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Terrestrial Vs Extraterrestrial Construction
Multi System Assemblies
Traditional Construction

Systems Integration

NREL ICI — Robotics for Systems Integration



estrial bodies Building in orbital space
a system of systems that are functional

-structurally stable
-energy efficient

ctional

R -thermally efficient
e -habitable**

-easily deployable (or assembly)
-remotely controllable

2 on Earth
ystems that are functional
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ZINREL Multi System Assemblies
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Source: https://www.autogreeknews.gr/antallaktika-autokinitwn/2655-metaheirismena-antallaktika-autokinitwn-lagios-k-gewrgios
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FINREL Multi System Assemblies

Transforming ENERGY
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1. Fuselage
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10. Flap Control System

13. Landing Geat ' 9. Turbine
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FINREL Multi System Assemblies

| =

S



https://www.sme.org/smemedia/industry-reports/aerospace-and-defense-manufacturing-industry-report/aerospace-defense-2020/

INREL Multi System Assemblies

Transforming ENERGY

~100+
Components




MECHANICAL
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12. Boiler Plant
11. Chiller Plant
10. Air valves

9. Ducts
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8. Footing

7. Foundation
6. Slabs

5. Beams

4. Columns
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3. Windows
2. Interior walls
1. Envelope assembly
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Multi System Assemblies

ELECTRICAL
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16. Main board

15. Power supply
14. Conduits

13. Artificial Lighting
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PLUMBING

21. Water storage tank

20. Water supply pipes

19. Grey water return
pipes

17. Drainpipes
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~1000+
Components



Multi System Assemblies

3 ~10000+
Components



Traditional Construction
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Trends in Robotic Construction — WaII Assembly

ource: AIST, Japan







INREL Trends in Robotic Construction — Brick Laying
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ZINREL Trends in Robotic Construction — Wall Finishing

Transforming ENERGY

Source: Canvas Drywall Robot



ZINREL Trends in Robotic Construction — Additive Concrete Construction

Source: Naveen Kumar Muthumanickam (Penn State at NASA 3D Printed Mars Habitat Challenge)
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T*NREL Trends in Robotic Construction
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INREL Systems Integration in Buildings
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Systems Integration in Buildings



ZINREL Systems Integration in Buildings
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Site Preparation

v

Surveying

Earthmoving
Road Building
Crushing and Screening

Navigating & Scanning










ZINREL Past Projects from Penn State — NASA 3D Printed Mars Habitat Challenge

Transforming ENERGY

Credits: Naveen Kumar
Muthumanickam/Eduardo Castro/Negar Ashrafe
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ZINREL Past Projects from Penn State — NASA 3D Printed Mars Habitat Challenge
PRINTING PROCESS: WALLS
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ZINREL Past Projects from Penn State — NASA 3D Printed Mars Habitat Challen
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4D Simulations of robotic construction is computational graphics intensive



Detailed 4D Simulation Robotic Box Collision metamodel (faster computation)

Metamodels for faster constructability analysis (Toolpath Clash Detection)

Module MoveMod
!Declarations
1tonldata

PERS tcoldata

twohjdata
PERS wobijdata

Movel [[1272.4
Movel [[1255.5
Movel [[1239.¢
Movel [[1224.¢
Movel [[1214.¢
Movel [[1197.%
Movel [[1185.3
Movel [[1474.¢
Movel [[1153.¢
Movel [[1137.1
Movel [[1123.%
Movel [[1112.f
Movel [[1185.¢
Movel [[1099.%
Movel [[1097.]
Movel [[1696.7
Movel [[1098.5
Movel [[1182.:
Movel [[11688.¢
Movel [[1115.4
Movel [[1124.:
Movel [[1134.€
Movel [[1146.3
Movel [[1159.:
Movel [[11/2.4
Movel [[1188.7
Movel [[1205.€
Movel [[1222.2



ZINREL NREL ICI Focus Areas — Additive Concrete Construction + Energy Systems
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INREL NREL ICI — Process Modelling of Factories and Robotic Tasks

Credits: NREL (Ankur Podder)



NREL ICl — Factory Manufacturing Process Optimization
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Source: BLOX
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ZINREL NREL ICI Focus Areas — Robotic End Effector Design (NREL COMET Facility
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ZINREL NREL IClI Focus Areas — Robotics for Renovatlon and Recyclmg

Transforming ENERGY
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ZINREL NREL ICI Focus Areas — Robotics for Hygrothermal Systems Integration in Buildings

AT

Source: DOE/NREL E-Robot Challenge



ZINREL NREL ICI Focus Areas — Robotics for Non-Destructive Testing in Buildings

1)

Source: Entech Engineering, Inc




ZINREL NREL ICI Focus Areas — Robotics for Power Generation Systems Integration
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ZINREL NREL ICI Focus Areas — Computer Vision Guidance for Robotic Tasks

| View Distance

ss-section _ Transparenc Credits: NREL (David Goldwasser)




Thank you!

ZINREL
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