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Executlve Summary
‘ The Weldinator

CAL STATE LA

: Problem identified
o Need for mfrastructure in space which will Iead to Ionger missions rather than short parabolic flights
0 Malntaln/repalr spacecraft for longer duratlon of flights
e What is the capabrlrty we’re proposrng’?
0 Weld quarter inch W|re for mfrastructure purposes
. How does it solve the probIem’P o
o Help fortrfy mfrastructure in space wrthout needing to pre burld systems on Earth
o Ab|I|ty to repair damages on current systems in space
6 Reduce cost in Iaunchlng mfrastructure into space
. What is the status =~ |

o Welding i in space IS very promlsrng Wrth successful testing of ' ThrnkOrbrtaI and ESA using Electric Beam Welding

o Will be able to construct habitats, maintain spacecraft and assemble mfrastructure
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= 1.1 Impact

~ Why this is beneficial

~ * Construction of structures -
-+ Ability to repair and maintain space craft with

~ limited human involvement

The Weldinator



16 2 Fea3|b|I|ty

st do able?

Technical Fe‘asibility' e e o Techhic,al Challenges:

- - Welder: Impulse LaserWeIder . 5 ; |
-Energy Constraints

. - Stabilization Mechanlsm S ae ~ _Thermal Management -
- Sensors ‘Mapping and Quality ControI/Feedback -Miniaturization
~~ -Autonomy

' -Commumcatlon Systems '

g Mltlgatlon

‘ -Power Optlmlzatlon

- -Thermal Control Systems
~ -Sensor redundancy

CAL STATE LA
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. 3 Innovatlon Auto -Welder Iin Space

| Innovatlve System

* The welder could operate remotely, limiting human involvement
while construction for infrastructure is being carried out |n space.

~ * Will have the ability to repair or assemble structures in space
reducing the number of materials and tools that need to be
- transported from Earth to space ‘ '

~* The welder could be mtegrated with other Space technologies like
- rovers enabling it to work coIIaboratlver constructmg varlous
parts of a space station: ;

- * This will enhance the long- term cost effectlveness of Space ,
|\/|ISSIOnS S

CAL STATE LA
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. 4 Completlon of Required Elements

- Weldlng Y4 in 316 stalnless steel

 Constraints: S e e ~ Enviromental/material factor:

* Payload Volume: 17" x 16.4" x 27" * Micro gravity
i Energy Storage: 10. 2 Amp Hour
. 2 Mass 70kg/ 154 |bs |
¢ Primarily Auvtonomo_us s

® \acuum

. Meltlng point: 1645 1673 K
e Density: 7980 Kg/m"3 :
4 Surface temp ,
o Away from sun: -270C -

o Towards s,lljn:'lzoc

| * Temperature range (- 157 - 121C)'

CAL STATE LA
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1.4.1 Sensor Information
~ SmartRay ECCO X 100 Vision Sensor

CAL STATE LA

'_MMﬁadmvmmeOmm)'
Measurement range 100 mm
.._Stand off drstance 190mm
Werght. 8509 ‘_

.Scanf rate" 20 kHz |

.-Power 10 W | ,
'Temp range -20 to 70 degrees Celsrus -
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1.4.2 Sensor Information
Livox mid-40 LIDAR Sensor ’

CAL STATE LA

* 100K pts/sec .

 °" Ang ular Accuracy of 0.1

‘ degrees(Precision) -

. FOV at 38.4 degrees circular view
o Qpérating Temp from -20C to 65C -
e 'Ravnge' precision ‘oAf'.2‘cm |
* Weight760g

’ Power: 10 W
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i, 4 3 I\/Iaterlal Stabilization SpeC|f|cat|ons

Informatlon on Stablllzatlon Clamps

‘ CAL STATE LA
g :MaSS' 12 kg total (6 kg each) |
. _Power Consumptlon 1-5 Watts ‘

~ * Stability clamps will be made of T6 6061-

Aluminum will wuthstand harsh temperaturee of
- Space ~ |

. 9 jGears drlvmg the clamps WI|| be Iubrlcated usmgi
“a Solid- based Lubrlcant Teflon”
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1.4.4 Robotic Arm Specifications

Information on the Robotic Arm

CAL STATE LA

6 Degrees of Freedom
| Mass: 22kg . _

* Power Consumption: 125-150W o _
® When. fully extended is 35.93 in height '

Key Takeaway - Arm can rotate inward making it more compact
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1. 5 1 Rlsks — Envwonmental

, R|sks/ Potential Damage / Mltlgatlon

CAL STATE LA

Lot Rlsk Solar Radlatlon

— Effects: EIectronlcs malfunctlon / Degradatlon of Matenals i
— M|t|gat|on Multl Layer Insulatlon / Shleldlng / Rad-Hard Chlps
" RISk Unwanted Heat 4 ‘ |
- Effects Thermal Expansmns/ Matenal Deformatlon / Overheatlng of CII‘CUItS :
L Mitigation: Multi- Layerlnsulatlon |
. Rlsk Space Debris.
- Effects Hull Penetration / Damaged Internals

s I\/I|t|gat|on Shleldlng / huII matenal is strong enough to protect agalnst mlnlmal space debns

Key Takeaway: Multi-Layer insulation will be best to protect against unwanted heat & solar

radiation, space debris is neglected The Weldinator



‘ 1. 5 2 Rrsks — Sensors & Communlcatlons

Risks / Potential Damage / Mrtrgatlon , , _ , . _
n Rrsk Micrometeroids and Orbital Debris damage (! : 4 CAL STATE LA

— Effect: Loss of Functlonalltyllnaccuracy

' — Mitigation: Space qualified components(Rad- -hard components)

Risk: Extreme Temperature FIuctuatlons :
- Effect Performance effects

= l\/lltlgatlon Space quallfled Components/materrals

Risk: Failure to communlcate to Communication system,s
' v—"Effect' Inability to transmit Data / SynchronizatiOn with other systems

o Mltrgatlon Redundant comms systems / Autonomous data storage

Rrsk Corrupted Data P : e |

- — Effect: Loss of Communlcatlons

— Mrtlgatlon. redundant Channels

Risk: Signal Noise
— Effect: Degraded signal quality
— Mitjgation: Signal Filtering

Key Takeaway — Key electrical components will be space grade and qualified for exposure

to harsh environments The Weldinator



. 5 3 Rlsks — Stabilization Clamps

, R|sks/ Potential Damage / Mltlgatlon

CAL STATE LA
- * Risk: Continuous Motion
— Effect: Contlnuous Performance/Wear/Fatlgue |

— Mitigation: Include Variable Speed. Drives (VSDs) to avoid sudden motions / controI speed for stabllllzatlon
engagement and de- engagement -

‘_° Rrsk Frlctlon between Gears

. ~— Effect: Increased Energy Consumptlon / System Ilfespan decreased

o Mltlgatlon Space Grade Lubrlcants (Teflon) / Low frlctlon coeff|C|ent materlal for. gears

Key Takeaway Include (VSDs) & Space Grade Lubricants to avoid frictional heat
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1.5.4 Risks - Welder

Risks / Potential Damage / Mitigation

CAL STATE LA
. Rlsk Failure in Capamtors
— Effect: Limits Power Output/ Ineffectlve Welds

— M|t|gat|on Space Back-up Power systems
2 RISk Overdraw of Repetltlve Power .

- Effect Heatlng of Crltlcal Components | Electrical System Fallure

" e Mltlgatlon Power management/Load Shleldlng

(CYAELCEVEVES Confirm capacitors-are space-qualified and load shielding is included
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1.5.5 Risks — Robotic Arm

Risks / Potential Damage / Mitigation

CAL STATE LA
e RISk Wear/Fatlgue ,

— Effect: Failure of joints & actuators / Loss of Iubrlcatlon

— M|t|gat|on Low frlctlon coatmgs/lubrlcatlon :

; ,' Rlsk Loss of Power to Actuators |

‘j— Effect. Loes of Synehronlzatlon W|th other systeme "

~ — Mitigation: Ba'ckup,.Po»vv_er' Systems / Redundant Actuators

Key Takeaway _Include backup power systems & verify high friction components are

properly lubricated The Weldinator



1.6 Vision Sensor Trade Studies

, Specifying sensor size T e
Sk - CAL STATE LA

Vision Sensor(Camera’ Large
' Precision(Angular) 02-05 0.05-0.2
3 Space Environment High Tolerance §
B Output Signal(MB/sec]  10t0 50 | 200-500 §
_ Compatibility Moderate :
B Size(cm. diameter)
| Energy Usage(Watts)
Cost (Dollars) |
Life-Span(Years) 2to4 7t010+ |B
Range(Meters) 11010 |  10t050 | 50t0200+ |
Speed(EPS)
Reliability Moderate

Resolution(Pixels) |640x480x1280x720|1280x720x1920x1080|1920x1080-4K+

Autonomous Limited Moderate

Chosen

(CYAELCEVEVES Chose Mid-Sized Vision Sensor
| The Weldinator



. 6 1 L|DAR Sensor Trade Study

| SpeC|fy|ng sensor size

CAL STATE LA

LIDAR Sensor
Precision(Angular) 2-0.5 0.05-0.1

B Space Environment |Moderate Tolerance

# Output Signal(pts/sec)] 200k to 400k

Compatibility P\ IDdEl ate m

Size(cm, diameter)

Energy Usage(Wats)

Cost (Dollars) 2k to Sk Sk to 15k 15k to 50k+

Life-Span(Years)

Range(Meters) 50 to 200 200 to 500

Speed(Hertz) 10 to 15 15 to 20 20to0 30 '
Reliability :

Resolution(Channels) 16 to 32 32 to 64 64 to 128+

Autonomous Moderate High

CHOSEN

(CYAELCEVEVES Chose Small-Size LiDAR sensor
| The Weldinator



~ 1.6.2 Welding Trade Studies

| What system will be performing welding operations

 TIG/MIG

Longewty i

L ption

Only powers the

Environment

& Operates better in

avacuum due to
no noble gas
| required

Weight - -

MIG: 5-10 lbs
| TIG: 1-3lbs

Electr_o-n Beam

No known consumptio
n of materials

Super local in
targeting area

Normally operatesin
avacuum

A few pounds

~Continuous
Laser

No consumption of
any known material

Variable
power consumption de
pendent on # of passes

Depending on
exposure and # of
passes. Heat could
weaken

overall structure

Operates optimally in
avacuum

The gun portion ~ 2-

3 lbs

Extra components

for functionality could
be addition 30-60 lbs

' Impulée Laser ‘CAL' STATE LA

No consumption
of known material

Generally, around 25-
100 watts peak
power output of 5- Kw

Local heating lasting
in the milliseconds

Operates optimally
inavacuum

could also be around
a couple pounds
with extra weight

for functionality

The Weldinator



2.1 Animation of Key Operating Sequence v M

CAL STATE LA
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2. 2 Storyboard of Complete Operation

‘ Pre Launch

CAL STATE LA

. Satelllte de5|gned with optlcal termlnals L|DAR VISIOn sensors, robotlc arm, clamps and communlcatlon
‘ unlts » , '

* Undergoes full thirdnmentaI testing: thermal, vibration, and vacuum conditions.
. _lht‘egrated into Atlas V 401 rocket and-fo.lded down and e.ncIOSed in payload fairing.
e \-/ehic.le transbt)fted to launch pad'; system power-up ahd'checks éompleted.

o Weathercll'e.aranceA-Cdnfirmed-; propellant loading and final readiness poll conducted.

The Weldinator



92, 2 1 Storyboard of Complete Operatlon

;.Launch

t=4minutes, 56.0 seconds t =51 minutes, 40 seconds
Ro;kfetl;s “nose cone” splits Second stage enginereignites oo L Lo
andfallsaway < Satellite separates
':— m— > - from rocket
~7 = t=10minutes, 23.8 seconds ~
/ Second stage engine cuts off S

t=4 minutes, 37.7 seconds tszcso::‘ s':':gt:se’::i':: sconds

Second stage engine ignites cuts off again
/— t =4 minutes, 24.2 seconds

Main engine burns out

—t 1 minute, 39.0 seconds
Solid motors fall away

",-f:-fGround statrons establ.r
B 'termrnals deployed

[ STATE LA.

| ertoff via Atlas V 401; rocket performs prtch and roll
- maneuvers.

' First- stage sep‘aration — Centaur up_per. stagergnrtes -

Fairing separatlon exposes payload frnal upper stage

_ burn to GTO.

Satellrte deployed Wrth spm/push for safe drstancrng

_%’yfgf, T i

s;ela’r :arraysf 'and >

0 rbi\t" Corr"fe’ot'i.ohs_ made; systems initialized and checked.

The Weldinator



2.2.2 Storyboard of Complete Operation

Operations

CAL STATE LA

Sensors lock onto the target environ ment; robotic
components engage.

Welding system engaged

Sensor and vision data are routed via 922 420 and 922-
FOM for processing to monitor the weld ,

Data was transmitted optically using a 922 SFP
transceiver and laser terminal.

Relay satellite sends data to Earth-based ground
stations. ,

Real-time feedback from the ground adjusts Weldlng
parameters. '

If the weld is satlsfaotory, the weldlng system drsengages

Sensor system drsengaged and External comms system

disengaged

Failure Recovery: Auto-switch to RF backup if the laser
link fails.

The Weldinator



2.3 Safety Plan

If the demonstration fails in operation?

CAL STATE LA

o Potentlal InC|dents Incidental farlures are electncal risks, performance fa|Iures failures in capacitors or

= overdraw of repetltlve power for the welder

. Recovery Effort System will send failure reports and will shut down Servrce the ma|n components or any

~ sub- component that WI|| need to be repIaced to contlnue use of the welder.
9 Outcome Contlnued functlon over several more years

T Worst Case Scenarlo If deemed unserviceable, then process to deorblt will take pIace

Key Point — Mitigation plans will be implemented for any potential incidents

The Weldinator



2. 4 1 Data Handlrng and Comms

System Requirements

CAL STATE LA

* Real- Trme Downlinks: The system requires real-time downlrnks to transmit live 3D sensor data, teIemetry, and system
feedback to the ground statron for continuous monrtorrng

i Observer Requrrement A dedlcated observer IS not required, but mrssron operators must be avarlable to respond to aIerts
and make crrtrcal decisions durrng weldrng operatrons -

e Operator Requirement: Human oversrght is necessary to initiate tasks adjust, parameters and |ntervene in error scenarios,
while the system handles autonomous executron ' : Sl

’ Requrred Bitrate
* 3D V|S|on Data (SmartRay ECCO X 100): Up to 1 Ghit/sec (GrgE |nterface hrgh speed scan rates)

- LiDAR Data: ~10-20 Mbps dependrng on resolutron and sweep frequency
- Telemetry and Sensor Feedback 122 Mbps (continuous)

- Control Commands and Acknowledgments: <1 Mbps
- TotaI Average Bitrate Requrred ~100-200 Mbps (with potential peaks up to 1 Gbrt/sec)

The Weldinator



2.4.2 Data Handling and Comms.

How the system should perform

CAL STATE LA

* Achieved Requirements for Communications System: , :
- Duplex Capability: FuII bidirectional communication to support data uplink and downlink.

- Redundant Transmlssmn Paths: Prlmary optlcal communication (SFP + laser termlnal) and backup RF transmission
(via DSL modem). - - -

, = EnVIronment‘aI' Re'SiIience:.:Mustvanctio‘nin 'vacuum-, hivgh-—'radiation,'and wide-temperature environments typiCaI of
B e e e ' s i ; ' :
i -_Po.wer Efficiency: Should operate within the 20—25W system power budget.

i Lo‘_w Latency: Critical for responsive -control_’loops_during ,Welc!ing o-perations‘.'

I Supportlng DeV|ces
- Model 922 -420 (SIIS Gateway) Converts analog sensor input to Ethernet.
- Model 922-FOM (Ethernet-SW|tch). Routes all communication and command data.
- Model 922-SFP (Optical Transceiver): Converts Ethern‘et to an optical,signal for prirnary transmission.

- Mo’del_ 922-DSL (Hybrid Modem): Provides RF communication fallback for data continuity.

The Weldinator



95 Systems Engineering

Select program manager
= August 30th, 2024

‘Chose operations/ capability
- ® January 31st, 2025

Defined system requirements

. F_ebrua‘ry'?th,' 2025
“Completed trade studies

 '., February 14th, 2025 _
Finalized conceptual deéign :
* February 28th, 2025 |
Developed a-path‘ to -Pre|imina.ry Design review
= April 1st, 2025 |

CAL STATE LA
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3.1 Most Innovative Concepts Considered

Choosing a Movement Mechanism

Spider-bot

Power Consumption

Size

- ldngévity

| Design

TRL/Feasibility

wear on the legs

The spider design willadd

complicity as the number

of legs matters

Track Based Robotic arm

track design, number of

motors, and
surface interaction

Cable Drawn

. Snake/Worm

flying system

Depending on
the propulsion type
the power can increase

surface interaction, movement

complexity, actuators

the cable system would
make this option larger
as itadds more to

the system

Key Takeaway — Chosen technology Robotic arm

The propulsion system is

More complex movement to
mimic a snake orworm the entirety of the
movement

The Weldinator



i3, 2 I\/Iost Important Technology Gaps

‘ Hrgh level overview |

CAL STATE LA
. Brggest challenge Energy storage and avarlable Wattage to be used
— Longer Lastrng energy storage units

* Radiation protection | |
— Materials to rncrease protectlon and Iongevrty of systems

- 3 L|ghtwe|ght materials W|th hlgher performance to W|thstand radlatron

e Space grade weldrng machine

i ~Limited Weldrng in space has been done, little research available

— Most Welding machrnes are not compact in size

= .The amount of wattage used by weldlng machines are high

The Weldinator



‘ 33 Biggest Challenges Encountered

CAL STATE LA
. Handllng the data of the welds and deC|d|ng whether aweld is suffrcrent to remain

« Ifthe welds are not suff|C|ent then a repass of the welder would be mandatory

5 Power consumptron of the payload

. Makrng sure the paonad does not surpass the 444W constralnt W|th all the eIements in the system proved
chaIIengrng ’

¢ DeS|gn|ng the capabllltles of the payload

A Understandlng the restralnts of the. paonad and the enV|roment to create somethrng that IS pIausabIe and useful in
_orbit : : v ; :

The Weldinator



‘Path to PDR

~Next Step's to reach a c{omplete dfesign , , _ , A _
” I\/Iechanical ek - - 3 : o CAESTATE LA

~— Construct system prototype . , ,
— Ensure envrronmental proofing, thermal management and marntarnabrlrty
» Electrrcal _ ,
= Draw up harness desrgn and routrng
* Software Integratron ,
: ',_ Interfaces to vehrcle control status reporting; steerrng
— Localrzatron Path’ plannrng perceptron control
iy Srmulatron and Bench Testing
= Valrdate control Ioglc before vehicle testlng
. Vehrcle Integratron and Testrng | _
~— Connect and calrbrate.all hardware on host vehicle

— Validate safety systems

Key Takeaway — Validate all system components are connected and calibrated after

iterations and refinements have been completed The Weldinator



‘ 4.1 Paper

CAL STATE LA

. 'The paper is a journey through the process of the project

~* |tis more on the technrcal paper going in depth about each eIement and |ts function

° .There IS an abstract and |t IS 198 words

i There are 22 pages in total (1 cover page 1 reference page, il appendrx page, and 19 pages of content)
. ° 15 references were |ncluded

oY A place the paper can be publlshed |s AIAA Schech Abstracts

The Weldinator



‘ Summary / Conclusron [ Highlights

‘ Hrghlrghts of the prolect

CAL STATE LA
. Autonomous precrsmn weldrng In space |
— Using impulse Iaser weldlng capable of performing hrgh precrsmn structural welds with m|n|maI human |nvoIvment

* Enhancrng long term space mission vrabrlrty

= System can fortlfy and repalr spacecraft on orbit, reducrng the need for help from Earth and makrng spacecraft Iast
' longer : :

. Compact effrcrent and Sspace ready desrgn

— Usmg constrarnts from the X- Sat Venus Class Bus, system IS compact and energy eff|C|ent e

The Weldinator
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