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Objective

The objective of this project is to design a method to utilize hypothesized
surface materials of the Psyche asteroid in additive manufacturing.
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Psyche Mission

* Psyche is an M-type asteroid
hypothesized to be a remnant from a
planetesimal.

» In 2023, NASA sent a spacecratft to
observe Psyche's surface set to arrive in
2029.

» The surface of Psyche is rich in metallic
and silicate materials.

o Particularly iron and nickel

Concept Art
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Project Overview
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Assumptions

Print Ready Material

 Surface material will be harvested and refined to necessary specifications

External Power Source

« Sufficient power will be provided externally

Repairability

» The system will be maintained by an external system

Product Delivery

* An external mechanism will be responsible for removing print

Derek Jacobson
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Functional Decomposition

System

Structure

Minimizes
vibrations

= Shields radiation

Protects from
particulates

Control

Regulates
temperature

Regulates internal
atmosphere

Regulates material
input

Communication

Receives
instructions

=l Relays instructions

Relays status
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Output

Manufactures
output

Receives input
material

Fuses input into
desired
configuration

Finalizes output

Heat-treats printed
item

Separates output
from print bed
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Critical Targets and Metrics

Function Target Metrics

Minimize vibrations <20 Hz Frequency

Shield system from radiation <0.02 rads/s Allowable Dose Rate

<0.015 um | 0.3 /liter
_ (Electronics) _ _ _
Protects system from particulates _ _ Particle Size | Count per Liter
<1.0 ym | 10 /liter (Moving

Parts)

Regulates temperature -55 - 125 °C Temperature Range

Produces desired output 0.5 mm Output Tolerance

Design mass 1650 kg Mass

Print volume >8 Liters (0.2 m?3) Volume
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Initial Concept Generation

Fused Granulate Fusion Powder Bed Fusion
o An adaptation of standard FGF printers O Uses powel’ful laser to SeIeCtiver melt
- Uses conventional heating elements to layers of metal powder |
melt extrudate into a filament-like * Use electromagnets keep powder fixed
material within the print volume

» Uses metal powder in place of plastic
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Design Selection

Powder Bed Fusion

« Concept with the most potential for adaptation
to Psyche conditions

* Precise

Challenges

« Managing the internal environment of the

system

« Compensating for microgravity

* Preventing powder suspension . _
Powder Bed Fusion in action
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‘ Laser

Design Concerns /—m

Magnetic Print Bed

__.——‘—-
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Magnet Selection/Sizing

Magnetic Bed
Reduced field strength and magnetic attraction
Clumping
Helmholtz Coil
Uniform Magnetic Field
Precise Control

Allows for material adaptability
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Magnet Selection/Sizing
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Magnet Assisted Granular Iron Control

( Laser

Copper Caoils

Print Bed
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Bill of Materials
$1,000 $1,000

Spent Remaining
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Future Work
a I

 Digital Twin « Cost Analysis
* Physical Prototype « Simulations
« Power Safety « Magnet Testing

\_ %
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Contact Us
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http://psyche.asu.edu/mission/the-asteroid/
http://science.nasa.gov/mission/psyche/
http://psyche.asu.edu/wp-content/uploads/2018/03/20200528_Psyche_BrandGuide-v2_6.1_20_rev-.pdf
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