
POWRS
Powered Optimizing Wheeled Rescue System 
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The Terrain Challenge Fortunately, there are several studies about lunar rock size distribution:
https://www.sciencedirect.com/science/article/pii/S0032063323000892
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LOTS OF ROCKS ARE PROBABLE!

THUS, OPTIMAL PATH SENSING 
WITH DYNAMIC PATH PLANNING 
IS IMPORTANT

20 deg slope (Iceland example)
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The terrain itself is rugged and uneven, 
characterized by a multitude of 
geological features, including:

•Rocks (Blocks): The surface is strewn 
with rocks ranging from 
approximately 0.15 meters to 20 
meters in diameter, with a height-to-
diameter ratio of 0.5. These blocks can 
impede movement and create 
hazardous conditions for traversal.

•Craters: Craters vary in size from 1 
meter to 30 meters in diameter, with a 
depth-to-diameter ratio of 0.12. 
Navigating around or across these 
craters requires careful planning and 
significant physical effort.

•Slopes: up to 20 degrees (up, down, or 
cross slopes)

Tilt < 
30 deg <10 cm = FLAT

10-50 cm = 
SLOW & CLIMB

> 50 cm = 
AVOID



Deep pit

Dust Trap
(Lunar Quicksand)

Surface Issue

Finally, Evacuation Mode
  (Red can’t be crossed, Orange can slowly be 

driven across, White is fast driving)

Fast = 5 m/s
Slow = 0.5 m/sPOWRS has the power to lift up the walker. If the walker is 

incapacitated the rescuer can leave the POWRS in a 
leveraged position with a rock loop and perform a 
powered repel to the IW and attach a tow cable (high risk) 
then pull both  up one at a time (1200 N needed for both)

POWRS can be extended to 
the walker and then the 
motors pull the walker out

200 m

First: Found
Situations

Figure 4
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POWRS motors can pull 
the cable to lift rocks

rock loop

343 kg

343 kg
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Rescue Modes Contingencies
Second, In most cases: power 
assist onboarding

ROCK DIFFICULTY = 5



Path Indicator / Range Finder Laser

Given a previous position, the Range Finder by itself could often 
determine position within 50m, but this is combined with IMU data to 
probably return 10m resolution.  It can also spot cube shapes rocks to 
avoid if possible.

No range return 
this location and 
heading at this 
angles

Grey is the actual profile 
(which will be carefully 
measured and recorded)

Blue is a 10 m 
resolution digital 
map available 
before the 
mission

Normal movement 
will sweep the beam 
center up and down 
and side to side by at 
least 10 deg, 
gathering more 
information

On path

Heading Change

Stop and sweep area

Lit path

Lit path

Figure 5 https://www.researchgate.net/publication/3450110_A_Novel_Filter_for_Terrain_Mapping_With_Laser_Rangefinders POWLED WidgetBlender.com
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POWRS Design
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Designing the Carbon Composite Tires
(lunar wire tire inspired, but lighter) Key variables:

Inner (closed) Diameter (1 – 1.2m)
Outer (open) Diameter (1 – 1.2 m)
Length (1 – 1.5 m)
Pieces (1-6)
Connection Projection Length (2 – 4 cm)
Connector Projection Angle (90 deg – 75 deg)
Connectors on Projection (2 - 4)
Surface Opening % (0 – 50%)
Opening Size (1 mm – 5 cm)
Extra surface roughness?

Connection 
Projections 

Powered
Assembly
Tool
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Joiner

Part 1

Part 2
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CC inside
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Part 4

Note That 
Parts may 
not be 
symmetric 
to minimize 
packing 
volume

Motor 
connect
plate

Connect to 
wheel part

Add extra 
surface 
roughness?

It expected that 
some trial and 

error of 
prototypes will be 

needed to 
optimize the 

exact tire 
variables

Lunar Regolith (Abrasive Glassy Dust)



Other parts

4 cm

4 cm

.46 kg each, 7 needed = 3.5 kg

1 m

40 cm1 mm

.2 kg each, 8 needed = 1.6  kg

Hand bar
1 m

.5 kg, 1 needed = 0.5 kg

.5 kg, 1 needed = 0.5 kg
Display /Controller/Tether Hand bar arm + hinges

1 kg each, 2 needed = 2 kg

Mini-ALOPS = 1 kg

Motors + connectors = 1 kg each
2 needed = 2 kg

Vertical connector
0.5 kg, 1 needed = 0.5 
kg

Battery = 3 kg
4, 1 m long projections
.2 kg each = 0.8 kg

4, 50 cm long 
projections
.15 kg each = 0.6 kg

10 m Demma cable 
for IW basket = 0.1 
kg

Powered Assembly Tool = 0.5 kg
3 10 m Demma 
rescue cable, 0.2 kg 
each = .2 kg

Bag/Dust Deflector = 1 kg
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Assembly

Figure 9
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FOR MOST COMPACT (0.24 m^3) PACKAGING (~44 minutes):
1. Unbag, and lay out for as an assembly area tarp = 2 minutes
2. Join Tire Parts (4 parts per tire, 2 tires) = 5 minutes
3. Join Frame Parts (8 parts) = 5 minutes
4. Join Platform parts (7 total) inside frame = 5 minutes
5. Join Tires to Front Assembly (2 sets of 12 joins) = 5 minutes
6. Joint Frame to Front Assembly (4 joins) = 2 minutes
7. Join IW basket to Frame = 5 Minutes
8. Join Long Projections to Frame = 2 minutes
9. Stretch Mylar Bag to Attach to Long Projections = 4 minutes
10. Turn on and test mini-ALOAPS and motor operations = 5 minutes

FOR LESS COMPACT (0.84 m^3) PACKAGING (~ 35 minutes)
1. Unbag, and lay out for as an assembly area tarp = 2 minutes
2. Join Frame Parts (8 parts) = 5 minutes
3. Join Platform parts (4 total) inside frame = 3 minutes
4. Join Tires to Front Assembly (2 sets of 12 joins) = 5 minutes
5. Joint Frame to Front Assembly (4 joins) = 2 minutes
6. Join IW basket to Frame = 5 Minutes
7. Join Long Projections to Frame = 2 minutes
8. Stretch Mylar Bag to Attach to Long Projections = 4 minutes
9. Turn on and test mini-ALOAPS and motor operations = 5 minutes

FOR LEAST COMPACT (2 m^3) PACKAGING (~ 20 minutes)
1. Unbag, and lay out for as an assembly area tarp = 2 minutes
2. Join Frame Parts (2 parts) = 2 minutes
3. Join Tires to Front Assembly (2 sets of 12 joins) = 5 minutes
4. Joint Frame to Front Assembly (4 joins) = 2 minutes
5. Stretch Mylar Bag to Attach to Long Projections = 4 minutes
6. Turn on and test mini-ALOAPS and motor operations = 5 minutes



https://www.maxongroup.com/maxon/view/product/motor/
ecmotor/ecflat/ecflat90/505592

file:///C:/Users/jmors/Downloads/N61
-1524-000-004-HG1120-MEMS-
Inertial-Measurement-Unit-bro.pdf
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