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Abstract 

To ensure a successful manned mission to Mars, NASA must have ready liquid water at 

hand for life support and energy production.  Recent exploration has shown layers of permafrost 

directly under the crust of Mars.  A fully automated drilling apparatus must be developed and 

implemented to determine the quantity of available water and its make-! " #$$%&' &($) * +,- (.+/01.$

Cardinal D.E.E.P. Team will build a prototype platform for such a drill.  This platform will be 

compact and mobile until deployment, at which time the unit will be made ready for fully 

automated drilling operations.  Utilizing collaboration with industry and academia contacts, 

decisions regarding rig stabilization and drill positioning will be made upon completion of this 

design.  This report contains all research, design, timeline, and budgeting necessary for 

successful completion of the project. 

Mentor/Group Identification 

 Cardinal D.E.E.P. is being developed for the Mars Deep Drill division of NASA1.$234* .3 * $

5" &6- $7 - * /- ($8257 9#$$:4 +.$" (3; (&' 1.$; 3&<$+.$/4- $=- ,- <3" ' - * /$3>$&* $! * ' &* * - =$=(+<<$>3($! .- $3* $

Mars.  Dr. Humboldt Mandell, Jr., Ph.D. is serving as the mentor and liaison to this project.  Dr. 

Mandell, Jr., is currently a Research Fellow at The University of Texas at Austin Center for 

Space Research, principal investigator for Mars Deep Drill and other projects. Dr. Mandell, Jr. 

was formerly the Program Manager for the National Space Exploration Initiative to explore the 

Moon and Mars. He was a lead designer in Space Shuttle and Space Station programs. 

Dr. Humboldt Mandell 

Mandell@csr.uttexas.edu 

(512)471-7011
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Collaborative Efforts 

 In addition to working with Dr. Mandell and JSC, Cardinal D.E.E.P. is receiving 

inspiration and guidance from several experienced people.  Wade Salazar is a graduate from 

Lamar University who majored in Electrical Engineering.  While at Lamar, he also participated in 

the TSGC Program and worked on a Mars Drill Project.  Wade is following our progress, and 

lending advice based on his experience with some aspects of the project.  To gain perspective 

on actual drilling practices, the team visited the Hercules Drilling Company currently docked in 

Sabine Pass, TX.  ?</43! ; 4$/4- $- * =$" (3=! 6/$3>$@- (6! <- .1$- * =- &,3 ($=+>>- (.$>(3' $3! ($3A* B$/4- $

team has gained invaluable insight from touring their rig and speaking with several of their 

operators.  Our faculty advisor, Dr. Myler, has offered us guidance and direction with the overall 

project. 

Team and Member Identification 

 

(N. Vinson, J. Shenkir, P. Davis, J. Hollis, J. Patterson) 
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The members of Cardinal D.E.E.P. (Drilling Electrical Engineering Project) are all seniors 

majoring in Electrical Engineering at Lamar University.  At the senior level we are required to 

attend ELEN 4207 (Senior Projects Design).  In this two semester lab we are required to acquire 

approval for, design, manufacture the project or a prototype, test, and demonstrate an electrical 

design project in front of an audience.  Dr. H.R. Myler is our professor for this course. 

Paul Davis (Team Leader)  

 

Paul will serve as the Team Leader for the duration of this project.  He will be responsible for 

completing the weekly Tuesday Tag Ups as well as making sure that the team is on schedule by 

overseeing the completion of all other team member task.  The lifelong resident of Livingston, 

TX started off his college career by attending Southern Arkansas University to play football on 

an academic scholarship.  He transferred to Lamar in fall of 2005 and can be reached at 

paulwall702005@yahoo.com.
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Josh Hollis (Alternate Team Leader/Machinist) 

 

Josh will assume responsibilities as Team Leader if Paul is no longer capable of doing so.  He 

will serve as the lead designer and machinist for the project.  Josh has plenty of experience in 

this area thanks to his full machine shop at his house in Evadale, TX.  His CO-OP with 

Albemarle in the fall of 2005 was a great experience and the knowledge he obtained there will 

benefit the entire team.  His email address is portcity0607@aol.com.
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Jason Patterson (Inventory Coordinator) 

 

Jason will serve as the inventory coordinator for the team and will also help out with the record 

keeping.  He has had valuable plant experience while attending Lamar University through a 

summer internship with Entergy.  Jason has worked at a local grocery store throughout his 

college career where he assists with inventory every quarter.  This will be beneficial in keeping 

up with the inventory for the team.  He can be contacted at Jasonp516@sbcglobal.net.
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Josh Shenkir (Procurement) 

 

Josh will be the team member who is mainly responsible for researching and purchasing parts 

for the project.  He will collaborate with Josh Hollis in designing the drill in order to ensure that 

he can find the parts we will need for the project.  He is currently a full time employee of 

ENGlobal Engineering, an engineering consulting firm located here in Beaumont, TX.  His email 

address is joshshenkir@gmail.com.
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Nick Vinson (Recorder/Art Design) 

 

Nick will be primarily responsible for the artistic aspects of our project.  He will be designing the 

team patch and website along with doing a power point presentation for the team photo.  Nick 

Vinson also started his college career at Southern Arkansas University on a track and field 

scholarship.  Nick transferred to Lamar in the spring semester during 2005.  He will be available 

at nickvinson@gmail.com.
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Background 

Since man first looked into the skies and saw a glowing red speck, Mars has been an 

object of great intrigue.  In the human timeline, we have just recently developed technology 

allowing for the exploration of space.  In 1964, Mariner 4 was launched to carry out flybys of 

Mars.  Pictures sent back showed the first pictures of another planet.  Further probes have 

shown polar ice caps, canyons, and ravines.  They have also shown us that Mars is now a cold 

&* =$=- .3 <&/- $" <&* - /#$$C* $DEEFB$/4- $>+(./ $(3,- (B$G5" +(+/H$<&* =- =$&* =$; &,- $! . $3! ($>+(./ $" +6/! (- .$3>$&$

desolate landscape.  The questions of whether life has ever existed on Mars, and if we could 

somehow bring it there, now plague our minds.  The U.S. government, through NASA, has 

initiated several new programs to further explore Mars. 

The Mars Science Laboratory is planned to be launched in the fall of 2009.  This rover 

will allow for more in depth soil sampling for the presence of water or organic material.  Beyond 

2009, several programs are in development for a long term Mars exploration program.  Scouts 

are being developed in the form of balloons to further chart the Martian landscape.  To bring 

actual atmosphere, soil, or rock back to Earth, the Mars Sample Return mission will be able to 

land and return to Earth.  Designed specifically to search for life, the Astrobiology Lab will be 

able to search for thousands of organic compounds.  Finally, in order to explore beneath the 

surface, the Mars Deep Drilling mission will search for water held in possible permafrost.6 

Baker-Hughes Inc. has been in the process of designing a drill for the Deep Drilling 

Mission since 2003.  Several prototypes have been tested in the tundra of Canada, as well as 

the dessert in the southwest U.S.  This drill remains manually operated.  The University of 

California Berkley has been conducting research on the physics of drilling in the Martian 

environment.  Further tests are needed to understand the effects of drilling in a vacuum.7 
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Design Objectives and Constraints 

 The overall goal of the design of Cardinal D.E.E.P. is to develop an autonomous unit that 

will be able to drill in the surface of mars with the purpose of discovering the presence of water. 

The developmental needs for Cardinal D.E.E.P. can be seen below. 

 Ease of movement during travel over various types of terrain that can be found on 

Mars. 

 Compactness during travel to avoid instability or structural damage. 

 Autonomous operation and error correction due to communication time lapses of up to 

40 minutes with Earth. 

Furthermore, the design must adhere to certain conditions which are shown below. 

 12 Volt power system capable of recharge and long life applications. 

 The necessity for the platform to stay within a gross weight capacity of a TSGC Rover. 

 Cost must remain below value of TSGC awards and further donations.
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Design Plan 

 The overall design of the drill platform can be categorized into four main areas.  The 

platform frame, drill frame, suspension, and electric control system summarize Cardinal 

I #J #J #K#1.$- L/- * /.$+* $/4- $=- .+; * $" <&* # 

 Platform frame 

 The main concern of the frame structure is a balance of form, weight, and strength.  The 

prototype will be constructed of sheet aluminum to meet the above criterion.  A square base 

made rigid with supports will be extended upward with walls to a height half of that required to 

63* /&+* $&<<$- * 6<3. - =$- M! +" ' - * /#$$:4 +.$N&. - $A+<<$N- $- * 6<3.- =$A+/4$&* $&- (3=0*&' +6$G<+=H$A4+64$A+<<$

be capable of opening along the longitudal axis.  Additional supports will be added along the 

base of the frame to support the suspension contacts and trailer-rover connection. 

 C>$' 3(- $63. /$- >>- 6/+,- B$/4- $G<+=H$6&* $N- $' &=- $>(3' $>+N- (; <&..$ 3($&$.+' +<&(<0$<+; 4/A- +; 4/$

material. 

 Drill Frame 

 The drill frame will consist of two linear actuators.  The base actuator (A) will be attached 

to the platform base in a horizontal position.  This actuator will swing raise the second actuator 

(B) with a horizontal movement, directing a solid rod attached by pins to both the top of the 

second actuator and the slide on actuator A.  Actuator B will be attached to the platform frame 

at the base end by a pin, thus allowing the pendulum like movement.  The drill will connect to 

the slide on actuator B, and will be capable of vertical movement along this actuator.  The 

current actuators the Team is considering are made of aluminum, utilize 12 Volts, and are 

capable of 100 pounds force when under load and 40 pounds force with no load. 
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 If more cost effective, the linear actuators can be replaced with hydraulic pistons of the 

same length.  Research has shown that this option will require a larger footprint within the 

enclosure due to the fluid reservoir. 

 Suspension 

 The premier choice in suspension is of the rocker bogie type.  This suspension allows 

vertical movement of all 6 wheels, three on each side of the platform frame.  The suspension 

frame will be made of lightweight aluminum.  The attached tires will be solid aluminum 

G=3* 3! ; 4/.H$.+' +<&($/3$/43. - $>3! * =$3* $&$=! * - $N! ; ; 0#$$7 3* .+=- (&/+3* $>3($/4- $" <&/>3(' 1.$

application in being pulled instead of propelled under power requires the standard rocker bogie 

frame to be reversed.  This allows the front tire to be pulled over an obstacle, leaving the back 

for support. 

 Conventional tires or treads were considered inappropriate for this application due to the 

platform being pulled instead of self propelled. 

 Electric Control System 

 The control system for the platform will consist of several dc motors, batteries, solar 

cells, and a microcontroller to coordinate those units.  Motors will be required to open and close 

the platform enclosure, raise and lower the drill, and spin the drill.  Several batteries will be 

required to supple power to the entire system.  Solar cells will be mounted to the top and 

underside of enclosure to ensure power regeneration whether the platform is underway or 

drilling. 

 All dc motors will operate on 12 Volts.  Each must be sized according to application.  

The batteries will be rechargeable Ni-cad and arranged in multiple banks of 12 Volt series cells.  

The exact quantity of banks will be determined by current requirements and available footprint 
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within the enclosure.  The solar cells will be silicon based flexible panels.  Small 4 inch by 4 inch 

6 Volt panels will be connected in series to obtain the required 12 Volts and organized into 

banks.  Flexible panels will be used in order to maximize coverage of available surface area 

both inside and out of the enclosure.  The exact quantity of banks will be determined when 

available surface area can be computed.  The proposed microcontroller is a 68HC12.  This unit 

will be programmed using a C Programming Language Compiler.  The controller will be able to 

initiate operations for making ready to drill, drilling, making ready for travel, correct charging of 

batteries through solar cells, and emergency shutdown. 

  

Research 

 Mars, the fourth planet in the solar system, is a major planet of interest.  It is believed to 

be the planet with the closest characteristics of that of Earth.  The name Mars actually came 

from the Roman God of war.  A distinguishable feature inept to Mars is the similarity of its 

surface to that of the moon or to that of Earth.  It is much like the moon due to the fact that it 

possesses impact craters throughout its outer surface.  It can be compared to Earth because it 

contains many of the same geographical features.  Deserts, valleys, polar ice caps, and 

volcanoes can all be found on the surface of Mars which are all also found on the surface of 

Earth.  Once, it was believed that Mars had bodies of water spread along its surface, but it was 

later proved that they were merely optical illusions.  Throughout our observations and 

explorations of the planet via rovers and satellites, it has been proven that the planet indeed 

does have water under the surface of the planet existing as permafrost and brines.  We have 

also been able to conclude that the planet, at one point, did have large scale water coverage 

along its surface.  The goal, for Mars exploration, has now become to find a way to utilize the 

water on the planet.
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Timetable 

 

Table 1
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Budget Plan 

Budget - Semester I 

        

Proposed Earnings                   

(levels I,II,III and Options I,II,III) $600  

    

Materials for Presentation 

 (photos, craft supplies, poster) $100  

    

Materials for Options            

(brochures, activity supplies) $100  

    

Travel Expenses                       

(gas, accommodations, food) $400  

                            Table 2



0 

Conclusion 

 The drilling and extraction of water on Mars is of the utmost importance.  Since water is 

necessary for sustaining life, the removal of water from the Martian sub surface would be a 

huge step in the right direction.  Furthermore, there are many other uses of water on the planet.  

The water can be used as a source of rocket fuel and electrical power.  If we are able to acquire 

a sufficient method for obtaining water on the planet any manned mission to Mars would be 

much more successful.  The focal point of our project is to design a fully autonomous drilling rig 

that is capable of stabilizing and rigging itself for drilling.  Through our research and group 

collaboration we were able to determine our approach to the project and will be able to construct 

a preliminary model by the end of the first semester of the TSGC design challenge.
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Appendix 

 

Drill concept for compactness. 
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Draft of our drilling unit closed for transportation. 

 

Draft of our drilling unit open for operation minus stabilizing apparatus. 


