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Author:jtaggard
I'm a Mechanical Engineering graduate from UC Davis and | love to build things and figure out how stuff works. | enjoy design work, both in the field of

engineering and general graphic design as well. When I'm not working | enjoy helping others, playing soccer, or just being outdoors.

Intro: DIY Electric Powered Wheelchair

When studying Mechanical Engineering at UC Davis we were required to participate in a Senior Design Project. For my project, | chose to work on a DIY Electric
Powered Wheelchair that anyone could build. Myself and two of my classmates used our engineering background over the course of two quarters to design the following
wheelchair. | created the instruction manual attached in the last step as a way to document our build in hopes that anyone could follow our steps. This Instructable

summarizes the document and showcases the performance of the chair.
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WHIM Wheelchair
A DIY Electric Powered Wheelchair
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Created for EME185 - Senior Design at UC Davis
Group Members: Ilia Potanin, Simon Quan, Josh Taggard
Sponsors: Pamela Walker and Michael Horton

Step 1: Project Background, Needs and Specifications
Project Background

Current electric wheelchair users constantly have to deal with high insurance prices and long wait times when it comes to purchasing and repairing their electric
wheelchair. Specifically, our sponsor Pamela had to wait several months just to have her caster wheel assembly replaced. For someone who requires their chair for a
main mode of transport, this is unacceptable. Additionally, the wheelchair manufacturers have been creating chairs with lower specs (torque, average speed, etc.) while
insurance companies are raising the costs to own such a chair.

The goal of the project was to avoid these negative setbacks and also prove someone could build their own electric powered wheelchair in their garage using basic tools
such as a chop saw and drill press. The scope of our project included producing a working drive-train and frame that would provide a solid foundation for our sponsors,
WHIM Unlimited, to develop a fully working and refined electric powered wheelchair. We hope this assembly guide will provide the necessary framework for others to
build their own chair, ending the longtime dependence on inconvenient health and insurance companies. This guide is by no means includes a final product, but rather a
proof of concept and a framework for others to build off of to fit their own personal mobility needs. For more information, please visit whimunlimited.com.

Project Needs
Based on our meetings with our sponsors, we determined our chair would need to exhibit the following:

e Powertrain Needs:
1. Powerful motor,
2. Ability to climb road curbs
3. Good acceleration
e Body Needs:
1. Stable and sturdy
2. Maneuverable
3. Meets ADA specifications
e Overall Needs:
1. Safe
2. Modular



3. Easy to build
4. Easily obtainable parts
5. Long lasting

Project Specifications

Based on our project needs, we created the following project specifications:

e Powertrain Specifications:

1. 3 MPH up a 4 degree incline

2. Can go up a 10 degree curb (bump)

3. Accelerate from 0 to 5 MPH in under 2 seconds

4. Max speed of 8 MPH (wheelchairs on the market average about 4 MPH)
e Frame Specifications:

1. Max size of 30"x42" (ADA)

2. Chair height of 15" to 25" off the ground

3. Can handle a 500 Ib load

4. Turn radius < 44" (taken from ADA chair dimensions)
e Overall Requirements:

1. Use standardized parts (minimize custom parts)

2. Easy to build (no complex geometries)

3. Adaptable to the user

Chair Dimensions

NOTE: Although the chair's dimensions

{length of =40 by widdih of ~30) are within
ADA standards, wi've determined the widih
s a large by aboul 3% 047 This is addressod

in section 5.0 on page 28,

Step 2: Bill of Materials

As stated previously, we wanted our materials to be readily available and easily accessible for anyone to find. The reasoning behind this was to avoid long downtimes or
having to go through a supplier that has a monopoly on selling specific parts (i.e. only one set of motors that works and only one supplier who offers them). This would
also allow someone with a chair in need of repair to go to their local hardware store or order a part online and replace the faulty one quickly on the chair themselves or
with a little help. Thus long down times would ideally be eliminated.

As part of our project, we researched different suppliers to find our initial sources for the parts, but we also found alternate suppliers and parts in case the primary source
disappeared. The overall cost of the chair was roughly $2000 as compared to chairs on the market that range from $1000 to $6000+. Our chair is on the lower end of this
price range, but it offers the specifications one would find on a more expensive model. Overall, our cost could be reduced with various design improvements and material
changes, but again this was meant to serve as an initial prototype and proof of concept.
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Step 3: Tools Needed, Custom Parts, and Gridbeam Cut List

As Mechanically Engineering students, we had access to a full machine shop capable of creating all the custom parts to our hearts content. Unfortunately, the average
person doesn't have this luxury, thus if we took advantage of these tools then it could get quite difficult for someone to follow our instructions. For this reason, we chose to
work with tools that the average person may have laying around in their garage.

A majority of our build was made using only a chop saw and drill press, however we did have to make a few custom parts. These included the driveshaft, motor mounts,
and driveshaft coupler parts. We felt these parts required the most stability and reliability possible, so we chose to make simplified custom parts. We then created
drawings for these parts so someone could go to a local machine shop or makerspace or even contact an online service to have them made.

We were able to use only a few custom parts thanks to our choice of framing material: Gridbeam. This material is best described as 2" square tubing with 7/16" mounting

holes every 1". Unfortunately, the material is fairly heavy (~5 Ibs/foot) but it does make assembly fairly easy once the cuts have been made.
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A B Ci 3.0 Cut Sheet
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Step 4: Caster Assembly

During the summer before my Senior year, | had the privilege to work at Aerojet Rocketdyne as Visual Planning Intern. Long story short, we would take advanced rocket
assemblies and create a virtual build of the model so the technicians on the floors had something easy to follow when assembling the parts. Basically, | created
Ikea/Lego-like instructions for rockets. Seeing as the wheelchair needed a set of easy to follow plans, | created a guide by applying the same skills | used during my
internship. The finished result is a clean, easy to follow list of steps that doesn't require a B.S. in Mechanical Engineering to follow.

We created our entire assembly using Solidworks. | then planned out the best way to assemble the parts, and create the virtual build by putting together vector drawings
using Adobe lllustrator and InDesign. The first assembly we decided to build is the caster assembly. The caster wheels make it a little awkward since they rolled around
fairly easily, so it's best to have some help or somewhere to put the assembly as it comes together. Make sure all the Gridbeam pieces are square to each other before

tightening the bolts.



Line up the 22 hole Gridbeam Line up the second
4-0 Assembly @ @ 22 hole Gridbeam and make

with the two casters. Use
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the balts marked C.

2nil ke

@:

Caster (x2) Heemxs]
Talts Necded baedl
= T iy :
iy Size Length | 1l b
4 L1l ale)
[ im 4.5 Eral A
i 318 7 End Washers Needed
Qty | Haole Size
i m 35 End F— o
Section 4 Sectiom 4

Caster Assembly Caster Assernbly
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Tighten all bolts and :
complete the Tri-Joint.

@ Place the two 6 hole Gridbeam
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as shown.
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Step 5: Motor Assembly
The next assembly to put together is the motor assembly. This one is a little trickier to put together and required some finessing in order to get the motors, driveshaft and
motor mounts to all line up. Luckily none of the fasteners are permanent so if you mess up there's nothing to be worried about.



4.2 Motor Assembly
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@ Mount the bearings on the 25 hole Gridbeam
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wheel hub assembly.
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plate to the wheel hub. Thread
on the hex nut to the end of the
drive shafl.

Repeat steps 1 to 4 for the

other drive shaft assembly.
Make sure Lo tighten all bolts
with a wreneh.
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Use a triangle to make sure all
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@ Line up the 9 hole Gridbeam
piece and linger tighten the bolt.
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with a wrench. Install the
shock brackets.
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the wheel engages the motor.
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Line the couplers up with the motor
shafts. Make sure the key-way
reaches the end of the coupler.
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S

Tighten sel
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s0 the couplers line up with
the bearing holes. Use the
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the motors won't move,

[romazs] x8

Section 4
Mator Assembly

21



Make sure all joints are
square and tighten all bolts
with a wrench. [nstall the
shock brackets.

Slide the wheel assemblies through the Bk
bearings and into the couplers. Tighten
all set screws and bolts and make sure
the wheel engages the motor,

5 Section 4
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Step 6: Final Assembly
Once the caster and motor assemblies are together it's time to put it all together. Both assemblies are fairly heavy and awkward in size so it helps to have at least two
people to put them together.



4.3 Final Assembly
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Install the shocks using the shock brackets
on the frame. Install the chair platform.

|
|
|

¥

Section 4
Fimal Assembly

Image Notes
1. An older design iteration before we reduced cut down the vertical Gridbeam
pieces

Image Notes
1. Vertical pieces were cut down in a later design



Image Notes

1. Our prototype controller setup using the Arduino and shields along with a
24V power supply

2. We didn't have batteries yet at this stage so we use AC provide the power
for the chair



Image Notes
1. Old bicycle spring for added comfort. Our spring constant was too high so it
didn't damper as much as we would have liked

Step 7: Controlling the Chair

Our chair utilizes the open sourced Arduino and two H-Bridge shields to control the electricity to each motor. We also use a USB host shield and a cheap USB joystick to
provide an intuitive control scheme. For batteries, we used two 12V lead acid batteries hooked up in series to provide a total voltage of 24V. We found this to be more
than enough power and control for the prototype, however the Aruidno code needed to be refined further before the chair could be used for everyday use.

Note: | mainly worked on the overall chair design and documenting how we assembled the build. One of my other teammates worked on the actual Arduino code, but |
believe he just researched code that other people had used with the H-Bridge shields. Again, we were Mechanical Engineers so learning/writing code from the ground up
wasn't really really in our scope. Apologies if the lack of refined controller code is what prevents you from making your own chair.




Battery Suggestions

The batterics we recommend to use with this wheelchair are twe lead acid 12 volt batteries
used in serles. The batterbes can be mounted below the seating platform using two ratcheting
tie dewns, The recommended battery specifications for cach battery arc listed below.
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Step 8: Testing the Chair

As part of our project, we needed to prove our chair met the specifications we outlined at the beginning of our project. We also participated in a Senior Design Showcase
put on by our school where all our classmates also showed off what they had worked on for two quarters. Everyone at the showcase was impressed with the
maneuverability and ruggedness of our chair and we didn't shy away from showing it off. Attached are some videos of our initial benchmark tests along with footage from
our showcase. By the end of our project, we were happy to have something that actually worked and had a fun time showing it off and playing with it.




Step 9: Desigh Recommendations, Add-ons and Accessories

Seeing as our course was only two quarters and we had a finite budget, we didn't get to fully develop the chair like we would have. It's obviously missing a chair and other
elements to provide a smooth and comfortable ride. We iterated through our design countless times but there's always room for improvement. Again, this is mainly a
proof of concept and initial crack at a problem, so there are many things that could improve the chair.

5.0 Design Recommendations

Alter building the prototype detailed in the previous pages, we've determined the
following improvements can be made 1o better the design. We've also provided alist of
potential upgrades and add ons for the base, along with suggestiongs for the controller and
balteries.

Decrease Body Width
As stated in 1]\r1~r<-f.1w, the body itself is a little wide by =47, Thse following can decrease
this dimension:
»  Bring the caster wheels in by one hole and cnt all cross member beams down by one
hole. Smaller casters can alse be used to decrease the distance further,
Appraximate width decrea
be chosen to allow the wheels to be bro

« ‘Thinner bearings ca dhit b on ebther s
This will also allow the motors on the inside 1o be browght cleser to the swing arm.
Approximate widih decrease: - 1"
+  Cutting deown the motor shaft will allow the drive shafl to be brought in further.
Approximeate width decrease: < 1727
s Ifthe previous steps are performed, the motor swing asm and caster swing anm positions

wan b swapped, ‘The result would be the caster swing arms straddling the motor swing
arms instead of the reverse,

Approximate width decrease: ~27

Decrease Weight

The Gridbeam used is ddeal for nitial prototyping, however it's weight and dinensions

E ideal for a fisal product. Other options are 1o use stock square g such as that
uscdl for the moter mounts. Holes can be el wsing a drill press it t locations
uscd in the Gridbeam. This will also decrease the overall cost of the ch ce the stock

is more available than Gridbeam. Smaller Gridbeam (Le. 1" x 17) cancalso be used.

Other Changes

Other changes can be made to better suit user prelerences. Smaller casters can be used 1o

decrease the seated height of the user. The motor cage in the back can also be redesi
ta better save space, The springs arce also fairly st 0 o lower spring load rated spring

{less than 500 [ba/in) can provide s dampened ride, ‘The plans for the chair arent meant 1o
be permaneit, so desig

relinement possibilities ase endles,
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Add-ons and Accessories

This guide 15 a combination of tips and insteuctions with the geal that you, the reader, will
be equipped with all ion secded to baild your o hair. 'The hope is that this
chair will evolve and change with the needs of the userand the ideas of the builder. Our
group has designed just the base of the chair and it's now up to you to make it your own,
Here is a short list of ideas that we have considered but not yet refined. We hope this list

e

will give you ideas that excite you and motivate your creativily.

Foolrest By utilizing extra Gridbeam, o makeshil footrest can be made,
Mk sure W Gighten all Bolis and use Tri-Joints il necessary,
This can aleo be made of ot ber material, but make sure it
doesnt restrict the motion of the casters,

Chair Mount Crur design providesa Blat platfore for any type of chair to be
miowented. Ome ides we hadd is an olfice chair since il already
Incor parates support and armrcsts and can be found fairly
chiealy, Other options indlude a fat pillow with a wooden
backing ora lawn chair. Just make sure the chair is secursly
attached to the wooden plasiorm,

Lifting Mechanizm Another feature we weree excited about wag a lifiing mechanism

o the chair could

s higher connters. ‘This would be
incorported where the wooden platform currently is, and
mimics the designof & scissor lifi. [t would mean adding ina
small motor bo power a lifting sorew (hat acts like a rack and
pinion. Unfrtunately we dido't have tine to pursue or ferther

< develip this eption.

Wireless Control ‘The USE host shichd used <am i orporate a wirckess contrafler
by usings reahly available code fram online sources, This could
prowide more comfort for the user in colder eperating
conditions, or even autonomons operalion

Maryual Brakes The edectric bruking on the chair works firly well, owever the

!1‘ adddition of manual brakes would further the control the user
,* 3
.l

er the chair.
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Step 10: Maintenance Guide

No machine works well just by itself, but instead requires maintenance to prolong it's life. Our wheelchair is no exception. Although we were done with the project a few
weeks after it was built, we still were able to forecast which components would require upkeep in order to have the best performance possible. These suggestions are
mainly based on the manufacturer's suggestions for the parts, and we don't know for sure if problems would arise with other parts.

. . Bearings
6'0 Maln'tenance Gulde It is imporiant to keep your bearings properly lubricated in order to attain maximum life
expectancy. Under lubrication can lead w surface fatigue of the ball bearings and races, while
over lubrication can damage seals on the bearing and lead to premature failure. When adding
prease, it is important t add slowly, and to stopat the first sight of grease at the seals. Hub City
recommends re-lubrication of bearings depending an the aperating conditians shown below,

Maintenance b an imporiant aspect Lo
and ensuring all the parts have a long life. V
important for performing maintenance.

g optimal performance of your wheelchair
¢ following components are the maost

Operating Conditinns Brearing Tem peratures Grease Interval

Frame 3rF 1o 120°F - 12 Months

‘The wheekchair was designed 10 have a robust frame that would nou break down easily. Thar Clean L20°F o 150°F 1 -3 Months

being said, it is still important to check the frame every so often for any cracks or loose balts, L50°F 1o 200°F 1+ 4 Wecks

For most of the bolts, we recommend checking them about once a month to see if any cracks Biiciy IrF 1o 150°F 1 -4 Weeks

have formed, or to see il they need any tightening. For the twe bolis connecting the swing ¥ L50°T 1 WHFF Chaily - 1| Week

arm assermbly W the Tromt caster assembly, we recommend checking them once every Lws Modsture AXF o 200°F Dhaily - | Week
weeks, Since those two balts are connecting two moving picces of the fmme together, there

is @ higher chance of these bolts coming loose than any other belt, With the exception of the For the grease, Hub City recommends any mubti-purpose lithium grease with a NLGI grade of
two swing arm balts, it is important to tighten any ather loose bolt with a t-square o triangle 2. The NLGI grading system is a measure of the consistency of the grease, with grade 2 being
square io make sure all components of the chair remsain aligned. Having critical components compared to the consistency of peanut butter,

like the motors and drive assembly operate while misaligned will greatly decrease their life Tivete URL Approx. Cost
expectancies and overall chair performance,

Synthetic Multi-Purposs hitpsef ez ol oomysbapby prodiect gressc synthet

thcls Girease MGLL 22 (14 on) ic mmlll purpose. greais nlgi-24 "
Enowing when to perform any maintenance on the wheels is as simple as looking down and hipa e amamn.com Vabealine VY15 Mull Far

imgpecting them, I your Lires appear (o be fla, check the sidewall of the tires for their PS] Valvaline VV&15 Multi-Pur- pusc: Chrysler Eumpeantd pj RO03CQ4DING ref 521 %
rating and Al them accordingly. If you dom't have a pressure gauge to cheek tire pressure, filling puse Grease (14.1 02} 16 Sim | TR0 b | 4697 5465 S0mB- 5 sl oy ;

up your lires unlil there is no deflection when you squeere ther with your fingers should " ,_':':Iln;n_“u:l e

CRCSEI150 Super White

suffice. S—_— i
yepimcl i e/ dpfHOOIMECAM,
:,""E" Purpose Lithivm 146472582 Moor - & Aidecywonlly- mulliper- &
Teuing your wheels should be done only when your wheels ave a visible wobble in them due ineass (M o) poseslthinm s grease
toa broken, or loose spoke or nipple. If you would like to iry your hand at truing the wheels httpd v amazon.com/Sta Lube General Purpose Lith
- RN b e . gt g Sta-Lidbe General Purpose - Grraseld p/ BODOK KL Bredmar_|_] The=1IT-
yourself, there is plenty of information with video ttorials on the Internet. I you de not want Lithium Greass (14 oz.) FHgid - 144728177 S -5 17 My wonds- mult 58
to true your wheels by yourself, you can simply take your chair to a local bike shop and they ) i purpoie+ ithium+greate

will gladly true your wheels for you. However, you may need to walk them through how 1o
remove the wheel from the drivechaii.

Foor the most accurate bearing <are, consult the information inchided in the bearings you
purchase,

Perindically, you will also have to replace the tires or tubes on your wheels. Tires and tubes
should be replaced i you experience a fat resulting from a puncture. Tines will alse have to be
eeplaced when the treads are all worn down, and there i a llat spol aloag the tire. An
alternative to inflatable tires is flled ones, which would eliminate a risk of puncture, Puncture
resistant tread shoulda also suffice,

Su._tiun & - 32 Bedlion &
Maintenance Guide Maintenance Guide

Step 11: Assembly Document

Overall, this project was my first time applying my coursework to an actual, real world problem. | hope if you choose to follow this Instructable that you share with me your
hardships or any suggestions for improvements you may have. At the start of this project, we wanted to make the chair easy for anyone to follow, but at the same time
allow others to adapt it to their own needs. Thank you for taking the time to read through my Instructable, and | hope you enjoyed it as much as | did making it and the
DIY Electric Wheelchair contained herein.



Closing Remarks

The main goal of our project is to allow anyone to build
their own electric powered wheelchair. We hope this
guide allows anyone to do just this, removing mobility
restrictions for those in wheelchairs.

For more information regarding the status of this guide
and other similar projects, visit whimunlimited.com, I
you have any ideas for improvements, design changes,
etc., feel free to share with us and others.

Sincerely,

Josh

File Downloads

E. Ad# Assembly Instructions.pdf (4 MB)

[NOTE: When saving, if you see .tmp as the file ext, rename it to 'Assembly Instructions.pdf']
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Swansong says: Dec 1, 2016. 8:11 AM REPLY

Great instructable and awesome project! I'd suggest adding some foot plates, it appears that your toes came pretty close to the road when you went over the
curb. The mobility and responsiveness you put into this is impressive :)
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