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Phased Approach to Space Construction



A Scott Howe PhD S P A C E  A R C H I T E C T U R E 22 August 2020

Robotic Construction Precedents



A Scott Howe PhD S P A C E  A R C H I T E C T U R E 22 August 2020!

ATHLETE Robotic Constructor

ATHLETE limb grasping a 
tool -- drilling into a rock 
cliff -- tools can be lifted 
well above main body

Payload on modular pallet 
(showing a mockup 
habitat with 60” high 
door)

Tri-ATHLETE vehicle with 
three limbs x2 = six limbs 
total

Limbs

Wheels on limbs for 
mobility

ATHLETE = “All-Terrain Hex-Limbed Extra-Terrestrial Explorer”
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Robotic Assembly of Outpost
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!!

Additive Construction: Large-scale 3D Print

Modular panels, 
arches, beams 
printed on 
the ground

FACS system

ATHLETE mobility system
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Additive Construction: Large-scale 3D Print
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Typical Habitat Structure Types (1 of 3)

Module Length (variable)

4.
57

m
 (1

80
”

) M
od

ul
e 

D
ia

m
et

er

Hard shell structure

End hatches + 4 radial 
hatches possible

Common Berthing 
Mechanism (CBM) 
docking
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8.
1m

 (3
19
”

) I
nf

la
ta

bl
e 

D
ia

m
et

er

3.
3m

 (1
30
”

)
Co

re
 D

ia
m

et
er

11.0m (433”) Core Length
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Inflatable stowed profile

Inflatable habitat (shown 
partially transparent for 
clarity)

Longeron endoskeleton (or 
pressurized core option)

Core structure with end 
hatches, airlocks, etc

5.6-8.0m (220-315”) Module Length
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Hard shell structure

Integrated propulsion

Common Berthing 
Mechanism (CBM) 
docking

ISS Derived Hard Module Commercial

TransHab / Bigelow Hybrid Inflatable

Note: these are 
the common 
habitat types 
proposed in 
NASA NextSTEP

Hybrid Inflatable Vertical
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Typical Habitat Structure Types (2 of 3)

Vertical Core Module Vertical Surface Sortie (Inflatable Torus)

Vertical Surface Outpost (Inflatable Dome) Vertical Transit (Inflatable Dome)

~6.0m (236”) Core Diameter varies
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6 hatches total: some may be unused 
depending on how the core is used

0.25 ratio end dome (ideal is 0.707, but 
shallower end domes are possible with 
additional structural reinforcing)

Integral interface hardware for 
mounting launch vehicle adapters, 
inflatable domes, torus, deployable 
floors, self-leveling footpad, and 
lander mounting

Vertical cylinder wall

Side hatches offset to keep them 
closer to the surface when used as 
surface element

~11.1m (437”) Overall Diameter
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~6.0m (236”) Core Diameter varies

~8.2m (323”) Torus Major Diameter

2 exterior hatches (top 
and bottom)

Inflatable torus 
(shown partially 
transparent for clarity)

Core module

~6.0m (236”) Core Diameter varies
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Inflatable dome for additional 
pressurized volume (shown 
partially transparent for clarity)

Dome stowed profile

Integral interface hardware for 
mounting launch vehicle adapters, 
inflatable domes, torus, 
deployable floors, self-leveling 
footpad, and lander mounting

Side hatches offset to keep them 
closer to the surface when used as 
surface element

Self-leveling system
3.8m (150”) Core Length
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4.1m (161”) Stowed
8.2m (323”) Deployed

Inflatable dome for 
additional pressurized 
volume (shown partially 
transparent for clarity)

4 side hatches available 
for docking (internal 
hatch for each dome)

Dome stowed profile

Core node
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Typical Habitat Structure Types (3 of 3)

Small Cabin Habitat Small Cabin Rover

Small Cabin Midex (inflatable expansion)

Length (variable)
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Modular 
Segment

Modular segment (short and 
long) manufactured on Earth

Robotic power & grapple fixtures

Core segment

Hatches

Modular end cone

Self-leveling system

Length (variable)
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Modular 
Segment

Robotic power & grapple 
fixtures

Modular core segment

Modular cockpit

Hatches

Mobility system (ATHLETE, 
Chariot, or equivalent)

Deployed Length (variable)
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Modular 
Segment

Stowed Length (variable)

Compressed segments

Modular inflatable segment manufactured 
and fitted together on Earth

Robotic power & grapple fixtures

Core segment

Hatches

Modular end cone (can be independently 
pressurized

Self-leveling system

8.4m (331”) Tank Diameter
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Secondary structure

NASA Space Launch 
System (SLS) dry 
propellant tank 
primary structure

Radiator

Radial hatches as close 
to the surface as 
possible

Can be used as both a 
transit and surface 
habitat, provided EDL 
issues can be resolved

SLS Dry Prop Tank Derived “Skylab2”
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Lunar / Mars Habitat Demonstration Unit
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Lunar / Mars Habitat Demonstration Unit

Solar arrays

Fuel cells and reactant 
tanks

PEM excursion module

Radiators:
- PCM 24m2

- PEM 5m2

- PLM 5m2

Inflatable airlock

LER (4 x)

PCM core module

PLM logistics module

Lift upper hand railing

Overhead stowage

Atrium Plant Growth 
system

Radial Internal Material 
Handling System (RIMS)

Lift column

Lift platform

X-HAB LOFT

DUST MODULE

LAB MODULE

HYGIENE 
MODULE
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HDU Lab deck

Airlock
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X-Hab Inflatable Loft

Photo: James W. Young
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Planetary Autonomous Construction

• Outpost will need to be 
constructed independent of 
whether crew are present or not

• Using robotic delivery and set-up, 
an autonomous construction 
system can build the outpost and 
make it ready for human 
occupancy

• Robotic systems and 
maintenance will allow for 
continuous operations

• Crew will not be burdened by 
construction, housekeeping, and 
maintenance but will be 
employed where humans do best

• All systems need to be designed 
in parallel, according to common 
geometries and interface 
principles

• Design “Parti” is a diagram that 
defines abstract relationships to 
make sure each system works 
together seamlessly
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Straddler can rotate in place

Prefabricated tunnel

Habitat

Maintenance module

Straddler for maintenance

Cupola w inflatable tunnel

Node

Outpost Top View

Outpost Side Section

Robotic Lunar Surface Operations (RLSO) Lunar Outpost
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RLSO Lunar Outpost + Shield Tunnel
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Robotic Gantry MEL
Element Percentage Unit Mass Units Total Mass

Structure 32 % 1,670 kg
Truss 631 kg 1 631 kg
Fourbar Linkage 51 kg 8 408 kg
Wheelmount Post 65 kg 4 258 kg
Wheel 93 kg 4 372 kg

Mechanisms 39 % 2,012 kg
Main Winch 85 kg 8 677 kg
Wheel Actuator 50 kg 4 201 kg
Steering Actuator 84 kg 4 334 kg
Robotic Arm 200 kg 4 800 kg

Thermal Protection 9 % 468 kg
Avionics & Control 10 % 520 kg
Power System 10 % 530 kg

Solar Array 1 % 2 kg 22 53 kg
Batteries 2 % 104 kg 1 104 kg
Water Tank 11 kg 1 11 kg
LH2 Tank 12 kg 4 50 kg
LO2 Tank 8 kg 4 31 kg
Fuel Cell 18 kg 1 18 kg
Electrolysis System 159 kg 1 159 kg
Power Avionics 2 % 104 kg 1 104 kg

Vehicle Dry Mass 100 % 5,200 kg
Growth Margin 25 % V Mass 6,500 kg
Volatiles Storage 114 kg

LH2 3000psi 13 kg
LO2 3000psi 102 kg

Vehicle Wet Mass (w/ growth margin) 6,615 kg

1 kg water = 0.1112 kg hydrogen + kg oxygen
Water needed 114 kg

tank calculations: density = kg/m3
Water tank 0.11 m3 vol= 0.05715 r each = 0.2389512 m
LH2 tank 0.71 m3 vol= 0.355 r each = 0.43925149 m
LO2 tank 0.36 m3 vol= 0.1785 r each = 0.34928763 m

area each = 0.71751053 tank wall = 0.005 m vol = 0.00358755 m3
area each = 2.42457911 tank wall = 0.005 m vol = 0.0121229 m3
area each = 1.53312043 tank wall = 0.005 m vol = 0.0076656 m3

1600

0.8888

Gantry Straddler
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Horizontal Lander
Vehicle Calculator H H = LOX/LH2, C = LOX/CH4, N = N2O4/MMH
Delta-V Exhaust-V thrust must exceed Isp (earth)

3,016 m/s 4,462 m/s 757,172 N 455 s
% Structure Wet Mass Dry Mass Vehicle Mass

12 % 77,184 kg 39,725 kg 9,725 kg
Payload mass fraction

30,000 kg 0.509
Propellant Oxidant LOX 6:1 Fuel LH2 % prop

37,922 kg 32,504 kg 5,417 kg 49.13 %
28.488 m3 76.301 m3

Lunar Lander MEL
Element Percentage Unit Mass Units Total Mass

Structure 32 % 2,475 kg
Frame 1,231 kg 1 1,231 kg
H2 Prop Tanks (2mm alum 88.5 m3) 394 kg 2 788 kg
O2 Prop Tanks (2mm alum 33.1 m3) 228 kg 2 457 kg

Landing Gear 5 % 400 kg
Foot Pads 8 kg 4 34 kg
Landing Strut 92 kg 4 366 kg

Mechanisms 7 % 554 kg
Landing Strut Actuators 136 kg 4 544 kg
Deck Latch Mechanisms 1 kg 10 10 kg

Thermal Protection 19 % 1,470 kg
Structure Insulation MLI (0.8 kg/m2 of surface area) 139 kg
Propellant Tank Insulation (80% of prop tank mass) 996 kg
Radiator (10m2) 30 kg 2 60 kg
Cryocooler 225 kg 1 225 kg
Tubing & Fluid Loop 50 kg

Attitude Control 1 % 76 kg
Avionics & Control 1 % 76 kg
Power System 6 % 462 kg

Solar Array 0 % 0 kg 1 0 kg
Batteries 1 % 76 kg 1 76 kg
Water Tank 19 kg 2 39 kg
LH2 Tank (fuel cell) 38 kg 4 150 kg
LO2 Tank (fuel cell) 26 kg 4 103 kg
Fuel Cell 18 kg 1 18 kg
Electrolysis System 159 kg 0 0 kg
Power Avionics 1 % 76 kg 1 76 kg

Propulsion System 29 % 2,267 kg
P&W RL10 Engine 301 kg 4 1,204 kg
Propellant Management Device (15% of prop tank mass) 187 kg
Propulsion Subsys Components (43% of engine mass) 518 kg
Pressurant Tanks (He pressurant x4) 358 kg

Vehicle Dry Mass 100 % 7,780 kg
Growth Margin 25 % Vehicle Mass 1,945 kg

Vehicle Dry Mass with Growth Margin 9,725 kg
Cargo 30,000 kg

Total Dry Mass with Growth Margin 39,725 kg
Main Propellant 37,922 kg
Residuals 3,792 kg
Helium Pressurant (50psi in prop tanks) 90 kg
Attitude Control Prop 3 % Vehicle Mass + Margin 292 kg

Volatiles Storage (fuel cell double capacity) 712 kg
LH2 3000psi 71 kg
LO2 3000psi 641 kg

Vehicle Wet Mass (w/ growth margin) ( 5,348 kg over) 82,532 kg



Straddler pair approaches 
from side to offload cargo

Habitat (shown: inflatable 
stowed as worse case 
scenario)

ISS module (yellow)

Straddler

Habitat (inflatable 
shown)

ISS module 
(yellow)

Lander

Top View

Side View End View

Slope View



Tunnel Construction (prefabricated)
Gantry Straddler function as 
temporary scaffolding

3D printing of foundation

Sandbag fill and 
placement 

“Origami” 
Tunnel

Excavation

Regolith cover using “snow 
blower”

Shielding

Habitat deployed

1 2

3 4
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