Future Directions: Toward Self-replication?
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e Gradual approach to
implementation — start
right now

e Self-constructing

— Low-fidelity additive
construction

Manufacture of limited
parts

e Self-assembling
— Robotic self-assembly

Additional additive
manufacturing

e Self-Manufacturing

— Imported “vitamin
parts”

e Self-Replicating
— Fully closed

— May never need to get
here, just get close
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SELF-CONSTRUCTING .
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\ SELF-ASSEMBLING:
= The second step is fo prove that
~ the system can assemble itself by
assembling subcomponents, and
reconfiguration, self-repair
= of faulty units, and disassembly.
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SELF-CONSTRUCTING:

The first step will be to devise
modular systems that can
self-construct into human
habitable structure, and prove
the feasibility of their delivery,
assembly procedures, and

final deployment for occupancy.
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SELF-MANUFACTURING:
The third step is the simplification _.
of manufacturing processes of
individual components and the
modular units, and to devise
compartmentalized SSE5

for cassette factory functionality.

SELF-REPLICATING:

The fourth step is to add process
blocks so that less and legs inputs
require imported components or
matenials, and all fagdstock is
obtained in-situ for complete
closure and'Sustainability.
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— Gap for payloads

_— Edge actuators connect power
"+ and data in a distributed
system

Deployed structure

Folded structure
(reconfigurable on demand)

Payloads

Transformable Robotic
Infrastructure-Generating
Object Network (TRIGON)
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e motion

Fixed end of panel attached to
already assembled structure

When the free end moves into
place, it will create a firm
connection for next “tumble”

Assembled structure

Panels with uniform edges
interface with each other via
revolute actuated connectors

Unengaged sockets are
provided for “climbing”
panels to temporarily grasp
Q as they move along the
'f’ completed structure
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Future Directions: Self-constructing

e Fully equation-based
* Parametric sizing
e Kinematics / inverse kinematics

Panel geometry polygon
(dashed) with labeled
vertices and normal
vector

Typical revolute joint

Imaginary closure links
(gray dashed)

Joint 1 lies on the (fixed)
origin, and Joint 3 is the
centroid of the entire

4 i panel
sy |

¢g = distance to centroid, 7 = connector manipulator arm length

6,=270-6,.6,=90-0,.6,=720-6,-0,—6,.

L =35 = links
69 =90 _98 J, = 4 = 1DOF jats
a5 = —ay;, SN0, + a5 sind, . ay, = —a,, sinb, + ag, sinb; Total DOF = 4

. . 2 2
a, = \/(a]2 sinf, —ag, sinf ) +(a,, cosd, + 2c; +ag, cosb)
S;=cg+ayc080,. S, =cg+agcosby. S; =8, =c;+ap,cos0,
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cg=p /2 —m /2 = distance to centroid of square
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Nominal panel size
(dashed)

Grayed shape shows
rough approximation
of panel geometry
Black lines
diagrammatically
show kinematic

functionality

Slider track

Maximum range of
prismatic slider joint

Maximum range of
revolute joint
Typical revolute joint
Panel thickness

Typical slider joint

Rough approximation
of manipulator
connector arm
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Future Directions: Self-assembling
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Vitamin Parts: difficult-to-

[ manufacture parts imported from
B i Earth
| MODULE |
D."' R . | , Panels with mechatronics in edges

can carry payload in center

Square and triangle panels can be
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reconfigured on demand into
trusses, cylinders, domes, cubes,
vaults, and platforms

Panel payloads can include fold out
mechanisms and instruments
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Modular printable elements—

Thin inflatable pressure liner

Water or in-situ shielding
carried by hard panel

Deployable wheels and other
mechanical elements
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Printable structure elements
fitted with actuators

Reusable / reconfigurable
robotic panels

Highly modular, repurposable
elements

Open system can
include vitamin parts
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Future Directions: Self-manufacture
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MATERIALS

[

Cassette Factories

SOURCE MATERIALS:
CAPACITY STEP 1: EXPLORATION
EXPANSION
- MATERIALS:
STEP 2: EXTRACTION ~ei
RECYCLING STEP 3: PROCESSING
PAYLOADS:
1: MATERIAL MANUFACTURING:
HANDLING STEP 4: FORMING
STEP 5: FINISHING
2 S ANNER/ STEP 6: ASSEMBLY
3. MINERAL
RECEPTACLES SCRAP
4, MINERAL
Fold-out manipulators, soft-wall tankage, tooling, '
scanners, etc fold into payload body
PRODUCTS
_a— Payload plugs into host Trigon panel to draw AND —> POWER
power and control signals CONSUMABLES SYSTEMS
LOSS ENERGY

Payload mfill units

Cassette factory stores into
four self-assembling panel stack
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Future Directions: Self-manufacture

Material hopper

L s L]

Flexible screw conveyor

Cassette Factories with batch =, for material handling

plant for grinding, filtering,
particulate control, and
material handling

Printhead

Entire batch plant / printer
stows in stack ATHLETE precision
mobility system

TRIGON / ATHLETE
3D Additive Construction
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Future Directions: Self-manufacture

* e-beam additive manufacturing
* build part up from seed fixture
* can manufacture some of its own parts

precision x-y positioning
Robotic arm and print head can
extend outside cube

Feedstock wire

Print head

| =

Manufactured part

Part built up around seed
fixture grasped by holder
robotic arm

o p Feedstock wire reels for
‘11 - ,, B multiple materials

Bk *?‘ Actuated robotic panel
- Manufacture Module enclosure
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Future Directions: Self-manufacture

* recycle CTBs into plastic feedstock Empty feedst k“j:“ :mlf“‘"
* recycle frames into metal feedstock mpty teedstock wire ree
 keep materials separable for easy recycle

Centrifuge

Pressure rollers for wire
extrusion

‘ Part to be recycled
/:/ 7 DOF Robotic arm plus
/ precision x-y positioning
I Robotic arm can reach outside

cube enclosure

compartment with spring-
loaded part pressure plate

= \ Shavings vibration tube
¢ Actuated robotic panel

v
_Recycle Module enclosure
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Future Directions: Self-manufacture
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Material handling

Additive Manufacturing
module

It will be important to explore ways T, = g = .
to produce standard design catalog: e 0 l{l' e
« printable structure . ut"

e printable actuators

Vitamin part assembly

* printable sensors Part assembly area

* printable control/electronics

‘ printable batteries/power Product: Actuated robotic

* printable pressure throughput panel (partially self-replicating)
eprintable power/data throughput .

* printable friction mitigation Linear Factory
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Future Directions: Self-manufacture

Additive
Manufacturing
module
PAI'.'ITsm
SUPPLY Feedstock bin
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Product: Actuated
robotic panel
(partially self-
replicating)
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Future Directions: Self-replication

EXTRACTION

e May never need to get here, just get close “SOrrLY }MME
* Aim for fully closed JE— MATERIALS
i i CUTTING im&Ei&m&E
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