PURPOSE

This document serves as a guide for the construction and assembly of the NAU Biomechatronics
Lab’s OpenExo Hip Device. Pictures and supplemental videos are provided to help visualize the
steps required to manufacture every component and fully assemble the device. In addition to this
documentation, we have provided a complete Bill of Materials (BOM) with information on where to
purchase the needed parts (and expected cost), and SolidWorks design files for all the needed

components.
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PARTS/MATERIALS REQUIRED

This build contains 3D printed parts, machined carbon fiber and aluminum parts, a prefabricated
hip belt, and various electrical components including motors, wiring, and a custom printed circuit
board (PCB, information on which is include in supplemental documentation). A bill of materials
(BOM) is provided which outlines all the necessary materials and fasteners (tools not included).
The BOM also specifies the price of every component at the time of purchase, as well as where
each component was purchased.

Worth noting in the BOM are the carbon fiber plates and tubing. These materials do not need to be
purchased directly if you wish to have a third party manufacture them for you. In our case, we
manufactured these components ourselves. If you would like your own tools for fully
manufacturing all the components, you will need a CNC, a 3D printer, a drill press, and a Dremel.

Also worth noting are the three items under “Externally Manufactured Parts.” These include
aluminum adduction/abduction blocks (made of 7075 aluminum), which serve to allow out-of-
plane motion on the hip belt, as well as a custom PCB used to control the exo. Information on
where these were externally manufactured are available later in this document and in the BOM.

TOOLS REQUIRED
PPE

For certain aspects of this build, adequate personal protective equipment (PPE) will be necessary.
Below is a list of the minimum required PPE.

—

Safety glasses

)
2) Respirator with P100 Filters (for machining carbon fiber)
3) Long sleeve shirt (for working with carbon fiber)
4) Ear protection (earmuffs or earplugs)
5) Heatresistant gloves (for thermoforming)
General Tools

—

Metric nut driver set

Metric hex keys

Torx drivers

Drill or drill press with drill bits

A set of files or sandpaper

Dremel with cutting disks

Tile saw (a table saw, circular saw, or jig saw also works) — for cutting carbon fiber
Tape (gorilla or something comparable)

Scissors

10) CNC (optional if parts are externally manufactured)
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https://toolstoday.com/stepcraft-3d-600-cnc-system.html
https://markforged.com/3d-printers/mark-two
https://www.amazon.com/WEN-4208T-2-3-Amp-5-Speed-Benchtop/dp/B08ZVT5JKC/ref=sr_1_1?dib=eyJ2IjoiMSJ9.K5joERo-qRfVWbWdcoRhPy4i6fuzHcDKxxHXRyAEmA505QmCK8MiVAlPw7LtaYZXDj1FNtMQvWFvmRI_uIVi9VJYlWngLWB9J5dOUeUeLASnzp9DIpn6tdzOU3D44uHE1PpzmTsV5BfCtS_0u51EHeLoUpjXE2MYSyHXrMxC0YlnQe6CGi7VRmpPtL9sxRIpTCh_7LjV58Onp8ahW0gqMqaGa9Ln_KGauFc7v3xR5LCdCaw34AUZh04AxnlhhAzHNT8DnGKJtfGXRvzQJXbrD6Rda9j8N8laSswcnfzjUqg.3Yp_jMZSqhXWBCwbmSGmuQCkPv4OGSU4m3_BJWi7jSQ&dib_tag=se&hvadid=580530431901&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=13860705846609381099&hvtargid=kwd-391224536522&hydadcr=1637_13457726&keywords=wen+8+in+drill+press&qid=1718647836&sr=8-1
https://www.amazon.com/Dremel-4000-4-34-Variable-Rotary/dp/B00LUU2XFO/ref=sr_1_1_sspa?crid=MRG4QA4P2H2P&dib=eyJ2IjoiMSJ9.zMY63-kGyojh6G0-oeVUWREG7ueIwFKnYsrtlaZNfMRkkCoNNJzEzRahugpP8CCDMnfNHKYjeRqjignZ6m9NLfcuHuOem0PDg_63sMX8TkiGFUb2HFUM2Oef5JM4CJRmlpoxiZwwY5Q-5yJqJPaba9TVaJ5DKWza17f41C04s7UMJdlkxBVpgfUZz7xS_hvE6gk6h7oE6SdFqJVTD4oyksxawBQmmGHKmAFh89DI6b240lkQs_ATXX4CjAlluNMqwdb35yJfsWgRQGqRG3GjMWyBaG9YTc-bnnKTeat3UVE.Vp2vx_E742BT8uIPxCKYF5HQtyzIOrYE5NA32mw7EcE&dib_tag=se&keywords=dremel+4000&qid=1718647916&sprefix=dremel+4000%2Caps%2C130&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/BK310AF-Polycarbonate-Anti-Fog-Safety-Non-Slip/dp/B009A658JS/ref=sr_1_4?crid=20HGPCFUBVOOU&dib=eyJ2IjoiMSJ9.HBtZVdWaTQY4Lba_H8FXVQStNV9PRim76DSxpDVdIQWlOHmuuJZ_bam0wgppeUTPkZCA_6Lv3T1gbKKP_KAjgQ0NnbvqU0W5BMNdK5Joa9d1MNe74ILylmTLpC96HUpcNjoNyXe7GjhK9IByfpXHkVRZahooE2PHhgLErzCgAi7Q8M2KrNFpgDQdWA7LNpjP-rAdXB0YqT4SIb2gbfPBjS7CX_j_Lr8sO-XMukri2rQT_UWqPqnXCWlWyJnyN9POBzq6xyLJDSyWgSKz6MUk8ucC2u4ObGwCSzjQ8WOKEfI.2o5tbfsOjA8Xh2w0ql5mzDxdU6q1hrBxZn2KUJHxwbs&dib_tag=se&keywords=safety+glasses&qid=1718827971&s=industrial&sprefix=safety+glasses%2Cindustrial%2C375&sr=1-4
https://www.3m.com/3M/en_US/p/dc/v000152049/?gf=true&price=list-low
https://www.amazon.com/TICONN-Reduction-Protection-Concentration-Construction/dp/B0BGXKNQTQ/ref=sr_1_1_sspa?crid=1DGNJFGJBCG2E&dib=eyJ2IjoiMSJ9.YF9AwZ3wkgSEWxm5wCXN8xfK79HVRdF61vz3Xy5xZnwNPSDkeuVxBIxhfGSngHEZaySPvYAvLLiTMpZhWnITuPthjrj2FbRAtb7jQ0yAqrGcaO2zzG67nD7Sn9J9vjlL8T98DGoR8O5AEfNq6uUnY7gRAoUl2_S82xo9iag4TNijKZxBHvMYmDSBtYOVi16tR8byayjxiGbZnAGJWWf00j3fq753LPey-Lu7pp9QSDRYkjqy3QRXmfv4s2_Be2-Lyzrth20pPSXZo8_ehV-EoCWdeAdfD2mQM4S6EuugbDI.W2055cpNPnnmuf7QU9KbvexbMWLukpyaQLZOeb_ztlo&dib_tag=se&keywords=earplugs&qid=1718828092&s=industrial&sprefix=earplugs%2Cindustrial%2C116&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Ove-Glove-Superior-FLAME-Protection/dp/B0797DTFLM/ref=sr_1_10?crid=1GHAQMPE1DFT5&dib=eyJ2IjoiMSJ9.SRr21bDetL_JASfKU2cNoR6kb0A5sTxD9k0sUut7iODhpfIlpoVaiHIL5y_eY2Cg3pgXG3yexFKjrzf7mgBeibzAR5rmaDM_ieY4bv1q_IKxd-4GuF9vZ9m2CxNtc6Zmyoez0Ct8xKrnalGhjhenYv-5gyHNgssOeuWjJJ0B4VXUOFxOwu5OkHJmWRA65dDvwXgaKAMYAiaKhXihcGX3ZAUVECk40vuAoyxvwzl-P07xxYEMn6gByQKo-kDMnwJKT-haZWTwDabPHIG2I2ocnxDN77rcATi1fOpD0jrWLuc.maw-y1VGDiHrO2HziMPDzN30hMxIWX89mWY5wELKrPE&dib_tag=se&keywords=heat%2Bresistant%2Bgloves&qid=1718828122&s=industrial&sprefix=heat%2Bresistant%2Bgloves%2Cindustrial%2C113&sr=1-10&th=1
https://www.amazon.com/P-I-T-3-5-inch-ightening-Loosening-Fasteners/dp/B0CRBBP2GF/ref=sr_1_2_sspa?crid=1XZXRZIQQ9CGL&dib=eyJ2IjoiMSJ9.o8I6G7zcNrGMZChmj00BQj2WXE09NmEicLMF58u0jiwsIEN94Pyxowrziykl1Mrp-cgmcZ6dMGgvS7NiFhKlQwy4IXyP37ingAc8JBForkE9yvdyJ80p_XojwwzGQUtU_J0sHNGwVDPNbgs01cFzMvv_17WdWdgsq022Y08KA4dZqmMbDiAl-FN9TfpmTeWnlYAWGLCpv0hUFlgz2Jn23PmOV-oU1c8wyy_CbbaVbyuPj3Eby0WSv7iR7gSDzfg0iRbhoP4ouJvwhWSyvJxjZJReZVrM1JgjwiOj15m6dWQ.1AyEkwPyE5fQbDxwdbxb-LIfUQHUmgxIMO69g7g-FgM&dib_tag=se&keywords=metric%2Bnut%2Bdrivers&qid=1718828265&s=industrial&sprefix=metric%2Bnutdrivers%2Cindustrial%2C113&sr=1-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/LOZAGU-35-Piece-Standard-0-7mm-10mm-Vanadium/dp/B0CFHWB2H1/ref=sr_1_2_sspa?crid=3CUHN34EHF0VD&dib=eyJ2IjoiMSJ9.3GQSpjbdYOyZHRvO_LDW8f4ZfwbmvYtYNaCn4DQV47xma6O7SthaB3CC7YqO-ocORU-DnR3wfM7HyeRh58WxXtogC71Ck0xhtXT4EN3a2JmDvSsf4Qg_BMJYxz5tenXYpmUCpQHL2HzsVtluaQcjUw44ceiIO0N1X5WR41Wofk-eUkXwDZqt9UCKfDLaNMftCKxQ2gi4Y7xWJ6Gnr4dzg6S2IyBGILTuitbKKCwNc5Y2lmnP5ml6ammk1Ciy8K4o5qjNYRXbFHFEeFza02U9OdlXDiG8JqCt8wWWv-4Q1-Q.ccShnjNlTzcrISqHCoPUHxyP0aVeGLKAZ37Q1x_8XJY&dib_tag=se&keywords=metric%2Bhex%2Bkeys&qid=1718828304&s=industrial&sprefix=metric%2Bhex%2Bkeys%2Cindustrial%2C112&sr=1-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/SUNHZMCKP-12-Piece-Screwdrivers-Steel%EF%BC%8CT5-T40-Set%EF%BC%8CProfessional/dp/B09WD3NGTL/ref=sr_1_1_sspa?crid=54QLTOQNTMYO&dib=eyJ2IjoiMSJ9.bXG_aNS9Of3zHPyM3o-al-fakAhXWI1t0akhBBHlGwdWbngIAep6pERWdAgu5rpSd2r89qSxg7M9njCRVsR4iUSrVn0gjShmYe5mO797tvbwpn2ywlTVZB5LDRb-a_oFud2-jh0dCEkLA_Rm0076GBqx2i9yectxeYJTgWPP5bziIyRVFdLLPxgC9JikNjJ0wbUO1-Bp6qk_hmCZdCt2aaXTuuk1eqSiYp6Zb8TDh8HgSYVDDAffFIgmkfQJgP2xjdRSBSkmf7kS-zHWQfZVt3hVIbicwDZk9IbPri5YjkY.qNiO_MtYfoR1f3gkINWpFF4UbW2zL_9m3lLbBavtjJo&dib_tag=se&keywords=torx%2Bdriver&qid=1718828336&s=industrial&sprefix=torx%2Bdriver%2Cindustrial%2C110&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Cordless-Drill-Driver-Bare-18-0V/dp/B00I3MMYVU/ref=asc_df_B00I3MMYVU/?tag=hyprod-20&linkCode=df0&hvadid=693363057790&hvpos=&hvnetw=g&hvrand=9539001809000083625&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9030289&hvtargid=pla-1199645387887&psc=1&mcid=53d33d1cfe7b3f4f8523f4130afb9ccc&gad_source=1
https://www.amazon.com/WEN-4208T-2-3-Amp-5-Speed-Benchtop/dp/B08ZVT5JKC/ref=sr_1_1?dib=eyJ2IjoiMSJ9.K5joERo-qRfVWbWdcoRhPy4i6fuzHcDKxxHXRyAEmA6-NZC9w72uevVwdRIb6CNQLGfA8P3LlV8Yh18YCqVXTiwqWuNEb4VfwdqUi96e140aTzOfEJ-lkQqRxzZq8PeOpTeICTIGUch3D1yfMAc2JuLoUpjXE2MYSyHXrMxC0YkBpgn0lLmF1aLaGshmy9sDri7Y9qZ992NWdD3VGcGZh4AHvyrYVEfUk3hU0DoGcF6ODa8Ghr1Iqwd5Z9w3NlRjlaQ4u-8wUfiBn2NpFMFL4HAFtRssLy741uoSS62CzBU._i8MEDNwsRgV9lHajvDPS1JOMIIbbwQdPpd8tSb74lg&dib_tag=se&hvadid=580530431901&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=8871904041992214813&hvtargid=kwd-391224536522&hydadcr=1637_13457726&keywords=wen%2B8%2Bin%2Bdrill%2Bpress&qid=1719435486&sr=8-1&th=1
https://www.amazon.com/COPOUIXR-Cobalt-1-5mm-6-5mm-Material-13-Piece/dp/B0B8WYPBMF/ref=sr_1_4?crid=36GQ3320LQCNI&dib=eyJ2IjoiMSJ9.cgjlp7wa2IYG84Vg47-azWiUUQp-u6aLGG_kE2kWk6EslrDoztKM4FkLAkwK9hDXoPdwl3Xa0e_Wwliaj2hrEKciOMilI-3rQHoRWg8uvauKTKOLV_1U_o-aG3pMEDCoamTgRBMBETYwUy2bYUutEJqH1s_gxpoSGFzsLutaZXuee1TINMwKiQG4KmhCCuUS7s8HOMiHd92LYpgzbHDBVHtRmHqov1r1SuuTfsHtRQcpfR2HIF2AGXal7YYI8o0tytJ831-oHJVMO02abiUInZIk6xs7Pr2w5ahH4pnPrXg.C3B0VMlBX-xbUKJNN2oWnThxIseA2MwPg5oI5JgPk0I&dib_tag=se&keywords=metric+drill+bits&qid=1718828591&s=industrial&sprefix=metric+drill+bits%2Cindustrial%2C103&sr=1-4
https://www.amazon.com/Premium-Forged-Precision-Triangle-Half-round/dp/B083P4VQFG/ref=sr_1_2_sspa?dib=eyJ2IjoiMSJ9.J7Zio5OYmrnpavT-oMKFHUgPpb_NAcFf0m25TvTTuN0xS1s6UnIyLdEx7M1_nxbaAbTN8bF8KmJ4WyW9ifwFrKoqlUVeWrj1EPsnmtkVfBbb6FdJnib-pjMFBY7T0sFgPDt2wfKOW6YjDeGjQ5tgv-n3ixvYzpLriBlArfyI3d9Xc5vTQZHcadLlHYkFEotijmOQ9WfbB02X37fgOgtMcQrBpE__cXHzaUBOIMlNGfVu2s47LAihUFEZkPJYYk5ryjmwTXt3M8vod0qsm7KeWyXlSRUAi_-EnfYT9Ue10uA.t8g-eDFHOhpbx1JPakYm6KLAkMrmkyeS-x6Z6pDHmIM&dib_tag=se&keywords=files&qid=1718828668&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Sandpaper-Assortment-9x3-6-Automotive-Sanding/dp/B074VYL3M6/ref=sr_1_1_sspa?crid=K19VB5040I23&dib=eyJ2IjoiMSJ9.imacQWq93dlxFowq_ZFzS6N1w6O6oEQFdHgHBHjpZOQPyqTHc4qLc55Q2BS5ra3PHYI56_2nK386Kurbil-gdV7N6vZVy74PzSsh2mjb9e5TCry2IGESpWeuStf3QwtKkJnpvX8LdLqRwXjBaNGxCn9_DzXvOMGQvTMSaExBwvUS_TsJrbQyC1u6Es529dpzcYraiXKusqhJty6MfPg9wYsB8rwqBHTeOaNHJTJ3s7Q-7cb9hubG7PbdfrcRr9Xa8sjfK3OFxIKMQTK7PKziKYw1YZ3Hzr1Qv1OpM2X4uqk.b8i7-jc9_wtll_qlh4bTXx1qkoto-Oo3UUT1gk7HC_E&dib_tag=se&keywords=sandpaper&qid=1718828708&sprefix=sandpaper%2Caps%2C132&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Dremel-4000-4-34-Variable-Rotary/dp/B00LUU2XFO/ref=sr_1_1_sspa?dib=eyJ2IjoiMSJ9.zMY63-kGyojh6G0-oeVUWREG7ueIwFKnYsrtlaZNfMTf6ukm8cTxWsDqFODG0GduowBXHoa1SftMXoKj6UvG6hGVbZ5U56s42wCz2iolFtiGFUb2HFUM2Oef5JM4CJRm4RbUzTR2qOc3pKexy92Vr28phYP7jAstYKnxTjaCrSbBdBUreuQ-QKp-J1AYlYaIyqZRfnC0lIjmmx_oMHpf1_tgShiXNAAls9zKHHmImpIBgloEDgr7ANw0iIFGov9WhYruhJxDPX8c2-KEC2KW45eFUKu1snzA0h4r9z5PojU.k66cQQjKq5LkrWl91dm2IaqEqrKxgD8wxv-JGr8bLkA&dib_tag=se&keywords=dremel%2B4000&qid=1719432623&s=power-hand-tools&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.harborfreight.com/10-amp-7-in-wet-tile-saw-with-sliding-table-64683.html?utm_source=google&utm_medium=cpc&utm_campaign=12144821732&campaignid=12144821732&utm_content=113736755461&adsetid=113736755461&product=64683&store=675&gad_source=1&gclid=CjwKCAjwg8qzBhAoEiwAWagLrES7TnAx3DAMPilItoDMRPXOYF-dR85UIQh4qv2I0VSpWK8V1ANBUBoCBCgQAvD_BwE
https://www.homedepot.com/p/RYOBI-13-Amp-8-1-4-in-Compact-Portable-Corded-Jobsite-Table-Saw-No-Stand-RTS08/309412837?source=shoppingads&locale=en-US&pla&mtc=SHOPPING-BF-CDP-GGL-D25P-025_009_PORTABLE_POWER-NA-Multi-NA-PMAX-NA-NA-NA-NA-NBR-NA-NA-NA-PortPower_BControl24&cm_mmc=SHOPPING-BF-CDP-GGL-D25P-025_009_PORTABLE_POWER-NA-Multi-NA-PMAX-NA-NA-NA-NA-NBR-NA-NA-NA-PortPower_BControl24-71700000118576738--&gad_source=1&gclid=CjwKCAjwg8qzBhAoEiwAWagLrAyXwmRBq89ECgtKOePYLhJvl34exdXD6ES5TyiMpYB5jeLtB0P0iRoCITMQAvD_BwE&gclsrc=aw.ds#overlay
https://www.homedepot.com/p/DEWALT-20V-MAX-Cordless-6-5-in-Sidewinder-Style-Circular-Saw-Tool-Only-DCS391B/203164241?source=shoppingads&locale=en-US&srsltid=AfmBOoqCRNW29ITgniAmipsxqBc2FZYyOuqn2xK1fp6FNzCha_DdUEOuXEg
https://www.amazon.com/DEWALT-DCS334B-Brushless-Tool-Only/dp/B07JPFHQKG/ref=asc_df_B07JPFHQKG/?tag=hyprod-20&linkCode=df0&hvadid=693128203622&hvpos=&hvnetw=g&hvrand=3058004490767874375&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9030289&hvtargid=pla-585784061185&psc=1&mcid=7d227d052e733af49e4f1e66bd7a24df&gad_source=1
https://toolstoday.com/stepcraft-3d-600-cnc-system.html

Tools for Electrical Components

Soldering iron
Solder

Heat gun

Wire stripper
Wire cutter
Utility knife
Crimping Tool
Helping Hands
Tweezers
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PRINTING REQUIRED PARTS

Filament Used

The filament we use is Markforged’s Onyx. For all printed parts, we used the Markforged Desktop
Series. If you do not have access to one of these (or a similar type of printer), Protolabs is a
company that can print them for you. Important to note though is that some of the printed parts
include carbon fiber reinforcement (listed below), which at the time of writing this document, is
not an option with Protolabs. The carbon fiber reinforcement is not required for the function of the
device, but its absence may reduce the durability of those parts.

Carbon Fiber Reinforcement

Many of the printed parts in this build use carbon fiber reinforcement to increase strength while
minimizing weight. These parts include:

= thighCuffFront.SLDPRT
= cuffSliderTop.SLDPRT
=  cuffSliderBottom.SLDPRT

Further specification of the CF reinforcement will be provided in the “Thigh Cuffs” section.

List of all Printed Components

Below is a list of the printed components used in this build, as well as how many of each you will
need. These components are contained in the “Part Files for 3D Printing” folder. Prior to printing
components which have carbon fiber reinforcement, review the “Quad Cuffs” section where a
guide for how much reinforcement to use is provided.

= (1x) electronicsBoxBackPlate.SLDPRT

= (1x) electronicsBoxBatteryCover.SLDPRT
= (2x) cuffSliderBottom.SLDPRT

= (2x) cuffSliderTop.SLDPRT


https://www.uline.com/Product/Detail/H-10799/Anti-Static-Equipment/Weller-Soldering-Station?pricode=WC4573&gadtype=pla&id=H-10799&gad_source=1&gclid=CjwKCAjwg8qzBhAoEiwAWagLrMToJ62whPUHlwbhDCMRl5nXY9p4i-iEGTKdky9_DNTdzSwdbiZfGBoCh4kQAvD_BwE
https://www.amazon.com/SEEKONE-Heat-Gun-Hot-Air/dp/B078S5QMFG/ref=sr_1_2_sspa?dib=eyJ2IjoiMSJ9.co0U3lIYlKg3LtsXlK-WMzab-nKe6orE7RW9PCL2Cqb6u9-wFUipsImUYZFiWH1mmhdOQMcevAF9maN69JxIkZoEbWQPO7l6_1UiL6WQuu_Yjt5eQt1ayfMf4lCHtMO3N5VB7rEuOPJW7nsGbb3B5RZQ4eIwd5o2XQdIK35hW_vjZP6UWlJGDrZuCEi6n4bwnRX2i2WcSQTWuAhlAo8kWNPfCqhWvAXVbuXBoHjl-QcHad8eDRetQGFgWlhoH5uGj8H1td56lIcK1PI0TCssCLEDny1nGntfcYjM8QZIbNg.RSlxaEACuIrfzo4HvjnrSGw1okb2pC1x5L_f3B2b1YM&dib_tag=se&hvadid=616863312459&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=15021561102756574720&hvtargid=kwd-44677212&hydadcr=26614_11715055&keywords=heat+guns&qid=1718656986&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.digikey.com/en/products/detail/tempo-communications/PA1161/461371
https://www.grainger.com/product/39AN55?gucid=N:N:PS:Paid:GGL:CSM-2295:4P7A1P:20501231&gad_source=1&gclid=CjwKCAjwg8qzBhAoEiwAWagLrII9v55ZRcHhyKT6PSTQsyB6F9sg94nnR7ovY3BNK65xfPuYOCDAcRoCPE0QAvD_BwE&gclsrc=aw.ds
https://www.amazon.com/24Pack-Utility-Retractable-Compact-Extended/dp/B08H7XQZZ2/ref=sr_1_2_sspa?crid=1JTOQPBUP2AGX&dib=eyJ2IjoiMSJ9.bTy13mgfiZowKsfNeWNw8kG6I1jJT8HXtqetxQpmMeosgOduQPQ6nODiIPUO9zIegP6ofWTVnIL91d_H2rbDBOICM6jQhqBV8RMrYdDBVbmQtQKrBCS23Y-V_-w0dZsN5QO6_zTGmP6_fe5j2oZYNsTJ9Hrn_1oU01Crz-ZDVzWasgmS4ps-ElRh73jeCkDOZudR859cMPqpMiyPMoH6vegBUrviQ1ph_J5WOo2ij9QTMWjwD2KVUFOBuvrV6PT_AkNcJICs1-GY7t6b-rz_p_ktB7yY-Fj3tN983mgRqgs.MEVXAXDNI1MmIx6PGVwaMJVH7rJwdGntKj8pAAxvSg8&dib_tag=se&keywords=box+knife&qid=1718829326&s=industrial&sprefix=box+kife%2Cindustrial%2C119&sr=1-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.digikey.com/en/products/detail/molex/0638191500/1832244
https://www.amazon.com/Helping-Soldering-Workshop-Non-slip-Weighted/dp/B07MDKXNPC/ref=sr_1_1_sspa?crid=1AW4W3VJJ12OO&dib=eyJ2IjoiMSJ9.x1APlTr01yCN_VZvuHGa3avZMz-fVLaozFl7dhkyv2w6kwNmDi3UXUn7JFcYDGNiVMPZJiI2zXTPsBtEQzIZuO9IXMTOz7fdLYXBSfHJ9FVDeKBv0Kk46k8xGY5ZIbm43Tj6yDwJXdzWqRd10WNNv6r7ItAgHj_nOg5947TOqcvL8G23Ehx9nGmLgQnoiEGPI7sI8-uVJLvpCg5_VywbaMAcMI1g8udwHB89tktZzqwsh3mQo6fij-b6qcOS-qIWrTB9iopy4L6HqOfekcV-6tWyfF-tqbDcwi0ABkYqWQA.fz-DjgbGdWhvSWPS1ioCDB74dQlXxnF-c2ApKtN57jc&dib_tag=se&keywords=helping+hands&qid=1718829602&s=hi&sprefix=helping+hand%2Ctools%2C118&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/kaverme-Anti-Static-Electronics-Laboratory-Jewelry-Making/dp/B0BNNGC3Q2/ref=sr_1_3_sspa?dib=eyJ2IjoiMSJ9.PAtUrnFY5FlqTrM_OrzOpMF2xqLA8G5ySpLlIEq0sW_9hL2l1nUsMUuxNxk4BDR6Waqf-zQorbmwArLUHyLAdf2jVUtpgCg8HdazHvRRaOKsnrXG_X8x18v3fYGN-hbrmhRpU6lff6OoQzJGTIu7q--gqV8lhWal7wy3hBjb6eLJnK4zai1CuX7jAYrYrIsqmgut1dg5Z_5DDSeu5PY0SpCo7n-2CI2JGK67ayiNpFTDrzvmq6IYfpixCZRJmI2ivgKN5AXQ-JrjNh2XSpgyX70c2Ftmn8GvRlGgjcHCyXQ.4H7n3X4gnixAZKdnoDBrc3DRU66XKp2N24wFIGb5CZU&dib_tag=se&keywords=tweezers&qid=1718910125&sr=8-3-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://markforged.com/materials/plastics/onyx
https://markforged.com/3d-printers/mark-two
https://markforged.com/3d-printers/mark-two
https://www.hubs.com/3d-printing/plastic/nylon/carbon-filled-nylon/

= (4x) heelPuck.SLDPRT

= (1x) holeTemplateForStrut.SLDPRT

= (2x) DboltSpportForStrut.SLDPRT

= (2x) motorToStrut.SLDPRT

= (1x) electronicsBoxControlPanel.SLDPRT

= (2x) thighCuffBack.SLDPRT

= (2x) thighCuffFront.SLDPRT

= (2x) electronicsBoxStrainReliefRight.SLDPRT
= (2x) electronicsBoxStrainReliefLeft.SLDPRT

Thigh Cuffs

The thigh cuffs are the components of the build that interface with the users thighs, allowing for
the transfer of assistance from the motors to user. These cuffs can be sized differently to fita
variety of potential users. Below is an outline of how to size, print, and assemble these
components.

1. Sizing

a) To size these components, open the thighCuffFront.SLDPRT file in SolidWorks.

wo

“8iisy

b) Navigate to the Configuration Tree.
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c) Selectthe desired size. The small size will fit a slim athletic build, while the medium will
comfortably fit those with a larger build. The dimensions can be checked in SolidWorks
and compared with physical measurements of the user’s thigh to get a good match.
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d) You can now save this as an independent file such as “XXSizeRightSide.SLDPRT” for
ease.



e) Next, we’ll save the mirrored version for the other side of the leg. Save another copy of
the part under the name “XXSizelLeftSide.SLDPRT.” Ensure that this is the file you’re now
editing and navigate back to the feature tree.
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f) Now open the Solid Bodies dropdown.
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g) Revealthe hidden solid body titled “Mirror1.”
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h) Now delete the first body by right clicking on it in the “Solid Bodies” dropdown and
selecting “Delete/Keep Bodies.”
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i) Now that this is done, again ensure that you’re editing “XXSizeLeftSide.SLDPRT” and
save.

j)  You now have part files of the cuff for both sides of the leg.

. Printing

These components are reinforced with carbon fiber.

= thighCuffFront.SLDPRT
= cuffSliderTop.SLDPRT
= cuffSliderBottom.SLDPRT

As mentioned above, if you are having a third party such as Protolabs print them for you,
you will not be able to print with carbon fiber reinforcement, which may decrease the
durability of the parts but should not prohibit function.

If you have access to your own printer, we have outlined the locations and quantities of CF
reinforcement that you should use below. When you add the CF reinforcement, ensure that
for each section you set the reinforcement geometry to “concentric.”
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https://www.hubs.com/3d-printing/plastic/nylon/carbon-filled-nylon/

Use Fiber

Fiber Pattern Type Entire Group

Concenlric Fibe

Walls to Reinfarce All Walls

Concantric Fiber Rings

Start Rotation Percent

This can be done by selecting each blue segment in the slider at the bottom of the screen

(seen below).

% Markiorged

S_R_QuadCuff_from

vuwzerame

Thigh Cuff:

Cuff Slider (top and bottom):
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$ Markforged

XS_CuffSlider_rectangle_Bottom

VW arFTom

fab

3. Assembly

a) Gather necessary components.

1x XXSizelLeftSide.SLDPRT

1x XXSizeRightSide.SLDPRT

2X cuffSliderTop.SLDPRT

2x cuffSliderBottom.SLDPRT

2x thighCuffBack.SLDPRT

2x ThighCuffReinforcement.SLDPRT
1x Fabric (3 mm)

1x Velcro with Adhesive Backer
2x Velcro Strap

2x Cam Handle

4x M3 Lock Nut

2x M3X16 Button Head Screw

4x M5X12 Button Head Screw

4x M5 Lock Nut

4x M5 Washer

1x Silver Sharpie

1x Scissors

X Superglue

1x | Drill Press or Hand Drill with 5mm Diameter Bit



https://www.seattlefabrics.com/Velcroreg-Brand-Fastener-Compatible-UBL-Neoprene-by-the-Linear-Foot-starting-4500-per-linear-foot_p_843.html
https://www.amazon.com/Denser-Sticky-Adhesive-Fastener-Strips/dp/B07N3B36Z2?th=1
https://www.securecableties.com/18-x-2-inch-cinch-straps-5-pack?gclid=CjwKCAjwuYWSBhByEiwAKd_n_twJref51-bVSOvkoyh2TPayPP8j-hCpEH6gd9CxgCxRlSVLsNOQ0hoCRDcQAvD_BwE
https://www.mcmaster.com/5720K241/
https://www.mcmaster.com/90370A203/
https://www.mcmaster.com/92095A184/
https://www.mcmaster.com/91306A666/
https://www.mcmaster.com/91854A102/
https://www.mcmaster.com/92334A113/
https://www.amazon.com/Sharpie-39108PP-Metallic-Permanent-Blister/dp/B00009RAX4/ref=sr_1_2?dib=eyJ2IjoiMSJ9.5h6MzaJ3VSa4R58mu2D9vYpy7g2rKbNMnsd9YGtWBUU7u0Zd_PntQnOIbtwiOVwoy8mJjaVT6m6oQCn1WOwxPbS2slUwuOL4cd7Kfen5qI7disJc37dyFiCV4nkSvyLOqKz0WeA2n9fFAI3jL5WkaYZiidaLj3GxNjK6l0UZDDTMk7rfYbsH9iE5fChtqXUwmilgpjMLN9RNFkU8emoImNcYYLSKTZFUMDqQBpjkhaEPkiZwe_axwb0uC_0JViF1QFXDaFtkZRO9d76NnJuOt5yywPyhKmtot_uhG31lOO0.xXmqdIyODnwpHWXSDtDAu4LbPQKBo4S18rLBdnkjUnQ&dib_tag=se&hvadid=616991223281&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=14130955220162117148&hvtargid=kwd-1918519718&hydadcr=24661_13611822&keywords=silver+sharpie&qid=1719424467&sr=8-2
https://www.amazon.com/Scissors-Professional-Tailoring-Industrial-Dressmakers/dp/B07Y2ZBSN1/ref=sr_1_15?crid=1H8FC8NJECAAW&dib=eyJ2IjoiMSJ9.YNVz2HX-xd38zAL-4CzM9U47R0Yyy90XvA0KXwWNyLUu-SKOqe_IBx2gP2qAAifc-nb93Hmmuemslza5xopjovIH2ZzasA1pCaVL_npP_V2GU1mtDEnEzRJjYBIo5hnXStjwWR16oP806ITn3DKBQMDYxL5RXxUSzOLhgaT9a8ROmjSUDVXAZQHN0sCpaYgKvaTX3eFoqfUdQ-6gzmOxY_zmDEaQfU55hWR4Zew4-t1UT8HsabrKfArxRQkjHtuhpfSZEB1edoZh3Ll48ql5y6OJ_t6bDYGFEEQ-cwR3KLg.N9QVgCzw97eCC4s3H4wbNKW1QLoPkIuXtaaZGxCDes8&dib_tag=se&keywords=fabric%2Bscissors&qid=1719424505&sprefix=fabric%2Bsci%2Caps%2C130&sr=8-15&th=1
https://www.amazon.com/Loctite-1364076-Super-Squeeze-Liquid/dp/B0006HUJCQ/ref=sr_1_3?dib=eyJ2IjoiMSJ9.tRBy14KnovO5MXIjc-Sq_oMBLWqXBztoT6MirMLQkA4KwoAtkU8r0Zm5swIJjnxSO85DF_rqQoo9GruTCmBEnGOteEfkpRWHYR9SdPDXUCsf6ThexcjJnsCBvGtCmgKTTxrmTTSkoEDM_eHbTe10ody1MimeRRaTTx2_pxR-aNhQ0N3xOXLlYNgfZSnTqKI8BQbQ5gn6MjqeE2_c-r-6XlA_zWp1UOLKB-DVk7n78Qw.ie-MxQyuJLgq-0opecCdifVUVrHo2UvO3hD7CzPDUHM&dib_tag=se&keywords=super%2Bglue&qid=1719424112&sr=8-3&th=1
https://www.amazon.com/WEN-4208T-2-3-Amp-5-Speed-Benchtop/dp/B08ZVT5JKC/ref=sr_1_1?dib=eyJ2IjoiMSJ9.K5joERo-qRfVWbWdcoRhPy4i6fuzHcDKxxHXRyAEmA6-NZC9w72uevVwdRIb6CNQLGfA8P3LlV8Yh18YCqVXTiwqWuNEb4VfwdqUi96e140aTzOfEJ-lkQqRxzZq8PeOpTeICTIGUch3D1yfMAc2JuLoUpjXE2MYSyHXrMxC0YkBpgn0lLmF1aLaGshmy9sDri7Y9qZ992NWdD3VGcGZh4AHvyrYVEfUk3hU0DoGcF6ODa8Ghr1Iqwd5Z9w3NlRjlaQ4u-8wUfiBn2NpFMFL4HAFtRssLy741uoSS62CzBU._i8MEDNwsRgV9lHajvDPS1JOMIIbbwQdPpd8tSb74lg&dib_tag=se&hvadid=580530431901&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=8871904041992214813&hvtargid=kwd-391224536522&hydadcr=1637_13457726&keywords=wen%2B8%2Bin%2Bdrill%2Bpress&qid=1719435486&sr=8-1&th=1
https://www.amazon.com/Cordless-Drill-Driver-Bare-18-0V/dp/B00I3MMYVU/ref=asc_df_B00I3MMYVU/?tag=hyprod-20&linkCode=df0&hvadid=693363057790&hvpos=&hvnetw=g&hvrand=9539001809000083625&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9030289&hvtargid=pla-1199645387887&psc=1&mcid=53d33d1cfe7b3f4f8523f4130afb9ccc&gad_source=1
https://www.amazon.com/COPOUIXR-Cobalt-1-5mm-6-5mm-Material-13-Piece/dp/B0B8WYPBMF/ref=sr_1_4?crid=36GQ3320LQCNI&dib=eyJ2IjoiMSJ9.cgjlp7wa2IYG84Vg47-azWiUUQp-u6aLGG_kE2kWk6EslrDoztKM4FkLAkwK9hDXoPdwl3Xa0e_Wwliaj2hrEKciOMilI-3rQHoRWg8uvauKTKOLV_1U_o-aG3pMEDCoamTgRBMBETYwUy2bYUutEJqH1s_gxpoSGFzsLutaZXuee1TINMwKiQG4KmhCCuUS7s8HOMiHd92LYpgzbHDBVHtRmHqov1r1SuuTfsHtRQcpfR2HIF2AGXal7YYI8o0tytJ831-oHJVMO02abiUInZIk6xs7Pr2w5ahH4pnPrXg.C3B0VMlBX-xbUKJNN2oWnThxIseA2MwPg5oI5JgPk0I&dib_tag=se&keywords=metric%2Bdrill%2Bbits&qid=1718828591&s=industrial&sprefix=metric%2Bdrill%2Bbits%2Cindustrial%2C103&sr=1-4&th=1

b) Use superglue to fasten the ThighCuffReinforcement.SLDPRT to the
XXSize[Left/Right].SLDPRT. We recommend clamping/securing these parts together and
letting sit until dry (we typically let it sit overnight, but two hours should suffice if
needed sooner).

c) Once the glue is dry, cut small, rectangular, sections of the hook side Velcro and stick
them to the inside of XXSize[Left/Right].SLDPRT in the manner shown below.

d) Now we’ll create the padding to the cuff. Insert the fabric into the cuff and align it to fill
the space. Make sure to leave the space with the slot open as this is where the strap to
fasten the cuff will be fed through. Using a silver sharpie create an outline of the cuff on
the fabric. Take a pair of scissors and cut the fabric along the outline. Attach the fabric
to the cuff via the Velcro.
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e) Place hook-side Velcro on the inner side of the thighCuffBack.SLDPRTs in the manner
shown.

f) Cutand fasten a piece of fabric to the Velcro to be used as padding, similar to what you
did for the front side of the cuff.
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g) Algin the loop-side Velcro on outer side the thighCuffBack.SLDPRT in the manner
shown. Cut out that section and attach to the outer side of the back cuff.

h) Cutthe buckle off of the Velcro strap so that it looks similar to the strap below
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i) Place the strap in line with the the two M5 holes in the XXSize[Left/Right].SLDPRT. Make
sure that the strap extends a bit past the holes into the cuff. Using the silver sharpie,
mark the hole locations on the Velcro strap as shown below. These will be where we
secure the strap to the cuff.

e

4

j)  Use a5 mm diameter drill bit to cut out the holes you just marked on the Velcro Strap

k) Slide the Velcro strap through the thighCuffBack.SLDPRT as shown below, with the
Velcro facing the outside of the cuff.
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) Pressthe M3 Lock nuts into their respective slots in the cuffSlider[Top/Bottom].SLDPRT.

m) Insert the CAM lever into the cuffSliderTop.SLDPRT and a M3X16 screw into the
cuffSliderBottom.SLDPRT. [Note: The cuffSliderBottom.SLDPRT has the larger (thicker)
base]

Bottom

n) Press M5 lock nuts into their respective slot on the cuffSlider[Top/Bottom].SLDPRTSs.
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0) After placing M5 washers on each, press two M5X12 button head screws through the
two holes in the cuff as shown.

p) Slide the two holes in the Velcro strap over these screws, with the strap being on the
outside of the cuff
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q) Fasten the cuffSliderTop.SLDPRT and cuffSliderBottom.SLDPRT to the cuff as shown
(make sure to pay attention to which leg you are on).

The finished product is shown below. The cuff is now ready to be attached to the carbon
fiber uprights once the exo is ready. When placed on, they should slide onto the upright
until at a comfortable height, at which time the Cam Handle can be used to tighten the
upper cuff slider, securing the cuff to the upright and preventing motion.
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MAKING YOUR OWN INSOLES (optional)

To operate the exoskeleton with intended control scheme, you will need to secure FSRs to your
insoles (to be detailed later). This process can damage your insoles when trying to remove the
FSRs from them. As a result, we recommend buying shoes/insoles dedicated to use with the exo,
or making custom insoles to interface with the device. Additionally, if you have multiple people
using the exo, it will be easier and less expensive to make a variety of insole sizes than it would to
purchase multiple shoes. We have outline the steps needed to make your own insoles below.

a) Gather necessary components

1x 6 mm Foam

1x | Insoles (left and right) from your own shoes
1x Sharpie

1x Scissors

b) Place the left and right insoles on the foam and trace their outline.
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https://thecosplaypros.com/products/eva-foam-sheets?variant=20494372569199
https://www.amazon.com/SHARPIE-Black-Markers-Set-High-Quality/dp/B00006IFHD/ref=sr_1_5?crid=26JI0ZCP02CYR&dib=eyJ2IjoiMSJ9.5h6MzaJ3VSa4R58mu2D9vZzngAZ2Jcpi7W4Ya2-ded7sFtlFOcL53pi5rr0BqMbJf3Jo3_2HypT-0emr5Nv7vI8qNpjJC5wVW23RZRl99p-cXbytbAAEmY1hAjxsqL1DEyGEsuc9RjObHUdXCJTHPOJPW3M68tLAFpOLVsI0VrGMpKYnd0LY6pm2QH0uJYblFefMfljY51li417fV_AZBmou_e7w3jrOTCn2xD1n95pyEx41BTOVVYWxWwNSnEvROryodbhqr5ycJXtT5UYyRaIKu0IiZlCluoEAMwItCtA.oCE17n3ershmqew1IcvSLxHmFnj9QBDh7KxtLRYsLmk&dib_tag=se&keywords=black+and+silver+sharpies&qid=1719426235&sprefix=black+and+sliver+sharpies%2Caps%2C130&sr=8-5
https://www.amazon.com/Scissors-Professional-Tailoring-Industrial-Dressmakers/dp/B07Y2ZBSN1/ref=sr_1_15?crid=1H8FC8NJECAAW&dib=eyJ2IjoiMSJ9.YNVz2HX-xd38zAL-4CzM9U47R0Yyy90XvA0KXwWNyLUu-SKOqe_IBx2gP2qAAifc-nb93Hmmuemslza5xopjovIH2ZzasA1pCaVL_npP_V2GU1mtDEnEzRJjYBIo5hnXStjwWR16oP806ITn3DKBQMDYxL5RXxUSzOLhgaT9a8ROmjSUDVXAZQHN0sCpaYgKvaTX3eFoqfUdQ-6gzmOxY_zmDEaQfU55hWR4Zew4-t1UT8HsabrKfArxRQkjHtuhpfSZEB1edoZh3Ll48ql5y6OJ_t6bDYGFEEQ-cwR3KLg.N9QVgCzw97eCC4s3H4wbNKW1QLoPkIuXtaaZGxCDes8&dib_tag=se&keywords=fabric%2Bscissors&qid=1719424505&sprefix=fabric%2Bsci%2Caps%2C130&sr=8-15&th=1

c) Cutoutthe traces you made using scissors.

d) Putthe pieces of foam into your shoes to check the fit. Trim if necessary. When you are
done, store these for now. The FSRs will be fastened to them during the “Electrical
Components” section.
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PREPARING THE HIP BELT

The first step in this exoskeleton build will be manufacturing the components to interface with the
waist belt. Here we will be preparing the hip belt to accept the motors as well as modifying the belt
to accept the casing for the battery and PCB.

Making the Mounting Plates

To mount the motors to the belt, pieces of thermoform plastic must be shaped to match the belt’s
contour. This process is outlined below. A video of this process is provided here, which may be
easier to follow than the written instructions.

1. Cutting the Plastic

a) Gather necessary components.

X Hip Belt

2X Blank Paper

1x | PVC/Acrylic Plate (thermoform plastic)
1x Sharpie

1x Dremel with Cutting Bit

1x Eye Protection

1x Respirator

b) Use a piece of paper and a sharpie to trace the outline of the belt section on which you
intend to place the interface. You will want as much surface area as you can get for the
mounting holes. Generally, the outline should span from top to bottom of the belt and
go from the front edge of the belt back to the diagonal fabric pattern on the belt (see
image).
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https://drive.google.com/drive/folders/1xL2rtUE9us9Fqm-0mg9-_RyJHOJughff?usp=drive_link
https://www.moosejaw.com/p/osprey-womens-isoform-cm-hipbelt-23trywsfrmcmhpbltbag/23trywsfrmcmhpbltbag?sku=25482757&camp=CSE:MJ_92700079668103098_PLA_pla-294899067813&gad_source=1&gclid=Cj0KCQjwvb-zBhCmARIsAAfUI2sqCW4ddz1rlj9eQXJmTtNKFXbyadxjj6MFJSNDw2vDLt57kejLurkaAoemEALw_wcB&gclsrc=aw.ds
https://www.mcmaster.com/8650K21-8650K214/
https://www.amazon.com/SHARPIE-Black-Markers-Set-High-Quality/dp/B00006IFHD/ref=sr_1_5?crid=26JI0ZCP02CYR&dib=eyJ2IjoiMSJ9.5h6MzaJ3VSa4R58mu2D9vZzngAZ2Jcpi7W4Ya2-ded7sFtlFOcL53pi5rr0BqMbJf3Jo3_2HypT-0emr5Nv7vI8qNpjJC5wVW23RZRl99p-cXbytbAAEmY1hAjxsqL1DEyGEsuc9RjObHUdXCJTHPOJPW3M68tLAFpOLVsI0VrGMpKYnd0LY6pm2QH0uJYblFefMfljY51li417fV_AZBmou_e7w3jrOTCn2xD1n95pyEx41BTOVVYWxWwNSnEvROryodbhqr5ycJXtT5UYyRaIKu0IiZlCluoEAMwItCtA.oCE17n3ershmqew1IcvSLxHmFnj9QBDh7KxtLRYsLmk&dib_tag=se&keywords=black+and+silver+sharpies&qid=1719426235&sprefix=black+and+sliver+sharpies%2Caps%2C130&sr=8-5
https://www.amazon.com/Dremel-4000-4-34-Variable-Rotary/dp/B00LUU2XFO/ref=sr_1_1_sspa?dib=eyJ2IjoiMSJ9.zMY63-kGyojh6G0-oeVUWREG7ueIwFKnYsrtlaZNfMTf6ukm8cTxWsDqFODG0GduowBXHoa1SftMXoKj6UvG6hGVbZ5U56s42wCz2iolFtiGFUb2HFUM2Oef5JM4CJRm4RbUzTR2qOc3pKexy92Vr28phYP7jAstYKnxTjaCrSbBdBUreuQ-QKp-J1AYlYaIyqZRfnC0lIjmmx_oMHpf1_tgShiXNAAls9zKHHmImpIBgloEDgr7ANw0iIFGov9WhYruhJxDPX8c2-KEC2KW45eFUKu1snzA0h4r9z5PojU.k66cQQjKq5LkrWl91dm2IaqEqrKxgD8wxv-JGr8bLkA&dib_tag=se&keywords=dremel%2B4000&qid=1719432623&s=power-hand-tools&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/BK310AF-Polycarbonate-Anti-Fog-Safety-Non-Slip/dp/B009A658JS/ref=sr_1_4?crid=20HGPCFUBVOOU&dib=eyJ2IjoiMSJ9.HBtZVdWaTQY4Lba_H8FXVQStNV9PRim76DSxpDVdIQWlOHmuuJZ_bam0wgppeUTPkZCA_6Lv3T1gbKKP_KAjgQ0NnbvqU0W5BMNdK5Joa9d1MNe74ILylmTLpC96HUpcNjoNyXe7GjhK9IByfpXHkVRZahooE2PHhgLErzCgAi7Q8M2KrNFpgDQdWA7LNpjP-rAdXB0YqT4SIb2gbfPBjS7CX_j_Lr8sO-XMukri2rQT_UWqPqnXCWlWyJnyN9POBzq6xyLJDSyWgSKz6MUk8ucC2u4ObGwCSzjQ8WOKEfI.2o5tbfsOjA8Xh2w0ql5mzDxdU6q1hrBxZn2KUJHxwbs&dib_tag=se&keywords=safety+glasses&qid=1718827971&s=industrial&sprefix=safety+glasses%2Cindustrial%2C375&sr=1-4
https://www.3m.com/3M/en_US/p/dc/v000152049/?gf=true&price=list-low

c) Transfer this outline to the piece of plastic stock that you’ll be using. Use a Dremel with
a grinder bit (or any other suitable tool) to cut out the shape just traced. Wear PPE
(Respirator/Eye Protection) during this step as the plastic will melt and release fumes
asitis cut.

d) Repeat for the other side of the hip belt. The template you made with the blank paper
will work for the other side of the hip belt but ensure that you mirror the orientation of
the paper to reflect the flipped contour of the belt.

. Drilling Mounting Holes

a) Gather necessary components. This includes printing two copies of the hole pattern
template (PlasticMountTemplate.pdf)

1x | Drill with 5.9mm Diameter Bit (or similar size)
2x Cut Mounting Plates (from previous step)
2x | Printed Copy of PlasticMountTemplate.pdf

1x Tape
1x Scissors

b) Place and position the hole template onto the cut piece of plastic so that you have as
many holes as possible on the plastic. An additional, important, requirement is to have
a hole near each corner so that you can use bolts to fasten it to the belt (holes will be
drilled into the belt later). If the markings on the template line up well with the four
corners of the plastic, then they can be used for mounting (red arrows). If this is proving
challenging, space it so that the four corners have some spacing around it and then drill
similar holes in those spots (green arrows = where holes for mounting would be drilled).
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https://www.amazon.com/Cordless-Drill-Driver-Bare-18-0V/dp/B00I3MMYVU/ref=asc_df_B00I3MMYVU/?tag=hyprod-20&linkCode=df0&hvadid=693363057790&hvpos=&hvnetw=g&hvrand=9539001809000083625&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9030289&hvtargid=pla-1199645387887&psc=1&mcid=53d33d1cfe7b3f4f8523f4130afb9ccc&gad_source=1
https://www.amazon.com/COPOUIXR-Cobalt-1-5mm-6-5mm-Material-13-Piece/dp/B0B8WYPBMF/ref=sr_1_4?crid=36GQ3320LQCNI&dib=eyJ2IjoiMSJ9.cgjlp7wa2IYG84Vg47-azWiUUQp-u6aLGG_kE2kWk6EslrDoztKM4FkLAkwK9hDXoPdwl3Xa0e_Wwliaj2hrEKciOMilI-3rQHoRWg8uvauKTKOLV_1U_o-aG3pMEDCoamTgRBMBETYwUy2bYUutEJqH1s_gxpoSGFzsLutaZXuee1TINMwKiQG4KmhCCuUS7s8HOMiHd92LYpgzbHDBVHtRmHqov1r1SuuTfsHtRQcpfR2HIF2AGXal7YYI8o0tytJ831-oHJVMO02abiUInZIk6xs7Pr2w5ahH4pnPrXg.C3B0VMlBX-xbUKJNN2oWnThxIseA2MwPg5oI5JgPk0I&dib_tag=se&keywords=metric+drill+bits&qid=1718828591&s=industrial&sprefix=metric+drill+bits%2Cindustrial%2C103&sr=1-4
https://www.amazon.com/Scotch-Writable-Translucent-Recyclable-Packaging/dp/B0CV9JV563/ref=asc_df_B0CV9JV563/?tag=hyprod-20&linkCode=df0&hvadid=693649350646&hvpos=&hvnetw=g&hvrand=7318529692776567914&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9019697&hvtargid=pla-2296277751579&mcid=33cd7166bf093701b60fc4c78f72bd4d&gad_source=1&gclid=CjwKCAjwm_SzBhAsEiwAXE2Cvzm57gOrTA8MID3KxlH5GFcyjRFJ4ywj8PrBBqxpOoWKIBCGMpDd8xoCJ88QAvD_BwE&th=1
https://www.amazon.com/Scissors-Professional-Tailoring-Industrial-Dressmakers/dp/B07Y2ZBSN1/ref=sr_1_15?crid=1H8FC8NJECAAW&dib=eyJ2IjoiMSJ9.YNVz2HX-xd38zAL-4CzM9U47R0Yyy90XvA0KXwWNyLUu-SKOqe_IBx2gP2qAAifc-nb93Hmmuemslza5xopjovIH2ZzasA1pCaVL_npP_V2GU1mtDEnEzRJjYBIo5hnXStjwWR16oP806ITn3DKBQMDYxL5RXxUSzOLhgaT9a8ROmjSUDVXAZQHN0sCpaYgKvaTX3eFoqfUdQ-6gzmOxY_zmDEaQfU55hWR4Zew4-t1UT8HsabrKfArxRQkjHtuhpfSZEB1edoZh3Ll48ql5y6OJ_t6bDYGFEEQ-cwR3KLg.N9QVgCzw97eCC4s3H4wbNKW1QLoPkIuXtaaZGxCDes8&dib_tag=se&keywords=fabric%2Bscissors&qid=1719424505&sprefix=fabric%2Bsci%2Caps%2C130&sr=8-15&th=1

c) Tape the template onto the plastic.

d) Following the template, drill the holes through the plastic mount with a 5.9mm
diameter drill bit.

e) Repeat for the other piece of plastic.

3. Thermoforming

a) Gather necessary components.

1x | Heat Resistant Gloves

1X Heat Gun
1X Hip Belt

b) Putthe Hip Belt on. This will ensure that the plastic is thermoformed to the proper
shape.

c) Putonthe heat resistant gloves and start the heat gun. Use the gun to heat the plastic
to the point where it is easy to deform.

d) Pressthe plastic onto belt such that it conforms to the contour of the belt. Hold in place
until plastic cools enough to be stiff. Assess and adjust via reheating as needed.
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https://www.amazon.com/Ove-Glove-Superior-FLAME-Protection/dp/B0797DTFLM/ref=sr_1_10?crid=1GHAQMPE1DFT5&dib=eyJ2IjoiMSJ9.SRr21bDetL_JASfKU2cNoR6kb0A5sTxD9k0sUut7iODhpfIlpoVaiHIL5y_eY2Cg3pgXG3yexFKjrzf7mgBeibzAR5rmaDM_ieY4bv1q_IKxd-4GuF9vZ9m2CxNtc6Zmyoez0Ct8xKrnalGhjhenYv-5gyHNgssOeuWjJJ0B4VXUOFxOwu5OkHJmWRA65dDvwXgaKAMYAiaKhXihcGX3ZAUVECk40vuAoyxvwzl-P07xxYEMn6gByQKo-kDMnwJKT-haZWTwDabPHIG2I2ocnxDN77rcATi1fOpD0jrWLuc.maw-y1VGDiHrO2HziMPDzN30hMxIWX89mWY5wELKrPE&dib_tag=se&keywords=heat%2Bresistant%2Bgloves&qid=1718828122&s=industrial&sprefix=heat%2Bresistant%2Bgloves%2Cindustrial%2C113&sr=1-10&th=1
https://www.amazon.com/SEEKONE-Heat-Gun-Hot-Air/dp/B078S5QMFG/ref=sr_1_2_sspa?dib=eyJ2IjoiMSJ9.co0U3lIYlKg3LtsXlK-WMzab-nKe6orE7RW9PCL2Cqb6u9-wFUipsImUYZFiWH1mmhdOQMcevAF9maN69JxIkZoEbWQPO7l6_1UiL6WQuu_Yjt5eQt1ayfMf4lCHtMO3N5VB7rEuOPJW7nsGbb3B5RZQ4eIwd5o2XQdIK35hW_vjZP6UWlJGDrZuCEi6n4bwnRX2i2WcSQTWuAhlAo8kWNPfCqhWvAXVbuXBoHjl-QcHad8eDRetQGFgWlhoH5uGj8H1td56lIcK1PI0TCssCLEDny1nGntfcYjM8QZIbNg.RSlxaEACuIrfzo4HvjnrSGw1okb2pC1x5L_f3B2b1YM&dib_tag=se&hvadid=616863312459&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=15021561102756574720&hvtargid=kwd-44677212&hydadcr=26614_11715055&keywords=heat+guns&qid=1718656986&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.moosejaw.com/p/osprey-womens-isoform-cm-hipbelt-23trywsfrmcmhpbltbag/23trywsfrmcmhpbltbag?sku=25482757&camp=CSE:MJ_92700079668103098_PLA_pla-294899067813&gad_source=1&gclid=Cj0KCQjwvb-zBhCmARIsAAfUI2sqCW4ddz1rlj9eQXJmTtNKFXbyadxjj6MFJSNDw2vDLt57kejLurkaAoemEALw_wcB&gclsrc=aw.ds

e) Repeatforthe other side.

4. Mounting the Plates to the Belt

a) Gather necessary components.

X 8mm Nut Driver

1x Sharpie

2X Mounting Plates

X Hip Belt

8x | Mb5x22mm Button Head Screw
8x M5 Nut

8x M5 Washer

8x M5 Screw Cap

1x | Drill Press or Hand Drill (6mm bit)

b) Place the motor mounting plates onto the belt in their desired positions and use a
sharpie to mark the places where mounting holes will be drilled into the belt. These
should be in the four corners of the plate.


https://www.amazon.com/P-I-T-3-5-inch-ightening-Loosening-Fasteners/dp/B0CRBBP2GF/ref=sr_1_2_sspa?crid=1XZXRZIQQ9CGL&dib=eyJ2IjoiMSJ9.o8I6G7zcNrGMZChmj00BQj2WXE09NmEicLMF58u0jiwsIEN94Pyxowrziykl1Mrp-cgmcZ6dMGgvS7NiFhKlQwy4IXyP37ingAc8JBForkE9yvdyJ80p_XojwwzGQUtU_J0sHNGwVDPNbgs01cFzMvv_17WdWdgsq022Y08KA4dZqmMbDiAl-FN9TfpmTeWnlYAWGLCpv0hUFlgz2Jn23PmOV-oU1c8wyy_CbbaVbyuPj3Eby0WSv7iR7gSDzfg0iRbhoP4ouJvwhWSyvJxjZJReZVrM1JgjwiOj15m6dWQ.1AyEkwPyE5fQbDxwdbxb-LIfUQHUmgxIMO69g7g-FgM&dib_tag=se&keywords=metric%2Bnut%2Bdrivers&qid=1718828265&s=industrial&sprefix=metric%2Bnutdrivers%2Cindustrial%2C113&sr=1-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/SHARPIE-Black-Markers-Set-High-Quality/dp/B00006IFHD/ref=sr_1_5?crid=26JI0ZCP02CYR&dib=eyJ2IjoiMSJ9.5h6MzaJ3VSa4R58mu2D9vZzngAZ2Jcpi7W4Ya2-ded7sFtlFOcL53pi5rr0BqMbJf3Jo3_2HypT-0emr5Nv7vI8qNpjJC5wVW23RZRl99p-cXbytbAAEmY1hAjxsqL1DEyGEsuc9RjObHUdXCJTHPOJPW3M68tLAFpOLVsI0VrGMpKYnd0LY6pm2QH0uJYblFefMfljY51li417fV_AZBmou_e7w3jrOTCn2xD1n95pyEx41BTOVVYWxWwNSnEvROryodbhqr5ycJXtT5UYyRaIKu0IiZlCluoEAMwItCtA.oCE17n3ershmqew1IcvSLxHmFnj9QBDh7KxtLRYsLmk&dib_tag=se&keywords=black%2Band%2Bsilver%2Bsharpies&qid=1719426235&sprefix=black%2Band%2Bsliver%2Bsharpies%2Caps%2C130&sr=8-5&th=1
https://www.moosejaw.com/p/osprey-womens-isoform-cm-hipbelt-23trywsfrmcmhpbltbag/23trywsfrmcmhpbltbag?sku=25482757&camp=CSE:MJ_92700079668103098_PLA_pla-294899067813&gad_source=1&gclid=Cj0KCQjwvb-zBhCmARIsAAfUI2sqCW4ddz1rlj9eQXJmTtNKFXbyadxjj6MFJSNDw2vDLt57kejLurkaAoemEALw_wcB&gclsrc=aw.ds
https://www.mcmaster.com/91239A242/
https://www.mcmaster.com/91854a102/
https://www.mcmaster.com/92334A113/
https://www.mcmaster.com/90527A510/
https://www.amazon.com/WEN-4208T-2-3-Amp-5-Speed-Benchtop/dp/B08ZVT5JKC/ref=sr_1_1?dib=eyJ2IjoiMSJ9.K5joERo-qRfVWbWdcoRhPy4i6fuzHcDKxxHXRyAEmA6-NZC9w72uevVwdRIb6CNQLGfA8P3LlV8Yh18YCqVXTiwqWuNEb4VfwdqUi96e140aTzOfEJ-lkQqRxzZq8PeOpTeICTIGUch3D1yfMAc2JuLoUpjXE2MYSyHXrMxC0YkBpgn0lLmF1aLaGshmy9sDri7Y9qZ992NWdD3VGcGZh4AHvyrYVEfUk3hU0DoGcF6ODa8Ghr1Iqwd5Z9w3NlRjlaQ4u-8wUfiBn2NpFMFL4HAFtRssLy741uoSS62CzBU._i8MEDNwsRgV9lHajvDPS1JOMIIbbwQdPpd8tSb74lg&dib_tag=se&hvadid=580530431901&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=8871904041992214813&hvtargid=kwd-391224536522&hydadcr=1637_13457726&keywords=wen%2B8%2Bin%2Bdrill%2Bpress&qid=1719435486&sr=8-1&th=1
https://www.amazon.com/Cordless-Drill-Driver-Bare-18-0V/dp/B00I3MMYVU/ref=asc_df_B00I3MMYVU/?tag=hyprod-20&linkCode=df0&hvadid=693363057790&hvpos=&hvnetw=g&hvrand=9539001809000083625&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9030289&hvtargid=pla-1199645387887&psc=1&mcid=53d33d1cfe7b3f4f8523f4130afb9ccc&gad_source=1
https://www.amazon.com/COPOUIXR-Cobalt-1-5mm-6-5mm-Material-13-Piece/dp/B0B8WYPBMF/ref=sr_1_4?crid=36GQ3320LQCNI&dib=eyJ2IjoiMSJ9.cgjlp7wa2IYG84Vg47-azWiUUQp-u6aLGG_kE2kWk6EslrDoztKM4FkLAkwK9hDXoPdwl3Xa0e_Wwliaj2hrEKciOMilI-3rQHoRWg8uvauKTKOLV_1U_o-aG3pMEDCoamTgRBMBETYwUy2bYUutEJqH1s_gxpoSGFzsLutaZXuee1TINMwKiQG4KmhCCuUS7s8HOMiHd92LYpgzbHDBVHtRmHqov1r1SuuTfsHtRQcpfR2HIF2AGXal7YYI8o0tytJ831-oHJVMO02abiUInZIk6xs7Pr2w5ahH4pnPrXg.C3B0VMlBX-xbUKJNN2oWnThxIseA2MwPg5oI5JgPk0I&dib_tag=se&keywords=metric+drill+bits&qid=1718828591&s=industrial&sprefix=metric+drill+bits%2Cindustrial%2C103&sr=1-4

I |

c) Usethe added belt markings to drill holes into the belt. These holes should just be
through the initial outer layer of the belt and should not puncture into the foam padding
component. You should be able to reach into the inner part of the belt and feel the
holes without having them go all the way through! (Note: It is advised to use a scrap
piece of plastic or other material to prevent the drill from punching past the inner lining
of the mounting area. This can be seen in the below image. If not available, just proceed
slowly and try to avoid getting into the actual foam padding of the belt).

s

l-.i:) 4

d) Once all the mounting holes are drilled, place washers onto the M5x22 bolts and insert
them into the holes with the heads on the inside of the belt and the ends sticking
through the belt as shown below.
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e) Place the mounting plates onto the bolts and tightly fasten down M5 nuts using the
driver. Once this is done, place the caps onto the bolts. The final product is shown
below.

Repeat for other side.

Mounting the Battery & PCB Casing
Here we will be printing and mounting the Battery and PCB casing to the back of the belt.
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1. Printing

These will be long prints. Thus, it is best to print only one or two parts at a time so that if
the print fails at any point, less material is wasted. Start by printing the
“electronicsBoxBackPlate.SLDPRT” located in the “Part Files for 3D Printing” folder.

2. Mounting

Itis best to mount the Battery and PCB case before assembling the device.

a) Gather necessary components.

1x | electronicsBoxBackPlate.SLDPRT
15x M3 Threaded Inserts

4x M3x14 Button Head Screws

4x M3 Washers

1x | Drill Press or Hand Drill (3mm bit)
1x Sharpie

1x Soldering Iron

b) Insertthe threaded inserts into every hole of the 3D printed backplate. These will
allow you to properly fasten the 3D printed part to the belt and to properly secure
components (PCB, Strain Relief) to the casing. It should be noted that there are
specific orientations that should be followed. The four that secure the casing to
the belt should be inserted from the side the PCB would sit (front side, first
picture, see red arrows). All other threaded inserts should be placed from the
side that would face a person’s back when wearing the hip belt (back side,
second picture). This should be an easy convention to follow, as there are
shoulders inside the through holes for the threaded inserts corresponding to this
pattern. Threaded inserts can be placed by heating a soldering iron, placing its
tip into the metal threaded insert, and slowly pressing (and twisting) the insert
into the hole until the surface of the threaded insert is flush with the 3D printed
material.

28


https://www.mcmaster.com/94459A130/
https://www.mcmaster.com/92832A566/
https://www.mcmaster.com/92334A109/
https://www.amazon.com/WEN-4208T-2-3-Amp-5-Speed-Benchtop/dp/B08ZVT5JKC/ref=sr_1_1?dib=eyJ2IjoiMSJ9.K5joERo-qRfVWbWdcoRhPy4i6fuzHcDKxxHXRyAEmA6-NZC9w72uevVwdRIb6CNQLGfA8P3LlV8Yh18YCqVXTiwqWuNEb4VfwdqUi96e140aTzOfEJ-lkQqRxzZq8PeOpTeICTIGUch3D1yfMAc2JuLoUpjXE2MYSyHXrMxC0YkBpgn0lLmF1aLaGshmy9sDri7Y9qZ992NWdD3VGcGZh4AHvyrYVEfUk3hU0DoGcF6ODa8Ghr1Iqwd5Z9w3NlRjlaQ4u-8wUfiBn2NpFMFL4HAFtRssLy741uoSS62CzBU._i8MEDNwsRgV9lHajvDPS1JOMIIbbwQdPpd8tSb74lg&dib_tag=se&hvadid=580530431901&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=8871904041992214813&hvtargid=kwd-391224536522&hydadcr=1637_13457726&keywords=wen%2B8%2Bin%2Bdrill%2Bpress&qid=1719435486&sr=8-1&th=1
https://www.amazon.com/Cordless-Drill-Driver-Bare-18-0V/dp/B00I3MMYVU/ref=asc_df_B00I3MMYVU/?tag=hyprod-20&linkCode=df0&hvadid=693363057790&hvpos=&hvnetw=g&hvrand=9539001809000083625&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9030289&hvtargid=pla-1199645387887&psc=1&mcid=53d33d1cfe7b3f4f8523f4130afb9ccc&gad_source=1
https://www.amazon.com/COPOUIXR-Cobalt-1-5mm-6-5mm-Material-13-Piece/dp/B0B8WYPBMF/ref=sr_1_4?crid=36GQ3320LQCNI&dib=eyJ2IjoiMSJ9.cgjlp7wa2IYG84Vg47-azWiUUQp-u6aLGG_kE2kWk6EslrDoztKM4FkLAkwK9hDXoPdwl3Xa0e_Wwliaj2hrEKciOMilI-3rQHoRWg8uvauKTKOLV_1U_o-aG3pMEDCoamTgRBMBETYwUy2bYUutEJqH1s_gxpoSGFzsLutaZXuee1TINMwKiQG4KmhCCuUS7s8HOMiHd92LYpgzbHDBVHtRmHqov1r1SuuTfsHtRQcpfR2HIF2AGXal7YYI8o0tytJ831-oHJVMO02abiUInZIk6xs7Pr2w5ahH4pnPrXg.C3B0VMlBX-xbUKJNN2oWnThxIseA2MwPg5oI5JgPk0I&dib_tag=se&keywords=metric%2Bdrill%2Bbits&qid=1718828591&s=industrial&sprefix=metric%2Bdrill%2Bbits%2Cindustrial%2C103&sr=1-4&th=1
https://www.amazon.com/SHARPIE-Black-Markers-Set-High-Quality/dp/B00006IFHD/ref=sr_1_5?crid=26JI0ZCP02CYR&dib=eyJ2IjoiMSJ9.5h6MzaJ3VSa4R58mu2D9vZzngAZ2Jcpi7W4Ya2-ded7sFtlFOcL53pi5rr0BqMbJf3Jo3_2HypT-0emr5Nv7vI8qNpjJC5wVW23RZRl99p-cXbytbAAEmY1hAjxsqL1DEyGEsuc9RjObHUdXCJTHPOJPW3M68tLAFpOLVsI0VrGMpKYnd0LY6pm2QH0uJYblFefMfljY51li417fV_AZBmou_e7w3jrOTCn2xD1n95pyEx41BTOVVYWxWwNSnEvROryodbhqr5ycJXtT5UYyRaIKu0IiZlCluoEAMwItCtA.oCE17n3ershmqew1IcvSLxHmFnj9QBDh7KxtLRYsLmk&dib_tag=se&keywords=black%2Band%2Bsilver%2Bsharpies&qid=1719426235&sprefix=black%2Band%2Bsliver%2Bsharpies%2Caps%2C130&sr=8-5&th=1
https://www.uline.com/Product/Detail/H-10799/Anti-Static-Equipment/Weller-Soldering-Station?pricode=WC4573&gadtype=pla&id=H-10799&gad_source=1&gclid=CjwKCAjwg8qzBhAoEiwAWagLrMToJ62whPUHlwbhDCMRl5nXY9p4i-iEGTKdky9_DNTdzSwdbiZfGBoCh4kQAvD_BwE

c) Take the back plate and align it centrally on the lower middle of the waist belt.

e)

Take a sharpie or pen and place the tip into the four centrally placed holes in the
backplate (red arrows above) with the goal of marking those hole locations on
the belt. These will be the points where we will secure the casing to the belt.
Generally, you should have these as low as possible and as evenly leveled as
possible.

Using a 3 mm diameter bit, drill through these marked locations on the belt.
Make sure to puncture all the way through the material and the plastic, out onto
the other side.

Press four M3 screws with washers on them the through the inside of the belt
(Velcro side), as shown.
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f) Attach the back plate onto the belt by alighing the four holes with the fasteners.
Screw the fasteners into the backplate, securing it to the belt.

MANUFACTURING THE CARBON FIBER PARTS

Some components of the exo are made from carbon fiber (to retain strength while minimizing
weight). If you have access to the necessary tools, this can be done in-house. Otherwise, there are
plenty of third-party options online. Importantly, when machining carbon fiber always ensure

you are wearing a respirator and eye protection.

All of the machined carbon fiber components can be found in Part Files for Machining > CF
Machining.

1. Machining the Parts for Yourself

If you have access to your own CNC, it may be easier to machine these components
yourself, as they are fairly simple geometries. Included are tutorial videos for how we
machine our carbon fiber components using our in-house CNC. These may be of use

for you, and can be found here.
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https://toolstoday.com/stepcraft-3d-600-cnc-system.html
https://toolstoday.com/stepcraft-3d-600-cnc-system.html
https://youtu.be/3-a7w1pI_XY

Should you choose to machine these components yourself, ensure that you are
protecting yourself from the carbon fiber dust while machining. The dust poses a
serious health risk if ingested. Wear a quality respirator and eye protection. Covering
as much skin as possible while machining is also recommended.

2. Third-Party Machining

If you do not have the ability to machine these parts yourself, third-party manufacturers,
such as Xometry can do so for you. They can cut contours into carbon fiber plates,
which is what you’ll need for the following components, all of which are contained in
the CF Machining folder:

e hipAdapterOuter.SLDPRT

e hipAdapterinner.SLDPRT

e motorBracketSpacer.SLDPRT

e motortoStrutSupport.SLDPRT

e thighCuffReinforcement.SLDPRT

There is another carbon fiber component that you’ll need to have manufactured for
you (carbonFiberStrut.SLDPRTSs). These are one-foot-long pieces of rectangular carbon
fiber tubing which serve as the main interface to help transfer motor torque to the
wearer. For the carbonFiberStrut.SLDPRT, you’ll need two carbon fiber tubes cut to a
length of one foot. Once you have the tubes, three mounting holes need to be drilled.
For this, a drill press is best, but a hand drill and a fair amount of diligence can suffice
as well. The process for doing so is outlined below.

3. Drilling Mounting Holes into the Carbon Fiber Tubes

a) Gather necessary components.

2x 1’ Carbon Fiber Tube

1x | Drill Press or Hand Drill with 5mm Diameter Bit
1x Silver Sharpie

1x holeTemplateForStrut.SLDPRT

b) Slide the holeTemplateForStrut.SLDPRT onto the carbon fiber tube.
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https://www.xometry.com/capabilities/sheet-cutting/
https://www.rockwestcomposites.com/25502-group
https://www.rockwestcomposites.com/25502-group
https://www.amazon.com/WEN-4208T-2-3-Amp-5-Speed-Benchtop/dp/B08ZVT5JKC/ref=sr_1_1?dib=eyJ2IjoiMSJ9.K5joERo-qRfVWbWdcoRhPy4i6fuzHcDKxxHXRyAEmA6-NZC9w72uevVwdRIb6CNQLGfA8P3LlV8Yh18YCqVXTiwqWuNEb4VfwdqUi96e140aTzOfEJ-lkQqRxzZq8PeOpTeICTIGUch3D1yfMAc2JuLoUpjXE2MYSyHXrMxC0YkBpgn0lLmF1aLaGshmy9sDri7Y9qZ992NWdD3VGcGZh4AHvyrYVEfUk3hU0DoGcF6ODa8Ghr1Iqwd5Z9w3NlRjlaQ4u-8wUfiBn2NpFMFL4HAFtRssLy741uoSS62CzBU._i8MEDNwsRgV9lHajvDPS1JOMIIbbwQdPpd8tSb74lg&dib_tag=se&hvadid=580530431901&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=8871904041992214813&hvtargid=kwd-391224536522&hydadcr=1637_13457726&keywords=wen%2B8%2Bin%2Bdrill%2Bpress&qid=1719435486&sr=8-1&th=1
https://www.amazon.com/Cordless-Drill-Driver-Bare-18-0V/dp/B00I3MMYVU/ref=asc_df_B00I3MMYVU/?tag=hyprod-20&linkCode=df0&hvadid=693363057790&hvpos=&hvnetw=g&hvrand=9539001809000083625&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9030289&hvtargid=pla-1199645387887&psc=1&mcid=53d33d1cfe7b3f4f8523f4130afb9ccc&gad_source=1
https://www.amazon.com/COPOUIXR-Cobalt-1-5mm-6-5mm-Material-13-Piece/dp/B0B8WYPBMF/ref=sr_1_4?crid=36GQ3320LQCNI&dib=eyJ2IjoiMSJ9.cgjlp7wa2IYG84Vg47-azWiUUQp-u6aLGG_kE2kWk6EslrDoztKM4FkLAkwK9hDXoPdwl3Xa0e_Wwliaj2hrEKciOMilI-3rQHoRWg8uvauKTKOLV_1U_o-aG3pMEDCoamTgRBMBETYwUy2bYUutEJqH1s_gxpoSGFzsLutaZXuee1TINMwKiQG4KmhCCuUS7s8HOMiHd92LYpgzbHDBVHtRmHqov1r1SuuTfsHtRQcpfR2HIF2AGXal7YYI8o0tytJ831-oHJVMO02abiUInZIk6xs7Pr2w5ahH4pnPrXg.C3B0VMlBX-xbUKJNN2oWnThxIseA2MwPg5oI5JgPk0I&dib_tag=se&keywords=metric%2Bdrill%2Bbits&qid=1718828591&s=industrial&sprefix=metric%2Bdrill%2Bbits%2Cindustrial%2C103&sr=1-4&th=1
https://www.amazon.com/Sharpie-39108PP-Metallic-Permanent-Blister/dp/B00009RAX4/ref=sr_1_2?dib=eyJ2IjoiMSJ9.5h6MzaJ3VSa4R58mu2D9vYpy7g2rKbNMnsd9YGtWBUU7u0Zd_PntQnOIbtwiOVwoy8mJjaVT6m6oQCn1WOwxPbS2slUwuOL4cd7Kfen5qI7disJc37dyFiCV4nkSvyLOqKz0WeA2n9fFAI3jL5WkaYZiidaLj3GxNjK6l0UZDDTMk7rfYbsH9iE5fChtqXUwmilgpjMLN9RNFkU8emoImNcYYLSKTZFUMDqQBpjkhaEPkiZwe_axwb0uC_0JViF1QFXDaFtkZRO9d76NnJuOt5yywPyhKmtot_uhG31lOO0.xXmqdIyODnwpHWXSDtDAu4LbPQKBo4S18rLBdnkjUnQ&dib_tag=se&hvadid=616991223281&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=14130955220162117148&hvtargid=kwd-1918519718&hydadcr=24661_13611822&keywords=silver+sharpie&qid=1719424467&sr=8-2

1L [
c) Usingthe sharpie, mark the positions where the holes will be drilled. If you’re
using a drill press, you only need to mark one side. If you’re using a hand drill, it’s

best to mark both sides of the upright and drill both sides independently for the
best accuracy.

d) Drillthe holes.
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e) The carbon fiber tubes are now ready to serve as the uprights for the
exoskeleton.

OBTAINING THE MACHINED ALUMINUM PARTS

We do not manufacture the aluminum abduction/adduction parts in-house due to their
complexity. Like the carbon fiber components, it is easy to have a third-party manufacturer do so
for you. We have previously used UPTIVE to manufacture them for us. The part files are provided in
the Aluminum Machining folder. The material used for these parts is 7075 Aluminum.

ASSEMBLING MACHINED COMPONENTS

1. Motors onto Belt

Here, we will be using the plastic mounting interfaces, the carbon fiber components, and
the externally manufactured aluminum components to attach the motors onto the belt.

a) Gather necessary components.

1x Belt Assembly

4x Ball Bearings

4x M6 Washers

2x 6mm x 25mm Shoulder Screw
2X M5 Lock Nut

8x M5x14 Button Head Screw
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https://uptivemfg.com/
https://www.mcmaster.com/7804K143/
https://www.mcmaster.com/97725A102/
https://www.mcmaster.com/90323A466/
https://www.mcmaster.com/94205A240/
https://www.mcmaster.com/91239A230/

8x

M5 Nut

18x

M3x4 Socket Head Screw

8x

M3x6 Button Head Screw

2X

AK60v1.1 Motor

2X

hipAdapterinner.SLDPRT

2X

hipAdapterOuter.SLDPRT

2X

adAbductionBlockHipSide.SLDPRT

2X

adAbductionBlockLegSide.SLDPRT

A Q d@;

HipAdapterinner.SLDPRT HipAdapterOuter.SLDPRT

b) Remove thermoformed interface from belt.

c) Pressthe bearings into the hip side abduction/adduction block.

adAbudctionBlockHipSide.SLDPRT

adAbudctionBlockLegSide.SLDPRT

d) Fasten the hip side abduction/adduction block to the thermoformed interface using the
M5 x 14 bolts and M5 nuts. You may need to bend the plastic mounting plate to get this
to properly fit and, on some occasions, the holes in the mounting plate may need to be
slightly expanded to ensure proper fitting (can be done by sanding them).

Side Note: An important thing to consider is where in the mounting plate grid this
abduction/adduction block should be placed. We first recommend having the intended
user wear the belt with the empty mounting plates (no aluminum blocks) on it. Once
this is accomplished, have the top of the belt alighed with the top of their iliac crest and
the fronts of the belt’s padding equally aligned with their left and right ASIS while snug
on the user. From there find their greater trochanters and then identify the hole patterns
in the mount that are in-line with the greater trochanters. It’s possible, depending on the
belt used, that this won’t be possible, at which point we would recommend finding a
different belt size that will allow for this alignment. Once this hole pattern is identified,
fasten the abduction/adduction block to the mounting plates at these locations as
described above. Generally, we have used the bottom row of holes for this (as shown in
the image) so that the center of the motor is most in-line with the hip joint, but this may
need to be adjusted depending on the user. While this generally fitting approach is our
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https://www.mcmaster.com/91854a102/
https://www.mcmaster.com/91290A109/
https://www.mcmaster.com/92832A215/
https://store.tmotor.com/goods-1201-AK60-6+V11.html

recommendation (it seems to be the easiest way to get consistent fitting across users),
feel free to explore other potential fitting approaches as you see fit.

e) Once the abduction/adduction block is secure to the mounting plate, refasten

f)

thermoformed mounting plates to the belt.

Fasten the leg side of the abduction/adduction block to the hip side using the 6mm
Diameter x 25mm Length Shoulder Screw, M6 Washers, And an M5 Lock Nut.
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Fasten both the inner and outer carbon fiber Hip Adapters to the AK60v1.1 motors using
a total of nine M3x4 bolts for each. DO NOT OVER TIGHTEN as this may puncture the
motor, damaging them and leaving them non-functional. When fastening, ensure that
the longer side of the Inner Hip Adapter is facing the back of the belt when the motor is
mounted, as shown in the right image below.

N

< Back of Belt
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h) Fasten the motors onto the aluminum block interface using four M3x6 button head
screws for each motor (red arrows). We recommend using Loctite during this step to
avoid the chance that the screws back out.

2. Attaching the Uprights to the Motors

a) Gather necessary components.

2x motorToStrut.SLDPRT

2x | motorToStrutSupport.SLDPRT
2x | motorBracketSpacer.SLDPRT
2x | boltSupportForStrut.SLDPRT
12x | M3x10 Socket Head Screws
6x M5x30 Button Head Screw
6x M5 Washers

6X M5 Nuts

2X carbonFiberStrut.SLDPRT



https://www.amazon.com/gp/aw/d/B0CHM5QS3N/?_encoding=UTF8&pd_rd_plhdr=t&aaxitk=a102eeeb13043268c1484d26cd5125e7&hsa_cr_id=0&qid=1718732662&sr=1-1-9e67e56a-6f64-441f-a281-df67fc737124&ref_=sbx_be_s_sparkle_lsi4d_asin_0_badge&pd_rd_w=kWNnL&content-id=amzn1.sym.417820b0-80f2-4084-adb3-fb612550f30b%3Aamzn1.sym.417820b0-80f2-4084-adb3-fb612550f30b&pf_rd_p=417820b0-80f2-4084-adb3-fb612550f30b&pf_rd_r=6M8AXAGFYXTG7YF84QXH&pd_rd_wg=CRYWp&pd_rd_r=370dfa81-541f-4103-9aae-d3a4827efca7&th=1
https://www.mcmaster.com/91290A115/
https://www.mcmaster.com/90910A582/
https://www.mcmaster.com/92334A113/
https://www.mcmaster.com/91854A102/

motorToStrutSupport. SLDPRT

motorBracketSpacer.SLOPRT

motorToStrut. SLDPRT

boltSupportForStrut. SLDPRT

carbonFiberStrut. SLDPRT

b) Fasten the motorBracketSpacer, motorToStrutSupport, and motorToStrut to the motor
with six M3x10 screws. Once again, do not over tighten as this may puncture and
damage the motor. The motorBracketSpacer should be the only part that touches the
motor. The motorToStrutSupport should sit inside the motorToStrut. This may require
you to press the partin or to do some minor sanding to the spacer to get it to sit properly
within the 3D printed spacer. The screws will ensure all the parts are fastened to the
center of the motor. [Note: The hip belt is oriented upside down in the following
image to provide the clearest view of the assembly].
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c) Insertthe boltSupportForStrut into the carbon fiber strut and ensure that the holes of
the bolt support align with those in the strut.

d) Place the Carbon Fiber Strut onto the motorToStrut, aligning the three M5 holes.

e) Use three M5x30 bolts, M5 washers, and M5 nuts to fasten the strut onto the
motorToStrut.
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This Completes the Hardware Assembly

ELECTRICAL COMPONENTS

In this section we will outline the process of making all the electrical components involved with this
device. This includes the creation of the CAN communication wiring to facilitate communication
between the PCB and the motors, the FSR wiring to facilitate the connection between these external
sensors and PCB, and the power cables connecting the battery to the PCB and the PCB to the
motors. At the end of this section, an outline for where all the wires should be connected is

provided.

1. Assembling the CAN Wire

a) Gather necessary components.

1x

Motor-to-Board CAN Wire

2X

CJT Connectors — Motor End

4x

CJT Pins — Motor End

4x

MOLEX Pins —Board End
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https://www.digikey.com/en/products/detail/969M101-28-1TPS-025/CI28E-25-ND/3526257?itemSeq=386416477
https://www.lcsc.com/product-detail/Rectangular-Connectors-Housings_CJT-Changjiang-Connectors-A1257H-4P_C339040.html
https://www.lcsc.com/product-detail/Line-Pressing-Terminals_CJT-Changjiang-Connectors-A1257-TP_C339052.html
https://www.digikey.com/en/products/detail/molex/5013340100/1531513

2x | MOLEX Connectors —Board End
1x Crimping Tool
1x Wire Strippers/Cutters
1x Utility Knife
1x Heat Shrink
AN ! b
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»,
Motor-to-Board CAN Wire CJT Connector - Motor End CJT Pin - Motor End MOLEX Connector - Board End

MOLEX Pin - Board End

b) Cutthe Motor-to-Board CAN Wire to the required length. 40 cm should be adequate,

but double check whether this is enough for your belt (Make sure they can reach from
the motors to the PCB while someone wears the belt). We use and recommend a
specific CAN wiring but feel free to swap out with some alternative if you would like.

Strip roughly 1 cm of the outer cable on both sides of the wire, revealing the two inner
wires. We typically use a box cutter for this step, carefully cutting off the outer shell
without cutting into the inner wiring. When you do this, you will typically still get some of
the gray inner lining material left around those wires. We recommend peeling this off
and trying to cut as much of it off to leave only the wires exposed (see image below).
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https://www.digikey.com/en/products/detail/molex/5013300200/1531499
https://www.digikey.com/en/products/detail/molex/0638191500/1832244
https://www.digikey.com/en/products/detail/tempo-communications/PA1161/461371
https://www.amazon.com/24Pack-Utility-Retractable-Compact-Extended/dp/B08H7XQZZ2/ref=sr_1_2_sspa?crid=1JTOQPBUP2AGX&dib=eyJ2IjoiMSJ9.bTy13mgfiZowKsfNeWNw8kG6I1jJT8HXtqetxQpmMeosgOduQPQ6nODiIPUO9zIegP6ofWTVnIL91d_H2rbDBOICM6jQhqBV8RMrYdDBVbmQtQKrBCS23Y-V_-w0dZsN5QO6_zTGmP6_fe5j2oZYNsTJ9Hrn_1oU01Crz-ZDVzWasgmS4ps-ElRh73jeCkDOZudR859cMPqpMiyPMoH6vegBUrviQ1ph_J5WOo2ij9QTMWjwD2KVUFOBuvrV6PT_AkNcJICs1-GY7t6b-rz_p_ktB7yY-Fj3tN983mgRqgs.MEVXAXDNI1MmIx6PGVwaMJVH7rJwdGntKj8pAAxvSg8&dib_tag=se&keywords=box+knife&qid=1718829326&s=industrial&sprefix=box+kife%2Cindustrial%2C119&sr=1-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/650pcs-Shrink-Tubing-innhom-Approved/dp/B07WWWPR2X/ref=sr_1_1_sspa?hvadid=664381657194&hvdev=c&hvlocphy=2840&hvnetw=g&hvqmt=e&hvrand=6984779388413528778&hvtargid=kwd-341631528701&hydadcr=3644_13689797&keywords=wiring%2Bheat%2Bshrink%2Btubing&qid=1695680683&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1

d) Strip the very ends of these inner wires on both sides to prepare them for crimping. Only
a little bit of the inner wire needs to be exposed, so try to strip off as little as possible.

e) Cuttwo pieces of heat shrink and slide them onto the middle of the cable.

f) Carefully crimp the Molex pins onto one end of the wire (one for the black cable and one
for the white cable on the same end of the cable).
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h) Using the continuity check feature on a multimeter, ensure that the connection
between each end of the wire is good. To do this, tap each end of the jacks of the
multimeter to the opposite end of the same color wire. For example, touch one jack to
the CJT pin on the black wire and the other jack to the Molex pin on the black wire. If
there is a connection, the multimeter should make a beeping sound. Now, keeping one
jack on the black pin, switch one end to the white wire (e.g., move from the black Molex
to the white Molex while keeping the other jack on the black CJT pin). No beeping
should be coming from the multimeter. If beeping does occur, that means thereis a
shortin the wiring which can create problems and it is likely best if the wire is remade.
Repeat this process with the opposite-colored wire (e.g., white).
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https://etekcity.com/products/digital-multimeter-msr-r500

Insert the Molex pins into the Molex connector. Orient the Molex connector such that
the tabs side is facing up (see image below). Once the connector is oriented this way,
insert the wire connectors such that the white wire is on the right side and the black
wire is on the left side, as shown in the image below. The pins should be oriented and
slotted into the connector with their metal tab side facing up (red arrow). It may be
helpful to have a pair of tweezers to aid in this step.

Insert the CJT pins into the CJT connector. Orient the CJT connector such that the tabs
side is facing up (see image below). Once the connector is oriented properly, insert the
wire connectors such that the black wire is on the rightmost hole and the while wire is
in the hole immediately to its left. Ensure the tab on the CJT pin is facing upwards (red
arrow) during this step.
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k) Slide the heat shrink to the base of the connector on each side and then use the heat
gun to shrink the material. It may be helpful to have a pair of tweezers available for this
step as well. When completed, the two ends should look like the images below.

) Repeatthe continuity test with the multimeter (as described above) by sticking the tip
of each jack onto the exposed metal component for each connector.

Note: If you are having issues with the pins becoming loose and sliding out of the
connector, applying some hot glue on the ends of the connectors where the pins are
inserted may help alleviate this problem.

Preparing the FSRs

Here we will make the FSRs (external sensors that will detect heel and toe strike for control
estimation). Prior to this, you will need to print four Heel_Puck.SLDPRTs, which are located
in FILES FOR USERS/Part Files for 3D Printing.

a) Gather the necessary components.

4x Force Sensitive Resistors (FSRs)

1x 40cm Length Ribbon Cable

4x Pairs of Male Pin Connectors

1x | Heat Shrink (you will need a smaller and larger size)
1x Soldering Iron

1x Solder

1x Heat Gun

1x Tweezers

1x Wire Strippers

2x Insoles

4x Heel Puck.SLDPRT

1x Gorilla Tape (or something comparable)
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https://www.tekscan.com/products-solutions/force-sensors/flexiforce-a502-sensor
https://www.amazon.com/risingsaplings-Ribbon-Rainbow-1-27mm-2-54mm/dp/B097C84H9W/ref=sr_1_9?crid=1CXR4E518P4D2&keywords=10%2Bpin%2Bribbon%2Bcable&qid=1695678820&sprefix=10%2Bpin%2Bribbon%2Bcable%2Caps%2C117&sr=8-9&th=1
https://www.amazon.com/2-54mm-Breakaway-Female-Connector-Arduino/dp/B01MQ48T2V/ref=d_m_crc_dp_lf_d_t1_sccl_2_4/137-4695493-4703125?pd_rd_w=wY1kY&content-id=amzn1.sym.76a0b561-a7b4-41dc-9467-a85a2fa27c1c&pf_rd_p=76a0b561-a7b4-41dc-9467-a85a2fa27c1c&pf_rd_r=BKQY36CEHXB4YAF8PGFQ&pd_rd_wg=KdMDT&pd_rd_r=b6dbd6b3-c9c0-49a8-a421-da7d140eae11&pd_rd_i=B01MQ48T2V&th=1
https://www.amazon.com/650pcs-Shrink-Tubing-innhom-Approved/dp/B07WWWPR2X/ref=sr_1_1_sspa?hvadid=664381657194&hvdev=c&hvlocphy=2840&hvnetw=g&hvqmt=e&hvrand=6984779388413528778&hvtargid=kwd-341631528701&hydadcr=3644_13689797&keywords=wiring%2Bheat%2Bshrink%2Btubing&qid=1695680683&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.uline.com/Product/Detail/H-10799/Anti-Static-Equipment/Weller-Soldering-Station?pricode=WC4573&gadtype=pla&id=H-10799&gad_source=1&gclid=CjwKCAjwg8qzBhAoEiwAWagLrMToJ62whPUHlwbhDCMRl5nXY9p4i-iEGTKdky9_DNTdzSwdbiZfGBoCh4kQAvD_BwE
https://www.amazon.com/SEEKONE-Heat-Gun-Hot-Air/dp/B078S5QMFG/ref=sr_1_2_sspa?dib=eyJ2IjoiMSJ9.co0U3lIYlKg3LtsXlK-WMzab-nKe6orE7RW9PCL2Cqb6u9-wFUipsImUYZFiWH1mmhdOQMcevAF9maN69JxIkZoEbWQPO7l6_1UiL6WQuu_Yjt5eQt1ayfMf4lCHtMO3N5VB7rEuOPJW7nsGbb3B5RZQ4eIwd5o2XQdIK35hW_vjZP6UWlJGDrZuCEi6n4bwnRX2i2WcSQTWuAhlAo8kWNPfCqhWvAXVbuXBoHjl-QcHad8eDRetQGFgWlhoH5uGj8H1td56lIcK1PI0TCssCLEDny1nGntfcYjM8QZIbNg.RSlxaEACuIrfzo4HvjnrSGw1okb2pC1x5L_f3B2b1YM&dib_tag=se&hvadid=616863312459&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=15021561102756574720&hvtargid=kwd-44677212&hydadcr=26614_11715055&keywords=heat+guns&qid=1718656986&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/kaverme-Anti-Static-Electronics-Laboratory-Jewelry-Making/dp/B0BNNGC3Q2/ref=sr_1_3_sspa?dib=eyJ2IjoiMSJ9.PAtUrnFY5FlqTrM_OrzOpMF2xqLA8G5ySpLlIEq0sW_9hL2l1nUsMUuxNxk4BDR6Waqf-zQorbmwArLUHyLAdf2jVUtpgCg8HdazHvRRaOKsnrXG_X8x18v3fYGN-hbrmhRpU6lff6OoQzJGTIu7q--gqV8lhWal7wy3hBjb6eLJnK4zai1CuX7jAYrYrIsqmgut1dg5Z_5DDSeu5PY0SpCo7n-2CI2JGK67ayiNpFTDrzvmq6IYfpixCZRJmI2ivgKN5AXQ-JrjNh2XSpgyX70c2Ftmn8GvRlGgjcHCyXQ.4H7n3X4gnixAZKdnoDBrc3DRU66XKp2N24wFIGb5CZU&dib_tag=se&keywords=tweezers&qid=1718910125&sr=8-3-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.digikey.com/en/products/detail/tempo-communications/PA1161/461371
https://www.amazon.com/Gorilla-Tape-Black-Duct-1-88/dp/B000CSS8UE?th=1

N

Male Pin Connector Pair heelPuck.SLDPRT

b) Take the ribbon cable, cutitto a length of 40cm. Then split the ribbon cable into
separate pairs of two. To split the connectors, we use the edge of a box cutter to get
started and from there peeled them apart. You should do this until you have 4 pairs of

two wires. From there you should separate both edges of each wire as shown in the
images below.

c) Strip all the ends of each wire and then coat each end with solder
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d) Slide the smaller diameter heat shrink over each individual wire on one end of the
cable. Do not use the heat gun to shrink the material yet.

e) Take the FSR and coat the two exposed metal ends in solder in the same way you
coated the ends in the step above.

f) Solder one end of the wire (both components of that end) to the two exposed metal
ends for the FSR. Then slide the heat shrink over each soldered end and use the heat
gun to shrink them. Be careful not to apply too much heat to the metal connectors of
the FSRs as this may cause them to become dislodged, ruining the sensor. Once
completed, the FSR should look as below.

g) Slide heat shrink onto the other side of the wires.
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h) Solder these wire ends to the short end of the pair of male pin connectors. Prior to

soldering it may be helpful to coat the short end of the male connector in solder. Once
soldered together, slide the heat shrink over the soldered connections and use the heat
gun to shrink them.

Slide the larger in diameter heat shrink onto the end just soldered and shrink onto the
base of the pin connector and the wires. This will serve as extra protection as well as a
handle (see leftimage below). The entire FSR should look similar to the image below
(right)
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i)  Now we’ll need to secure the FSR to the heelPuck.SLDPRT. To do so, lay the footplate as
shown below.

k) Takingyour tape, completely wrap the FSR in order to protectit.

) Tapethe FSRto the bottom side of the shoe’s insole about where the ball of your foot
rests (as shown in the image below). Be careful not to confuse the orientation when
flipping the insole upside down!
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m) Place the second FSR at the heel and tape down as well. Ensure that the wires are
coming out on the external side of the foot close to where your ankle would be, this will
make it easy for the wires to exit the shoe without interfering with movement. It is
helpful to guide the wires to the edge and then tape them together along the edge to
keep them secure. During this step, make note of which wire is for the toe FSR and
which is for the heel FSR. We suggest placing a label or wrapping a piece of tape
around one of the wires to help differentiate them.

n) Place the sole back into the shoe and repeat for the other side.
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3. Wires for Connecting the FSR to the PCB

Here, you will be making the cables that connect the FSRs to the PCB. You will need two of these

wires, one for each leg. As a result, the process outlined below will need to be repeated an

additional time!

a) Gather necessary components.

1x | FSR-to-Board Connecting Cable
1x Heat Shrink

1x | Ribbon Cable Header for Board
2X 1X5 Female Pin Connectors
1x 8-Wire Ribbon Cable

1x Soldering Iron

1x Wire Strippers

1x Solder

1x Heat Gun

S

FSR-to-Board Connecting

Cable

Ribbon Cable Header for Board

1X5 Female Pin Connector
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https://www.digikey.com/en/products/detail/tensility-international-corp/30-00491/5819490
https://www.amazon.com/650pcs-Shrink-Tubing-innhom-Approved/dp/B07WWWPR2X/ref=sr_1_1_sspa?hvadid=664381657194&hvdev=c&hvlocphy=2840&hvnetw=g&hvqmt=e&hvrand=6984779388413528778&hvtargid=kwd-341631528701&hydadcr=3644_13689797&keywords=wiring%2Bheat%2Bshrink%2Btubing&qid=1695680683&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.digikey.com/en/products/detail/w%C3%BCrth-elektronik/61200823021/4846918
https://www.amazon.com/2-54mm-Breakaway-Female-Connector-Arduino/dp/B01MQ48T2V/ref=d_m_crc_dp_lf_d_t1_sccl_2_4/137-4695493-4703125?pd_rd_w=wY1kY&content-id=amzn1.sym.76a0b561-a7b4-41dc-9467-a85a2fa27c1c&pf_rd_p=76a0b561-a7b4-41dc-9467-a85a2fa27c1c&pf_rd_r=BKQY36CEHXB4YAF8PGFQ&pd_rd_wg=KdMDT&pd_rd_r=b6dbd6b3-c9c0-49a8-a421-da7d140eae11&pd_rd_i=B01MQ48T2V&th=1
https://www.amazon.com/risingsaplings-Ribbon-Rainbow-1-27mm-2-54mm/dp/B097C84H9W/ref=sr_1_9?crid=1CXR4E518P4D2&keywords=10%2Bpin%2Bribbon%2Bcable&qid=1695678820&sprefix=10%2Bpin%2Bribbon%2Bcable%2Caps%2C117&sr=8-9&th=1
https://www.uline.com/Product/Detail/H-10799/Anti-Static-Equipment/Weller-Soldering-Station?pricode=WC4573&gadtype=pla&id=H-10799&gad_source=1&gclid=CjwKCAjwg8qzBhAoEiwAWagLrMToJ62whPUHlwbhDCMRl5nXY9p4i-iEGTKdky9_DNTdzSwdbiZfGBoCh4kQAvD_BwE
https://www.digikey.com/en/products/detail/tempo-communications/PA1161/461371
https://www.amazon.com/SEEKONE-Heat-Gun-Hot-Air/dp/B078S5QMFG/ref=sr_1_2_sspa?dib=eyJ2IjoiMSJ9.co0U3lIYlKg3LtsXlK-WMzab-nKe6orE7RW9PCL2Cqb6u9-wFUipsImUYZFiWH1mmhdOQMcevAF9maN69JxIkZoEbWQPO7l6_1UiL6WQuu_Yjt5eQt1ayfMf4lCHtMO3N5VB7rEuOPJW7nsGbb3B5RZQ4eIwd5o2XQdIK35hW_vjZP6UWlJGDrZuCEi6n4bwnRX2i2WcSQTWuAhlAo8kWNPfCqhWvAXVbuXBoHjl-QcHad8eDRetQGFgWlhoH5uGj8H1td56lIcK1PI0TCssCLEDny1nGntfcYjM8QZIbNg.RSlxaEACuIrfzo4HvjnrSGw1okb2pC1x5L_f3B2b1YM&dib_tag=se&hvadid=616863312459&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=15021561102756574720&hvtargid=kwd-44677212&hydadcr=26614_11715055&keywords=heat+guns&qid=1718656986&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1

b)

c)

Cut 120 cm of the FSR-to-Board Connecting Cable. This is the black cable with four wires
inside, as shown above.

Strip roughly 2 cm of the outer cable off both ends of the cable. This will leave the insides
exposed which consists of the four wires and inner insulation/sheathing. Remove the inner
sheathing/insulation as best you can (we try to twist it off to the side and cut away as much
of it as possible with wire cutters/scissors/box cutters).

Strip the ends of the four inner wires, on both sides, to prepare for soldering. You only need
to strip a small portion off each end.

Cut~4 cm of ribbon cable, ensure it has 8 wires (you can always get a bigger one and
remove a few if needed).

Separate four of the wires on only one side of the ribbon cable and strip them to prepare for
soldering. [Left Image: Four Separated — Brown, Red, Orange, Yellow; Right Image: Four
Stripped - Brown, Red, Orange, Yellow]
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g) Cutsmall sections of heat shrink and slide it over those four wires. Then, solder the four
ribbon cable wires to the FSR-to-Board Connecting Cable. Once soldered use the heat gun
to shrink the heat shrink around the soldered connections. It is important to take note of
the order you solder these wires. That is, keep note of what color of the FSR wire is
soldered to what color of the ribbon cable. We recommend the following convention
(assuming colors align on both the ribbon cable and the FSR wire):

e FSR Black -> Ribbon Cable Brown
e FSR Red ->Ribbon Cable Red

e FSR White -> Ribbon Cable Orange
e FSRYellow -> Ribbon Calbe Yellow

h) Now we’ll solder the other end of the FSR-to-Board Cable to the 1x5 Female Pin Connector.
Order is important here. First, some background information. Below is a diagram
indicating the order of the wires in relation to the ribbon cable header that we will
eventually place on the ribbon cable we just soldered. The inclusion of this diagram is to
make clear the logic behind the order that you will solder wires to the 1X5 Female Pin
Connector. Once connected to the PCB, the board will read the wires as follows:

o 1:FSRToe + (Ribbon Cable Brown -> FSR Black)

o 2:FSRHeel+ (Ribbon Cable Red -> FSR Red)

o 3:FSRToe - (Ribbon Cable Orange -> FSR White)

o 4:FSRHeel- (Ribbon Cable Yellow -> FSR Yellow)

o 5-8: Unutilized pins for additional sensor (e.g., torque transducer)
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Note the orientation of the ribbon cable header in the photo, with the top (solid side) facing
upwards and the tab facing towards you. The bottom, with the actual holes is facing down
onto the table, we have drawn in the orientation of the holes onto the figure to aid in
clarification of the order. The arrow indicates the direction that the ribbon cable will be
inserted into the connector. As such, the four leftmost wires of the ribbon cable will be the
ones that need to be connected to the FSRs. The other four are available for an additional
sensor type (e.g., torque transducer, angle sensor) but for the purposes of this guide we will
ignore (but are the reason we have 8 wires for the ribbon cable instead of justisolating to
the 4 utilized). [Side Note: If you were to use the remaining four pins for a new sensor type,
you would need to change the “Board.h” file in the software as those pins are currently
assigned to torque transducers)

When soldering to the 1X5 female pin connector, there will be one extra pin. This is to allow
for adequate spacing when connecting the FSRs. This extra pin should be in the middle.
You should solder the connections to the female pin connector in the following order:

e LeftMost->Toe + (FSR Black)

e Second Left Most -> Toe - (FSR White)
e Middle -> Empty

e Second Right Most -> Heel + (FSR Red)

e Right Most -> Heel - (FSR Yellow)

e e
Sl IIP ik

i) Slide larger heat shrink over both ends that you just soldered to enclose the wires. Apply
heat to shrink them as a protective covering.
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j)

Press the 2X4 8-Pin Connector onto the ribbon cable in the orientation shown. This is with
the connector holes oriented up and the tab should face towards the main body of the wire.
With this orientation, the white (non-connected) side of the ribbon cable should slide into
the left side of the connector and the brown (connected) side of the ribbon cable should be
on the right side. Once properly oriented, press the two sides of the ribbon cable
connector down until firmly pressed together (the two ends should meet). Note that the
correct orientation is necessary for proper function of the cable. This should leave you with
one cable to connect the PCB to the FSRs in the shoe/insole.

AR
%
\J

REPEAT THESE STEPS TO MAKE AN IDENTICAL WIRE FOR THE OPPOSITE LEG
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4. Wiring the Power Switch

a) Gather necessary components.

1x XT30U Male Connector

1x XT60E1 Male connector

1x Power Switch

NA Heat Shrink

2X 16AWG Wire (one red, one black)

2x | 16AWG Nylon Quick Disconnect Female Terminals
1x Large Crimping Tool

1x Wire Strippers/Cutters

1x Soldering Iron

1x Solder

XTG0E1 Mate Connector 16 AWG Nylon Quick Disconnect
Female Terminal

XT30U Male Connector

b) Cut 10 cm of both the positive (red) and negative (black) wires and then strip the ends for
soldering.

r -
-

1
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https://www.amazon.com/10Pairs-Upgrade-Connector-Female-Battery/dp/B08P5HVMYT/ref=sr_1_6?crid=QKMHQGC1ZKD4&keywords=xt30+connector+male&qid=1695675742&sprefix=xt30+connector+male%2Caps%2C157&sr=8-6
https://www.amazon.com/XT60E-M-Mountable-Connector-Models-Multicopter/dp/B07YJMCDC3?th=1
https://www.digikey.com/en/products/detail/e-switch/R5ABLKBLKFF0/301976
https://www.amazon.com/650pcs-Shrink-Tubing-innhom-Approved/dp/B07WWWPR2X/ref=sr_1_1_sspa?hvadid=664381657194&hvdev=c&hvlocphy=2840&hvnetw=g&hvqmt=e&hvrand=6984779388413528778&hvtargid=kwd-341631528701&hydadcr=3644_13689797&keywords=wiring%2Bheat%2Bshrink%2Btubing&qid=1695680683&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Electrical-Conductor-parallel-silicone-Extension/dp/B07RRPFL3Q/ref=sr_1_6?crid=29G1T6EF5DOUJ&dib=eyJ2IjoiMSJ9.UOICZIl4SwCD7cuZqFfCR_YuZp2xhXYeyNZh61hLQInU5w_JTo3XxRXZnMVNcRMdlwbvc0Qd05B7YRuXhm_N8GNhxwpEcTzp0rT3s7pXeiE7ZrsiFjhRgCUfiHn4Q30CmFEItSqt1a1vDqQrwAWiwvlGYGba8UNzrntwf6pCprQSgZWrdD2F20VV1buBZdzB6AHCfIYzruqyGS0e9YRe6mpZovb3D0ygTLgE0-kSNoqsYqrO26-Jw9LmSN-q09HTrHdIgctH5xhUaOqJ4fcV6ufYRCIRSYSXIsbM7sIM_38.Y0hmQkctPjKuE4oSvfmvrdVuJKS92rSz0hQD4QLp0Vc&dib_tag=se&keywords=16%2Bawg%2Bwire&qid=1716933757&sprefix=16%2Bawg%2Bwire%2Caps%2C152&sr=8-6&th=1
https://www.amazon.com/TICONN-Disconnect-Connectors-Electrical-Assortment/dp/B08BZ972B5/ref=sxin_16_pa_sp_search_thematic_sspa?content-id=amzn1.sym.1c86ab1a-a73c-4131-85f1-15bd92ae152d%3Aamzn1.sym.1c86ab1a-a73c-4131-85f1-15bd92ae152d&cv_ct_cx=ticonn&hvadid=616987097405&hvdev=c&hvlocphy=2840&hvnetw=g&hvqmt=e&hvrand=2175240778848281697&hvtargid=kwd-576772413817&hydadcr=8776_13604214&keywords=ticonn&pd_rd_i=B08BZ972B5&pd_rd_r=41f05748-a589-4873-8779-1c24bb4ef5d3&pd_rd_w=HQRNv&pd_rd_wg=4blh7&pf_rd_p=1c86ab1a-a73c-4131-85f1-15bd92ae152d&pf_rd_r=TGXEQZ9G0BTDX1EG1HCY&qid=1695676930&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sr=1-4-364cf978-ce2a-480a-9bb0-bdb96faa0f61-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM&psc=1
https://www.amazon.com/Yangoutool-Fishing-Crimping-Crimper-0-1mm-2-2mm/dp/B07PNPZQW8/ref=sr_1_11?crid=1GEM1Z5LJG2IH&dib=eyJ2IjoiMSJ9.nXLR-TGiQ78PukOewR98n-x21YSdG2UW4FBs80CY3pJ_WPnnauCIbkxE5XB24qEGRJ5QnO9y6eenMxe4EDJ-csxY23vNRjCHh1-u50FacpdluqSc8Z0WDmCEBiW0ewTE_fcVNJYauw5G9dzbV0fdyVBn8TvlVTBsoR1kA5rb1bFso6e4K2Mc69a1H4Ot_UZB2FePt9mrLaXQlKiKyKd9EuYQF3zbbRwsABsMHSNIuvGdd58BQy60oolf8WeiXeVmJGUUMaOd0COERgRwzUcNJVyt1ol9ST3x659XXXXXkcw.iBMA1E3n2yx1wJFuCzCwknjW6nSujTnwGwAQft-Ha0A&dib_tag=se&keywords=2mm+crimping+tool&qid=1719349929&s=hi&sprefix=2mm+crimping+tool%2Ctools%2C130&sr=1-11
https://www.digikey.com/en/products/detail/tempo-communications/PA1161/461371
https://www.uline.com/Product/Detail/H-10799/Anti-Static-Equipment/Weller-Soldering-Station?pricode=WC4573&gadtype=pla&id=H-10799&gad_source=1&gclid=CjwKCAjwg8qzBhAoEiwAWagLrMToJ62whPUHlwbhDCMRl5nXY9p4i-iEGTKdky9_DNTdzSwdbiZfGBoCh4kQAvD_BwE

c) Solderthe wires to the XT60E1 Male Connector and apply heat shrink over the
connections.

d) Slide another piece of heat shrink over the positive (red) wire (to cover the connection you
are about to solder).

e) Solder the positive wire (red) that extends from the XT60E1 Male Connector to the positive
terminal of an XT30U Male Connector. Using the heat gun, shrink the heat shrink you slid on
to cover the connection.

f) Cutanother 10 cm length of black wire and strip both ends.

g) Solderthe wire you just prepared to the negative terminal of the XT30U Male Connector.
Apply heat shrink to cover the connection. Then cover both connections over this end with
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a larger heat shrink. Use the heat gun to shrink it down, giving you a firm base to

h) Crimp the 16AWG Nylon Quick Disconnect Female Terminals onto the two remaining
exposed ends of wire. To do this, slide the terminals onto the wiring and use a crimper to
squeeze down on the middle portion of the connector.

i) Attach the Power Switch to the two female terminals as shown in the image below. Make
sure these two ends are attached to opposite sides of the same horizontal component
rather than right next to each other.
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5. Tapping Holes for the Battery Connector

Here, we’ll tap the holes in the PCB cover’s backplate so that we can fasten the battery
connector of the power switch in place.

a) Gather necessary components.
1x | Hip Belt w/ Electronics Box Back Plate attached

1x M2.5X0.5 Tap
2X M2.5X10 Screw

b) Use the tap to thread the two holes in the battery compartment of the electronics box. You
may need a tap wrench for this stage.
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https://www.amazon.com/Aceteel-Metric-Thread-Machine-M2-5x0-5mm/dp/B09SHPBP22
https://www.mcmaster.com/91239A757/
https://www.amazon.com/Groz-9304-T-Handle-Tap-Wrench/dp/B011S64CW6/ref=sr_1_2_sspa?dib=eyJ2IjoiMSJ9.SbP9h2N0WbhszbCvJoNdjDaBqJcgNU9qX9An_EQ_p4ncbDJ1iczVpRXb_la7ESuc8_jUqzi4UEneKDNDhH8oh4cTNO0mbCY1-9kFgN87qihJVuJpfQ2fFhvugFq0i6zavO21G3O8bpmqDUEpomOWNfoXknsrKlNMDFyFr0s9b5vbKtqVFLUCCJ_6Mnu9-m1XEpfQR1OgFZngChdELQ4PoQ47vVtynqdIScxTkd8pd1Ynj4c2n7CQdDG3FKlBYkHmk2EnQw9JyZXhrvPokeqkFcwWESVkyoeN7HRFx0UFBPA.jwTmyGcEmroXNR5cEjdkG-G3y8lSTBChHd0-d7W8x6E&dib_tag=se&keywords=Tap+Wrench&qid=1721340597&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1

6. Soldering the Status LED

a) Gather necessary components

1x RGB LED

1x Ribbon Cable

1x | 1x4 Female Pin Connector
1x Soldering Iron

1x Solder

1x Heat Gun

1x Wire Strippers/Cutters
NA Heat Shrink
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https://www.digikey.com/en/products/detail/kingbright/WP154A4SEJ3VBDZGC-CA/7597097
https://www.amazon.com/risingsaplings-Ribbon-Rainbow-1-27mm-2-54mm/dp/B097C84H9W/ref=sr_1_9?crid=1CXR4E518P4D2&keywords=10%2Bpin%2Bribbon%2Bcable&qid=1695678820&sprefix=10%2Bpin%2Bribbon%2Bcable%2Caps%2C117&sr=8-9&th=1
https://www.amazon.com/2-54mm-Breakaway-Female-Connector-Arduino/dp/B01MQ48T2V/ref=d_m_crc_dp_lf_d_t1_sccl_2_4/137-4695493-4703125?pd_rd_w=wY1kY&content-id=amzn1.sym.76a0b561-a7b4-41dc-9467-a85a2fa27c1c&pf_rd_p=76a0b561-a7b4-41dc-9467-a85a2fa27c1c&pf_rd_r=BKQY36CEHXB4YAF8PGFQ&pd_rd_wg=KdMDT&pd_rd_r=b6dbd6b3-c9c0-49a8-a421-da7d140eae11&pd_rd_i=B01MQ48T2V&th=1
https://www.uline.com/Product/Detail/H-10799/Anti-Static-Equipment/Weller-Soldering-Station?pricode=WC4573&gadtype=pla&id=H-10799&gad_source=1&gclid=CjwKCAjwg8qzBhAoEiwAWagLrMToJ62whPUHlwbhDCMRl5nXY9p4i-iEGTKdky9_DNTdzSwdbiZfGBoCh4kQAvD_BwE
https://www.amazon.com/SEEKONE-Heat-Gun-Hot-Air/dp/B078S5QMFG/ref=sr_1_2_sspa?dib=eyJ2IjoiMSJ9.co0U3lIYlKg3LtsXlK-WMzab-nKe6orE7RW9PCL2Cqb6u9-wFUipsImUYZFiWH1mmhdOQMcevAF9maN69JxIkZoEbWQPO7l6_1UiL6WQuu_Yjt5eQt1ayfMf4lCHtMO3N5VB7rEuOPJW7nsGbb3B5RZQ4eIwd5o2XQdIK35hW_vjZP6UWlJGDrZuCEi6n4bwnRX2i2WcSQTWuAhlAo8kWNPfCqhWvAXVbuXBoHjl-QcHad8eDRetQGFgWlhoH5uGj8H1td56lIcK1PI0TCssCLEDny1nGntfcYjM8QZIbNg.RSlxaEACuIrfzo4HvjnrSGw1okb2pC1x5L_f3B2b1YM&dib_tag=se&hvadid=616863312459&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=15021561102756574720&hvtargid=kwd-44677212&hydadcr=26614_11715055&keywords=heat+guns&qid=1718656986&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.digikey.com/en/products/detail/tempo-communications/PA1161/461371
https://www.amazon.com/650pcs-Shrink-Tubing-innhom-Approved/dp/B07WWWPR2X/ref=sr_1_1_sspa?hvadid=664381657194&hvdev=c&hvlocphy=2840&hvnetw=g&hvqmt=e&hvrand=6984779388413528778&hvtargid=kwd-341631528701&hydadcr=3644_13689797&keywords=wiring%2Bheat%2Bshrink%2Btubing&qid=1695680683&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1

b) Isolate about 20cm of four wires of the ribbon cable and separate the ends as shown.

c) Strip the ends of the wires on both sides to prepare for soldering.

d) Cut pieces of heat shrink to size and slide over the wires. After soldering, these will be
shrunk to protect the connections.

e) Solderthe wires to the 1X4 female pin connector and shrink the heat shrink. Order does not
matter in this step.
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f) As done before, cut to size and slide heat shrink onto the other ends of the wires and solder
to the LED. Order only matters in the sense that the wires are soldered in the same
sequence as before (i.e. purple is still next to gray, which is still next to white, which is still
next to black).

7. Making the Battery-to-Motor Power Cable

a) Gather necessary components

4x 16 AWG Wire

2x | XT30U Male Connector
2x | XT30U Female Connector
1x Wire Strippers/Cutters

NA Heat Shrink
1x Heat Gun
1x Soldering Iron
1x Solder

XT30U Male Connector XT30U Female Connector
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https://www.amazon.com/Electrical-Conductor-parallel-silicone-Extension/dp/B07RRPFL3Q/ref=sr_1_6?crid=29G1T6EF5DOUJ&dib=eyJ2IjoiMSJ9.UOICZIl4SwCD7cuZqFfCR_YuZp2xhXYeyNZh61hLQInU5w_JTo3XxRXZnMVNcRMdlwbvc0Qd05B7YRuXhm_N8GNhxwpEcTzp0rT3s7pXeiE7ZrsiFjhRgCUfiHn4Q30CmFEItSqt1a1vDqQrwAWiwvlGYGba8UNzrntwf6pCprQSgZWrdD2F20VV1buBZdzB6AHCfIYzruqyGS0e9YRe6mpZovb3D0ygTLgE0-kSNoqsYqrO26-Jw9LmSN-q09HTrHdIgctH5xhUaOqJ4fcV6ufYRCIRSYSXIsbM7sIM_38.Y0hmQkctPjKuE4oSvfmvrdVuJKS92rSz0hQD4QLp0Vc&dib_tag=se&keywords=16%2Bawg%2Bwire&qid=1716933757&sprefix=16%2Bawg%2Bwire%2Caps%2C152&sr=8-6&th=1
https://www.amazon.com/10Pairs-Upgrade-Connector-Female-Battery/dp/B08P5HVMYT/ref=sr_1_6?crid=QKMHQGC1ZKD4&keywords=xt30+connector+male&qid=1695675742&sprefix=xt30+connector+male%2Caps%2C157&sr=8-6
https://www.amazon.com/10Pairs-Upgrade-Connector-Female-Battery/dp/B08P5HVMYT/ref=sr_1_6?crid=QKMHQGC1ZKD4&keywords=xt30+connector+male&qid=1695675742&sprefix=xt30+connector+male%2Caps%2C157&sr=8-6
https://www.digikey.com/en/products/detail/tempo-communications/PA1161/461371
https://www.amazon.com/650pcs-Shrink-Tubing-innhom-Approved/dp/B07WWWPR2X/ref=sr_1_1_sspa?hvadid=664381657194&hvdev=c&hvlocphy=2840&hvnetw=g&hvqmt=e&hvrand=6984779388413528778&hvtargid=kwd-341631528701&hydadcr=3644_13689797&keywords=wiring%2Bheat%2Bshrink%2Btubing&qid=1695680683&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/SEEKONE-Heat-Gun-Hot-Air/dp/B078S5QMFG/ref=sr_1_2_sspa?dib=eyJ2IjoiMSJ9.co0U3lIYlKg3LtsXlK-WMzab-nKe6orE7RW9PCL2Cqb6u9-wFUipsImUYZFiWH1mmhdOQMcevAF9maN69JxIkZoEbWQPO7l6_1UiL6WQuu_Yjt5eQt1ayfMf4lCHtMO3N5VB7rEuOPJW7nsGbb3B5RZQ4eIwd5o2XQdIK35hW_vjZP6UWlJGDrZuCEi6n4bwnRX2i2WcSQTWuAhlAo8kWNPfCqhWvAXVbuXBoHjl-QcHad8eDRetQGFgWlhoH5uGj8H1td56lIcK1PI0TCssCLEDny1nGntfcYjM8QZIbNg.RSlxaEACuIrfzo4HvjnrSGw1okb2pC1x5L_f3B2b1YM&dib_tag=se&hvadid=616863312459&hvdev=c&hvlocphy=9030289&hvnetw=g&hvqmt=e&hvrand=15021561102756574720&hvtargid=kwd-44677212&hydadcr=26614_11715055&keywords=heat+guns&qid=1718656986&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.uline.com/Product/Detail/H-10799/Anti-Static-Equipment/Weller-Soldering-Station?pricode=WC4573&gadtype=pla&id=H-10799&gad_source=1&gclid=CjwKCAjwg8qzBhAoEiwAWagLrMToJ62whPUHlwbhDCMRl5nXY9p4i-iEGTKdky9_DNTdzSwdbiZfGBoCh4kQAvD_BwE

b) Cutroughly 40cm of the 16 AWG Wire for the positive and negative connection.

c) Strip both ends to prepare for soldering. Once stripped, it may be helpful to coat each end
in a layer of solder to make that process easier.

d) Slide two pieces of heat shrink over both wires on both ends (four total) to protect the
solder.

e) Solderthe male XT30U to one end and the female XT30U to the other. Cover both ends with
a larger piece of heat shrink to help with easy attachment/removal of the wiring.

8. Configuring the Motors

a) Gather the necessary components.

63



1x R-LINK Module

2X AK60v1.1 Motor

1x | Battery-to-Motor Power Cable (from prev. step)
1x Power Switch Cable (from earlier step)

1x Battery

1x USB Cable

Computer with CubeMarstool_V1.32.exe Installed

1x (located in the same folder as this document)

-
e

i R-LINKy.,

WWW CLINMAY G SO

R-Link Module Battery-to-Motor Power Cable Power Switch Cable

b) Open the CubeMarstool_V1.32.exe software.

c) Once the software opens, use the switch on the bottom left of the window to switch the
language to English, as shown below.
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d) Connectthe R-LINK Module to the computer with a USB cable.


https://www.mabrobotics.pl/product-page/r-link
https://store.tmotor.com/goods-1201-AK60-6+V11.html
https://www.amazon.com/HRB-1800mAh-Helicopter-Airplane-Multicopter/dp/B088QXJNJV/
https://www.amazon.com/Anker-Charger-Charge-Charging-Samsung/dp/B0BPCZLFS4/ref=sr_1_4?c=ts&dib=eyJ2IjoiMSJ9.MXhMAvU9pWd6319NX7898rLjX6vtxqqDy04m6CPaiwMrpYaSVQm80i0z1Q_la_XgsYzqEzO8czRcgZT-KukXLoZhCPs09qyamWNgz6YHPYzRJh8JrWRKh9a6piuh2nZEnM51Poc7yLtbYK_vaN0ojzxV8nvNXSgqeBHgnFmyUwQ5sJtrBqXfEr1uEBmWXSpUYaVVqpNHKkATotQ3wGXtwkvfnsneR7k_gGxXxxaVQSLjqu7Sndx7SeNTDmTQxdDp4tXVrtrGDIcyDCHNLQOc1DwHwlaahscF-iZkalZ28UI.v__3tWoTixbqIvwsY8OuReMBw5o0CebuNHfWdxJQS4I&dib_tag=se&keywords=USB+Cables&qid=1719525920&s=pc&sr=1-4&ts_id=464394

e) Connectthe 3-pin and 4-pin cables from the R-LINK to the motor, as shown in the image.
The tabs on the connectors should face outwards.

f) Plug the battery into the motor via the battery-to-motor cable and the battery-to-switch
connectors. Power on the motor.

g) Inthe CubeMarsTool window, press the refresh button. The software should auto select the
correct COM port. If it does not, you can use the dropdown to select manually.

COM14 - refresh Connect | Disconnect

Servo Control | Mit Control ~ UnitSetting

h) Click “Connect.” A green bar like the one below should flash briefly at the bottom of the
screen as confirmation.

*

i) Onthe right side of the screen, switch to MIT control. Click Debug.

j)  Hold the motor such that it can spin freely. Go down to the bottom of the window and type
in the command line “calibrate.” For this to occur, you will need to remove the upright
configuration from the motor. It may be easier to do this step prior to placing the
motors onto the belt. Once the motor is done calibrating, you will be presented with
commands that you can use, as below.
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Commands :

run - Motor Mode

calibrate - Calibrate Encoder

setup - Setup the motor

encoder - Show encoder value now

origin - Set Zero Position

exit - Exit to Menu

k) Type “setup”inthe command line. You will be presented with text similar to that shown

)

below. Notice specifically the “prefix,” “parameter,” and “current value” sections [red
boxes]

Configuration Options

prefix parameter min max current value
set _band _width Current Bandwidth (Hz) 100 2000 100.0
set_can_id CAN ID 0 127 0

set master_id CAN Master ID 0 127 0
set_current_limit Current Limit (A) 0.0 60.0 0.0

set fw current_limit FW Current Limit (A) 0.6 33.0 J0.0

set _can_time out CAN Timeout (cycles) (@ = none)j @ gRcfololele] Joj

Configure the motor according to the settings in the image below. In order to do so, type
the “prefix” for the setting (shown above and below, directly under the “Configuration
Options” text), then separated by a space type the desired value. (Example: set_can_id 65).
The one option you will need to change, depending on joint and leg you are targeting, is
the CAN ID. Use the following convention:

e Left Hip: 65
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¢ Right Hip: 33
e LeftKnee: 66
e RightKnee: 34
e Left Ankle: 68
e Right Ankle: 36

So, for the hip device, you would want to set the CAN ID for the motor on the left side to 65
(as shown in the image) and to 33 for the motor on the right side! It may be helpful to place
labels on the motors indicating which side and joint they are for during this stage in order to
avoid confusion down the road.

Configuration Options

prefix parameter min max current value
set band width Current Bandwidth (Hz) 160 2000 1000.0
set_can_id CAN ID o 127 65

set master_id CAN Master ID 0] 127 0]
set_current_limit Current Limit (A) 0.0 60.0 13.5

set fw current limit FW Current Limit (A) 6.0 33.0 13.0

set can_time out CAN Timeout (cycles) (0 = none) @ 100000 0

m) Once the remaining “current values” are the same as ours, type “exit” in the command line.

n) Click “Disconnect” and you are finished configuring the motor. Repeat for the other motors.

9. Making the Connections

a) Gather the hip belt and all the wires you’ve made so far, as well as the
electronicsBoxStrainRelief[Left/Right].SLDPRT.

b) Fastenthe PCB to the electronics box back plate using the 3 mounting holes which have
threaded inserts in them.
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c) Connect power and CAN cables to both motors. The power cable goes in the power slot
and the CAN communication goes into the connection with 4 pins. Labeled “CAN In & Out”
on the side of the motor). Once connected, it may be helpful to add some strain relief in the
form of a zip tie. This can be accomplished by zip tying the two cables onto the
abduction/adduction block (right image below).

d) Connect all wires as shown in the image below. The ordering convention that we use,
should you want to do multi-joint applications, is that the proximal joint goes in the top
slots and the more distal joint goes in the bottom slot. In this case, the power cables go in
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the first power connector and the CAN communication wiring goes into the top ports on
each side. Finally, make sure to plug in the battery-to-switch connector and the ribbon

cables.

Left Hip
Power Cable

Left Hip
CAN Cable

Left Hip
Ribbon Cable

Arduino Nano
BLE33 V1

G

Right Hip
Power Cable

Battery to Board

Connector
y Right Hip
= e Ribbon Cable
ey = . Right Hip
U i A CAN Cable
O (o7 e e el
O | -
O o e \
O i‘:‘, o e 9
Teensy 4.1
With SD Card

e) Fasten the strain reliefs to the board. Note that there is a left and right side; the slots in
each strain relief correspond to the placement of the ribbon cable on each side of the

board.
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f)

Connect the status LED to the board and slide into its respective hole in the panel
containing the power switch.
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g) Powerthe board on to ensure that the LED functions. If it does not, reverse the orientation
of its connector and try again.

h) During this stage, you should also take the time to connect the heel and toe FSRs on both
sides. If you aren’t sure which wires correspond to the heel or toe, you can test to figure it
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out by pressing each sensor and reading the data. Generally, the shorter wire should belong
to the heel since itis oriented away from the connection on the actual insole itself. It may
be helpful to make a marking on the FSR connection cable indicating which side is the toe
for future usage (one convention we have used is shading the Toe+ connection on the
female header a white color to make it stand out).

ASSEMBLING THE PCB COVER

Now that the wiring is complete, we can assemble the rest of the PCB casing. You’ll need to gather
all of the components you’ve printed for the PCB cover.

a) Gather necessary components.

1x | Hip Belt (as left off in the previous section)
1x electronicsBoxBatteryCover.SLDPRT
1x electronicsBoxControlPanel.SLDPRT
1x | electronicsBoxStrainReliefLeft.SLDPRT
1x | electronicsBoxStrainReliefRight.SLDPRT

1x electronicsBoxBody.SLDPRT
4x M3 Threaded Inserts

1x Soldering Iron

6x M3X10 Screws

a) Usethe soldering iron to place M3 threaded inserts into each of the four mounting holes.

b) Press the switch and LED into the electronicsBoxControlPanel.SLDPRT. (Note: The below
images do not have the LED, but you should have it during this stage).
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https://www.mcmaster.com/94459A130/
https://www.uline.com/Product/Detail/H-10799/Anti-Static-Equipment/Weller-Soldering-Station?pricode=WC4573&gadtype=pla&id=H-10799&gad_source=1&gclid=CjwKCAjwg8qzBhAoEiwAWagLrMToJ62whPUHlwbhDCMRl5nXY9p4i-iEGTKdky9_DNTdzSwdbiZfGBoCh4kQAvD_BwE
https://www.mcmaster.com/91290A115/

c) Place the battery into the top compartment of the electronics box backplate as shown
below with the battery’s power wire protruding through the slot.

d) Fasten the electronicsBoxBatteryCover.SLDPRT over the battery with an M3X10 screw.
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e) Fasten the electronicsBoxControlPanel.SLDPRT with the switch in it to the
electronicsBoxBody.SLDPRT with four M3X10 screws.

f) Connect the switch to both the board and the battery and fasten the
electronicsBoxBody.SLDPRT with the switch in it to the backplate.
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PADDING FOR ADDITIONAL COMFORT

You may want to make a pad that fits onto the inner side of the hip belt for additional comfort
(example below). These were made by making a pocket with two different fabrics. One softer and
breathable for the side facing the user, and a tougher side to which Velcro is sewn. Foam was placed
into the pocket (the same foam used for making the insoles) and the pocket was sewn shut.
Alternatively, you could take a piece of foam and attach Velcro and that should work somewhat well

too.
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