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Current Progress Image

Figure 1: The Assembled Board With Electronics on Top

Project Description

In short, Open Mobility is an open source, modular electric skateboard. Existing electric
skateboards on the market are monolithic in design, meaning that user reconfiguration
or remixing is impractical or impossible. Our goal is to design an open source product
that users in the community can replicate, modify, add to, and use with relative ease at
a modest price point. To aid in achieving this, as many of the most complicated parts as
possible are bought off the shelf or found in the OSHE lab, with emphasis on general
availability. We want each subsystem to be quickly swappable, and not tied down the
individual components if availability changes.

The main priority for the Fall 2024 semester was to determine and acquire all of the
major hardware components, as well as configure them to operate independently. The
majority of this was achieved, and can be found in the characterization data section of
the report. At our current progress, we are in a good position to fully integrate the major
subsystems starting in Spring 2025.



Methodology in Brief

Control Methodology

After determining a general layout and parts list for the control slice, we researched
different microcontrollers and receivers to find the best fits for the project. The Arduino
Nano, ESP8266, ESP32, and the Stm32f103 were the main ones considered. After
taking into account the properties we were looking for from a microcontroller, mainly
price, size, ease of use, and CAN compatibility, the ESP32 was chosen.

The receiver requirements were not too stiff, as signal processing can be handled by
the ESP32. In the name of open source friendly-ness we opted for a common RC
hobbyist receiver and handheld controller package available at a low cost online. This
receiver outputs a logic-level PWM signal.

Once we had the microcontroller and the receiver, we had to determine the best way to
get the microcontroller to receive the output signal from the receiver. Using an
oscilloscope, we could see that the signal was a PWM waveform and that changing the
throttle changed the duty cycle. The first attempt at reading the voltage using the
MATLAB function readVoltage produced inconsistent readings. After switching to the
Arduino IDE, the function pulseln gave much better results.

Part of the semester deliverables was the ability to turn on and off the slice. We found a
switch in the lab, and after soldering some wires to it, used it to control whether or not
the system receives power. There was also an issue when powering the ESP32 and
reciever separately would cause them to have different grounds and would give out
funny readings. Having the entire system on one power source, either from a laptop or a
power generator, alleviates that problem.

Currently, the microcontroller is just reading in the signal and outputting to a laptop
through the Arduino IDE, constantly updating numerical values between -100 and 100,
and also to several LEDs on a breadboard, one lights up for high throttle, one lights up
for neutral, and one lights up for low.

Battery Methodology

The biggest considerations for an electric skateboard battery are size, capacity, and
cost. The physical size of the battery is primarily constrained by the dimensions of the
board and the clearance from the ground. The capacity of the battery will determine the
range of the skateboard, so a larger capacity is preferred. These two facts lead to the
conclusion that energy density is extremely important for the skateboard. Lithium-ion is
the best technology for energy density, making it an easy choice for the battery
chemistry.



After determining what type of battery to use we were split on whether to use an
off-the-shelf battery pack or assemble one ourselves. We decided to purchase a battery
pack for a few main reasons: the risk of damage during assembly was significant -
potentially leading to high costs and increased safety risks, we would be able to use the
included BMS instead of buying a separate one or building one ourselves, and it is
much more accessible to anyone who wants to recreate this product in the future.

After deciding to purchase a battery pack we had to determine what pack to buy. We
created a Pugh Matrix; weights were assigned from one to ten, with ten being most
important, and criteria values were assigned between one and ten based on how well
the particular pack met our requirements. We came to the conclusion that the 6S2P
Transparent Series battery pack from Moboards was our best choice primarily due to its
low cost and adequate other specifications.

21700 Samsung 508 1254P WowGo AT2 (36V 10S4P) 652p P42A Transparent Series
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Figure 2: Pugh Matrix for Battery Pack Selection

The other primary requirement for the battery module was to include under voltage and
over current protection. This is largely redundant because the VESC is able to monitor
and control those, however the point is to prevent injury to the user and damage to the
battery and/or other components in the event of a catastrophic failure such as a short of
the battery bus. We found the LM5069 IC from TIl. The LM5069 will allow us to set a
maximum and minimum voltage and a maximum current. Design was straightforward as
Tl provides a calculator to determine component values and placements [1].

Drive Methodology

The vast majority of personal transport vehicles (e-bikes, e-scooters, e-skateboards,
etc) use brushless DC (BLDC) motors due to their efficiency and torque density, as
such, this is the motor construction that makes the most sense for Open Mobility. These
motors however, are difficult to control and require complex hardware and software for
proper electrical commutation. For small vehicles, this is often accomplished using an
electronic speed controller (ESC). ESC’s can be bought off the shelf for minimal cost
due to their proliferation in hobbyist radio control, but they are typically very specific to
their application; off the shelf ESC’s are usually designed and programmed at the at the
factory with specific battery voltage, motor parameters, motor sensor type, and control



limits. Modifying these parameters is either impossible (baked into the hardware), or
requires extensive “hacking” experience. For these reasons, we researched and
procured a Vedder ESC (VESC). This is an open source ESC designed by Benjamin
Vedder, that allows for full control over the parameters listed above. Advantages of the
VESC include:

- Control and telemetry via CAN bus, or control via PPM

- Sensorless control, or sensored control such has hall effect

- Field oriented control option

- Wide range of battery configurations accepted

- Wide range of motor sizes accepted

- Sophisticated programming controla and GUI via the VESC tool
- Totally open source, software is freely available via github

- Automatic motor configuration

These features allow for anyone who follows our procedure to use almost any motor or
battery configuration they want, as well as any VESC as long as it follows the VESC
protocol. Additionally, the auto setup feature allows for someone with little engineering
experience to have access to this product.

Mechanical Methodology

Skateboard decks, including most electric skateboards, are typically manufactured out
of wood composite (layers of wood sheet compressed and soaked with epoxy). This
material is strong, lightweight, and relatively cheap to manufacture, making it well suited
for its application. The only issue is that most individuals do not have the variety of tools
or knowledge to manufacture a composite wood deck themselves; this leaves
store-bought boards as the only option for the majority of people. Because we wanted to
design a repeatable base product, we did not want the design to rely on the availability
of a specific board deck, as such we went with a 3D printed deck design. With a 3D
printed deck, the entire board was divided into subsections by subsystem which were
designed to come apart completely. Each subsection of the deck can be seen clearly in
the Current Progress Image section.

The mechanical theory behind this design is that metal rods run the length of the board
and are under very high tension; this puts the plastic deck under compression. In this
configuration, weight from the rider will materialize in the structure of the board as
added compression on the top part of the plastic deck, and added tension on the rod,
rather than a bending moment on the rod or plastic. This optimizes the force along the
structural properties the rods and plastic are strong in. With this understanding,
hardened steel was chosen for the rods due to a higher modulus of elasticity, and PETG



was used for the plastic due to higher mechanical shock resistance, and environmental
resistance (UV, heat, chemical).

With this design, whoever follows our procedures will have exactly the same board deck
as us. The primary benefit to this is that anyone who wants to remix the project will do
so without worrying about the uniqueness of their or anyone else’s board. Initially, we
believed this to be more open-source friendly. After physical testing and
characterization, it was found that while a 3D printed deck will work, it is not the most
open source friendly option.

A better option would be to make a modular design that will work on any board,
including a 3D printed one. This is less wasteful as well since un-powered boards can
be recycled into a powered board. Changing this would not impact the overall benefit of
a modular design, as the user can still configure their drive package for their use case
unlike what is currently on the market. Another added benefit is this will make the
project more price competitive, as a cheap wood board would be cheaper than the cost
of materials for a 3D printed board.



Bill of Materials (BOM)

Module Item Link Quantity Cost
Battery 6s2p P42A https://www.mboar | 1 $198.53
Battery Pack ds.co/collections/b
atteries/products/6
s-p42a-battery-pa
ck-transparent-ser
ies
Battery Hot Swap LM5069 data 1 $3.89
Controller sheet, product
LM5069MM-2/ | information
NOPB and support
Tl.com
Control ESP-WROOM- | &gt re00res | 3 $15.99
32 Type C MiciorS 7 aatte Dug
W
AMMDE;&QI&H
Chip ; Electronics
Control Vanpro V2 Amazon Com VANERO | 4 $19.99
Wireless Remote Control
Meters Away Wireless :
Sports & Outdoors
Control 1K Ohm Found in lab 3 $0.30
resistor
Control Breadboard Found in lab 1 $6.57
Control On/Off Switch | Found in lab 1 $0.68
Control Wires Found in lab 11 $11.99
Drive ESC https://www.ma | 1 $60.00
kerx-tech.com/
collections/x-es
c/products/ves
c4
Drive XT60 Found in Lab 1 $1.60
connector
Drive XT90 Found in Lab 1 $3.90
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https://www.amazon.com/vanpro-Electric-Skateboard-Wireless-Receiver/dp/B07L498PZR/ref=sr_1_8?dib=eyJ2IjoiMSJ9.lWgZp6MB_5gYrNM7ivMTlztneLGS9r7yky52aXznPxXUNFVTzaXiDQKCP0ntXJdyuxaEVFKJCz22Hy0T2O4kmVYmZdLg_I0wLMGCWZz0GoDccJNYrN1u3ph7P7hcJp1u62cIxsTq_azk00S478z77Lr6vnOyh0_PDMJoPU3wRmmi9-1naMzXNi6LCOoiTg8PSuA-AWXC82yT6EvI3Ak6er4oQg-Ds7MV-q_KHV_Dzn5Te4p09rd7ZlMTnO0vkhNU6doXd6QL_kQu2_jguLaf2cpZccsnpunySy0S2Z8T1r4.6qQWsOa3k3DmBiYnsFFKUibeeVGbugm-ZAuZNdHK_A4&dib_tag=se&keywords=electric+skateboard+remote&qid=1728582215&sr=8-8
https://www.amazon.com/vanpro-Electric-Skateboard-Wireless-Receiver/dp/B07L498PZR/ref=sr_1_8?dib=eyJ2IjoiMSJ9.lWgZp6MB_5gYrNM7ivMTlztneLGS9r7yky52aXznPxXUNFVTzaXiDQKCP0ntXJdyuxaEVFKJCz22Hy0T2O4kmVYmZdLg_I0wLMGCWZz0GoDccJNYrN1u3ph7P7hcJp1u62cIxsTq_azk00S478z77Lr6vnOyh0_PDMJoPU3wRmmi9-1naMzXNi6LCOoiTg8PSuA-AWXC82yT6EvI3Ak6er4oQg-Ds7MV-q_KHV_Dzn5Te4p09rd7ZlMTnO0vkhNU6doXd6QL_kQu2_jguLaf2cpZccsnpunySy0S2Z8T1r4.6qQWsOa3k3DmBiYnsFFKUibeeVGbugm-ZAuZNdHK_A4&dib_tag=se&keywords=electric+skateboard+remote&qid=1728582215&sr=8-8
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/CF14JT1K00/1741314
https://www.digikey.com/en/products/detail/twin-industries/TW-E40-1020/643111
https://www.digikey.com/en/products/detail/e-switch/RA1113112R/3778055
https://www.amazon.com/Fermerry-Stranded-Electric-Tinned-Copper/dp/B089CQHRDT/ref=sr_1_5?crid=3M7FKS8E728ZW&dib=eyJ2IjoiMSJ9.LbfmNeaOMKQc2NnauqoG3ikk9ANZN_ur4lUWCOCW1O62_kIaATdX8KcB4p29K2X2ku9HRczswpE2Ut4SwmGsHAetaQLfOxIRK4DOKYH9x2fUBFej5_LV1UscsaQ-n1-ovXSqzmix6elC6gotWTOyBNhM77PqLRtsAXYMuwb_qSHfAXMsGq_rlL6z-bYLl77LLIB5c63mWV6Dd1FseJXwDkfaDne8I06NfMISCMLhDFsOD9LEkRlYz5emEQVmjYSKzeTtESztELe_WGku4ABboLwA62wJWaf6r43zm4p-Eqo.ZqZihaKoV0MCwHoRWQ5ZnrzGfA8GS2lPrTQMaxQUvNs&dib_tag=se&keywords=22%2Bgauge%2Bwire&qid=1733614430&sprefix=22%2Bgauge%2B%2Caps%2C1215&sr=8-5&th=1
https://www.makerx-tech.com/collections/x-esc/products/vesc4
https://www.makerx-tech.com/collections/x-esc/products/vesc4
https://www.makerx-tech.com/collections/x-esc/products/vesc4
https://www.makerx-tech.com/collections/x-esc/products/vesc4
https://www.makerx-tech.com/collections/x-esc/products/vesc4
https://www.digikey.com/en/products/detail/sparkfun-electronics/PRT-10474/8258064
https://www.digikey.com/en/products/detail/dfrobot/FIT0588/9559257?s=N4IgTCBcDaIB4BcCcAGEBdAvkA

connector

Drive Motor Turnigy ~ $60
Aerodrive SK3
- 6374-149KV
Brushless
Outrunner
Motor (no
longer
available) or
any other
Mechanical Trucks https://www.tac $52.95
tics.com/calibe
r/caliber-ii-fifty-|
ongboard-truck
S
Mechanical %" x 36" From store $16.47
Threaded Rod
Mechanical %" nuts Found in Lab $11.98
Mechanical %" washers Found in Lab $6.97
Mechanical M5 x 30mm Found in Lab $8.99
machine
screws
Mechanical M5 Nuts Found in Lab $5.23
Total: $486.03
Table 1: BOM



https://www.tactics.com/caliber/caliber-ii-fifty-longboard-trucks
https://www.tactics.com/caliber/caliber-ii-fifty-longboard-trucks
https://www.tactics.com/caliber/caliber-ii-fifty-longboard-trucks
https://www.tactics.com/caliber/caliber-ii-fifty-longboard-trucks
https://www.tactics.com/caliber/caliber-ii-fifty-longboard-trucks
https://www.amazon.com/Crown-Bolt-07564-Galvanized-25-Count/dp/B004XMWIAQ/ref=sr_1_2?content-id=amzn1.sym.918a99dd-4826-4c0a-be33-a6705d69c4cf%3Aamzn1.sym.918a99dd-4826-4c0a-be33-a6705d69c4cf&dib=eyJ2IjoiMSJ9.rra6ckqXTb8UnkMKwvD0ivCKiiOUkXzVQkoJR0Q-yAHGjHj071QN20LucGBJIEps.pZVzmeNpLcLFRjDjwQD7LMld-d7wWUKu1PDO7-PCwqI&dib_tag=se&keywords=hardware+nuts&pd_rd_r=7ec66d0d-2805-4de7-b23f-8a2f3b13652a&pd_rd_w=E3Tzn&pd_rd_wg=cXzy0&pf_rd_p=918a99dd-4826-4c0a-be33-a6705d69c4cf&pf_rd_r=TCKKDCN2TZFF75S63T3W&pid=HhkJk3t&qid=1733616110&refinements=p_36%3A-3800%2Cp_n_feature_fourteen_browse-bin%3A17932471011&rnid=2661611011&s=industrial&sr=1-2
https://www.amazon.com/Washer-Plated-B18-21-1-Industrial-Commercial/dp/B0CH3QN93C/ref=sr_1_5?content-id=amzn1.sym.918a99dd-4826-4c0a-be33-a6705d69c4cf%3Aamzn1.sym.918a99dd-4826-4c0a-be33-a6705d69c4cf&dib=eyJ2IjoiMSJ9.GtyAwGyr8_oPe9bUucQmB8CdLeaAcvdMNtbo1dIIZ7sgZzviYCyaCmUkyDU7-E0Cz7bpyja4aS5T3uto-_z452p_Fd4luwMMW_907Ed9oPpSld3yECC9NQZ5AwGK1Oj0kPSgypVSWRvw0FLQs3pgg5AJfHg4Fuz9UKatcgdyjtO3q6BC51_8kvWLWq3yEWAy9gvFYfqssp82qMjLu9A9nMhkFYliebkk82x2-SQp_qJ1Kz28y2LuiDK8OwdnBMgRKOUiow_NKLN4slppihaXp_KMGJPNDlPvEkiiBa0vTOU._xPtGin6RIJYzArJLIwHxqNVW7sYf-RGSTGme6KpUfk&dib_tag=se&keywords=Washers&pd_rd_r=dbbb4160-e4be-4fef-8346-cd39b4303755&pd_rd_w=uT2Uz&pd_rd_wg=3kz7U&pf_rd_p=918a99dd-4826-4c0a-be33-a6705d69c4cf&pf_rd_r=JJ2SPCMQN1F67H3KAM8H&pid=1k3wXJw&qid=1733616251&refinements=p_n_feature_twenty_browse-bin%3A17420901011&s=industrial&sr=1-5
https://www.amazon.com/HanTof-Stainless-Machine-Wrenches-Threaded/dp/B0C2V4GFVK/ref=sr_1_2?content-id=amzn1.sym.918a99dd-4826-4c0a-be33-a6705d69c4cf%3Aamzn1.sym.918a99dd-4826-4c0a-be33-a6705d69c4cf&crid=2Q39CVF6GBO60&dib=eyJ2IjoiMSJ9.nTMRr6G3pI0-rdwx4lywvaQiy72ju8tivw_4reh9bSY3Q4wbKXTi1ks3ZelQ2Zl9jTX-FQfc2egmTZ71p33_s9myWkpLrDWU2HmKNkX0bJ8.rILOtJM7ZT3Ne-26Ck692NkRbmsHBfrcDh7sdrrOSbo&dib_tag=se&keywords=Screws&pd_rd_r=d9e1d8d3-f029-4658-a180-9aafbe67b085&pd_rd_w=SfG9m&pd_rd_wg=nJPIi&pf_rd_p=918a99dd-4826-4c0a-be33-a6705d69c4cf&pf_rd_r=BXWS01R847VFJ69DRBNZ&pid=yEGFGKQ&qid=1733615903&refinements=p_n_feature_five_browse-bin%3A3177279011%2Cp_n_feature_two_browse-bin%3A2292870011%2Cp_n_feature_fourteen_browse-bin%3A11434060011&s=industrial&sprefix=m5%2Bx%2B30mm%2Bmachine%2Bscrew%2Caps%2C262&sr=1-2
https://www.amazon.com/binifiMux-35Pcs-0-8mm-Stainless-Inserted/dp/B0761189F5/ref=sr_1_3?content-id=amzn1.sym.918a99dd-4826-4c0a-be33-a6705d69c4cf%3Aamzn1.sym.918a99dd-4826-4c0a-be33-a6705d69c4cf&dib=eyJ2IjoiMSJ9.5UMz_P7y1TdZRnvg1EFY5VCx6_-Kgwo3h8SQ8_XkL7_g2B5hTjIk8nsbsbBslxYVDzlEEQS3MNHUVWBuEMQRdoUHsx6pyHvn4-Y9HE3klTc7cQncVYT0sFAWqOemxVxWmhGKaJTAaUTyhdzU7_xJWcykksXn-iSoCJ-AeXVZd_GqwY8-xJxZiexg6sVJ5CDIzbc4QBlntUv45PosNy5m8U20Z-AoGUfbd4ymwTplGY-ePgYWKF0o-RtaE0p3EYSLEr-QiUSff39IJCjJwp-aXQWs1ulXBxgm9T9O6K1o4Es.dsR9pJv5amsyvYABVclKDvbkUe-rnEepy1VSbwSsAjw&dib_tag=se&keywords=hardware+nuts&pd_rd_r=388e1bea-ae1b-404c-b5f8-269d919653c4&pd_rd_w=Y7Mjm&pd_rd_wg=qdJfw&pf_rd_p=918a99dd-4826-4c0a-be33-a6705d69c4cf&pf_rd_r=4E2XB76S3KH0N3Q7MF76&pid=HhkJk3t&qid=1733616016&refinements=p_n_feature_fourteen_browse-bin%3A11434060011&s=industrial&sr=1-3

Tools Used

Tool Use Cost

3D Printer Ender 3 S1 Pr $249.00

Computer Program ESP32 and $500
VESC

Oscilloscope (optional) View waveforms and find $179.99
issues - not required for
assembly

Multimeter Verify voltages $34.97

Heat gun (lighter works Shrink tube over $16.99

too) connectors

Soldering station Solder connectors $139.98

Crescent wrenches Tighten board rods and $27.99
mount trucks

Ratchet and Socket Tighten board rods $69.00

Drill Drill holes for trucks and $155.46
enlarge holes for rods

Drill bits Drill holes for trucks and $9.97
enlarge holes for rods

Allen Wrenches Mount trucks $12.99

Table 2: Tools Used
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https://store.creality.com/products/ender-3-s1-pro-3d-printer?spm=..page_11968573.header_1.1
https://www.amazon.com/FNIRSI-1014D-Dual-Channel-Oscilloscope-Generator-Bandwidth/dp/B097T5NRTZ/ref=sr_1_8?dib=eyJ2IjoiMSJ9.0llLRjW2ZG65VhfOeZP35OgL9k6IwOBpucyw8PSfa0bxi59wETBfH-yZSU6zxQBJqko1Z520T8wnnNoHYToIQO2v9nThOyY-TuT0Mb_K-1HhDy-fWuX5d-H17tUeFO-b_FFNeVcHIPUn6vNOW1KxaYHjs5qMvlRC51vW_Y3-caSUscO6o9aOAxgcbTrt3DNoQWxinP9-jfDxA7yoqOKYvysYcn0mgvqwUMEK18JGSVQ.Flb28JBQ8TYL3kQsocYPTqGw8kZ0NnYyOYQ4BxUJavo&dib_tag=se&keywords=oscilloscope&qid=1733618207&sr=8-8
https://www.amazon.com/Klein-Tools-MM325-Multimeter-Manual-Ranging/dp/B0B57L9FNL/ref=sr_1_7?dib=eyJ2IjoiMSJ9.XOXQgFuugT7fSqk2JXgR554EvBn03HSeasFjjzBAbBKC28cPbTeyRK7uNwN88q_in_-YotAVs1tVPjrn0rs8NKddu55-hb0_8gYbT1C0jcOqHCHbuOKpBON4vghY1YQ-lG3Pr8fTitk0Pn7Tx9eF-s-OauVoFCoNPFRAm76SpDaa2aw62ODeEYIj2xpCIM7dUYoN9Wd1yAFPyU7T6HHLPVkwqtHNiXIjLi-XPYI2lEX99zf-gPzfAPAa3-KTNFuP1UqQc-CygM7l9qe8vzdZ8T7_cHi12T8Xj8LysrLF_ho.3Rx4-QyJczDaVVJylddZ9YknXPl1-RncCYxcIWLtwdI&dib_tag=se&keywords=multimeter&qid=1733616458&sr=8-7
https://www.amazon.com/Genesis-GHG1500A-Temperature-Nozzle-Attachments/dp/B00EU2T8GG/ref=sr_1_6?crid=330OFXQWPE9P9&dib=eyJ2IjoiMSJ9.5gm2Lb5w7VJN8eZBOb3sMWiUD-J7k61cDGJ97KLGueiSz1mRWoBqDU-gSlEFffKcj43sHiN-ww7hFoT6eIvDtIDk_FvJ1EH_kfChvcz5l_420hCU9Mlk-WC2JEG5ipOgQHW9Vrfn1GV4wytLTICsPqC3s6lKHpKCU0_upyNBDkVL40KHn5K9tKwVdAOUYArfqWRMcanRubtjHIeJcF99tvDv-GMAHdlFwJI7TXgbGUYX6Zx7tugV7dkKOptvKY336rBfAfCjWYi6m-nmu7s1mTHwQmMSJFGfuXX6QDZcfZA.MenF-96Mfn52N8gCZ8glqfKaI1hlJt_ZDMLPOMeQzS4&dib_tag=se&keywords=heat+gun&qid=1733616552&sprefix=heat+gun%2Caps%2C211&sr=8-6
https://www.amazon.com/Hakko-FX888DX-010BY-Digital-Soldering-Station/dp/B0D4DJW54S/ref=sr_1_1?crid=1344KHV27TWVC&dib=eyJ2IjoiMSJ9.24_95w-hciiz8E0bI5fCjOacS1Qo_BSH_Hsmu_PT-AiptiQ8EsT_plU5kQNb7Kcw3-9zISQJnGZH7vfArVfpxIavEDzkfWLYQOS9ECCk7S2TIljPMRmuReomL532Utxloanda_VQlBtBx8IGpj9VUp7D2qMEstdx-05EL4n4u5inEVQQ2wzafPC16TLSf_segxwRH_gzU0aTTTNNkq7CHv_YcfgN1W9ZqoqUMn4A9FprXzHNq0k1NJ87A3-C65WVrmFp7adWoLjuJ2HsyrW-RBARDd5Olp4N2m1us6AB4GE.YvLlm0U9EzTniik6iUjkE0Q4lxyuwgiFWQGyNrSHmOs&dib_tag=se&keywords=hakko+fx-888d&qid=1733617385&sprefix=hakko+fx%2Caps%2C172&sr=8-1
https://www.amazon.com/24-Piece-All-Purpose-Combination-Household-Emergency/dp/B0745LSPRD/ref=sr_1_3?crid=3V6Q5PUR1APYT&dib=eyJ2IjoiMSJ9.3L1DQeGLnz79ejM3Y75KuUe77ehdoR97uYJUZ6uMccSpcvWPLN0U10_-uQVwzv_ouumewUwmdC7t56eVGn_fePFiOLhrLuCXvgRxmpRHyofCamAw5nk7Hxdxf5H5Y9-imUGujdahEUQqLgAmRVGB4aqWgOt5CWnY2RFAAJVVh26f1PRp4zXsOosiyU9fyGwJs9WVIsLz7WqT2aSjnzKN6Sfl-0nONj7uyg7dHYZiS9nvdaCPyRCYOSeLa3ZiTNXEyXe4FLnimmdODc3ZEozRTDtYUt0TgZgveeeToT5T1PU.vP8HxEv3eptD_gAoxKlVVH84f3i0rid0dkG-Y0b4kTQ&dib_tag=se&keywords=sae%2Fmm+wrench&qid=1733617920&sprefix=sae%2Fmm+wrench%2Caps%2C136&sr=8-3
https://www.amazon.com/DEWALT-Mechanics-Socket-108-Piece-DWMT73801/dp/B00U0P0GHM/ref=sr_1_5?crid=3ASHIEVAOYB18&dib=eyJ2IjoiMSJ9.AAx2JmkRsMZ64Db-hYwrZVzpw8eA1izbnT1_FkkuADev1ba_gf5OGB75GzxTblPiV6SLkyRZI3WscHnH_SUT4pO_4nFJiQ7uWfzSZR7aE1aouY6-NinGHAtMUaY_eepJnfl3KdngDFyvoViH6o0ioN8mSQWM1rtHG3kiOBLZiECEXI4OZAcQycF0oVyH06YDbsTN4imeDmiJPrOy_VRW93mGLIznKrGLHilqKukjnh9XJHCnmoobzXG-YF-K_cemvYvBVf0qVPBCBgsrsS-M8keFz59ol8G0owP2vIWTwFA.vmpwZq7Sz5vr1REfCWez3J-bgXo14fmA0MXV0AarRvo&dib_tag=se&keywords=ratchet+set&qid=1733617970&sprefix=ratchet+set%2Caps%2C151&sr=8-5&ufe=INHOUSE_INSTALLMENTS%3AUS_IHI_3M_HARDLINES_AUTOMATED
https://www.amazon.com/Milwaukee-2903-20-Lithium-Ion-Brushless-Tool-Only/dp/B0BKLP1K6R/ref=sr_1_1?crid=3IME0FTQD9BLV&dib=eyJ2IjoiMSJ9.I5RkkV9NL9vXxKBbT7Gbsu6scCCmOu7aKGOZMF9oqRAou5wl_pUBE8vbdSZnDT4mdlK8WHvg3RwpNOH7IkmXPnDPqBibqAi25BgEmcQwpmu_D08l-pYVqLT9JCtrZjhJdbS06jyO0Vu8mq88Kmli-YQ4djVBIQ_Nr-fdB9TPym53GWqKjJMzFV7Chd9SzInOJzbvstIWj6J7-EoIrGbVU2X8dcOoYjhM5ydvtXkpRMwLIPy64bRXPNx4mGzoWavT2r8x90mU8P6srvIM6i5b2ysuL50jexInBaoLlYA-Yjk._1qIl5bBNgk_lrOA44f99RiELpFCsSkzx1bgXo1OpD8&dib_tag=se&keywords=milwaukee+drill&qid=1733617445&sprefix=milwaukee+drill%2Caps%2C144&sr=8-1
https://www.amazon.com/DEWALT-14-Piece-Degree-Plastic-DWA1184/dp/B07DH55YRX/ref=sr_1_5?crid=UW54M317M4C2&dib=eyJ2IjoiMSJ9.v1S0PacUTBAKvm9jv-oj-jEQ216rnJ-nO2R9cc7BRiJCPsJY2gAL6bu1sFFFawFoh1kkl3GTD5Wg0WzoFb7rNl_DBmgmFI-jwP5mzkTk7KsQJ2R7nSBAsS0uaegvD1f-e2xsThUZWTL8fRlXckAo1_x3z5df_Amw8pSkBVqxxaGpHM21ZjjaTo2V-mqOpR8eHsR9fMFmknfQgAJLgvPpTodZMKTH-ZqfSssgNAlA_4bOWbzQA5uU1M04O9iw9jApzmA8lx8AyS_HjIy4rZAYpUVXTC-snjIvr7_Jrb_Rnm8.aVi1jqhDSDhFz4WroxnF99nt4pvV404noQ2-xeDY8xg&dib_tag=se&keywords=drill+bits&qid=1733617513&sprefix=drill+bits%2Caps%2C174&sr=8-5
https://www.amazon.com/30-Piece-Premium-Assortment-Vanadium-Chamfered/dp/B08GKHLJWR/ref=sr_1_7?crid=1WHS2LVQ0RZD4&dib=eyJ2IjoiMSJ9.oOkpOk10JHgJLoSzwLX7vJMtHJNQcOD-vheFKAFagcgV0YYlNZjFP35hHLrC26KhdRkD80FnuyeWNVLRxlWB2ohmYZoepYzMI1rk1wMvclct4T2qmBFnbLQWmaMEFFRvPx8K906RNms-vkiRoKsUqXW9TznJEK6bF3I08Qx00OiWC3MtZtYJeMyWUq5EgdJMGsUfhzliVEicDclQTSeQPPN9NScbfPnHDLKvj6kZ1UWTK-0Ixf9HZfJx-rD9M07JbIjV4-YF8C6IpYYvrup2HniHc1sMWeXa30WYIz0Y_AE.mFd8gx7Xb7b_Y54x73Dtxxubkzb2dxaEOOvSZuvyWuc&dib_tag=se&keywords=allen+wrenches&qid=1733617722&sprefix=allan+wrenches%2Caps%2C146&sr=8-7

Assembly Instructions

These instructions are not entirely exhaustive, and primarily include steps that a maker
would need to know to recreate our results. This assumes some maker experience,
such as how to solder and how to heat shrink a tube on a wire.

Control Assembly

1. Place ESP32 chip on a breadboard.

Run a wire from the 3v3 pin to an open space on the breadboard.
a. Connect this wire to the power in pin on the receiver

Connect a wire from the Vin pin to the power rail.

Connect a wire from the GND pin to the ground rail.

Connect a wire from the receiver ground pin to the ground rail.

Connect the signal pin on the receiver to pin 32 on the ESP32

Connect 3 LEDs to ground on the breadboard

Connect the positive end of each LED to pins 25,26, and 33 on the ESP32
a. Do this using 1k resistors, with a wire as necessary.

9. Connect the power rail to a power supply.

10.Connect the ground rail to a power supply with a switch in series.

11. Use the below photo for further guidance.

A

© N O AW

Figure 3: ESP32 on Breadboard to Receive Controller Signal
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Battery Assembly

Make sure to familiarize yourself with Lithium lon battery safety! There are many
resources available online from the RC and skateboard communities. In general, never
overcharge the battery, never exceed the charging and discharging current limit, and
never let the battery drop below its minimum voltage. You should also store the battery
at storage voltage when unused for a prolonged period; look up this term if you are
unfamiliar with what your battery’s storage voltage is.
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Figure 4: Under Voltage and Over Current Protection Circuit Diagram

1. Connect BMS and charging port to battery pack
a. Place shrink tube over one side of each connector
b. Connect red wire from battery pack to red wire of charging port
c. Connect black wire of BMS to black wire of charging port
d. Connect blue wire of BMS to black wire of battery pack
e. Heat the shrink tube to secure connections
2. Check battery voltage using a multimeter
a. Check manufacture specifications for minimum, maximum, and storage
voltage
b. You can check the voltage of each cell by probing from the ground pin to
each other pin on the balance lead
c. Take care to not short the leads
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Figure 5: Battery Module; Showing Wiring Example

3. Solder together an adapter if needed, this will depend on the VESC and battery
that you use. In this case, we needed to connect an XT90 male to XT60 female.
a. Ensure that ground on one connector goes to the ground lead on the other
connector. Doing this incorrectly will apply reverse voltage to the VESC,
and will likely destroy it.
b. The gauge of wire that you use must be at least as large in diameter as
the wire on the batter and VESC if you plan on drawing maximum current.
c. Tug test your solder joints, and make sure they are not close to shorting

Figure 6: Adapter to Connect VESC and Battery Pack

4. Connect battery pack to VESC using adapter
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Drive Assembly

1. Download and install VESC software and follow these tutorials (They are high
quality and go over everything you would need to do):
a. https://www.youtube.com/watch?v=IDuV8cnPRmI&ab_channel=MBoards
[4]
b. hitps://www.youtube.com/watch?v=JVKFrdCgghQ&ab_channel=RBE-Moti
on [9]
2. Attach adapter made in Battery Assembly to end of VESC

Figure 7: Motor Connected to VESC

3. Plug in controller receiver to receive signal, make sure the polarity is correct
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Figure 8: VESC Connected to Wireless Receiver

4. (for configuration) connect VESC to computer via USB
5. Plug the VESC into the battery pack for power using the adaptor if needed
a. Once again, make sure polarity is correct

15



Figure 9: VESC Connected to Battery Pack Using Adapter

6. Open VESC tool on a computer and click “connect”
Devices Found

Serial STM32
\W.ACOM15

CONNECT

Figure 10: Connect Button in VESC Tool

7. Enable “real time data” and “real time app data” on the far right menu of the
VESC tool homepage

Figure 11: Real Time Data Buttons

8. Click “setup input”
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B Setup Input

Figure 12: Setup Input Button

9. Click “next” when the wizard tool pops up
10.Select “PPM input, such as conventional RC receivers.” and click next

EE PPM input, such as conventional RC receivers.

Figure 13: PPM Input Selection

11. Select “Reset” then push the throttle all the way forward then all the way back
and click “Apply”

12. Test the throttle looking at the blue bars to ensure the range is correct, if not then
try to reset the values again

. App Setup Wizard

PPM Mapping
Map your PPM receiver.

Pulselength Start  0.9650 ms
2.1800 ms

Dol Atk Cantae 1 EOAN e

PPM Pulselength Mapping

Use Centered Control ®@Help Reset @ Apply
Min: 0.9650 ms Max: 2.1800 ms Center: 1.5900 ms

[
VESC Tool | 1.5900 ms (51.4 %)

VESC Firmware | 1.5900 ms (50.8 %)

<Back 'Next> Cancel

Figure 14: PPM Mapping Window

13.Click “next” until you get to the “conclusion” window, then click “finish”
14.0n the left hand side of the screen select “PPM” under “App Settings” then click
the “Throttle Curve” tab on top
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<oo. App Settings
= General
o PPM

UART
() Nrf

& IMU

Figure 15: PPM Settings Selector

15. Select “Polynomial” as the Throttle Expo Mode and set Throttle Expo to -100%

Mapping / Throttle Curve“‘\

-10

Figure 16: Throttle Curve Control

16. Write the app configuration changes using the button on the right hand side

Figure 17: Write App Data Button
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Mechanical Assembly

1. Clear out the holes from 3D printed pieces
a. If the holes were printed the correct diameter then a piece of threaded rod
works great here. Simply line it up with the hole and aggressively push it
through and strings left from the 3D printing process.
b. If the holes are too small then they must be enlarged with a 13/32” drill bit
c. After inserting the rods, they should be able to slide through all pieces of
the deck with minimal effort
2. Align the parts and push them together

Figure 18: Board PartsLined up

3. Place the threaded rods though
4. Add washers and nuts

Figure 19: Threaded Rod inserted in Board Parts

5. Tighten evenly between the three rods, ensuring that tension on each rod
remains close to equal

Center the trucks on the board and mark hole locations

Drill holes for the trucks to bolt on

Bolt the trucks on

9. Print the wheels

10.Use a dremel to clear out and enlarge the hole until the bearing fits snugly
11. Wrap electrical tape around the wheels to increase friction

12.Bolt the wheels onto the trucks

® N
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Figure 20: Trucks and Wheels on the Board
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Characterization Data

Control Characterization

The control subsystem is to read a PWM input from the receiver that is bound to a handheld
controller. The PWM input is to be filtered and output as a duty cycle value that can be output on
a CAN bus in the future. Table 3 shows the approximate output duty cycle from the control slice
from a given throttle position on the handheld controller.

Controller Full Break | Half Break Neutral/No | Half Full
input Throttle Throttle | Throttle
Output -100% -50% 0% 50% 100%
Duty Cycle

Table 3: Control Throttle Parameters

Battery Characterization

The battery is to supply ample current to the VESC, as well as manage changing via a
battery management system (BMS). The battery was charged to an acceptable
operating voltage, then partially discharged through operation. Each cell on the battery
was measured via the balance lead. The cell voltages can be found in Table 4. These
voltages show that the BMS is properly balancing the cells during charge and that the
internal resistance of each cell is within tolerance relative to each other.

Cell Raw Voltage (V) Voltage (V)

1 3.96 3.96

2 7.92 3.96

3 11.9 3.98

4 15.88 3.98

5 19.83 3.95

6 23.80 3.97
Total 23.80 23.80

Table 4: Battery Cell Voltages
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Drive Characterization

The VESC is to connect to the VESC tool on a computer via USB, as well as drive the
motor and output telemetry to the serial bus. The VESC is also to be programmable for
a drop in motor and battery, and limit operating conditions based on user parameters.

The VESC was tuned with a BLDC motor found in the OSHE lab, in this case a
sensorless 6374 BLDC motor. The VESC was then tuned to the motor parameters and
successfully operated the motor with expected performance.

It was also confirmed that real time telemetry was output to the serial bus and viewed
on the VESC tool during operation. Current limits for forward operation and regenerative
braking were also reached, and it was confirmed that the VESC limited the current
successfully.

The control input to the VESC was PWM, when the device expects a PPM input. This
caused issues when interpreting the duty cycle directly from the receiver, as such this
makes it difficult to operate the motor. This will be resolved when the duty cycle is set
via the CAN bus, as explained in Control Characterization.

Mechanical Characterization

The Individual pieces of the board fit together snugly. Interlocking portions help to
stabilize the individual pieces against shear forces the threaded rods would be
powerless to stop. The individual pieces are hard to push together by hand, but torquing
down the threaded rods helps to put them together better. When the threaded rod is
removed it is difficult to separate the pieces because of the strong friction fit.

Under testing, the board has been proven to support over 200 Ibs, including bouncing.
The threaded rods only undergo plastic deformation and return to their original shape
after the load is removed. This indicates there is no permanent damage to the threaded
rods and they will likely last the life of the board.

The rolling capabilities have been tested by a rider skating down the hallway. Relatively
sharp turns (for the size and style of board) were undertaken to prove the efficacy of the
design. The ride quality will improve as the cracked portion is redesigned and the
wheels are replaced with softer and more uniform wheels.

The front part of the board developed a crack on two occasions. The first occasion was
thought to be caused when the part was removed from the 3D printer bed so a second
part was printed. The second part appeared to be free of defects. When tensioning the
new part onto the board it developed a crack in the same style and mirror location from
the first part. This indicates there is probably a design issue, not just a coincidence. A
redesign of the part, removing the sharp 90 degree angle, may help to reduce the
stress.
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Figure 21: Person Riding Assembled Skateboard
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External Project Links

OSF Repository

The OSF repository contains all of the CAD files used in the board construction.
Navigate to the Mechanical folder in the repository for these files. The motor test stand
can be found in the Drive folder.

Link: https://osf.io/nszgb/

Github Page

The Github page contains the code loaded onto the ESP32 modules in the control
section.

Link: https://github.com/Lad553/OSHE-Open-Mobility
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Design Standards

The Open Source Hardware Association provides the following standards for Open
Source Hardware (OSHW) projects [6]:

Documentation

Scope

Necessary Software

Derived Works

Free Redistribution

Attribution

No Discrimination against Persons or Groups
No Discrimination Against Fields of Endeavor
9. Distribution of License

10.License Must Not Be Specific to a Product
11. License Must Not Restrict Other Hardware or Software
12.License Must Be Technology-Neutral

©®©NO oA WN =

We meet all of the OSHW requirements for an open source project.
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