.9 Operational Environment ISO Cleanliness Level: Class 3

* Pressure: -250 Pa with respect to external environment +/-2.5 Pa (101,075 Pa +/-2.5 Pa)
e Temperature: 18 to 21 +/-1 C
e Atmosphere:

— Nitrogen

— 02 Concentration: <0.2 ppmv

— CO Concentration: <0.1 ppmv

— CO2 Concentration: <0.1 ppmv

—H20 Concentration: <0.2 ppmv

A-L4-SS.10 XCT Reference Unit XCT dimensions based on actual unit @ UT Austin

A-L4-SS.11 Magnetometry Constraints Avoid Fe and Ni content in SS
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Secondary Seal System Product Breakdown Structure

bdd [System (L4)] Secondary Seal System[ 55 ],J

Product Breakdown
@ HE‘:-_]H = =, @ Structure Legend
andlin stem
Secondary Seal System 3 9= | £ system-of-Systems (L3}
[T System (L4}
55E|  Ground Support & y
mé““ d “PP:" O] Subsystem (L5}
uipmen
auie O] Assembly (LS)
uLugicaInI uLugicaInI E| Subassembly (L)
‘socc System | STIC
System
S0CC |30 SOCC-S |1 STIC |20 STIC-RS 1
so0CC STIC Installation & [
Removal Station
«———— = Install
20 11 station
— )
1 1
1
= RSTA [
1
30
whAssembly (LE)s whAssembly (L6}
Secondary Outer Sample Tube lsolation
Containment Case Container
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Secondary Seal System Block Diagram

ibd [System (L4)] Secondary Seal System|[ S5 ]J_J

STIC System
" GSE:Ground |
STIC-IRS : STIC Installation & Removal Station [1] . support
th | Equipment I
STIC : Sample Tube Isolation Container [30]
th
| :RSTA [30] | D_ HS: Handling System _I

S0CC System

S0CC : Secondary Outer Containment Case [30]

SOCC-5 : 50CC Install Station [1]

th
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Secondary Seal System Activity Flow

(‘act [Activity] Maintain Secondary Seals [ Maintain Secondary Seals ] | N
Activity Actor Allocation
Continue from 03 Secondary Seal System [ ] Ssample Handling Processor
Deintegration . )
CONORS . 50CC: Secondary Outer Containment Case | STIC : Sample Tube Isolation Container | [ Robotic Operator
I Handling System
I
F‘rg—EC;1 -:].r -
one? < > — 5
- M . . - i
— HSTA. | [Mo] - 1: I““';Lg—?fc onto 2, 4 :Install RSTA ﬁﬂ_ﬁssembly into 1 Continue to out RSTA-
from 05 : [ves] N h Pre-BC-1 STIC_Assem
RSTA | th bly: RSTA
[Weighed] T ST I O B
| [STIC Installed]
in RSTA- peTs |
STIC_A ; i
by = H}srim Machined? || o 3,5: Remove RSTA-S0CC_Assembly from Continue to
: o — — el - - - - — eI~ == = = = — — A - %@I Tube KMachining
4 el |F Activities out RSTA-
[STIC Installed] =l ITl SOCC_Asse
| rves | mbly : RSTA
in RSTA- | . - -
S0CC_Asse STIC : 5ample Tube lsolation Container | [SOCC
mbly t RSTA I |3|L\ Installed]
s0ce Pre-BC-2 W -
Done? <> — — ST 2, 4:Install RSTA-S0CC_A bly int
Installed, Ball [Mo] E ' ns sTIC S Continue to out RSTA-
Lock & | & I i Pre-BL.2 STIC_Assem
Plunger [Yes] | bly,
Azsembhy 17 L Machined :
Remn'_.rad, ’L RSTA
Machined] | [Machined,
[ STIC In=talled]
R 3,5:R RSTA-SOCC_Assembly f Continug to [
STIC_Assem L~ al-——— - { e I - (@) Gas Extractin out RSTA-
bly: RSTA < CONDP3 S0CC_Asse
mbly,
[Machined, Machined :
STIC Installed] RSTA
|IL [Machined]
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L5-SOCC System Assumptions (1 of 2)

A-L5-SOCC.1

A-L5-SOCC.2

A-L5-SOCC.3

A-L5-SOCC.4

A-L5-SOCC.5

A-L5-SOCC.6

A-L5-SOCC.9

A-L5-SOCC.11

A-L5-SOCC.14

A-L5-SOCC.15

Hermetic Seal Failed
Immediate Installation

Seal Through Alumina

No Seal Against Flats
Permissible Grip Locations
RSTA Shank Present
Cameras Available

No Elastomers

IT Not Clean

Leak Rate Requirements

Text

RSTA M2020 Hermetic Seal has failed
SOCC is installed immediately after the RSTA is removed from OS

Break through the alumina to the titanium to make the seal
¢ only removed if absolutely needed, determined through testing
e alumina is brittle

Cannot seal against lower or upper flat surfaces of bearing race (not enough surface for a seal)

Gloved hand can manipulate RSTA anywhere except for hermetic seal during SOCC installation

RSTA still has shank on during SOCC installation

Cameras available to assist installation

Elastomers (elastomeric seals) cannot be used for off-gassing and organic molecule contamination concerns
Not cleaning Installation Tool holder in between RSTA processing

Leak rate requirements are reused from M2020 but may be relaxed if SOCC testing continues to result in elevated leak rates
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L5-SOCC System Assumptions (2 of 2)

I e

A-L5-SOCC.16

A-L5-SOCC.17

A-L5-SOCC.18

A-L5-SOCC.19

A-L5-SOCC.20

A-L5-SOCC.21

A-L5-SOCC.22

Cleaning Before Install

Duration of Use

Macro Imaging

Operational Environment

Particle Shedding

XCT Reference Unit

Magnetometry Constraints

Cleaning of particulate could be conducted on RSTA before SOCC installation

SOCC remains installed until tube cutting for solid sample removal

Macro imaging of RSTA may be conducted before installation of SOCC

ISO Cleanliness Level: Class 3
* Pressure: -250 Pa with respect to external environment +/-2.5 Pa (101,075 Pa +/-2.5 Pa)
e Temperature: 18 to 21 +/-1 C
e Atmosphere:
— Nitrogen
— 02 Concentration: <0.2 ppmv
— CO Concentration: <0.1 ppmv
— C0O2 Concentration: <0.1 ppmv
—H20 Concentration: <0.2 ppmv

Particle shedding from the RSTA alumina, SOCC Install Station Gate Latch, and others (TBD) is low risk

XCT dimensions based on actual unit @ UT Austin

Avoid Fe and Ni content in SOCC

Pre-Decisional Information — For Planning and Discussion Purposes Only



SOCC Install Station Product Breakdown Structure

bad [Assembly (L6)] SOCC Install Station [ SOCC-IS PBS | |

SOCC Install Station [

coce | Secondary
QOuter

1 20 Containment
Case

RSTA RSTA [

SOCCAS Base [

SOCC-T | Installation Tool [

IE-LA | Linear Actuator [
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SOCC Install Station Block Diagram

bd [Assembly (L6)] SOCC Install Station [ SOCC-IS BD ] J

_IF'uwer d:l 15-LA : Linear Actuator
Ll
Sensor Data
Commands [
SOCCAIT : Installation Tool
[30]
_

l'socc :_Se;ongary Outer Containment Cgse_[.'!ﬂ]_ |
|
|

Inner Sealing Surface

ﬂernletic Seal

e =

' RSTA [30] |
|

- - 1

End Index

Mounting Slot

||
» 30CC-15 Base
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SOCC Installation Activity Flow

I in S0CC : Secondary Outer Containment Case |—\

(‘act [Activity] Install SOCC onto RSTA[ Install SOCC onto RSTA | ]
Start -
S0CC Install Stat
with ne on Continue
HSTA_iI‘I to STIC
0% L 1 Place RSTA 2: Activate the installation
®- - 5] e SOCCAS Slide 3:Clean RSTA 5@
'E Station Groove Latch to Secure | Bearing Race |'
= the RSTA in place
= [ ] [ ]
2 \T‘ [ |
8 i - ™ out
5 : Activat 4; Place 50CC | ;
in : RSTA 2 e over RSTA Contained :
H \ | - Martian
[Inspected, = Particulate
Weighed] El |
2
o 7: Remove |
8 v RSTA- I
V7 BE: 5 Hold R S50CC_Assembl
- + hEelra y from SOCC X
U Mtﬁ; RS'I{;AH_SDC | the sOCCAS ] | install Station out : RSTA
= M - Slide Latch [S0CC Installed]
Actuator Aszembly
L &
|
é Activity Actor Allocation
|:| Sample Handling Processor
[] Robotic Operatar
[ ] Handling System
" J

Pre-Decisional Information — For Planning and Discussion Purposes Only






L5-STIC System Assumptions (1 of 2)

I e

A-L5-STIC.1 Redundant Seal Requirement STIC is how project meets 2 level redundant seal requirement for removing RSTAs from the DWI

A-L5-STIC.2 Teflon Tri-Clamp Seal Using Teflon Tri-Clamp seal because it is legacy hardware for JSC curation

A-L5-STIC.3 Accommodable STIC STIC needs to be able to accommodate RSTA in different configurations (e.g., shank removed)

A-L5-STIC.4 Near X-ray Source XCT X-ray source needs to be as close as possible to the OD of the STIC region housing the RSTA to maximize the penetration to ensure scan quality
A-L5-STIC.5 Magnetometry Spin Axes During magnetometry STIC in need to spin about major and minor axes

A-L5-STIC.6 Thin Walls STIC wall for region housing RSTA needs to be as thin as possible to minimize degradation of x-ray beam

A-L5-STIC.7 Sterilized STIC Exterior Sterilization of STIC exterior before exit and after reentry into DWI happens with VHP

A-L5-STIC.8 Gloved Hands Installation Installation of RSTA into STIC can be done by gloved human arm in RIC-2
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L5-STIC System Assumptions (2 of 2)

I e

A-L5-STIC.9 Robotic Deinstallation Robotic removal of RSTA+SOCC is needed for operations in PIC-1
A-L5-STIC.10 Clean STIC Exterior Cleaning happens via Teflon bristle brush
A-L5-STIC.11 Operational Environment ISO Cleanliness Level: Class 3

e Pressure: -250 Pa with respect to external environment +/-2.5 Pa (101,075 Pa +/-2.5 Pa)
e Temperature: 18 to 21 +/-1C
e Atmosphere:

— Nitrogen

— 02 Concentration: <0.2 ppmv

— CO Concentration: <0.1 ppmv

— CO2 Concentration: <0.1 ppmv

— H20 Concentration: <0.2 ppmv

A-L5-STIC.12 XCT Reference Unit XCT dimensions based on actual unit @ UT Austin

A-L5-STIC.13 Magnetometry Constraints Avoid Fe and Ni content in STIC
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STIC Installation & Removal Station Product Breakdown Structure

bdd [As=sembhy (LE)] STIC Installation & Remowal Station [ STIC-IRS PBS ]J_J
STIC Installation & =] Ground Support [
Removal Station GSE Equipment
] MGSE : MGSE [1]
EGSE : EGSE [1]
Base [
1
STIC | 20
Sample Tube [
Isolation Container
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STIC Installation & Removal Station Block Diagram

ibd [Aszembhy (LE)] STIC Installation & Remowval Station [ STIC-IRS [BD ]J_J

STIC-IRS Base :

[ STIC : sample Tube Isolation Container [30]

STIC Lid : STIC Lid [1]

:

tri-Clamp : Tri-Clamp [1]

Base [1]

;_GSE: Ground Su p;ort_EqurrTent_ |
|

R,

L-STIC : Lower STIC [1] J

I_S{)EC :_S-e;ondary_{)ut_er Eon?ainTﬂeFt C;se_[ﬂ_:
| 1

IT : Ingtallation Tool |

i_HS'ITA RSTA[1] |
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STIC Installation Activity Flow

(‘act [Activity] Install RSTA-S0CC_Assembly into STIC[ Install RSTA-S0CC_Assembly into STIC ] |

[] Robotic Operator
[] Handling System

Activity Actor Allocation
|:| Sample Handling Processor

RSTA-STIC_ Asszembhy
Ready for Pre-BC-1

!

Start
._ o 5TIC Installation & Removal Station
~I [}
o
) E_ 1: Place STIC 2 : Remove Tri-Clamp
Machined? <70 — | 8 into STICIRS | =1 from STIC Upper STIC
[ves] | b
| £ [k
- =] 4: Lower RSTA-S0CC_Assembly :
somRSTA- | 4\ I ) into STIC until STICAT tabs seat 2 Rep?ﬁf:”ppe’ ]
_ =] : :
bly T RSTA | E into grooves in Lower STIC \T|
‘B
[SOCC Installed] | E [l
i | = 6 : Tighten STIC Tri-Clamp .
in STIC - — - ) [ until it hard stops 7:Place RSTA-
samnle Tube A o STIC_Assembly into
ple = STIC Rack
Izolation |
Container -
I é n
| = 1: Place STIC 2 : Remove Tri-Clamp
- = g into STICIRS | =1 from STIC Upper STIC
in RSTA, % 4: Lower RSTA Ec Assembly
Machined : - _ .
 RSTA = into STIC until STICAT tabs seat B
T = into grooves in Lower STIC
[Machined] ﬁ
=
a .
P & : Tighten STIC Tri-Clamp e
] AF STIC_Assembly into
E umntil it hard stops STIC Rack
o

RSTA-STIC_Assembhy
Ready for Pre-BC-2

O

out RETA-
STIC_Assembl
¥y RSTA

[STIC Installed]

out RSTA-
STIC_Assem
bly,
Machined :
RSTA

[Machined,
STIC Installed]

J
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L4-Gas Extraction System Assumptions

I e

A-L4-GE.1 SPA Scope JPL is responsible for the delivery of the Sealing and Puncture Assembly (SPA). The SPA provides a means for:
*Puncturing the RSTA, to release the trapped head gas within.
*Maintaining a local seal around the area of puncture.
*Gripping the tube during sealing and puncture.
*The ability to interface to the Gas Collection and Storage Apparatus (GCSA).

A-L4-GE.2 GCSA Delivery The Gas Science team is responsible for delivering the GCSA.

A-L4-GE.12 Operational Environment ISO Cleanliness Level: Class 3
e Pressure: -250 Pa with respect to external environment +/-2.5 Pa (101,075 Pa +/-2.5 Pa)
e Temperature: 18 to 21 +/-1 C
e Atmosphere:
— Nitrogen
— 02 Concentration: <0.2 ppmv
— CO Concentration: <0.1 ppmv
— CO2 Concentration: <0.1 ppmv
—H20 Concentration: <0.2 ppmv
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Gas Extraction System Product Breakdown Structure

bdd [Sy=stem (L4)] Gas Extraction System| GE
[Sy (L4)] ¥ [ ]-J Product Breakdown
PR——— @ Structure Legend
i andlin stem
Gas Extraction = g Sy = System-of-Systems
System (L3)
RSTA o [ system (L4}
[C] Subsystem (L5}

[C] Assembly (L&)

GSE Ground Support £
Equipment [Z] subassembly (L7}

#Phyzicaly | Sealing and Puncture Assembly

SPA parts
] GM : Gripper Mechanizm [1]

TPA : Tube Puncture Assembhy [1]
PSA : Puncture Sheath Assembhy [1]
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Gas Extraction System Block Diagram

ibd [System (L4)] Gas Extraction System|[ GE ]J_J

wComments
Dresign drivers:

" Hs: Handling System ]_I GSE : Ground Support Equipment | @ leak rate
l_ _ ~[]- - - === — — — ® minimum hole size to
prevent fractionation
& maximum hole size
~ RsTA  [Punclure governed by tube
Hole geometry

& minfmax time to
puncture hole (too slow
means breaking

SPA : Sealing and Puncture Assembly [1] "_‘mmum p““m"_re hole

size, max could induce
th

pressure shock)

Martian Gaz Sample
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Gas Extraction System Activity Flow

"act [Activity] Create Sealed Flow Path for Gas Sample Extraction [ Create Sealed Flow Path for Gas Sample Extraction ]J_J N
Continue from
sTIC Gas Extraction System
Dein ste_l Ilgtiun Continue ta
Aty 5 1:Install RSTA into Gas 2: Seal RSTA Puncture Location | ne
. _ _.E Extraction System g + CONOPS
5 h . ) - @
3] \]J |
-
: RSTA £ \T‘ |
[SOCC E |
Installed, Ball = —_—, ———————, Martian
Lock & g J: Release " 4:Puncture (' 5:Retract the _J Gas
Plunger E RSTA RSTA H Puncture Toaol Martian
Assembhy I L th | L rth | Gas
Removed, g e : o Sample
Machined] a I? — L
- S0OCC_Assem
g bly,
Punctured :
R5TA
[sOCC
Activity Actor Allocation e
[] sample Handling Processor Assembhy
. Remowved,
[ ] Robetic Operator Machined
[] Handling System Punctured]
. )
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L5 Sealing & Puncture Assembly




L5-SPA System Assumptions

I e

A-L5-SPA.1 RSTA Contains Gas RSTA contains Martian Gas (the M2020 Hermetic Seal is intact and functioning).

A-L5-SPA.2 Contact the Solid Sample Puncture tool tip is allowed to contact the solid sample inside the RSTA.

A-L5-SPA.3 Slug Created A slug of the Sample Tube Spring Seat will be generated during puncture and will contact solid sample.
A-L5-SPA.4 RSTA Arrival State RSTA will arrive at the Gas Extraction Station in the following state:

*Clocked appropriately to the puncture location
*Shank, Ball Lock & Plunger assembly removed
*“Step” machined into tube around puncture region
*SOCC Installed

*Spring seat area and puncture location are clean

A-L5-SPA.5 Delivery by Handling System The Handling System will deliver the RSTA to the SPA within the positional accuracy required for:
— Successful handoff to the Gripper Assembly.
— Clocked such that the shank end center axis is aligned to the Seal and Puncture Manifold center axis.

A-L5-SPA.6 Operational Environment ISO Cleanliness Level: Class 3
* Pressure: -250 Pa with respect to external environment +/-2.5 Pa (101,075 Pa +/-2.5 Pa)
e Temperature: 18 to 21 +/-1 C
e Atmosphere:
— Nitrogen
— 02 Concentration: <0.2 ppmv
— CO Concentration: <0.1 ppmv
— CO2 Concentration: <0.1 ppmv
— H20 Concentration: <0.2 ppmv

A-L5-SPA.7 Refurbishment Refurbishment may be done by gloved hand or robotics

A-L5-SPA.8 Minimize Sealing Sheath Volume Minimize the sealing sheath volume to avoid mixing the gas sample
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SPA Key and Driving Requirements

req [JPL Requirement Set] Sealing and Puncture Aszembly | SPA K+D Reguirements ]J_J

L1-L2.5

L3-5H

L4-GE

L5-SPA

«ZRP_Requirements
Containment - Curaticn

Text = "The SRP shall demonsfrate
avoidance of harmiul contamination
of the Earth by release of ons or
maore returned unsterilized particles
of extraterrestrial material greater
than [50 nm in size] (TBD)} during
storage, curation, and sample
safety assessment activities with =
probability of release of [1e-6 or
lower] (TBD).”

«ZRP_Requirements «3RP_Requirements «3RP_Requirements «ZHP_Requirement»
Extract Tube Gas Gas Sample Capture CC-Terrestrial contamination Sample Integrity
Text = "The SRF shall have Text = "The Project Text = "Terrestrial contamination of Text = "The SRF shall have the
the capabilities needed to shall prevent loss of the gas samples shall be limited to capability to control and provide
extract all Mars atmos pheric martian gas samples maintain integrity of the original contamination knowledge and
gas from esch RETA once it to the isolator or lab sample gas chemical and isctopic contamination control for MSR Samples"
is selecied to be opened, and environment” compositions" .
transfer to individual gas = T= =
stclr“f'lge mntane.ts pru::r to ) / \ y | =
Basic Characterization, while y | - -
maintzining the solid samples # A -
in their pristine state.” /s -\/ - - |
T = / - |
A i -
wderiveReqgts
[ , /! - \ &4 P |
-
I 4 \ -~ |
v / \ -7
N / / Y - - |
Gas [r] Sample Ratio [g] Sample Containment g Sample Exposure [R| Solid Sample  [&
Extraction Preservation Integrity
3 i3 L3 Ei -
N d -
\ \ wderiveRegts * A s
\ A -~ #
My LY Z
Extract Gas [&| Gas Fractionation [g] Leak Rate [&| Solid Core Safety [
L 7 0
| ~ A | |
- / e
| ~ ~ | deri |
i —_ wderiveReqts
[ r ~ = [
. -
[ /! ~ [ - [
Gas Sample Integrity L[Fl Local Seal [r - Puncture RSTA (=]

Short Text = "Provide the
M artian gas flow path
without mixing the gas.”

Short Text = "Seal the
puncture location
before punciure.”

Short Text = "Puncture the
tube at the center of the
spring seat location.”
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Sealing & Puncture Assembly Product Breakdown Structure

bdd [Subsystem (LS)] Sealing and Puncture Assembly [ SPA ]_J

AETA Product Breakdown
Sealing and Puncture RSTA Structure Legend
Assembl System-of-
. as Port - E systems (L3)
oad Cell A ?Jﬁﬂﬂﬂ = [F] System (L4)
pad Cel B Equipment E Subsystem (L5}
[C] Assembly (LS}
ctuator Power A =] subaszembly (L7)
ctuator Poweer B

[]
1 1 1
G Gripper =| |TP& |Tube Puncture Assembly | |F5% | Puncture Sheath Assembly [
Mechanism
1 1 1
; [ ] [ ] [ ]
1 1|1 PT
aP e Bellows [] Puncture Tool ]
1 3 1 30.60
1 Guh:_l—[‘.uated
STC | sample Tube [ 1 | | 4p| Linear Actuator [ Knife Edge | puncture Sheath Seal ]
1 Cradle r for Puncture a0
1
Bellows
LC-A | Load Cell [ 1 =

LA-2 | Linear Actuator for Sealing [—]

LC-B Load Cell =
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Sealing & Puncture Assembly Block Diagram

L

; Force

+ Force

LA-5: Linear Actuator for
STC : Sample Tube Cradle [1] Sealing [1] [F =]
D bellows : Bellows [1]
A [
LC-B : Load Cell [1] Power Sile =
TBR: Meed to model the ports,
A especialy the PSA, since the PT
Power |—'-| actually goes through the Gas Inlet Port.
]
oM P Martian Gaz Sample Gas Port
M_Poweer - as Po P LA-B_ Power
LT T

-
ibd [Subsystem (L5)] Sealing and Puncture Assembly[ SPA ] | LAA Fow Er'——
GM : Gripper Mechanism [1] PSA : Puncture Sheath Assembly [1] TPA : Tube Puncture Assembly [1]
N ['E]
el o] Gold-Coated Knife Edge : SEﬂling Bellows : Bellows [1] 2
—f Puncture Sheath Seal [30] Forc o v
t,:ume L Sealing Farce
- _ . T .
= sRSTA 1] Eunct PT : Puncture Tool [30..60] LA-P : Linear Actuator for
E‘ | ugmgr& +F Puncture [1]
w : orce
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Seal RSTA Puncture Location Activity Flow

“act [Activity] Seal RSTA Puncture Location [ Seal RSTA Puncture Location ]J_J

Sealing and Puncture Assembly
Gripper Mechanism Puncture Sheath Assembly
Start with 5
RSTA in i
Cradle E . . Finish out : RETA
._ _5 tIndex and | " 2:Indexthe 2 ' Index the 3: Seal the | @ [SOCC Installed,
- — Iz Grlp the RSTA — =1 RSTA Shank I‘ % Puncture Location |‘ I Ball Lock &
g A " Plunger
s L[‘ Azsemiby
n Removed,
n :R5TA 2 Machined]
[SOCC Installed, 'E
Ball Lock &
PRnger § Activity Actor Allocation
Azzembly & [ ] Sample Handling Processar
Removed, B )
Machined] 5 [ ] Robotic Operator
£ = [] Handling System
w
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Puncture RSTA Activity Flow

(‘act [Activity] Puncture RSTA[ Puncture RSTA ] J

Start

in : RSTA

Sealing and Puncture Assembly

Tube Puncture Assembly

Puncture Sheath Assembly

il 1: Index the N
—_ Puncture Tool to the —
RSTA Spring Seat
b "

("2 : Puncture the RSTA |
at the Spring Seat |_ I

7T

o

=

[SOCC Installed,
Ball Lock &
Plunger
Aszembhy
Removed,

Machined]

PIC-1: Processing Isolator Chhamber

out : RSTA
[SOCC Installed,
Ball Lock & Plunger

Azzembly
Removed,
Machined,
Punctured]

Activity Actor Allocation
|:| Sample Handling Processor
[ ] Robotic Operator
[] Handling System
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Retract the Puncture Tool Activity Flow

act [Activity] Retract the Puncture Tool[ Retract the Puncture Tool ]_J

Sealing and Puncture Assembly
Puncture Sheath Assembly
Start - Finish out RSTA
| o - " iniz = ]
_'E f : Raise the ) i : Raise the ) wrthﬂa;_trﬁ-as *
. - j - é| Puncture Tool | - Puncture Sheath | - — I~ >@ [S0CC Installed
L L £
E L] Ball Lock & Plunger
- - g Aszembly
in RSTAI;;_T Gas : = Removed,
] Machined,
[SOCC Installed, Ball = Punctured]
Lock & Plunger -%
Aszembly Removed, h
Machined, Punctured] § Activity Actor Allocation
a |:| Sample Handling Processor
- [] Robotic Operator
E [] Handling System
| out gas : Martian Gas Sample | -
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L4-SCRS Assumptions

I e

A-L4-SCRS.1 Hermetic Seal Present The hermetic seal has not been removed.

A-L4-SCRS.2 Gas Extracted The gas has been extracted through the RSTA Shank.

A-L4-SCRS.3 Alumina Not Removed The bulk removal of Alumina is too risky.

A-L4-SCRS.4 RSTA Pre-Processed The RSTA can be pre-processed in RIC 2 prior to cleaning.

A-L4-SCRS.5 RSTA Not Deformed The RSTA has not deformed significantly from launch/landing.
A-L4-SCRS.6 SOCC Installed The SOCC has been installed and the activation sleeve remains attached.
A-L4-SCRS.7 Keep Out Zones The M2020-defined keep out zones for the hermetic seal are still active.
A-L4-SCRS.8 RSTA Material Collection All RSTA material must be collected.

A-L4-SCRS.9 Operational Environment ISO Cleanliness Level: Class 3

e Pressure: -250 Pa with respect to external environment +/-2.5 Pa (101,075 Pa +/-2.5 Pa)
e Temperature: 18 to 21 +/-1 C
e Atmosphere:

— Nitrogen

— 02 Concentration: <0.2 ppmv

— CO Concentration: <0.1 ppmv

— CO2 Concentration: <0.1 ppmv

—H20 Concentration: <0.2 ppmv

A-L4-SCRS.10 Refurbishment Refurbishment may be done by gloved hand or robotics
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Solid Core Removal System Product Breakdown Structure

bdd [System (L4)] Solid Core Removal System[ SCRS ]J

Solid Core =] . Handling System [
Removal System 1
RSTA ]
Y 30
™S «Subsystem (L5)»
1 wConcepts
Tube Machining System GSE Ground Support @
Equipment
RIS «Subsystem (Lo} MGSE : MGSE [1]
1 «Prototype Models EGSE : EGSE [1]
Rotary Inline Severer

LI wSubsystem (LS}
aConcepts
1 Longitudinal Incision Opener
wConcepis
TRL=1
LAST «Subsystem (L5)»

«Prototype Models
Linear Actuation Sample Transfer Mechanism
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Solid Core Removal System Block Diagram

ibd [System (L4)] Solid Core Removal System[ SCRS ]J

. HE: HEndﬁng_Sys_ter; !

l———l___|———|

|RSTA[30] |
i
TMS : Tube Machining RIS : Rotary LIC: LAST : Linear Actuation
System [1] Inline Severer Longitudinal Sample Transfer Mechanism
th [11 Incision [11
th Opener [1] rh
th

. |

!_G SE: G_r::-und 5_u paort_Eq Epment_ }
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Solid Core Removal System Activity Flow

(‘act [Activity] L4 SCRS Activity Flow [ L4 SCRS Activity Flow ] J )
Start Solid Core Removal System
._ — Continue to
| Sterilization
Install RSTA into Tube T — and Pre-8C-2
o~ tIns into Tu P - )
Machined? -:::?l;::a- — = Machining Station LTI |‘ - — _;,@,
: [ th th |
| [Ne] \ J
in :RSTA | [Ves] | \TI ? out : RSTA
[soce ~ [soce
Installed] | Continue Installed,
| to Imaging |
. : " (TBR}
A Install RSTA Inta ": Cut RSTA End(s) |_
7 e — - — - — — — %{g:l
Ends Cut? | ‘TNEL h § I.|.I
— | T Lfl out scrap
in :RSTA | [Ves] T - : Shank
[s0CC I | :
Installed, ~ -
Machined] T | — out :RSTA
‘:lr . b — e I inl'::l:r LAST i : Extract Solid Sample |_ I é@ [Ends Cut]
StuckCore? © [No] | | th) Finigh
| X
[ves] out Martian Solid
in *RSTA ~ Sample : CDTC
[Ends Cut] PN |
| out : RSTA
| [T [Solid Core Extracted]
—_ — 4 4 :Cut RS5TA 1
Longitudinally |' - 1 _:(é}
4 Finish
|
L Activity Actor Allocation
ECOMMEnts |:| Sample Handling Processor
TE!F‘.: Potential for onhy one en-l_:l cut for |:| Robotic Operator
Witness Coupon and/or Regolith Sample D Handling System
\ v
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L5-TMS Assumptions

I e

A-L5-TMS.1 Before Puncture Machining the RSTA before puncture is allowed since volume containing the sample is still intact
A-L5-TMS.2 No LASERs No lasers will be used in machining due to heat and time constraints (for pulsed)

A-L5-TMS.3 Cutting Fluid Isopropyl alcohol may be used as a cutting fluid

A-L5-TMS.4 RSTA Manually Loaded RSTA is loaded manually into the machining station
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Tube Machining System Product Breakdown Structure

bdd [Subsystem (L5)] Tube Machining System [ TMS PBS ]J
Tube Machining System rsTa| RSTA O
references

#Physicals DI : Dial Indicator [1] 1 1
«Physicals CT : Collet Tool [1]

[} ]

1 Frame [ 1

1 cA |1 RA |1
TA Translation ] Cutting ] Rotary Assembly ]
1 Aszsembly Assembly
] [ ]
1 1 1
Cutting Load Cell | Cutting Torque Cell [
Load Cell| 4 Torgue Cell | 1
Veight on Bit B | Cutting Bit
Actuator 30 .*
RETA
Translation 9
Actuator 1
Actuator [ Rotary
1 &ctoator
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Tube Machining System Block Diagram

ibd [Subsystem (L5}] Tube Machining System| TMS IBD ]J_J

CA : Cutting Assembly [1]

RA : Rotary Assembly [1]

CB: Cutting Bit [30..*]

Cutting Load Cell :
Load Cell [1]

Weight on Bit Actuator :
Actuator [1]

Cutting Torque Cell :
Torque Cell [1]

Rotary Actuator :
Actuator [1]

TA : Translation Assembly [1]

RSTA Translation Actuator :
Actuator [1]

TM Frame : Frame [1]
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Tube Machining System Activity Flow

(‘act [Activity] Machine RSTA[ Machine RSTA ] J M
Tube Machining System
Deburr,
Translation Assembly Rotary Assembly Cutting Assembly Clean,
Sterilize &
Start i [ S
° g : Secure RSTA | " :Rotate (" : Machine the Install STIC
-EBF with Clam RSTA+Clamp RSTA Fin,
E P
= ) Assembly Taper, and [
ﬁ g  ——— Shank Features
[ |+| |
g . S |
=]
in RSTA- 'L |
SOCC_Asse = |
mbly : RSTA S
) -
o : Release |
[SOCC & | Clamp I_ - % - - - — - — - —fF - — — — — — — 7
Installed, Ball I
Lock & o | G:_t B
Plunger =z Mac: _ln
Aszembhy RSTA : RSTA
Remowved] [SO0CC
Installed, Ball
Activity Actor Allocation Lock &
) Plunger
[] sample Handling Processor Assembly
[] Robotic Operator Removed,
] Machined]
[ ] Handling System
\ J
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L5 Rotary Inline Severer




L5-RIS Assumptions (1 of 2)

I

A-L5-RIS.1 RSTA Pre-Modified The RSTA shank and taper has been modified to include:
*Removal of the shank at the circular groove
*Removal of the taper and hardstop resulting in a constant tube profile up to the shank spring seat
*Remaining shank OD is concentric to the tube diameter

A-L5-RIS.2 Alumina Safe The alumina has not been removed completely and is safe to react cutting loads through
A-L5-RIS.3 Hermetic Seal Keep-Out Zones The RSTA hermetic seal keep out zones are still active
A-L5-RIS.4 Safe Holding Zone Safe to hold the SOCC Installation Tool (SMA, ferrule, other) to support the weight of the RSTA only

*The SOCC activator will have a feature concentric to the tube
The alumina can be held at this stage of processing

A-L5-RIS.5 Repositioning Robotic arm (Handling_System) is capable of repositioning the RSTA to target the opposite end of the tube
A-L5-RIS.6 Remote & Manual The system must allow for both remote and manual operations

A-L5-RIS.7 No Weight Limit No weight limit

A-L5-RIS.8 Power Input Limit power input to 110V 60Hz AC
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L5-RIS Assumptions (2 of 2)

I

A-L5-RIS.9 Out-of-Scope Out-of-scope: Longitudinal cutting

A-L5-RIS.10 Refurbishment Refurbishment may be done by gloved hand or robotics

A-L5-RIS.11 Cap Pressing RIS cannot press Dust Cap Assembly onto RSTA

A-L5-RIS.12 Puncture Hole The puncture hole has not been sealed

A-L5-RIS.13 Burrs A margin of burr can be accommodated by the plunger action

A-L5-RIS.14 No Uncapped Movement Dynamically maneuvering the tube while cut but not capped is unacceptable
A-L5-RIS.15 Particulate Migration Particulate migration outside of the RIS to PIC 1 should be mitigated

‘Key’ (K) indicates importance and high priority. 'Driving’ (D) indicates that the requirement 'drives up' cost, schedule, or risk.
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Rotary Inline Severer Product Breakdown Structure

bdd [Subsystem (LS)] Rotary Inline Severer[ RIS PBS ]J_J

3-Finger Gripper : Gripper
X-Y Compensator ; X-%v Compensator
Z tage d

aComments

TBR typo

1
Rotary Inline Severer RSTA &
1
'  E— | I | E—
- . G5E | Ground Su rt
1 Power Signal Fluid Cutlet Equipmng E
-
—
e,
HG TP T
Hard Gripper (v1) | Terminal Pedestal (v1) =
1 — 1 —
4-Bar Toggle Linkage : Linkage shank Caps : Cap & Plug Assembhy [2]
Linkage & Spur Gear Drivetrain : Drivetrain rotary Actuator : Rotary Actuator
Gripper Actuator : Actuator parking Plate : Parking Plate 5
3-Finger Gripper . Gripper
56 Soft Gripper (v1) Q RCH Rotary Cutter Q
1 parts 1 Mechanism (v1)
Gripper Actuator . Actuator paris

Cutting Wheel 1 : Cutter [1..60]
Cutting Wheel 2 : Cutter [1..60]
Cutting Wheel 3 : Cutter [1..60]
Rotary Assembly : Motor

Product Breakdown
Structure Legend

System-of-Systems
g (L3}

[C] System (L4}

[C] Subsystem (L5}
[C] Aszembly (L&)
[F] Subaszembly (L7}

wcomments

TBR: Cutting wheel installation tool
Hard gripper refurbishment tool

AN

wComments

TBR: Ports

2 parking spots for RA
2 parking spots for
Cap & Plug
Aszzemblies

2 parking spots for
RETA scrapitrimmings
1 port allows soft
gripper to go into
chamber
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Rotary Inline Severer Block Diagram

ibd [Subsystem (LS)] Rotary Inline Severer[ RIS [BD ],J

HG : Hard Gripper (vi] [1] RCM : Rotary Cutter Mechanism (v1] [1] 56 : Soft Gripper (v1) [1]
Gripper Actuator : Actuator Cutting Wheel Cutting Wheel Gripper Actuator : Actuator
| 1: Cutter [1..60] 2 : Cutter [1..60]
Linkage & Spur Gear Drivetrain | |
: Drivetrain
Rotary Assembly : Motor
I
4_Bar Toggle Lir kage : Linkage
3-Finger Gripper : Gripper T RET . | 3-Finger Gripper : Gripper

TP : Terminal Pedestal (v1) [1]

shank Caps|: —_——_——— = = — — — —
Cap & p|59 lGSE:Ground Support Equipment |

Assembly [2] |

R,

parking Plate :
Parking Plate

rotary Actuator :
Rotary Actuator
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Rotary Inline Severer Activity Flow

(‘act [Activity] Cut RSTA End(s)[ Cut RSTA Endis) ] J N
Activity Actor Allocation
Rotary Inline Severer |:| Sample Handling
Continue Handling System Hard Gripper (v1) Soft Gripper [v1) Rotary Cutter Mechanism (v1) Terminal Pedestal (v1) Processor
from SPA 8. The Parking Turret [] Robotic Operator
CONOPS 1:Install RSTA — positions a waste Handling Svst
._ 11 into RIS 2:Grab RSTA ':k RsTA receptacle under the [] Handling System
Termipal [ | — — — — — — — A - = Shank Shoulder | _ ) support gripper
Pedestal _ b g " 4:Engage Cutting |
" 3:Clamp | I] | Wheels onRSTA | P
in :RSTA | | the RSTA | ' g ~
[S0CC - ! "5 : Roll and Contract | -
Installed, Ball I lsﬁ 'EI until RSTA Severs | P -~ TEH«cﬂmt;nEntn y
Lock & b . - 4 . - gets bagg
Plunger B [ (6 : Remove the RSTA | "7 : Position Under | and removed from
Assembly E | | Shank Shoulder l: :"Il the Gripper | DWW - part of
Removed, = refurbishment -
Machined. e | \T' CONOPS =~ -
Punctured] £ G : Deposit the T~ -
E | RS—LAHJHE':F;;“S ;]J Trimmings : Shank =] I out RSTA
L] | Trimmings :
g P‘l Shank
3 | 9: Position Dust ‘ in Dust
o Cap Under Gri r
e | ﬁE‘ e ppe Caps:
& s " - Cap &
o | | 10 : Pickup Dust |_ _________ 11 : Rotate to ‘ acomments Plug
2 | Cap and Retract ). § starting Position ). TBR: Handling System interactions - Assembly
e ’ ) I ’ drop off RSTA at parking spot
| A= R R
| - . Ty
" 13:Release the | 12: Press Dust | Need to cut
| | RSTA n3 _ Caponto RSTA | R Cont
. / \ y E ontinue
- - e [Me] to LAST
- Flip RSTA 14 : Deposit onto " 15: Re-position l— -t — == CONOPS
. Terminal Pedestal —_ _ _ _ _ _ _ _ _| _ for HS |
L | [es]
. out : RSTA y

[End=s Cut, Capped]
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L5 Linear Actuation Sample Transfer




L5-LAST Assumptions (1 of 2)

I e

A-L5-LAST.1 RSTA Ends Open & Capped LAST will receive an RSTA that is cut open on both ends, and capped off with a particle seal to retain sample
A-L5-LAST.2 Clam Shell Opening Longitudinal cutting & clam shell opening the RSTA for core removal is not the current focus of this design, plans to explore later on
A-L5-LAST.3 Compressive Force on Solid Core Permissible to exert a non-zero compressive force on the rock core

Less than 10 Mpa (e.g. if contact surface is full cross sectional area ~1400 N)

A-L5-LAST.4 Into CDTC LAST is pushing rock core from the RSTA into a Core Dissection Tray Container (CDTC)
*No M2020 leak rate requirement
*Particle seal
*Removal from PIC

A-L5-LAST.5 Off-Nominal Cases LAST has to be capable of removing solid sample in off-nominal cases
*Force limit is reached, plungers get stuck, etc.

A-L5-LAST.24 Operational Environment ISO Cleanliness Level: Class 3
e Pressure: -250 Pa with respect to external environment +/-2.5 Pa (101,075 Pa +/-2.5 Pa)
e Temperature: 18 to 21 +/-1C
e Atmosphere:
— Nitrogen
— 02 Concentration: <0.2 ppmv
— CO Concentration: <0.1 ppmv
— CO2 Concentration: <0.1 ppmv
—H20 Concentration: <0.2 ppmv

A-L5-LAST.25 Refurbishment Refurbishment may be done by gloved hand or robotics
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LAST Product Breakdown Structure

bdd [Subsystem (L5)] Linear Actuation Sample Transfer Mechanism[ LAST PBS ]J_J

Product Breakdown
Linear Actuation Sample Structure Legend
Transfer Mechanism )
1 Actuation Assembly || [F] system-of-Systems (L3)
2 ] System (L4)
[] Subsystem (L5)
1 Plunger Sealing Assembly [—] [] A=sembly (L8}
2 [T Subassembly (LT}
14

BLM |Ball Lock Mechanism [—]

L& |Micro-Linear Actuator [—]

LCA

Load Cell ]

Clamp Assembly ]

N
Spilit Clamp Clamp E
2
= |
1 LA | clamp [
1 Actuator
Cap & Plug
30..60 Assembly

30
RSTA

COTC
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LAST Block Diagram

ibd [Subsystem (LS)] Linear Actuation Zample Transfer Mechanism|[ LAST IBD ]J_J

LSAP : Actuation Assembly [2]
[

I

PSA : Plunger Sealing Assembly [2]

MLA : Micro-Linear Actuator [1]

LC1 : Load Cell [1]

4|ELI'|'I - Ball Lock Mechanism [1] |7

1

1.%
— { CPA: Cap & Plug Assembly [2]—|— -
| RSTA

|
'_Martian Sample : Martian Sample [1] I|
M — = - - - - — ="

SCA : Clamp Assembly [1]

CA : Clamp Actuator [1]

[j Split Clamp : Clamp [2]
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Solid Core Removal (LAST) Activity Flow

(‘act [Activity] Extract Solid Sample [ Extract Solid Sample ] J h
Continue Sample Handling Processor Handling System Linear Actuation Sample Transfer Mechanism Imaging System
EUDFSSIIZ‘SS Actuation Assembly Plunger Sealing Assembly Clamp Assembly

.___________________________ . _ _ _ _ _ ] 1:Install Capped RSTA
into Clamp Assembly
: RSTA []
[Egds IZ;;;, N 2: Loosen Grip
app
2 []
E
Z P —
. | 4:Converge | "3 : Activate Split Clamp |
5 | on RSTA Plugs | < L] g ?)
e ? . :
= ('5: Activate LAST Ball |
g >'|j Lock Mechanism | SEEL
g TBD imaging step
o T : Verify Full e m o el
sample : COTC 8 Transfer of ﬁ&h?iﬂ?oﬁ?nﬁf \]J
[ Sample into coTC
- CDTC - — — — — 7 70 .
W | %
& | " 8:Deactivate LAST |
Continue to -t -"—-—"—"—"—"""F -—"——"——-———1 = Ball Lock Mechanism
Refurbish SCR3 : De-install RSTA eTRemie \j_l
- = = - - - - — _ = f LAST .
O rom 4+ [ start Position [k
Activity Actor Allocation
Sample Handling
D Processor
[] Robotic Operator
[] Handling System
. |  emptytube : RSTA | J
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RSTA States

gtm [State Machine] RSTA States [ RSTA States ]JJ
ASTA As- —_—m —_— RETA
Retrigved H Inspected H Weighed Parts
from 05 — I Stored
S0CC Installed
} ) } ) } ) wcomments
@ - Weioned | 5[ imaged | 5/ Cleaned | TBR: New state: )
e h : h : Shank End Cut
Ao 1
Ball Lock & Plunger Assembly Removed Ends Cut
Machined
N, I ( STIC Installed | | Punctured
( Imaged )
STIC Installed Name |’ P T— ~| | )
“Dreinstall . J
STIC" J ! i | Sterilized |« | Gas Extracted | v
7 - . )
| Precision | Capped |
| Sterilized | f Cleaned
| O = = ||| [ weioned
[Yes] Vo] Y , ‘ | Weighed |
Scanned? e | Sterilized H Magnetometry J ?
[Ma] _ — Scanned Solid Core
: - T = = o - ‘ Extracted
Magnetometry = I
Scanned | XCT Scanned I_z
| XCT Scanned | | Weighed | stored Ll
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RSTA Anatomy

bdd [Block] RSTA[ RSTA Anatomy ] J

RSTA -

references

Martian Sample : Martian Sample [1]

Deformed _ Ede'_l,!' . Shank
Bearing race Seal Area lgrippable Alli.qmuna Section) ]

Ttarmwumn Nende

Poilshed Alvmina

Bare Tianium Alumina Seclion — .
RHS “Fin .
Axial I-.'lr-cc Ftatianal Hod ?;:? Tube Springs Tube Plunger Tr!.:::f:lrg\l?l:nf
P, Saal Cup
Fermuke th, Seal Cug
Shileld
ELF‘AL
Ball Lock & | .
1 Plunger HS | Hermetic Seal [
Assembly 1
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Payload Configurations

bdd [Bleck] RSTA[ Payload Cenfigurations ]JJ

«Terms
Deformed Body Shank RSTA

Bearing rfme_'_LSeaI Area (grippable J“-l'ILJmlna Section) — fsynonyms = "RSTAs™

Documentation = "Returnable Sample Tube Assembly,
AKA sample tube”

«Terms
CDTC

o . Documentation = "Core
Bare Tilsmum Al Sec Dissection Tray

d Container”
RSTA

T

Witness RSTA ]
RSTA Trimmings ]

Cap & Plug Assembly

CODTC
| «COMmEnts
= Uncapped RSTA= not handled by Handling
Payload Conﬁguratlons System. (Represent RIS in-process payloads. )
| V4
7
I /s
s
v
RSTA,
Uncapped
Seal End
RSTA, Ends
a a Cut & CODTC,
RSTA, Machined Capped Filled &
Q RSTA, Shank ~_ RSTA. RSTA. RSTA.  Shank Cut8 Capped
— -— End Machined  Machined & Uncapped Capped
RSTA As- psTA, 50CC Removed Punctured  Shank End
Received
Recewed Installed RETA.
SOCC+STIC
Installed H
L2 | RSTA Taper Trimmings
RSTA Shank Trimmings RSTA Machined Shank Trimmings peya.50CC Trimmings
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Martian Sample Types

bdd [Block] Martian Sample [ Martian Sample Types ]fl

Martian Sample =] curated Sample

cuss £
1 1

Martian Witness Sample

Martian Gas Sample

Martian Regolith Sample

O O (O O

Martian Solid Sample

Martian Igneous Sample

Martian Sedimentary Sample
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Needs and Requirements Attributes

bdd [Package] Model-Based Structured Requirements [ Needs and Requirements Stereotypes ]J
aprofiles Requirements AN
SysML wcomments
© According to ISO/NECNEEE 29148:2018, a structured requirement
T conforms to one of the following patterns:
| [Condition], [Subject] sfhall [Action] [Object] [Constraint of Action].
wstereotypes wstereotypes [R] -0OR-
AbstractRequirement | Requirement
[MamedElement] [Clazs] [Subject] shall [Action] [Constraint of Action].
attnbutes 7
+Text : String [1] = -
+d : String [1] = {id} -
+/Derived : AbstractReguirement [*] <
+/DerivedFrom : AbstractRequirement [ «stersotypen (=] . wstereotype» [ wstersotypen
+/GatisfiedBy . NamedElement [*] Structured Reguirement Requirement — INCOSE Reguirement
+/RefinedBy . NamedElement [*] [Class] Expression Attributes
+TracedTo : NamedElement [*] e [Clazs] [Class]
+MNerifiedBy : NamedElement [*] Iy
f . . +SR1-Condition : NamedElemeant [%] |
+/Master : AbstractRequirement +SR2-Subject - NamedElement [1] |
‘T‘ +SR3-Action . NamedElement [1]
+5R4-0Object . NamedElement [0..1] |
| +5R5-Constraint of Action : MamedElement [1..%] wstereotypes I |
sstereotypes O JPL Requirement |
- atinbuies
Need Expression astereotypes = sAttributes+A08.5-System V&V Secondary Meth...
— Characteristic wAttributes+A25 5-Tester : Proje or[1..
[Class] tiributes+A25 5-Tester : Project Actor [1..] |
‘T‘ [Class] wAttribute»+WBS UID : String [1..%] [
wAttributes+Short Text : String [1]
wstereotypes il  attnbutes o < |
Need Set +Rules that help establish thiz Characteristic : Rule [1..%] )
+Attributes that help establish this Characteristic ; Attribute [*] * b
[Class] +Derivation analysis method : Derivation Analysis Method [1] ™~
— wComments
— 2
= According to INCOSE Meeds and
astereotypes | CEETELLIEL [~ .| Requirements Manual, requirement
Rule JPL Requirement Set expressions have these Attributes and
[Class] . ] " Characteristics, verifiable by Rules that
attnbutes wAttributes+ -Project Level : Leve -
+Elaboration : String 1 ttributes+JPLZ-0wning Organization : Project ... apply to requirement statements.
+Examples : String whttributes+JPL3-Prefix : String [0..1] )
+Exceptions and relationships : String TBD: JPL Requirements Development
+Characteristics that are established by this rule : Characteristic (1. — — — — — — — — — — — — =7 77 and Qualification Suite (RDOS)
required attributes.
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Acronyms and Glossary




Acronyms (1 —50)

cc

CDTC

CLISS

CR

DWI

EES

EGSE

ERIC

ERO

FOD

GE

GRA

LAST

Lo

MGSE

Backward Planetary Protection
Contamination Control

Core Dissection Tray Container
Container for Long-term Individual Sample Storage
Cleanroom

Double-Walled Isolator

Earth Entry System

Electrical Ground Support Equipment
Earth Return Isolation Chamber
Earth Return Orbiter

Foreign Object Debris

Gas Extraction

Ground Recovery Activities
Installation and Removal Station
Linear Actuation Sample Transfer
Longitudinal Incision Opener

Mechanical Ground Support Equipment

MRSH

MSR

NEPA

0os

PAC

PCV

PIC

PUC

RAP

RIC

RIS

RSTA

RTP

SCRS
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Mars Returned Sample Handling
Mars Sample Return

National Environmental Policy Act. A procedural statute intended to
ensure Federal agencies consider the environmental impacts of their
actions in the decision-making process. NEPA for SRP will involve an
environmental review culminating in an Environmental Impact
Statement (EIS).

Orbiting Sample Container
Pass-through Antechamber
Passive Cutter

Primary Containment Vessel
Processing Isolator Chamber
Planetary Protection

Planetary Utilization Container
Rapid Access Port

Receiving Isolator Chamber
Rotary Inline Severer
Returnable Sample Tube Assembly, AKA sample tube
Rapid Transfer Port

Solid Core Removal System

SOCC

SOCC-Is

SPA

SRF

SRH

SRL

SRP

SS

SSAP

STIC

STIC-IRS

STM

TCM

TIC

™

Secondary Containment Vessel
Sample Handling

Secondary Outer Containment Case
SOCC Install Station

Sealing and Puncture Assembly
Sample Receiving Facility

Sample Recovery Helicopters
Sample Retrieval Lander

Sample Receiving Project (part of the MSR mission)
Secondary Seal (System)

Sample Safety Assessment Protocol
Sample Tube Isolation Container
STIC Install Station

Science Traceability Matrix
Transfer Core Mechanism
Transportation Isolation Chamber

Tube Machining



Acronyms (51 — 56)

TMS Tube Machining System
UCF Uncontained Curation Facility
UTTR Utah Test and Training Range
VHP Vaporized Hydrogen Peroxide
WTA Witness Tube Assembly
XCT X-ray Computed Tomography
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