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Abstract 
This Critical Design Review (CDR) describes the current state of the ‘MTB Suspension Tuning 
DAQ’ senior design project. This project aims to quantify the suspension settings of mountain 
bikes (MTB) to improve the riding performance and reduce vibrational discomfort. A data 
acquisition system (DAQ) will collect data during a ride, which will be analyzed after the fact to 
suggest changes to the tuning parameters of the suspension. The CDR details the overall design 
and operation of the system and justifies the design choices made. Further, the plans for 
manufacturing and testing the verification prototype are laid out and explained. 

Since the Preliminary Design Review, most of the progress has been on the electrical systems in 
the DAQ. The new sensors were selected, and circuits were designed to integrate them into a 
new iteration of the DAQ. Finally, a new PCB schematic was created, which will be sent off for 
manufacturing after approval of this CDR. To go along with the electrical system, new code was 
written to communicate with the new sensors. The next steps involve manufacturing the PCBs, 
soldering on the electrical components, validating the prototype, and designing the tuning 
algorithm. 
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1. Introduction 
In this CDR report, the full design of the Mountain Bike Data Acquisition System is 

described. The purpose of the DAQ is to collect data during a mountain bike ride. This data will 
then be processed to recommend tuning changes to improve the performance of the suspension in 
reducing vibration and increasing bike speed.  

Since PDR, many changes have been made to the electrical system of the DAQ, as well as 
the firmware and the housings. The scope of our project now focuses on building a data acquisition 
system to start collecting data and justifying our metrics. Section 2 (System Design) describes the 
design in its entirety, and the way in which it will function. Section 3 (Design Justification) 
explains why decisions were made about the new design. Section 4 (Manufacturing Plan) goes on 
to explain how the verification prototype will be produced, from the procurement of materials to 
the final assembly of created components. Finally, Section 5 (Design Verification Plan) continues 
to describe how the prototype will be tested to verify that it meets our previously laid out 
specifications.  

After CDR, the remainder of the project will be spent creating the prototype, developing 
the recommendation algorithm, and field testing. Due to issues with the provided DAQ this project 
was based around, the scope of this project changed somewhat. Most of this quarter was spent 
troubleshooting and redesigning the firmware and hardware of the DAQ system, rather than 
focusing on the algorithm and figures of merit as planned. The Spring Quarter will be mostly spent 
testing and tuning. As we test, we will be able to iterate and improve our algorithm until it 
demonstrably improves the bike’s speed and comfort. 

  



 

2 
 

2. System Design 
The MTB DAQ System is a modular, portable system that is compatible with any bike a 

person would ride off roads or on mountains. The system consists of one central unit and two 
auxiliary sensor units that can be mounted in several different locations on a bike. By strapping on 
the sensors and main unit and connecting them with cables, data can be collected with the press of 
a button without impeding the user’s ability to ride their mountain bike down their favorite trail. 
Our system can functionally be broken down into 6 subsystems:  

1. Mount & Protect Unit 
2. Power Unit 
3. Interface with Rider 
4. Collect Data 
5. Store Data 
6. Interpret Data 

To mount our system components, sensors will be inserted into custom designed 3D printed 
housings made of PLA, shown in Figure 1. The printed circuit board containing the sensor and 
associated circuitry slides into a slot until the unit is fully enclosed and snug within the housing, 
at which point the holes in the PCB align with holes in the housing and screws are inserted to fix 
it in place. The angled outer surface opposite the screws provides two points of contact with the 
fork housing and seat stay for each respective sensor.  

 

Figure 1: Accelerometer CAD and Housing with Accelerometer PCB Inserted 
  

The rear sensor on the seat stay contains an accelerometer only, while the front sensor on 
the fork housing contains an accelerometer and a hall effect sensor. This component senses the 
presence of the spoke magnet clipped to the front wheel and sends a signal when the magnetic 
fields interact. This will record angular speed of the wheel and, with the diameter of the wheel, 
can be used to calculate the velocity of the bike assuming a no slip condition between the wheel 
and ground. These accelerometer positions can be seen in Figure 2. 
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Figure 2: Accelerometers Positioned at the Fork and Seat-stay Respectively 

As shown in Figure 3, The main unit is mounted to the center of the bike frame with two 
screws fastening the housing to the water bottle bosses. This unit contains the main board with 
accelerometer and gyroscope, microcontroller, ethernet ports, Micro SD card slot, and USB Mini 
B port for charging. It also contains a connected User Interface board with LED indicators, record 
button, and display screen. Additionally, 5 batteries are connected in parallel to supply power to 
the unit. Specifications for all electronic components can be found in Appendix A.  

 

Figure 3: Mounted Main DAQ System on Bike Frame 

During operation, the rider flips the power switch to turn on the main unit and then holds 
the bike still on flat ground while the accelerometers calibrate so their biases can be calculated. 
Once the rider is ready, they press the record button to begin data collection, which increments the 
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log count on the display screen, creates a new file on the SD card, and lights up an LED to indicate 
recording is in progress. All 3 accelerometers, the gyroscope, and the hall effect sensor then start 
sending data through ethernet cables and PCB traces back to the microcontroller in the main unit, 
which sends this data to the SD card to store in memory. The system will continue to collect data 
until the record button is pressed again, at which point the file will be closed and the LED will turn 
off.  

Once the data is collected and stored on the SD card, it is later processed on a PC with 
MATLAB using metrics that will be developed by this team next quarter.  

 

Firmware 

All code responsible for running the program used for data collection during operation was 
written in MicroPython. The communication protocol used is SPI for all accelerometers and the 
hall effect sensor because of their high data output rate, while the gyroscope will necessarily use 
its manufacturer configured I2C protocol to send data back to the microcontroller. Using a FIFO 
buffer for all sensor data, the MCU will write the data to the SD card using SDIO where it will be 
stored in a binary format to save memory. 

Cost and Budget 

In Table 1 below, the costs associated with each category of component is listed, along 
with estimated shipping and tax costs, for two verification prototypes to be built, as requested by 
our sponsor. A more specific breakdown of the project budget can be seen in Appendix B.1. 

Table 1. Project Cost and Budget 

System  Com ponent   Cost   

Housings 
Housings $12.00  

Housing Straps $16.50  

Electronics 

Sensors $44.00  

Electrical Components $4.00  

Update PCBS $88.00  

M echanical 
Mounting Hardware $5.00  

Spoke M agnet $10.00  

Shipping + Tax - $90.00  

Tota l Cost $269.50  

Pr oject  B udget $500.00  

Funding Left  $230.50  
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3. Design Justification  
At the request of our sponsor, our designs for the sensor housings and system design are to 

be created with the intent of collecting riding data, without the concerns for a product to be used 
by other customers. Because of this, our design justification will be based on the specifications 
needed to effectively collect data for metric testing, without the concerns of uncommon failure 
modes that can occur when it is being used by a mass audience.  

3.1 Housing Design Justification 
With this in mind, we designed the sensor and main DAQ housings to be 3D printed with 

PLA filament. Under normal operation, there will be no significant mechanical stresses applied to 
the housings or system itself, so FEA and Stress analysis were not included in our analyses. Our 
main failure modes would be that which affects the quality of data collection, rather than what 
would affect the function of the system based on the use of a mass audience. The sensors we 
selected are rated to have a large shock tolerance that can be shown from their respective datasheets 
(Appendix A). 

To justify our housing design in terms of the quality of data collection, we had to ensure 
the housing would not slip during operation and the rubber pad wouldn’t dampen the accelerations 
to a great extent. To ensure this, we subjected the accelerometers and housings to a shake table 
test. Comparing both orientations, horizontal and vertical, as well as testing with and without the 
rubber pads, we confirmed that the rubber pads add enough friction between the housings and the 
frame to eliminate potential slip and does not dampen the accelerations to a significant effect. 
These orientations can be seen in Figure 4. 

    

Figure 4: Accelerometer Vertical and Horizontal Positions Respectively for Lab Testing 
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Figure 5 shows the similarities between the accelerometers in a horizontal position, both 
being subjected to 20hz on the shake table. The accelerometers show offsets that our team will 
calibrate in future tests to make the data relevant.  

 

Figure 5: Accelerometers in Vertical Position Subjected to 20Hz on the Shake Table 

Currently, DAQ systems made for mountain bikes are similarly designed in the way they 
mount their housings to the bike’s frame. Instead of the fastening band that our design implements, 
other DAQ systems often used wire ties. The intended audience for the other DAQ systems is for 
professional use, so they did not design them with the mass audience in consideration. Wire ties 
are similar to our band design, except we incorporated a less permanent attachment due to the 
constant testing we will have to do with our system.  

3.2 Sensor Data Collection Justification 
Similar to the housings, the way the sensors collect data is also a design that needs to be 

justified. This design includes the MicroPython code used to drive the sensors and the sensor 
selection itself. We did not have to design more code to drive the accelerometers because Steven 
Waal’s version of the accelerometer driver works as is intended, collecting data at a rate of 1600Hz. 
This was justified through multiple field tests and lab tests using the accelerometer to collect data.  

The gyroscope was the new sensor added and was selected based on its output frequency 
range and the fact that it is 3-axis. The specifications of the gyroscope are shown in Appendix A. 
The gyroscope is collecting data at a slower rate than the accelerometers because the angular 
velocity is not rapidly fluctuating. We planned to verify that our driver works with the selected 
gyroscope by breadboarding it onto a Nucleo and collecting accurate data from it. However, due 
to shipping problems we did not have the necessary components to complete this bench test and 
will proceed with the test after this review. Although our system does not use a Nucleo as a 
microprocessor, the code can be modified to fit our intended system and microcontroller. 
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Continuing with the accelerometers, we tested in a range from 0hz to 1600hz to verify that 
the given accelerometers were able to accurately collect and transmit data on files that we can 
process through MATLAB. The following data is taken from the accelerometers in the horizontal 
position at rest.  

 

Figure 6: Accelerometer Data Taken at a Rest Position 

 As shown in Figure 6, the data displays the biases of both the accelerometers. Since both 
tests were taken when the accelerometers were at rest, the magnitude of their accelerations should 
be equal to 1g, however both accelerometers show biases in each axis. We will have to calibrate 
the accelerometers in a perfectly horizontal position to ensure accurate data is being collected and 
to make use of previous data taken. 



 

8 
 

 

Figure 6. Hall Effect Sensor on Breadboard, Powered by STM32 Nucleo-L476RG Prototyping 
Board [5] 

A prototype circuit was also made to verify the function of the Hall effect sensor. For this, 
we attached the sensor and all other components in the circuit to a solderable breadboard. The 
output and ground pins were attached to a voltmeter, and a magnet was passed in front of the 
sensor. As the magnet approached the sensor, the voltmeter read a value of 5V, and as the magnet 
departed, the voltmeter read 0V. The sensor and circuit functioned the way we designed them to, 
but not perfectly. 

3.3 Safety, Maintenance and Repair Consideration 
 The safety of the user and the securement of the device is an important consideration that 
our team took into consideration. The team reviewed the safety of the design by creating a Failure 
Modes and Effects Analysis, which is attached in Appendix D. Using this process, our team can 
determine how the design will fail, how these failures can affect the customers and the most critical 
potential issues. Because our objective with our design is to create this DAQ solely as a testing 
device, most of our failures will be software related and not affect the user’s safety.  

 Some safety precautions include the design of small form factors for the housings to ensure 
no interference between the user’s path and the housings. There will be no exposed conductors 
and wire ties are used to keep the ethernet cables attached to the bikes frame.  
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 In order to protect the device from potential damage, we added housings with a thickness 
that is tolerable to potential crashes from riding the bike. These housings will protect the electronic 
components from external damage, as the sensors are already tolerable to shock. Other protective 
measures include a video demonstrating how to properly install the DAQ onto a mountain bike as 
well as a written manual on how to operate the device, which will be available with the verification 
prototype.  

 With our current design, there should be no need for maintenance within the system. 
However, in the case that bugs and software problems occur, there will be well documented code 
and documentation on the design of the DAQ system that the user can reference.  

3.4 Unresolved Issues and Concerns 
There are concerns related to the current DAQ design that we cannot ignore for future 

iterations of the design. The power supply design to the DAQ is not the most efficient. Most of 
our problems came from the insufficient power supply to the DAQ. The main board was designed 
to have batteries connected in parallel to supply the power. This would cause the rechargeable 
batteries life to drain faster than if it was powered by a singular battery. The power supply will 
need to be altered in our final iteration of the board design.  

We found several issues during the Hall Effect Sensor verification test. The first was the 
proximity of the magnet to the sensor; the magnet had to be between 0.5 to 1 inch for the sensor 
to toggle on. This obviously leads to issues with the mounting of the system, as it allows little 
clearance for the spokes and sensor to pass by each other while still picking up velocity data. A 
second issue was with our selection of a latch-type sensor. The sensor turns on with a positive 
magnetic field and continues to stay there, only turning off again in the presence of an equal 
negative magnetic field. This means the magnet must be oriented so both poles can be read, which 
reduces the magnetic field’s strength at the sensor and lowers the range of the circuit. We could 
also have a second magnet to turn off the sensor, but this is clearly not ideal either. We will 
continue to test with the other type of Hall effect sensors, which only output the measured intensity 
of a magnetic field, instead of latching on and staying there. While these issues exist, the 
underlying concepts were proven to work by this testing. Further experimentation with the Hall 
effect circuit will occur after CDR.  
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4. Manufacturing Plan  
The following section presents the manufacturing processes that will be required in order 

to build the verification prototype. This includes the procurement of materials/components, 
manufacturing of custom parts, outsourcing of part manufacturing, and lastly, the assembly 
process. 

 
4.1 Procurement 

The manufacturing of materials and components consists of a variety of electrical 
components, sensors, 3D printed parts, and mounting hardware. Ronan is the elected purchaser of 
the components, however, the team and sponsor will hold component reviews prior to purchasing 
to ensure the components are accurately selected.   

The electrical components (resistors, capacitors, crystals, etc.) will be purchased through a 
supplier called Digikey. With their wide variety of products, every electrical component can be 
purchased through them. Prior to purchasing components, each manufacturer will be researched 
to ensure the component is high quality.  

The mechanical hardware will be purchased at a variety of suppliers. The OneUp straps 
used to secure the sensor housings to the bike will be purchased directly through them on their 
website. The spoke magnet that attaches to the rim will be purchased on the REI website. The 
remaining mounting hardware (screws and bolts) will be purchased through McMaster.  

The final iteration of 3D printing will take place in the ME Department using the Formlab 
3+ printer. In order access this high-quality printer we will need to pay for a maintenance fee ($10) 
and technician fee ($45). We have selected a specific Formlabs material called “Tough 200 Resin” 
which will be purchased directly through Formlabs ($175). The product spec sheet supplied by 
Formlabs can be found in the Appendix A.  

4.2 Manufacturing 
The fabrication of the updated main PCB and updated Accelerometer + Hall Effect PCB 

will be manufactured by JLC PCB. This manufactured was selected based on their capability to 
produce high quality boards with a very short turn around and low price. One of the team members 
as well as Steven Wahl have used this manufacturer in the past and had good experiences with 
JLC PCB as well.  

As stated in section 4.1, our housings will be manufactured with a Formlabs 3+ printer. 
The Formlabs 3+ printer uses Low Force Stereolithography (LFS) which is an advanced form of 
SLA printing that uses a flexible tank and linear illumination to turn liquid resin into the desired 
part. This print style was selected due to its excellent surface finish, part accuracy, and material 
strength/stiffness, all of which will make a finished look product but at a lower cost. The printer is 
located in the ME Department and we will be working with a shop technician to have the parts 
properly printed. 
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Lastly, the software development must be procured. The process of developing this code 
includes Steven Wahl’s original code (modifying it for the new board pinouts) as well as utilizing 
code from our ME 305 and 405 scripts for the gyroscope. Psuedo code has been developed for the 
new sensors and the code can be validated using the nucleo/breakout boards during the 
manufacturing process for the PCBs. This allows the team to stay on track during the 1–2-week 
lead time for the PCB manufacturing.  

 

4.3 Assembly  
The surface mounting (SMT) of the components onto the board will be hand soldered by 

the team. The team has prior experience with soldering of electrical components on PCBs and is 
confident that components will be properly placed on the board. To ensure the boards are reliable, 
a rigorous quality control (QC) plan will be put into place. This QC plan begins with in-circuit 
testing using the designed access points in the board and comparing these values to Eagle 
Simulations as well as hand-calculations. 

If the hand assembly is not successful, JLC PCB has the capability to do so. Their outgoing 
quality control (OQC) includes visual inspection, solder paste inspection (SPI,) x-ray inspection, 
and automated optical inspection. Their capabilities are much greater than that of hand soldering 
the components, however, their price to do so is another cost that could be avoided.  

Once the PCBs have had all components soldered to the board, they will be mounted to the 
housings. The OneUp straps will be put through the sensor housings, ready to be placed on the 
bike. When the user is ready to collect the data, all that is necessary is to buckle down the sensors 
and tighten the through bolts on main DAQ housing.  
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5. Design Verification Plan 
After completion of the verification prototype, we will need to identify if it meets all of our 

design specifications. For a full table of specifications and testing, see the Design Verification Plan 
in Appendix E.  

Size — Main Hub and Peripheral Housings 

The physical dimensions of the system are very important to its function, as they should 
not interfere with the rider’s ability to operate the bicycle. We selected a maximum size for the 
hub of 12.5 cm long, 7.5 cm wide, and 2.5 cm thick. For the sensor housings, we want a maximum 
of 4 cm for length, width, and thickness. Measuring these will simply involve using a ruler or 
calipers to find each dimension. 

Weight 

Since the DAQ is targeted towards competitive riders, minimizing the weight of the entire 
system is crucial. More weight translates to a slower ride and more effort to ride the bike. Our 
specification for the entire system is a maximum mass of 500g, which weighs roughly 1.1 lbf. 
Testing the weight of the system will only require a weight scale, and it does not need to be 
particularly precise. 

 

Cost 

To differentiate from similar products, keeping our product affordable was a key focus. We 
want our entire system to cost less than $150. While the current prototype design will be made of 
the more expensive Formlabs resin, the final version would be made of a cheaper, more mass-
producible material and process. We will be able to calculate this directly from our budget. See 
Appendix B for the entire budget.  

Battery Life 

The system should be able to operate on a single charge long enough for the rider to get in 
a day’s worth of rides. The DAQ will mainly be used on downhill portions of trails, which makes 
up a fraction of the entire ride duration. We specified a minimum battery life of one hour. We can 
estimate the battery life by measuring the current consumed by the device using a multimeter. The 
battery operates at a (near) fixed voltage and multiplying by current gives the wattage of the device. 
Battery capacity is given in Watt-hours, which we can divide by the wattage to find roughly how 
long the batteries will last.   

Ingress Protection 

While riding, the DAQ will experience somewhat harsh environmental conditions. We 
defined an ingress protection level of IP54. This means that the system is protected against dust 
interfering with the DAQ’s functionality. It also means that the system will be able to withstand 

John Maxwell Ringrose
Change to Metric
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splashes of water. We chose these specifications because they represent actual conditions that the 
DAQ might reasonably go through during operation. 

To test the ingress protection specification, we will first remove the internal electronics 
from the DAQ and replace them with paper. Then we will splash the system with water and dust 
and observe if the paper is wet or any dust entered. If the inside is dry and dust-free, the test is 
successful. 

Foolproof Operation 

The system should not be complicated to operate. We will give the verification prototype 
to various “customers” and provide them with basic operation instructions. If they run into any 
issues with how to use the DAQ, this will count as an unsuccessful test. 

Maximum Recording Storage 

The system needs to have enough storage to contain data from multiple rides. We decided 
on a minimum of 8 gigabytes, which corresponded to well over 20 hours of recording time. Testing 
this specification will only require examining the SD card used for data storage. 

Mounting Universality 

The DAQ is not specific to any model of bike and should be able to fit across a range of 
frame geometries. We will test the system’s universality by trying to mount it on a multitude of 
bicycles. We can find a variety of bikes either through a biking-related club, a bike shop, or 
individual personal bikes. 

Aesthetics 

The appearance of the DAQ system should be attractive to potential customers. This is a 
subjective criterion which we can test by surveying potential customers. If over 80% of those 
surveyed agree that the system is visually appealing, this specification is considered met. 

Suspension Tuning Recommendation 

The overall purpose of this product is to produce suspension tuning recommendations 
which increase the bike’s performance. To test this, we will ride the bike on a trail with the 
suspension tuned randomly. After riding, we will adjust the suspension based on the DAQ’s 
recommendation and test again. We can run this test at different ‘untuned’ configurations to ensure 
the system works for a range of test cases. If the average speed increase of the bike is 5% or more, 
this specification will be marked a success. 

 

5.1 Uncertainty Analysis 
To ensure the validity of our data, we will need to estimate the uncertainty of the sensors. 

We will not need the data to be extremely precise in our application, as the vibrations and rotations 
are going to have high nominal values. The uncertainty of the sensors will likely be negligible 
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compared to our data. However, we will still analyze the uncertainty of the sensors to be sure any 
variation in data not attributed to actual vibrations is not significant. 

MEMS devices, including the accelerometers and gyroscope in our system, have many 
sources of error. These are listed on the manufacturer’s datasheets, along with typical values of 
uncertainty for each source of error. Error arises from the construction of the devices, as well as 
from noise, misalignment, and offset due to temperature. 

From the datasheets, the estimated maximum uncertainty of the accelerometers and 
gyroscope were calculated. The conditions were assumed to be stationary with one axis oriented 
perpendicular to gravity, and at 25℃, the defined ambient temperature for both manufacturers. 
Uncertainty was also calculated for every angle to be measured in this calibration test. If the 
uncertainty at zero is sufficient to characterize the entire range of data, we may use the zero data 
point to calibrate the system as needed.  These calculations can be seen in Appendix C. To compare 
against these uncertainties, we will take measurements with the devices at different known angles 
over a period of time. The devices will not be moving, allowing us to examine the fluctuations in 
readings. This will be compared against the estimated maximum uncertainty at zero. This will give 
us a basic idea of how the devices are performing, and if they meet the expected uncertainty 
specifications. 

 

A full description of the test procedures is laid out in Appendix I. 
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6.  Conclusions 
This report documents and presents our progress towards completing the MTB DAQ 

system. Our team has encountered difficulties with getting the previous design of the data 
acquisition system to work properly over the past few weeks, making the verification of working 
sensors and circuit design our team’s focus for our structural prototype. Our team verified the 
collection of accelerometer data through the shake table test and found a potential bias in both 
accelerometers. The hall effect sensor was tested for usable range and verified circuit design. The 
gyroscope was unable to be tested due to shipping problems, so the bench test to verify data 
collection could not be performed.  

The next steps include analyzing the lab test data to calibrate the sensors and eliminate the 
biases, installing the gyroscope to our designed circuit and verify its data collection, and to 
complete the design of the Main DAQ PCB. With the permission of our sponsor, we will commit 
to our purchasing, building and test plans. 
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Appendix B.1 Project Budget 
 

Vendor 
(name, 

website, 
phone, or fax) 

Product Name (paste the 
exact product title, include all 

text) 
Part Number Qty Price/Ea Total Design Location Payment Date 

Purchased 
Currently 
Located 

Digikey MPU-3050 1428-1001-1-ND - Cut Tape (CT) 2 $     8.26 $    16.52 Main DAQ Reimburse 2/3/2022 In Hand 
Digikey APS12205LUAA 620-1964-ND 2 $     0.98 $      1.96 Fork Sensor Reimburse 2/3/2022 In Hand 

Digikey 
LP402535JU+PCM+2 

WIRES 50MM 

1908-
LP402535JU+PCM+2WIRES50MM-

ND 8 $     9.49 $    75.92 Main DAQ Reimburse 2/3/2022 In Hand 

Digikey 
BATTERY LITHIUM 3.7V 

1.2AH 1528-1838-ND 2 $     9.95 $    19.90 Main DAQ Reimburse 2/3/2022 In Hand 

Arrow 

Accelerometer Triple ±200g 
2.5V/3.3V 14-Pin LGA T/R ADXL375BCCZ-RL7 2 $  11.24 $    22.48 

Main 
DAQ/Front/Rear Reimburse 2/3/2022 In Hand 

Jenson USA 
ONEUP COMPONENTS 

EDC GEAR STRAP TL186J05 2 $  16.50 $    33.00 Fork/Rear Sensor Reimburse 2/3/2022 In Hand 

My Bike Shop 

MSW Universal Speed Sensor 
Spoke Magnet EC3311 2 $     5.00 $    10.00 Front Wheel Spoke Reimburse 2/3/2022 In Hand 

JLC PCB Sensor PCB Custom 2 - $    34.00 Fork Sensor Reimburse   
JLC PCB Main DAQ PCB Custom 2 - $    54.00 Main DAQ Reimburse   
FormLabs Housings Custom 4 - $  100.00 Main DAQ/Sensors Reimburse   

Shipping/Handling/Tax  $    97.00          
Total  $  464.78          

Project Budget  $  500.00          
Budget Remaining  $    35.22          

 

 

http://www.arrow.com/
http://www.rei.com/
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Appendix B.2: Bill of Materials 
 

MTB DAQ 
Indented Bill of Material (iBOM) 

Assy Level Part Number Descriptive Part Name   Qty Part Cost  Source URL More Info 
  Lvl0 Lvl1 Lvl2 Lvl3 Lvl

4 
       

0 100000 Final Assy         ------   
1 110000  Main DAQ       ------   
2 111000   Housing   1  $         1.50   custom  Maintanence  
2 111100    Bolts   1  $         0.59   McMaster  item 45792A 
2 111400   PCB       ------   
3 111410    Gyroscope  1  $         1.50   custom  vac-formed PET 
3 111420    Accelerometer 1  $         2.15   McMaster  item 98725 
3 111430    Nucleo  1  $         0.30   McMaster  item 48005 
     RJ45 Ports        
     Batteries  4      
            
2 111600   Cables      ------   
3 111610    Ethernet Cables 2  $         0.35   McMaster  item 48250 
3 111620  Rear Sensor      ------   
4 111621   Housing   1  $         1.50   custom  mold in ABS 
4 111622    Strap   1  $         0.50   Bearing Inc.  item 27-100 
2 111700    Screws     ------   
3 111710   Accelerometer  1  $         7.00   custom  machined aluminum 
3 111720   PCB    1  $         2.50   Bendix  item US259874 
1 120000  Front Sensor   1  $         1.50   custom  mold in ABS 
    Housing         

 TL186J05   Strap    1  $       16.50   Oneup Link OTS 
     Screws        
    Accelerometer  1      
1   Hall effect sensor   $         0.98   DigiKey Link OTS 
1 207107   Spoke magnet  1 $       10.40  REI Link OTS 
    PCB          
1 130000       4  $         0.72   Home Depot  #3-1/2-in 
 Total Parts       19  $       47.99      
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Appendix C. Uncertainty Propagation 

 

Fig. Uncertainty estimation for stationary accelerometer, with axis oriented along 0g axis, 
at ambient temperature (25 ℃). Uncertainty values from manufacturer’s datasheet [Appendix A]. 
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Fig. Uncertainty estimation for stationary accelerometer at ambient temperature (25 ℃). 
Uncertainty values from manufacturer’s datasheet [Appendix A]. 
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Appendix D. FMEA 

 
 

 

 

 

 



 

xvi 
 

Appendix E. Design Verification Plan 
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Appendix G. Gantt Chart 
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Appendix H. Design Hazard Checklist  
CDR Design Hazard Checklist      F11 MTB DAQ  
  

Y  N    
 
 

 
 1. Will any part of the design create hazardous revolving, reciprocating, running, 

shearing, punching, pressing, squeezing, drawing, cutting, rolling, mixing or similar 
action, including pinch points and sheer points?  

 
 

 2. Can any part of the design undergo high accelerations/decelerations?  
 
 

 3. Will the system have any large moving masses or large forces?  
  4. Will the system produce a projectile?  
  5. Would it be possible for the system to fall under gravity creating injury?  
  6. Will a user be exposed to overhanging weights as part of the design?  
  7. Will the system have any sharp edges?  
  8. Will any part of the electrical systems not be grounded?  
  9. Will there be any large batteries or electrical voltage in the system above 40 V?  
 
 

 10. Will there be any stored energy in the system such as batteries, flywheels, 
hanging weights or pressurized fluids?  

  
 11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of 

the system?  
 
  12. Will the user of the design be required to exert any abnormal effort or physical 

posture during the use of the design?  
 
  

 13. Will there be any materials known to be hazardous to humans involved in either 
the design or the manufacturing of the design?  

  
 14. Can the system generate high levels of noise?  

 
  15. Will the device/system be exposed to extreme environmental conditions such as 

fog, humidity, cold, high temperatures, etc.?  
  16. Is it possible for the system to be used in an unsafe manner?  
  17. Will there be any other potential hazards not listed above? If yes, please explain 

on the reverse.  
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Description of Hazard  Planned Corrective Action  Planned  
Date  

Actual  
Date  

The design will undergo 
high accelerations based on 
the way the user of the 
design rides the bike the 
design is attached to.  
  
  
  
 
  

When testing, we will have an 
experienced rider wear safety protection 
while being mindful of riding the bike 
safely.  

11/20/2021   11/20/2021  

  
The system itself will not be 
large in mass, but it is 
attached to a bike that will 
be moving fast. A fast-
moving bike can be a hazard 
to spectators.  
  
  
  

When testing, we will spectate the rider 
from a safe place. We will have a 
specified segment the rider will take 
when testing, allowing us to know the 
path the rider will take.  

4/08/2022    

  
There is currently a battery 
within the main DAQ 
system.  
  
  
  
  

Currently, this hazard is low-risk due to 
the housing of the main DAQ providing 
protection from the electrical 
components.  

11/20/2021   11/20/2021 

  
The user will have to be 
riding a mounting bike to 
use this design.  
  
  
  

There will be a cautionary notice before 
the use of the device listing this hazard. 
Since this hazard is not affected by our 
design, this is the most we can do  

1/11/2022    

  
The manufacturing process 
will include PCB rework. 
There are hazards with the 
tools used such as a solder.   
  
  
  

  
The people manufacturing will be trained 
in safety precautions before operating the 
tools.  

2/19/2022  2/19/2022  



 

xxiii 
 

Appendix I. Accelerometer Calibration Test Description 
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