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Introduction

Among the technologies developed by NASA for space exploration, the TETwalker robot is
among of the latest. NASA/Goddard Space Flight Center and CReSIS (Center of Remote

Sensing of Ice Sheets) are proposing to adapt this technology for polar seismic data
acquisition. In this poster, we discuss the design process for this project, explaining in detail
each of the models created. This document summarizes the ideas, concepts, and detailed
models our team developed for the TETwalker's employment for polar seismic exploration,
including deployment of a geophone or broadband seismometer. Another TETwalker design
developed by NASA called the L.A.RA (Lander Amorphous Rover Antenna), was also
customized by our team. The L.A.R.A is a TETwalker with a sheet-like architecture; this
document explains the design process of the incorporation of subsurface imaging equipment
to the L.A.R.A technology. This Poster also explains the procedure for the computer
simulation of the deployment and retrieval of the centernode of the 4TETwalker, also the
poster goes through various considerable renewable power sources that the TET might be
able to use during the missions.

Modeling and Simulation Software

To simulate the TETwalker, MSC.visualNastran 4D [5] was used in order to provide a more
accurate depiction of what the robot would look and act like in a real environment.
MSC.visualNastran 4D is software that integrates motion and animation in a modeling
application that does not require any programming by the user.

Approach
The purpose of our research was to figure out a way for the TETwalker to plant its seismic
sensor while simulating its movement on the surface. The tetrahedral shape of the TETwalker
was a concept originally created by NASA in order for the robot to maneuver on the ground.
Since the seismic sensor had to be placed on the ground, the robot would have to lower and
retrieve it using the same mechanism.

Seismic Sensor Deployment Simulation

The seismic sensor deployment simulation model of the TETwalker was created using rigid
cylinders rather than using linear actuators for the base design for the tetrahedron. The next

objective was to simulate the actual deployment of the seismic sensor. Planting and retrieving
the seismic sensor required alteration of the linear actuator properties in order to approximate

the time in which the actuator would need to move up and down. A table of lengths and times.
to achieve those lengths were created to control the behavior of each strut us
spline interpolation function. The final product of the actuators resulted in the times of 0, 0.5,

1.0,1.5,2.5,3.0, 3.5, 4.5, and 5.0 seconds. The actuators would correspondingly move to
lengths of 0.1, 0.035, 0.1, 0.1, 0.035, and 0.075 meters at those times.

EEE

Mobility Simulation

‘This mobility simulation design consisted of three linear actuators, just enough to extend a
node to alter the center of gravity. Out of the three linear actuators, only one actuator was.
required to lengthen while the others to remain the same length. This actuator was set on the
times of 0, 0.25, and 0.36 seconds that correspond with the lengths of 0.173, 0.25, and 0.36
meters. To assist in the TETwalker's toppling motion, the top node’s weight had to be altered
in order for the transition to work effectively.

University of Puerto Rico at Mayaguez
Graduate Student Mentor::Chris Gifford - University of Kansas

12-TETwalker

The main idea was to attach a geophone to each of its eight nodes and find a way for it to completely
unfold, planting all nodes into the ground. This wil allow the team to use eight geophones at the
same time arranged in a rectangular shape (which is necessary for an accurate reading).

4-TETwalker

The second model considered by the team was the implementation of the 4-TETwalker to polar data
acquisition. Unlike the 12-TE Twalker, the 4-TETwalker is composed of only 4 geometrical shapes.
therefore offered a much simpler design while significantly reducing the space for placing geophones

New Model for Centernode

This model of the Centemode will dampen the vibration generated by the wind in the TE Twalker and
allow the geophone to collect more accurate data.

) | owm |

Applications for the Broadband Seismometer

The broadband seismometer has the capability of scanning an area of more than a 3 km radius just
by litsening to the ground without moving for 2 weeks. This technology can be applied to the
TETwalker to save the energy normally used in movement.

O

Seismic L.A.R.A ( Lander Amorphous Rover Antenna)
of the L.A.R.A for seismic data

Another design that the team developed was the applic:
acquisition.
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CReSIS

Solar Powered Seismic Tetwalker

Solar power is gathered using the radiation from the sun, and can be converted into other forms of
energy such as heat and electricity. Solar panels have wil have two different purposes: 1) provide
power and, 2) act as an environmental chamber to provide wind protection for the intemal sensors
and components.

This model shows how solar power can be applied to the TETwalker and also act as wind protection
The photovoltaic material will be placed on all three sides of the TE Twalker, but the side vith the
geophone deployment will be left uncovered to reduce complexity. This image shows flexible and
rollable PowerFilm solar panel [5].

A

Wind Powered Seismic Tetwalker

Utilizing a wind power turbine is a strategy for this power option. The design of the wind turbine can
be either horizontal or vertical. The vertical wind turbine appears to be the most beneficial design for

the TETwalker as it doesn't need to be aligned with wind direction.

=

Conclusion

4-TETwalker robot represents a good platform for seismic sensor deployment and retrieval
Experiments deploying and retrieving geophone in polar environment using TETwalker needed
‘Some of the investigations of power sources have proven that they are insufficient to use in the
TETwalker's architecture

Further simulation of the dynamic toppling motion needed for more efficient movement
Further investigations willtake place with respect to finding other adequate power sources such as
hydrogen extraction, use of ferroelectric materials, and future wireless power

A trade study will be conducted of the various power sources vith respect to the polar environment
In this trade study, the power gain and the power loss will be compared

Physical prototype for testing in polar environment




