





COLLAPSIBLE WHEEL ASSEMBLY / DISASSEMBLY TEST

Name: Tz frscher

Date: S=l-1S =~ o-2¢-is

Trial Number: = ,

Without Instructions With Instructions
Participant Age Time (assemble) Time (disassemble) Time (assemble) Time (disassemble)

#) (years-old range) (seconds) (second) (seconds) (seconds)
1 SR, s 2. 0%. & SiZP.a 2:22./
2 15-20 FLYoT Y:S53.0 F10. 7 Yol
3 10 0T % 2 85¢.7 o:40.3 z: 9. &
4 T 252 S:15. 0 6:08.% 2. 1
5 ¢ 3.5 siz0. 9 16, P Sioc. ¥
6 21-30 S 5. 1 2005 SsisE.0 Z 9T
7 Suialel Gl S:09.& 3./2- %
8 21 Zz:4d1. 7 34, 1 z:I%. !
9 S ¢ Yivs. 7 s 2 e
10 31-40 R i 2 2T L &il12.7 2SS D
11 ¢:33.3 H:/C. & 4:37.9 273
12 siol. S 3:¥.9 S:29: 2 2:50. 9
13 46:3%5- 2 3:42. © Siow, | 2:25. O
14 41-50 £:20-9 Z2:33. 3 S:YA 2 2rI2 2
15 7. 4%.0 o192 G:ol. 7 3:50. 4
16 0 1%.3 &:io2.¢ ei7 = Y3 .7
17 i 1. ¥ 32001 oo ¥ 250 . 5
18 51-60 sise. ! 3:57. ¢ 9:52.2 27 C
19 Siuz. 2 Z2:56.% 337 2i52.2
20 Sl o524 S:05.4 Sl &
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WERRAIN, STABILITY, AND COMFORT TEST
Name: Jzz Bschsr
Date: S-¢-tSs
Trial Number:

rss | Locess| pvd [ pIRT
Trial | Weight of Flat Uphill | Gravel | Ledge 4‘&;“ Sind/ Total Comments
(#) | Participant | Surface | Slope | Rating | Rating | Foliage Mud Score/
(Ib.) Rating | Rating | (1-10) | (1-10) | Rating Rating s
(1-10) | (1-10) (1-10) | (1-10)
1 210 ) 2 7 7 7 % 4G [27 | 104 [rave! benesm Tire
i ,:: '; ; 2 ; 3 ? Lﬁ'// so |77 whVe_~Loye
5 /35 1o 1o 4 11 = -~ 42/ 7%
6 i io 10 ? & 10 g9 s-?cm?
7 s, g 9 9 C 7 i 47 | T%
| 9 190 12 | 10| Z L 4 o :1'/61,7
Tigi ma, 177 i ? L= L
RESULTS
COLLAPSIBLE WHEEL ASSEMBLY TEST
participant assemble 1 disassemble 1 assemble 2 disassemble
2
1 05:32.5 03:08.6 05:27.0 02:23.1
2 07:40.3 04:53.0 07:10.7 04:01.8
3 10:03.8 03:58.7 04:40.3 02:41.6
4 08:25.3 04:15.0 06:03.8 03:11.1
5 08:31.5 05:20.4 04:10.7 05:00.8
6 08:56.1 03:08.5 05:58.0 02:49.7
7 05:21.1 04:13.5 05:09.6 03:13.8
8 06:18.3 02:41.7 03:14.1 02:18.1
9 05:41.6 04:00.7 05:04.0 02:31.5
10 08:21.2 05:27.2 06:13.7 02:45.0
11 04:33.3 04:16.6 04:37.9 03:17.3
12 05:01.5 03:18.9 04:29.2 02:50.9
13 06:38.2 03:42.0 05:08.0 02:25.0
14 06:21.9 02:33.3 04:44.2 02:12.9
15 07:48.0 04:19.2 06:01.7 03:50.4
16 10:18.3 06:02.8 06:47.5 04:34.7
17 06:18.8 03:21.1 04:04.8 02:50.5
18 05:56.1 03:51.6 04:52.2 03:27.6
19 05:42.2 02:50.8 03:38.7 02:52.2
20 08:21.5 04:52.4 05:05.4 04:11.6
AVG without instruction with instruction
07:05.6 04:00.8 05:08.1 03:10.5
% IMPROV assembly 27.6%

disassembly 20.9%

25



The collapsibility test revealed that most people could not assemble the wheel within the 5-minute goal or
disassemble it within the 3-minute goal. The average time for assembly was 7:05.6 and 4:00.8 for disassembly.
The reason the assembly takes longer that expected is because of the welding alignment issues that occurred
during the construction phase. This problem forced the wheel sections to have to be assembled in a particular
order, ultimately adding time to the assembly process. Another area that can be improved is the hub screw.
Replacing the hub fasteners with quick-release bolts would reduce the assembly and disassembly time by over a
minute. What helped significantly is the instruction manual. After letting the user read the instructions for 5-10
minutes, the assembly time improved 27.6% and closer to the requirement goal of 5 minutes. This is also true
for the disassembly time of 3:10.5 on average.

DEFLECTION UNDER VARIOUS LOADS

TEST
location load avg. deflection (4 trials) DEFLECTION UNDER VARIOUS
(Ib) (in)
RIM 250 0.0060 LOADS
300 0.0090 0.0700
350 0.0132 0.0600 )
400 0.0173 ' /
450 0.0208 — 0.0500 /
£
SPOKE (h) 250 0.0071 § 0.0400 /
300 0.0108 8 0.0300
350 0.0202 B /
0.0200 =
400 0.0328 /
450 0.0607 0.0100
SPOKE (v) 250 0.0000 0.0000 - - - . . .
(buckling) 300 0.0000 250 300 350 400 450 500
350 0.0001 Load (Ib)
400 0.0001
450 0.0001
HUB 250 0.0000
300 0.0000
350 0.0000
400 0.0001
450 0.0001

Test 2 was important for testing the maximum weight capacity and deflection requirements. According to the
requirements, a pair of wheels should be able to support a 250-pound load and deflect no more than 0.050
inches in any location. The test at each weight load was performed 4 times and the deflection at each location
was recorded. The average deflection of the 4 trials is shown in the table on the left. At only one instant the
deflection exceed 0.050 inches. When loaded at 450 pounds, the horizontal spoke deflected 0.060 inches. Even
though 450 pounds is far greater than the 250-pound requirement, according to the FEA and Safety factor of
2.0, the spoke should not have deflected more than 0.050 inches. However, this does make sense since this test
used impact force to simulate how the wheels would actually be loaded in real-world scenarios whereas the
FEA only calculated static loads.
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TERRAIN, STABILITY, AND

COMFORT TEST

trial  weight flat

surface

1 210

2 155

3 185

4 255

5 135

6 200

7 250

8 170

9 190

10 210
Grading
Criteria:

9
9
10
9
10
10
10
9
10
9

uphill
slope

= =

=
0O 0wWwoouvwuwuwuo

gravel

2 = Superb. No problems. Performs perfectly.
1 = Average. Doesn't perform perfectly but still within parameters.

0 = Bad. Performs below average and below expectations.

Grading
Categories:

. Stability / Rigidity
. Concentricity

a b wWN =

. Ease of Use

. Ride Comfort / Smoothness

. Deflection / Bending / Warping

A NN OO o N

ledge

N0 OO OO NNN

grass/foliage mud/dirt

O WVWWOoWOomOo v

oy O U100 O UTU

total

score
46
45
52
48
47
53
47
44
49
41

percent

grade
76.7%
75.0%
86.7%
80.0%
78.3%
88.3%
78.3%
73.3%
81.7%
68.3%

This test was important for ensuring the Collapsible Wheel performed to the standards of a traditional wheel. It
is important that this new wheel does not cause any discomfort and is able to maintain functionality over
various terrain just as well as a traditional wheel.

According to the traditional wheel test (top table), the average rating was 84.7%. The average rating for the
Collapsible Wheel test (bottom table) was 78.7%. This difference was a result of the Collapsible wheel having
some "wobble" due to its profile being thinner. There was also some concern on the gravel, grass, and dirt

courses due the gaps between the tire sections getting clogged and causing discomfort and instability.
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PHYSICAL PROPERTIES EVALUATION

Name: Joe Fischer

Date:
Trial Number:
Dimension Benchmark | Predicted Actual Notes
Uncollapsed Height 24.0 in. 24.0in. 23.51n. Different tire height than expected
Uncollapsed Width 24.0in. 24.0in. 23.51n.
Uncollapsed Depth 4.0in. 1.01n. 1.11n. Rubber tire overhang
Collapsed Height 12.5in. 10.75in. 10.375in.
Collapsed Width 32.01n. 11.25in. 11.250 in.
Collapsed Depth 4.0in. 6.0 in. 6.6 in.
Frontal Area 452.4 in.? 75.4in.? 72.31in.?
Weight 7.51b. 10.9 Ib. 10.3 Ib. Lighter rubber than SolidWorks
model?
Pushrim is a less dense metal than
expected?

It was also important to measure the final dimensions and properties of the actual product to compare with the
predicted design values, the benchmark, and other competitive products. The actual dimensions came very close
to the predicted values, especially considering some of the difficulties experienced in the construction phase.

BUDGET
PART SUPPLIERS
The budget is located in Appendix D. Materials and parts for this project were purchased from many different

locations. The aluminum stock came from www.onlinemetals.com. The spring latches had to be a certain size to
fit within the wheel rim so they were purchased from www.electrausa.net, an online company that focuses
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exclusively on hinges. These latches had to be purchased earlier than expected due being back-ordered. The
screws used for the hinges were a standard size so they were purchased at Stein’s Hardware, a local hardware
store in Yakima, WA. The hex bolts could not be found at a local supplier since a specific thread length was
needed so they were ordered from www.amazon.com. Using Amazon also reduced the cost slightly since they
support a variety of suppliers with competing prices. Other fasteners were purchased through
www.fastenal.com. The solid rubber tire was obtained along with the push rim, and ball bearing from a contact
that works at a local retirement home called Better Living Retirement Homes. The aluminum tire rim was
purchased from a local cycling shop in Yakima, WA called Yakima Valley Cycling. The rim was purchased
instead of machined because the machinery needed to create the complex shape of the tire rim is not obtainable
within the scope of this project.

ESTAMATED TOTAL COST

According to the budget in Appendix D, the estimated cost of this project will be $162.07. When this project
was first conceived it was estimated that the budget would be $200 to $300. Using scrap parts from the local
retirement home saved about $100.00. Online suppliers were also thoroughly compared to find the best price
(including shipping) for the same quality of material. As predicted, the largest cost will be the material stock at
about $70.00. It was difficult to find spring latches that were small enough to fit on the spokes. On top of that,
the most cost effective latches found were sold out for multiple months so latches of a different size have to be
slightly modified in order to fit this project.

FUNDING SOURCE

The funding for this project will be out of the pocket of the engineer. This includes materials, purchased parts,
construction, and testing. Though not directly funded by the previously stated retirement home, it is important
to note that Better Living Retirement Homes assisted this project by donating crucial parts that benefitted the
budget and schedule of this project.

SCHEDULE

The schedule is located in Appendix E. The schedule format used is a Gantt chart. This chart identifies
specific tasks and goals, the amount of time allocated for completing each task, the actual time it took to
complete the task, and a visual representation of when the task will take place. The estimated time for this
project is 256 hours and includes design, analysis, construction, assembly, testing, and optimizing. This will
take place over the 9 month scholastic year from September 2014 to June 2015. The amount of time to complete
each task is an estimation in order to gage a total, to keep on task, and to compare the actual time required to
complete each task and the whole project altogether. Design, analysis, drawings, and the related proposal started
in September 2014 and ended December 2014. More time was required for design and analysis than initially
predicted. This is due to the number of redesigns and related analysis to compare different designs. Construction
of the project will start with the ordering of parts in December 2014 and will be completed by March 2015.
Some parts such as the spring latches needed to be ordered early because of their availability and estimated
delivery time. A larger portion of time will be allotted for ensuring the precise dimensions of the spokes and the
amount of welding that needs to occur. The testing phase for this project will start in March 2015 and end June
2015.

PROJECT MANAGEMENT
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HUMAN RESOURCES

The engineer is responsible for all tasks including design, analysis, acquisition of materials, construction, and
testing. Central Washington University professors, Charles Pringle, Craig Johnson, and Roger Beardsley,
assisted with feedback on design, analysis, and formatting. Central Washington University lab technician,
Matthew Burvee, assisted with machine set up and construction processes. Jenny Ford of Better Living
Retirement Homes assisted by donating particular parts used in this project.

PHYSICAL RESOURCES

This project requires the use of a manual or CNC lathe for turning custom parts. A vertical milling machine
and/or CNC mill will be requires for certain tasks such as the spoke dimensions and the keyways. A vertical
drill press is needed for drilling holes. A band saw will be needed for cutting material stock to the accurate
length before machining. Other miscellaneous resources include a threaded tap, vise, press, and grinder. All
these physical resources can be found in the machine shop of the Hogue Technology Building, room 107, at
Central Washington University. Lab time will need to be set up in order to allow for enough time to complete
the project. This should follow the guidelines of the schedule in Appendix E. This project also requires
welding, particularly aluminum welding. This project will require the use of the TIG welding machine located
in the Hogue foundry, room 132, at Central Washington University. Lastly, the parts of the project will require a
small amount of storage throughout the duration of the construction phase and testing phase. This will mostly
take place in the Hogue lockers but may also require machine shop space, foundry space, and senior project
room space depending on what process is being applied and what phase of completion the project is at.

SOFT RESOURCES

The CAD program used for this project was SolidWorks 2014. SolidWorks was also used for FEA in a
portion of the analysis. MDSolids 3.5 was also used as an analysis tool for stresses and displacement of some
parts to compare with hand calculations. Both SolidWorks and MDSolids were also used to calculate complex
shapes that could not be calculated by hand. These soft resources are accessible from the Hogue CAD lab at
Central Washington University and from a personal computer.

FINANCIAL RESOURCES
The financial resource for this project is the engineer. The engineer is responsible for locating and purchasing
all required purchase parts, materials, tools, and equipment.
DISCUSSION
DESIGN EVOLUTION
This project underwent a few redesigns. This project started as a series of sketches to determine how the
wheel would be separable and how the wheel would interlock. It was always the intention to analyze different

designs to see how well each iteration would handle the proposed requirements of this project. The first design
analyzed was a 4-piece, 4-spoke design, which was called Version 1.0. After some deflection analysis on the
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rim, an intermediate spoke was adding between the 90-degree spokes. This 4-piece, 8-spoke design was Version
1.1. This also allowed for a location to add a push rim. Next, a 6-piece, 6-spoke design, Version 2.0, was
analyzed. This design decreased the frontal area and the overall weight, which are two of the main areas of
optimization.

The method in which the wheel sections attach and interlock also underwent a few redesigns. The initial
locking method in Version 1.0 used cylindrical rings attached to each wheel section to mate to the hub. See
Figure 3. This design was dismissed for impractical construction required to make the part and for clearance
issues with the welding. Also at this version, a pin was used to lock the spokes in place to ensure the tire stay
inline. This method was also redesigned for future versions since keeping track of removable pin for a portable
wheel seemed impractical. For Version 2.0, the method in which the wheel pieces attached to the hub was
redesigned to bolt on to a hub plate welded to the axle hub. Also, there was a bored out area added to the spoke
bases to allow the hub plate fit inside the spoke bases when attached. This reduced the amount of shear stress on
the bolts.

For all versions 1.1 and on, a keyway was added between each of the spoke halves. This helped with
alignment, strengthening the spokes by doubling their cross sectional area, and resisting buckling by
interlocking the two halves. The keyway design drove the design geometry for the spoke halves. In order to be
machinable and also have enough wall thickness, the spokes must be rectangular column/beam. For Version
2.0, a third and final method of locking the parts together was the spring loaded latch. This replaced the pin lock
in Version 1.0. This method ensures the rim and tire are locked into place after the spokes are interlocked with
the keyway. This also allows for easy assembly and disassembly of the wheel pieces.

In total, there are three ways the wheel sections lock together. Bolting the spoke bases to the hub resists
unwanted movement in all directions towards the bottom of the spoke. The keyway resists unwanted movement
towards the left and right, perpendicular to the spoke and also any movement inward along the negative z-axis
throughout the length of the spoke. Lastly, the spring loaded latch resists unwanted movement in the outward
direction along the positive z-axis towards the rim and tire.

PROJECT RISK ANALYSIS

There is a fair amount of risk associated with this project. Since this is wheelchair wheel, its primary users
will be elderly and/or disabled. If the wheel fails or breaks when in use it could cause considerable injury. There
is also risk if the push rim breaks and the wheelchair user loses control since the wheel is also designed to be
self-operational. These issues were addressed a few different ways. First, a safety factor of 2.0 was applied to all
points of interest in the wheel meaning all parts were designed to withstand double required applied load of 250
pound for the pair of wheels. This is good since it given extra strength for overweight users and situations where
the wheel encounters extra impact such as dropping off a curb or ledge or dropping a user into the seat of the
wheelchair. It was also important to analysis endurance strength since wheelchairs are used for many hours at a
time and for many years before being replaced. It is also important that the user of the wheel understands how
to use the wheel properly. If the wheel sections are not locked into place properly, there is a much higher
probability of failure and, more importantly, injury. A User Manual with instructions for proper use and
assembly was made to supplement the Assembly Efficiency Test in the Testing Procedures Section. These
instructions will come with the Collapsible Wheel to ensure the user knows how to assemble the wheel and
reduce the chance of injury.
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It would be beneficial to have a method in which the wheel sections lock together when collapsed. This could
be implemented with snaps or magnets. It would also be beneficial to design a way for the wheel to attach to the
wheelchair other than the axle for storage options.

This design of this project could also be utilized in the collapsible bicycle market. With a slight modification
to the axle, this collapsible wheelchair wheel could function as a collapsible bicycle wheel, granted the push rim
IS removed.

CONCLUSION

This project underwent many redesigns to try to create a collapsible wheelchair wheel that could compete
with other collapsible wheels on the market. The emphasis was on reducing the frontal area at the cost of depth
but, also, keeping structural integrity. As wheelchair frames get more compactable and lightweight, the
dimensions of a storable wheelchair will be hindered by the diameter of the wheels. The final design is a 24” x
17 6-piece, 6-spoke collapsible wheel with two styles of push rim. This projects design reduces the frontal area
to 71.9 square inches, a reduction of 83.4%, when collapsed. Compared to the benchmark Morph Wheel frontal
area of 452.4 square inches, this design has 84% less frontal area. In terms of dimensions, this design is 11.25”
x 10.75” when collapsed, where the Morph Wheel is 32” x 12.5”. In terms of optimization, more than just the
frontal area was considered. The geometry, dimensions, and material of the wheel frame all had to be analyzed
to meet the maximum load, deflection, weight, and functionality requirements. Furthermore, the total cost of
this project (minus man-hours for construction) is around $170. The Morph Wheel by Maddak retails for $950
for a pair. This project’s design would cost about $340 for a pair before the retail mark-up.
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