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1 INTRODUCTION  

The nanoRIGv2 is a free-standing, light-weight autonomous rig designed to optimize drilling parameters 

and maintain a vertical well path as it drills through a 30x30x30 cm rock sample of unknown 

composition. The nanoRIGv2 incorporates the main structural features of the nanoRIG, which was 

designed and constructed for last year’s DSATS Rig Competition. In order to address challenges from last 

year and this year’s competition guidelines, modifications have been made to the structure, control 

architecture, sensors, data handling, and mud system. Additionally, a new bottom hole assembly, 

torque/tension sub, stabilizer placement, and seismic analysis have been added to the system.  

1.1 PREVIOUS DESIGN: NANORIG 
The nanoRIG, shown in Figure 1, was designed to be mounted on a 60x60x60 cm rock sample.  

 

Figure 1 The University of Texas at Austin nanoRIG (Shor, et al., 2015). 
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The nanoRIG utilized a Bodine Electric 48R Series Parallel Shaft AC Gearmotor top drive, controlled by a 

variable frequency drive. The gearmotor applied a maximum torque of 56 lb-in at 340 rpm. The top drive 

was connected to a swivel which introduced fluid circulation into the drill pipe, and allowed for rotation 

of the drill pipe while the mud hose remained stationary. A Schneider MDrive 23 Plus stepper motor, 

10:1 gearbox, Deltron power servo brake, and chain drive served as the hoisting system for the rig, and 

allowed for measurement of the rate of penetration via a 1024 step optical encoder. A Futek S-beam 

load cell mounted on the carriage of the top drive provided measurements for weight-on-bit (WOB) 

calculation. WOB was controlled by a sliding mode controller. The top drive carriage also housed a 3-axis 

accelerometer which allowed for measurement of axial and transverse vibrations. The nanoRIG also 

included a closed loop fluid circulation system, which cooled the bit and circulated cuttings out of the 

wellbore. The drilling process of the nanoRIG was controlled by a supervisory control system. (Shor, et 

al., 2015) 

2 DESIGN CHOICES  

Key decision choices were made based on the design criteria defined by the competition guidelines, and 

challenges faced last year. The key decision choices are highlighted in this section. Detailed explanations 

of the designs are addressed in later sections. 

2.1 STRUCTURE 
The existing nanoRIG structure is designed to be mounted on a rock sample of 60x60x60 cm. However, 

the rock sample to be provided this year is smaller, measuring approximately 30x30x30 cm. Therefore, a 

base to support the main body of the rig and to accommodate for a smaller sample is needed. 

Additionally, a full length of pipe and connections (36 in) is required to be used while drilling. Therefore, 

the height of the base is calculated to accommodate for the full length of pipe, connections, and bottom 

hole assembly.  

A mud bucket is included in nanoRIGv2 design to collect drilling fluid. Last year’s rig utilized a mud 

return line attached to the surface at the top of the wellbore. However, it was difficult to completely 

seal the interface between the rock sample and the return line, and circulation losses were encountered 

once the upper sandstone layer was penetrated. Therefore, this year, the team decided to use a 

variation of the “pump and dump” method, allowing the drilling fluid to be collected in a mud bucket in 

which the rock sample will sit.  

2.2 WEIGHT-ON-BIT (WOB) 
In accordance to the guidelines, a maximum of 20 lbs is allowed to be applied as WOB during drilling. 

Although it is preferred to apply all the WOB with the downhole equipment to maximize performance 

quality, preliminary calculations show that it would not be possible to apply 20 lbs of weight-on-bit using 

purely the weight of the drill pipe and bottom hole assembly, unless the drill string consisted of mostly 

drill collars. Therefore, a portion of the WOB will need to be applied with the weight of the travelling 

motor block. To reduce the chances of buckling the drillpipe while applying weight from the motor, the 

drillpipe stiffness will be increased by increasing the pressure of the drilling fluid and minimizing 

eccentricities in crossover subs within the drillstring.  
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2.3 DEVIATION FROM VERTICAL 
The rig is required to drill vertically through a rock sample with an unknown composition. In order to 

detect deviation from vertical, downhole and surface sensors will be added to the design. We have 

considered compensating deviation from vertical with stabilizer placement, a built-in bend in the 

bottom hole assembly, and modulation of the drilling rotational speed. The main focus of the deviation 

compensation will be the implementation of stabilizer placement.  

2.4 FATIGUE FAILURE 
One of the major challenges faced last year was failure of the drill pipe due to cyclic loading from 

vibrations. In order to mitigate the vibrations while drilling, stabilizers with a tight clearance will be 

placed strategically in the bottom hole assembly. Additionally, strain gauges are placed in the bottom 

hole assembly to detect vibrations. Since failure of the drill pipe last year occurred at the connection 

above the bottom hole assembly, stabilizers and supporting structures will be placed above the bottom 

hole assembly to stiffen the connection and mitigate vibrations. Another source of the fatigue failure 

was a bending moment caused by misalignment of the crossover sub, drill pipe, and bottom hole 

assembly. To minimize the bending moment, improvements on machining tolerance will be made to 

resolve the misalignment issues. In the nanoRIG, torque of the drillstring was measured from the 

variable frequency drive. However, since the torque measurements were unreliable in the nanoRIG, a 

torque/tension sub will be added to the nanoRIGv2.  

2.5 SAFETY 
A focus of this year’s low level control design will be the graceful failure of the system. nanoRIG had 

persistent issues with poor handling of failure conditions, resulting in the destruction of multiple joints 

of drill pipe. Complete system integration using the real time system will allow for rapid detection of 

anomalous conditions and the triggering of the automated engagement of the parking brake for the 

draw works system in addition to rapid deceleration of the top drive.  

3 STRUCTURAL DESIGN  

For last year’s competition, a lightweight sample-mounted rig was designed and constructed. The 

existing rig structure is sufficient to meet most of the design criteria for this year. The main modification 

to the structure is the need for a new base structure to support the rig, since the rig is required to drill 

through a smaller 30x30x30 cm rock sample, and can no longer be mounted on the sample.  

3.1 CRITERIA 
In order to design a rig base sufficient to support the rig without failure, some high-level design criteria 

were considered. The rig base structure is required to support the pre-existing rig structure, which has a 

net weight of approximately 190 𝑙𝑏𝑠 (845 𝑁), at a height sufficient to clear the top of the rock sample 

and accommodate the length of the drillstring. 

Additionally, in the case of a motor stall or the bit becoming stuck, the sudden stop in rotational motion 

can cause a torsional shock load of approximately 511 𝑁 ∙ 𝑚, which could cause the rig to tip over.  



4 
 

3.2 RIG BASE DESIGN 
As shown in Figure 2, the rig base design chosen is a four-legged base with outriggers to provide 

additional stability. The four legs are attached to the bottom of the existing rig frame. Two adjustable 

clamps extend from the sides of the base into the interior area to clamp the sample, in order to ensure 

correct sample placement, and to allow use of the sample for inertial support. Additionally, a mud 

bucket, in which the rock sample will sit, is added to the design to collect the drilling fluid after 

circulation of the hole and in case of potential leaks in the formation. The fluid will then be pumped out 

via a mud hose attached to the mud bucket.  

 

  

Figure 2 Isometric view of nanoRIGv2 CAD model (left), Side view of nanoRIGv2 CAD model (right). 

The following calculations were done to ensure structural integrity of the base. 

3.2.1 Buckling of Legs  

To ensure the legs of the base are sufficient to hold the rig weight without buckling, the critical buckling 

load for a simple beam was calculated. 

𝑃𝑐𝑟 <
𝜋2𝐸𝐼

(𝐾𝐿)2
< 1,630,648𝑁 

Where 

𝐸 = 69 𝐺𝑃𝑎 (aluminum) 
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𝐼 = 25.2917 𝑐𝑚4 (Steven Engineering, Inc., 2015) 

𝐾 = 0.5 for a fixed-fixed beam 

𝐿 =  65.0 𝑐𝑚 

Since the weight of the rig to be supported is approximately 190 𝑙𝑏𝑠 (845 𝑁), the legs each experience 

approximately 47.5 𝑙𝑏𝑠 (211.25 𝑁), and therefore, will not buckle.  

3.2.2 Rotational Moment and Stability 

As calculated for last year’s rig design, the potential shock load due to a sudden drop in rotational speed 

from the maximum of 340 rpm could cause a torque of 511 𝑁 ∙ 𝑚 (Shor, et al., 2015). The weight of the 

rig and the sample (considering sandstone) is approximately 354 𝑙𝑏𝑠 (1574 𝑁), which creates a 

rotational moment of 1574 𝑁 ∗ 0.6 𝑚 = 945 𝑁 about the end of the outriggers. This rotational moment 

is sufficient to counter the torque caused by the shock load, preventing the rig from falling over.  

3.3 RIG BASE ENGINEERING DRAWINGS 
Figure 3 shows an engineering drawing example of the final rig design. All engineering drawings for the 

structure modifications are attached in Appendix A. 

 

Figure 3 Engineering drawing of final rig design. 
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4 DRILL STRING 

This section describes the design of the various drill string components. 

4.1 STABILIZERS  
The drill string will be designed to drill a vertical hole using a slick bottom hole assembly (BHA). The 

positioning and size of the stabilizers will keep the bit facing directly downward using the pendulum 

principle. Placing the first gauge stabilizer far from the bit causes gravity to pull the bit toward zero 

inclination. These stabilizers also positively affect the maximum weight-on-bit (WOB) before buckling. By 

strategically placing them, the first few modes of buckling can be prevented. 

During last year’s competition, the drill pipe twisted off while drilling the granite layer of the rock 

sample. It was observed that the cyclic loading and bending created severe fatigue problems at the 

connection between the aluminum drill pipe and tool joint. Per this year design, a stabilizer (shown in 

Figure 4 Twisted-off drill pipe (left); Stabilizer design (right). 

) will be added to support the weak drill pipe and reduce bending at the connection point.  The stabilizer 

will improve tool life and also benefit the verticality of the drilling.  

 

 

Figure 4 Twisted-off drill pipe (left); Stabilizer design (right). 

4.2 BOTTOM HOLE ASSEMBLY (BHA ) 
The BHA will consist of instrumented heavyweight drillpipe and stabilizers. The sensors will measure 

inclination with a gyroscope, azimuth with a magnetometer, and WOB and torque with strain gauges.  

Drill pipe 

BHA 

Tool joint 

Stabilizer 
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Figure 5 Stabilizers placement diagram. 

To communicate data from the BHA to surface we are considering three strategies.  

1) Use a battery and RF transmitter to communicate with a RF receiver on surface. 

2) Use a battery and mud telemetry system to communicate with a pressure sensor on surface. 

3) Use wires to connect BHA to the surface equipment. A slip ring will be used to create a 

connection between the rotating wires in the drill string to the static equipment on surface. 

Low power system on a chip (SoC) microcontroller boards can be used to combine sensing, processing 

and data transmission, and are readily available in 1” wide packages.  These can be placed in the center 

of the BHA components in water proof housings (potentially immersed in mineral oil), and drilling fluid 

can be directed to either side.  Sensor details will be addressed in the next section. 

4.3 TORQUE/TENSION SUB DESIGN  
Of the various sensing technologies described in Cool, et al’s “Design of a High Frequency Torque/Load 

Sensor for Drilling Operations”, we have decided to implement an in-line torque transducer. The torque 

will be mounted between top drive motor shaft and the swivel. The following figure illustrates the basic 

concept of the torque transducer: 

 

Figure 6 Concept of a rotating transformer torque transducer (Schrand, n.d.). 
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The in-line torque transducer operates on the principle of a rotating transformer. The concept of the 

transformer is shown in the figure below: 

 

Figure 7 Concept of the transformer with application to the torque transducer (“Torque Sensor Technical Information”, n.d.). 

The basic principle of the rotating torque transducer consists of two coils: one primary and one 

secondary. The primary coil is always energized by an AC voltage. Any changes due to angular 

deformation on the shaft induce a voltage on the secondary coil. This voltage signal is then conditioned, 

amplified and measured to interpret the value of the deformation, and therefore the torque. The 

primary advantages are the low cost of maintenance and long life span, due to no contact between the 

rotor and stator.  (Killeda, 2012)  

The following figure shows one implementation of the transducer concept by Magtrol INC.: 

 

Figure 8 In-line torque transducer components. (Magtrol INC., 2015). 

Their implementation of the transducer consists of two concentric cylinders shrink-fitted onto a main 
shaft, and two concentric stationary coils: the primary, and the secondary. The primary coil has an 
alternating current at 20KHz constantly flowing through it, while the secondary coil has nothing flowing 
while the shaft is stationary. However, when there is an angular deformation in the shaft due to rotation, 
the primary and secondary coils align in such a way that there is a current induced in the secondary. The 
electromotive force (EMF) induced in the secondary is proportional to the torque, which is then sent to 
the signal conditioning circuit. (Magtrol INC., 2015) 
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The torque transducer implemented on the nanoRigv2 will be based on this general concept of a 

rotating transformer torque transducer. The torque transducer will be coupled to the drive shaft of the 

top drive.  

The following shows the possible configuration of a floating shaft implementation of the sensor in line 

with the top drive system (TDS) and the drill string.  

 

Figure 9 Implementing the transducer concept in line with the shaft of the TDS (Magtrol INC., 2011). 

The transducer would be coupled on either side: one side to the TDS, and the other side to the drill 

string assembly. For the couplings, certain factors need to be considered, such as: torsional spring rate, 

speed range, alignment and balancing at the TDS rotation speeds.  

The approximate dimensions of the sub will be (Magtrol INC., 2011)1: 

 Length (shaft to shaft): approximately 6 inches 

 Maximum diameter: approximately 4.5 inches2  

The Magtrol datasheet of the TMB307 series (Appendix B) can be used to give the approximate 

dimensions of the sensor. 

5 MUD SYSTEM  

While not explicitly required by the DSATS competition, a closed loop fluid circulation system has been 

added to the nanoRIG design to facilitate removal of drill cuttings and provide cooling and lubrication to 

the bit. The circulation system consists of a pump, hose, swivel, the inside of the drill pipe, drill bit 

                                                           
1 Taken from Magtrol drawing of the TMB 307 sensor rated up to 10 Nm, with a maximum of 6000 rpm, 
which is above the rating of the top drive 
2 Approximate dimensions for the sensor will measure up to 100 in-lb torque taken from looking up a 

few sensors available off the market.  
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nozzles, and fluids return line, terminating in a bucket with a sieve emulating a shale shaker (see Figure 

10). Tap water, serving as the drilling fluid, is pumped from the bucket through the hose, and re-enters 

the bucket through the return line, resulting in a closed-loop circulation system. A rubber plunger 

attached to the rock sample with silicone and spray foam was used to seal the annulus and prevent 

leaks in the system which was necessary since the testing was conducted in an indoor environment. A 

similar mud system will be used for nanoRIGv2. However, instead of the rubber plunger subsystem, the 

drilling fluid and cuttings will be allowed to flow out of the hole, off the edge of the rock sample into a 

mud bucket under the rock sample. The drilling fluid and cuttings will then be pumped out of the bucket 

into the terminal bucket and sieve. 

 

 

 

Figure 10 Pump, mud bucket and fluid returns line (left); swivel (right). 

During the previous testing, the thin-wall aluminum drill pipe failed at the bottom due to compression, 

eccentric loading, vibration and cycle-loading fatigue. In order to improve the stiffness of the drill pipe at 

the tool joints under 20 lb (maximum) compression, our team has decided to apply a high pressure mud 

pump to reduce the flexibility and stress-intensification factors of the drill pipe. For a thin-wall 

aluminum tube, with the assumption of a long bending radius, high internal pressure acts in the 

following second-order nonlinear equation (Banks & Nash, 2003). 

 

 

p = internal pressure 
E = elastic modulus 
k = flexibility factor 
𝛾 = stress-intensification factor   

6 SENSOR SPECIFICATION  

This section describes the key performance parameters we intend to measure and the relevant sensor 

technology.  
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6.1 KEY DRILLING PARAMETERS  
The automated rig makes decisions based on gathered data. The key drilling parameters describe the 

current state of the drilling process to the automated system. This includes the weight-on-bit (WOB), 

torque, rate of penetration (ROP), mud system flow rate, inclination, azimuth, and mean vibration 

amplitude of the BHA. From this data the mechanical specific energy will be calculated and used as an 

additional parameter. 

6.2 SURFACE SENSORS  
Surface sensing is accomplished through a variety of sensors which give rotary rpm, rotary torque, top 

drive position, WOB and top drive vibrations.   

6.2.1 Top Drive RPM and Torque 

Rotary RPM and torque are reported by the VFD powering the AC gear motor.  These values can either 

be queried asynchronously via an RS-232 interface or may be individually read as an analog voltage 

output from the VFD itself.  RPM is computed from the switching of the three phases driving the motor, 

while torque is estimated from current integration in conjunction with a motor model embedded in the 

VFD.  In the past, rotary torque as reported by this VFD has been unreliable, so the inclusion of a torque 

and tension sub in the drillstring will be included in the design, details of which are explored in the 

previous section. 

6.2.2 Top Drive Position 

The draw works system is a chain belt driven by a geared stepper motor with a built-in optical encoder.  

Encoder signals are available both within the motor microcontroller as well as driven to a digital IO pin 

for use by the real time system. Motor speed is controlled via an analog voltage input and corresponding 

microcontroller program (written in M-Code). The 1024-line optical encoder coupled to the 10:1 gear 

box give an accuracy greater than a thousandth of an inch. 

6.2.3 Weight-on-Bit (WOB) 

A strain gauge is installed as a link in the chain holding the top drive, giving the weight of the top drive 

and all attached equipment.  By zeroing the readings with the bit off bottom, WOB may be calculated 

and enhanced by through calibration at all block positions, due to the changing weight of the power and 

communication relays and mud hose.  The strain gauge reports strain via a differential analog signal, 

which may either be connected directly to a differential analog input or may first be amplified to 

improve signal resolution. 

6.2.4 Top drive vibrations 

A 3-axis analog DC-coupled accelerometer is installed on the top drive to monitor vibrations at the top 

drive and in the rig structure.  Axial (vertical) accelerations and high frequency variations in strain are 

highly coupled and may be used to remove noise due to axial vibrations from the WOB measurement. 

6.3 DOWNHOLE SENSORS  
The inclination and azimuth of the bit gives the driller information about the well path. A gyroscope and 

magnetometer in a non-conductive housing can provide this information. Drill bit vibration can be 

measured using an accelerometer. Small chips to measure these values will be installed in a sub in the 
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BHA to measure these values. The chips will be mounted to rods running through the sub as shown in 

Figure 11. To protect the chips from drilling fluids, they will be coated in a resin after assembly. 

 

Figure 11 BHA with sensor chip. 

Sensing torque and WOB in the BHA provides useful information which can be used to optimize the 

drilling process. Our team plans to measure strain using a Rosette strain gauge attached to the inside of 

a sub in the BHA above the bit, and calculate the WOB and torque based on the measured strain. We 

will wire the outputs of the strain gauges up to a slip ring at the top of the drill pipe. The slip ring will 

create a wire connection from the rotating drill pipe to the stationary signal processing equipment. The 

resistance in the strain gauges will be measured with quarter Wheatstone bridges. 
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Figure 12 Drill string with WOB, torque sensor attached. 

7 DATA HANDLING & DISPLAY  

Data sampling is envisioned to occur at a minimum of 1 kHz across all channels and will be stored in real 

time on the real time system.  At lower frequency, every 10 to 60 seconds, this data will be compressed 

and pushed over Ethernet to the supervisory computer (or directly to a separate database storage 

system, nicknamed the Cruncher, housed in the real-time collaboration center at The University of Texas 

at Austin).  Since data quality and compression are of paramount interest across the industry, data 

compression techniques will be investigated, including: 

 Wavelet or Fourier transforms of periodic data, especially vibration measurements and 

drillstring dynamics data 

 Windowed and weighted running averages, combined with minimum and maximum 

measurements 

 Compressing temporal redundancies, much like how the mpeg codec compresses and streams 

video, where only changes over time are recorded 

Real-time data will be displayed via a monitor plugged into the real time system.  Interface with the 

system will be via a series of hardware buttons or via a supervisory control computer paired with the 

real time system. 

The display will be toggled between two screens, shown in Figure 13 and Figure 14.  Figure 13 will show 

a time history of the current drilling activity, the controller tendency for the near future (i.e. increasing 

or decreasing WOB set point), a generalized lithology model showing detected and predicted formation 

tops, and an indication of system warnings and errors.  Figure 14 will show an instantaneous snapshot of 

the drilling parameters as well as the estimated wellbore path, as calculated from downhole sensors. 
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Figure 13 Proposed real time data display. 

 

Figure 14 Proposed instantaneous data display. 
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8 CONTROL  

This section presents our control architecture; both algorithms and hardware. Figure 15 shows the 

components and interfaces between the various components in the system. 

TD
(0.5 HP AC Gear 

Motor)

DW
(Geared Stepper 

Motor)

VFD

Encoder

Drive

Analog Voltage

SLRT

Load Cell

3-Axis 
Accelerometer

Ethernet 

Supervisory Control ~1Hz
(Matlab)

User Intervention Interface

Downhole 
Sensors 

Mud Motor
(0.3 HP AC Motor)

VFD

Ethernet Data Historian 

Torque and 
Tension Sub 

Low Level I/O at 1000Hz
(Simulink Realtime)

Embedded Control at 200Hz
(Simulink Realtime)

Analog Voltage

Analog Voltage

 

Figure 15 General control schematic for nanoRIGv2. 

8.1 SYSTEM INTEGRATION 
System integration is accomplished through the use of a Speedgoat Real time Target System running a 

custom Linux kernel based upon the ROS (Robotic Operating System) with Simulink Realtime Embedded. 

The system contains a dual core Intel processor, a series of standard IO ports, and a 16 bit IO 101 card 

which contains: 

 32 single ended or 16 differential analog inputs operating at a maximum read frequency of 

100kHz shared across all 32 channels 

 8 analog outputs operating at a maximum write frequency of 80kHz 

 16 digital input/outputs operating at a maximum frequency of 250kHz 

Baseline control will operate via an embedded Simulink model running within a deterministic state 

machine operating at either 100 or 200 Hz. 
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8.2 CONTROL LAWS 

8.2.1 Baseline Control 

Baseline performance will be established using tuned PID loops that will control top drive rpm (using 

torque feedback), draw works velocity (using weight-on-bit feedback), and flow rate. Rudimentary 

baseline control with the real time system has already been established during a proof of concept 

demonstration for Mathworks in September. 

 

Figure 16 Basic control law using two PID controllers with weight-on-bit feedback. 

8.2.2 Performance Optimization 

Once baseline control is established as a benchmark, advanced control strategies may be introduced.  

Possible strategies include: 

 Online learning: Since high frequency data will continuously be collected, performance 

optimization using an online learning technique may be applied to select the optimal drilling 

parameters 

 Sliding mode control: an improvement of last year’s controller with the improved sensing and 

control capabilities proposed for this year will give a comparison 

 Parameter optimization via various optimization procedures, including LMI optimization, 

convexification and Bayesian learning, to name a few 
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9 SEISMIC ANALYSIS 

In the industry, seismic data is collected in order to analyze the formation changes and lithology. This 

information is useful for both vertical drilling and directional drilling. The data allows for control of 

drilling parameters such as weight-on-bit (WOB) and revolutions per minute (RPM) in anticipation of 

difficulties caused by formation changes. Since the competition rock sample has an unknown 

composition, it would be useful to perform simple, small-scale seismic analysis on the rock sample prior 

to drilling to determine the location of formation layers for more accurate/proactive control.  

For the seismic analysis, the reflection method would be used, which allows for the calculation of the 

depth of each change in formation. Consider a one layer horizontal formation as shown in Figure 17. 

 

Figure 17 Seismic reflection in a one-layer horizontal formation (Ahern, 2007). 

When a pulse is applied from a source point, the pulse travels through the formation. When it reaches a 

formation change, it is reflected back to the surface and recorded at the receiving point. When source 

and receiver are at the same point (no offset), the travel time, velocity of the pulse, and depth of the 

formation change are related by: 

𝑡0 =
2𝑑

𝑉
 

However, since both depth and velocity are unknown, multiple receivers at varied distances away from 

the source are needed to determine the depth. The velocity can be found using: 

𝑉2 =
𝑥

√𝑡2 − 𝑡0
2

 

where 𝑥 is the distance between the source and the receiver, and 𝑡 is the time at which the pulse 

reaches the receiver. The velocity can then be plugged into the following equation to get the depth of 

the formation. (Ahern, 2007) 

𝑡 = √
𝑥2

𝑉2
+

4𝑑2

𝑉2
 

In the case of a multi-layer formation, when the pulse reaches a formation change, it is both reflected 

back to surface, and refracted as it continues to travel through the next layer in the formation. To 

compensate for the refraction, the root mean square velocity (𝑉𝑅𝑀𝑆) is calculated in order to find the 

velocity and depth for each layer. (Marshall, n.d.) 
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𝑉𝑅𝑀𝑆 =
𝑥

√𝑡2 − 𝑡0
2

 

Using Dix’s Equation, the velocity for each layer can be calculated (Ahern, 2007). 

𝑉𝑛
2 =

𝑉𝑅𝑀𝑆𝑛
2 𝑡0𝑛

− 𝑉𝑅𝑀𝑆𝑛−1
2 𝑡0𝑛−1

𝑡0𝑛
− 𝑡0𝑛−1

 

In turn, depth for each layer can be calculated (Ahern, 2007).  

𝑑𝑛 =
𝑉𝑛(𝑡0𝑛

− 𝑡0𝑛−1)

2
 

This method does not compensate for non-horizontal formation changes. However, if the locations of 

the source and receivers are varied across the surface of the rock sample, and the data collected is 

merged, then the approximate depths of formation changes can be analyzed.  

The proposed method for seismic analysis of the rock sample is to drop a hammer from a 

predetermined height onto the rock sample, and measure the pulse reflections from two 

accelerometers. One accelerometer will be placed close to the location where the hammer would make 

contact with the sample in order to measure 𝑡0. The other accelerometer will be placed at a measured 

distance from the first accelerometer. The signals from the accelerometers will be fed into a signal 

processing toolbox in MATLAB or similar software to extract the time measurements needed for the 

above equations. The collected depth data will then be used to aid in control of vertical orientation of 

the drillstring as formation changes are reached, and to serve as a check for the formation change data 

collected from the surface and downhole sensors.  

10 COST ESTIMATE  

This section presents the estimated cost for the nanoRIGv2.  

Rig Structure 

       

Part 
Number 

Description/Material Length 
(mm) 

Width 
(mm) 

Unit Cost 
($)  

Quantity Cost ($) 

40-4080 40mm x 80mm T-Slotted 
Aluminum Extrusion 

650  27.3 4 109.20 

40-4080  40mm x 80mm T-Slotted 
Aluminum Extrusion 

354.93  14.91 6 89.46 

40-4040  40mm x 40 mm T-Slotted 
Aluminum Extrusion 

357.68  8.58 2 17.16 

40-4334  40 S 4 Hole Inside Gusset 
Corner Bracket 

  6.25 8 50.00 

40-4336 41 S 4 Hole Inside Gusset 
Corner Bracket 

  6.25 6 37.50 
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 General Purpose 6061 
Aluminum Plate, 0.25in 
(6.35mm) Thick 

203.2 
(8in) 

203.2 
(8in) 

9.93 1 9.93 

 General Purpose 6061 
Aluminum Rectangular Bar 
2in ( 50mm) x 3in ( 76.2mm) 

1524 
(60in) 

 111.32 1 111.32 

 General Purpose 6061 
Aluminum Plate, 0.25in 
(6.35mm) Thick 

355.6 
(14in) 

50.8 
(2in) 

9.52 1 9.52 

 Vision V-35 SHORT Plastic 
Tub, 88.9mm (3.5in) Deep 

501.65 
(19.75in) 

374.65 
(14.75in) 

13.99 1 13.99 

75-3422 4.68 M8 x 16mm BHSCS 
w/Economy T-Nut 

  0.67 120 80.40 

     Total 528.48 

       

       

Bottom Hole Assembly 

       

Part 
Number 

Description/Material Unit Cost 
($) 

Quantity Cost ($) 

RB-Ada-59 Adafruit Industries Slip Ring with Flange  14.95 1 14.95 

 General Purpose Steel Rod for Stabilizers 12.71 1 12.71 

 General Purpose Aluminum Pipe for BHA Casing 9.05 1 9.05 

 General Purpose Aluminum Rod for Connection 
Stabilizer 

5.00 1 5.00 

SGT-3S/350-
TY43 

Omega Linear Strain Gauges, Transducer Quality, 
Uniaxial 3 mm grid, 350 ohms, Uniaxial Transducer 
Quality Strain Gauge, Stretched Pattern (Pack of 5) 

29.00 1 29.00 

01313478 GY-521 MPU-6050 Module 3 Axis Gyroscope + 
Accelerometer for (For Arduino) 

6.99 1 6.99 

GY-273 
HMC5883L 

Triple Axis Magnetometer Compass Sensor Module 2.99 1 2.99 

     Total 80.69 

       

       

Torque/Tension Sub 

       

Description/Material Unit Cost 
($) 

Quantity Cost ($) 

T12 square 1/4" Drive from Interface Torque (Up to 20 Nm 
nominal torque) 

3300.00 1 3300.00 

     Total 3300.00 
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Seismic Analysis  

       

Part 
Number 

Description/Material Unit Cost 
($) 

Quantity Cost ($) 

SEN-09269 SparkFun Triple Axis Accelerometer Breakout - 
ADXL335 

14.95 2 29.90 

     Total 29.90 

 

The estimated total cost for nanoRIGv2 is $3939.07. The estimated cost does not include the Speedgoat 

Real time Target System, valued at $4,000, which will be donated by MathWorks for use on the 

nanoRIGv2. 

11 TIMELINE  

January 15th – January 31st 

 Place orders for structural components and sensors  

 Receive Real-Time System from MathWorks 

 Place orders for test drill bit and drill pipes 

 Locate rock samples for testing 

February 1st – February 15th  

 Assemble rig structure and machine all necessary components 

 Machine and assemble downhole assembly and torque/tension sub 

 Environmental testing for waterproofing, vibration, and rotation of the downhole sensors 

 Complete rig and begin testing systems 

 Implement a basic controller that can naïvely drill a vertical hole and establish benchmark 

 Implement seismic analysis and test on homogenous and layered samples 

March 1st – March 31st   

 Develop improved controllers to push the limits of the system 

 Build spare downhole assembly 
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APPENDIX B: MAGTROL DATASHEET TMB SERIES SENSOR 

Datasheet which shows the dimensions of the Magtrol TMB series sensors (Magtrol INC., n.d.): 

 


