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Problem Statement

Modern wheelchair lack multiple modes of
propulsion; currently models mostly focus on
moving wheels using wrist motion. Causes

repetitive stress injuries and suboptimal

propulsion modes. )

Median nerve is compressed
at the wrist, resulting in
~._ numbness or pain

Considetr...

- How to prevent injury to wrist from
repetitive stress?

« How to allow users to climb slopes better? _ROLLYN.

- How to make wheelchair use for novice F
individuals easier? s

_ROYCE
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Attach to I
Wheelchair |

ROLLYN

Function Block Diagram - Provide overview of product’s functions to address and/or consider
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Physics Development

Tingut = 300Nm 1.  Energy Equation Used to Compute power in
vs. Power ont

Prosses = Porag + Prr + Prransiation + PRotation
P_,.hu-i[ub.l.g = Pm = -Pir:rase.s
FPow = 0 * Pyvoitable

New Pavaitabie
Tew = ——F————

FPout
LR SRR 2. Static & Kinematics equations used to
Figure 5.13: Defining Physics for Propulsion CaICUIate the aCCeleI'atiOIl Of the SYStem aIld
o = th‘ F1R =Tyorma L =Tyen ad
oSBRe, o ""s‘
R it _ T i 1
' — R T -
... o D T Aa-=T==[{§+R=M] ] S—
Torque Input Present Ma Torque Input Present ZFZ e Distance Travelled = %Amtﬂ + gt + 7

**When Input Torgue fs present opposing torgue from friction counteracts the ZFH:G:N_W
moment. When no torgue is present, the friction changes direction to prevent motion

Y Meenter =T — Firiaim + R=1 +a

Figure 5.14: Defining Physics for Rolling with ‘No-Slip’
Aw =R+
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Requirements

Requirements

Voice of the customer needs

Better propulsion efficiency Propulsion Efficiency
Gear Reduction 2x effective for trans
Compactable Usability
Lighter weight Durability
Durable Tip angle
Lever Optimization
Safety ; [ ROLLYN
Weighs less than 101b
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Key Milestones

Wheelchair donation Left side drive Major design modification

ROLLYN
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Model 3231-ccc

[ ROLLYN.

Model 3221-ccc Model 1131-ccc “ROYEE
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Preliminary Design

Disengagement

Overall Wheel Explosion

Lever
Assembly

DETAIL A
SCALET:)

DETAILB

“Lever system has
adjustable speeds
; based on gearing. The
AL handle is hollow to ROLLYN.
Coupler o have the wiring go F
through N,
_ROYCE
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Detailed Design
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Failure Mode Effect Analysis (FMEA)

o o
% € 1
[
o ; « : ] Responsibilit
Potentisl Potential Falbure I Y A Recommended ¥ & Target
# Part Mame Function Causes/Mechanims . design < | RPN Action taken
Fallure Mods Effect . o« B - Rt Meisirind ps |00 | po | pron
] Failure = Contrals § Diste
g € o
[ L}
Structursl 5 - Deringn Chanige to Redesigned
ink st e Faliure; ccini .Pin:hl Sheeer stress esceeds yiekd Photical eliminate stress ek Lever and
Lever it Bendirg ar i & B | stress of material due to 5 2| BO concentration. 0271072017 choose B 4 2 &4
PropL Breakage of - excesshve tnagential load .. Choose material with better
system. endangered material
[ appropriste fhigh
Fratiune atng o Choose
el 38 supporting Seructural Selarmtion of Redesign to resist :hﬁ
companet & tailure, High impact losding at site FIEA anpdyin besah
Aoel SUppORt | et gty to trbiling vt ":""m"'m“" I": ' PO by eternat farves 4 forcacng | 3] 120 “”::“"““m'm yiofar *"“"I’;‘“ Bla|2)| &4
structure stability. sheering and oonduried
stcuctucal Lifective
corat with |nakity 10 cperate
prownd. Allow for Paschire s wehiche effectively o Visusl Restore ik
Tires acceleration, s v Bdwers |6 | 1P ohiect pensination 8|, 3| 144 AN 310117 nane 6 |7]|2]| s
cormeting and safety '
= braking whatewer compromased
= T
ouber circular
|inabilisy vo operate
‘ Rim b s sl Focomeclinoch o | i e pcd P bt B BT muﬁm:nm o m&m g 3]s | 120
k== failure drivers safety exteisive loadings for koading. 0R15/17
edge of the tire i ool testing s with ANSYS
) maunted 1o the
7 T Mech 2 Det o Lubsrcation ks, rex Proper Lubrication varified
: Beari consiraing motion Pl v steering &/or 8| contamination, impeoper ] analysly 6 | 192 |and Check alignment specification 6 |34 n
i " out. wehioel maotion. mgunting etc . £ provide Shielding. 5 wiith ANSYS
Bendirg or grinding of gear teeth, S varified HULLY“
Faliure to propel FEA anadyiin Lubrication & we Jessi -
Gears. Alter powes input grinding of : B | improper alignment of 3 ol 4| 96 ik aa18 specification & |2| 3 36
Eran Rrars Pt 5 with ANSYS
T [ TITOTE T T .
e RS Breakage and wheelthsit. Modity the wheel Redetigred
W : srestural Damage to driver Yeilding / Bending of Wik design to eheaninme Jesie - :
! 5 failure due Lo B wheelchair in 8 Wheel rim o spokes 4 Inspection 31 9% Elreis condeniration. LT LY {I }&l & 3 2 3
g excesihe or undesined & increase F.o% FOS.

TRAINS & CHEESECAKE |




Conclusion
@@ © 6@

Discussion
OO ONE

Introduction

erofielelalle, O

Failure Mode Effect

Analysis (FMEA)
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Problem Solving Example

Problem:

® Conceptual design phase
® Determined current common internal hubs only work in one (1) direction

Pro: Cheap; Available variety Pros: continuing forward with : . :
, , Pros: extensive application of design
design determined .
skills
Con: Timing affecting fabrication & | Con: Expensive; Adjusted Con: amount of time; complexity of ROLLYN
re-designing accordingly solution; level considered a whole

other capstone project

TRAINS & CHEESECAKE | 14




Introduction ' Discussion Conclusion

erofielelalle, @ ONGRONE) O O OO0 O

Example Testing: Proof of Concept

Propulsion Efficiency: -

}
e WPRFFUN
Testing the Efficiency of Power in
(Calories) to Power (Out) - Watts Produced g
0. - 0. ‘ .f"
0.27 I 0.27 . -
g 023 . é 0.23- //\
| High Position
4 Analysis of Variance 4 Analysis of Variance _ROLLYN_
Sum of Sum of
Source DF  Squares Mean Square  FRatio Prob>F source DF  Squares Mean Square FRatio Prob>F ¢
Person 1 000010924 0000108 01036 07541 Lever Length 1 000682481 0008825 17.8416 00018° N
o 10 0.01054080  0.001054 Eror 10 000382522  0.000383 - Temt e Form e St Tomitin
C. Total 11 0.01065004 C. Total 11 001065004 ROYCE
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Introduction

Example Testing:

Propulsion Efficiency:
Testing the Efficiency of Power in
(Calories) to Power (Out) - Watts Produced

— In process Grand
< . sk . , Population 1 2 3 4 >
Euz- . Mean 0.034076663  0.046591 0.017827 0.0391722 0.0537143 0'0135?7762
= -
£ 015 + STDDev  0.027224142  0.041356 0.018350 0.013826 0.012902  0.00527
-_E 01 * +
gﬂﬂs é - o é é
~T = — ==
& Run 1 Run2 Run 3 Run 4 Run &

Pout — I(J)a'

Propulzsion Efficiency
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‘Equivalent Stress
Type: Equivalent {von-Mises) Stress
Unit: Pa
Tirme: L
3/8/2017 8:39 PM

2.5183e8 Max
2.2305:8
1.9587e8
L6798
1.3992e8
L.1194e8
8.3957e7
559777
2.7998e7
18374 Min

von Mises (N/mA2)
. 1.729e+008
. 1.081e+008

L 8.647e+007

_ 6.486e+007

432564007
2.163e+007
171164004

— Yield strength: 5.050¢+ 008

Modern Tools

ANSYS and Solid Works

I’:‘_quﬁ‘a’lemﬂasﬁ:&ni\'\

Type: Equivalent Elastic Strain
Unit;
Time: L >
3/8/2017 936 PM JEE ; g
0.00060382 Max o] /N S /SR o o2
0.00053676 S 2 > o : .'}g“_‘
0.0004597 g . = > P [ 7
0.00040264 N 2
0.00033558
0.00026851
0.00020145
0.00013433
6.7328e:5
2.6648e-7 Min

wvon Mises (N/m#2)

1.342e+007

. 1.231e+007

- 1.118e+007

- 1.008e+007
. 8.963e+006
. 7.84%e+006
. 6.735e+006
. 5.620e+006
. 4.506e+006

_ 3.391e+006

2.277e+006
1.163e+006
4.848e+004

— Yield strength: 5.050e+ 008

ROLLYN

' 4

<,

ROYCE




Introduction Design Discussion Conclusion
GOROTONORONE @@ @M@, O O O @O © @O 0 00

Modern Tools

)
Manufacturing @

\.;«'.

> Mill i ROLLYN.
> Lathe -
> Welding
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Modern Tools

Fusion 360 and Tormach (CNC machine)

956
N11920 G2 X26.917 Y17.017 10,61
N11930 G1 X27.108 Y17.07
N11940 G2 X27.299 Y17.114 10.626 2297
N11950G1X27.49 Y17.149
G 7sn\n1177m437|7u;’1
H

i

N12020 G1 X32 958 Y18.
N12030 G2 X33.201 Y1&.
140 G1 X3

CYCLESTART LU w0 | 100
SINGLEBLOCK || MOTBREAK° | { 5 0427 sy’ | == 429 163
reiol0 WSO 0.021 wery Tl 2546 [1]
COOLANT™ f§ RESET ‘ oo R 2230 I

e 100% - Y e i el
i Qg 0,000 sk '|' )

e 100% [T

— 100% STATUS: G54 690 G21 61 640 694 697 699 [IAIE

- SolidWorks (CAD)
- AutoDesk Fusion (CAD)
- Autodesk CAM tools (CAM)

ROLLYN
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Validation

Propulsion Efficiency = 20% Hand Calculations Use Engineering Equations Complete
Propulsion Efficiency = 20% Physical Testing Heart beat and Caloric usage vs Energy Input Incomplete
Propulsion Efficiency POC Physical Testing Elliptical Lever Test Complete
New design is 2x as effective for Hand Calculations Use Engineering Equations 1:1 Complete
transportation
New design is 2x as effective for Hand Calculations Use Engineering Equations for Hub specific Complete
transportation
New design is 2x as effective for Physical Testing Slope-Multiplier Loading Test *Removed
transportation ROLLYN
Usability and Everyday Use Physical Testing Functional Testing in a Building and Class Complete
environment
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Validation cont.

Durability and Strength ANSYS Load to last 50,000 cycles Complete
(Axel-fails)
Durability and Strength ANSYS Withstand 300N force applied to Lever Complete
Durability and Strength ANSYS Withstand 200 Ibs. Sitting Complete (100 Ibs.)
Tip and Tilt Measure Solid Works Find Center of Mass and Angle from vertical Complete
Tip and Tilt Measure Physical Testing Tipping Angle Test as mentioned in ISO 7176-1 | Complete
Lever Optimization Test Physical Testing Member Test Cases for comfort Complete
Remain Under Budget > $600 Final Receipts (none) Complete
($698.17)
: , . ROLLYN
Physical product less than 10 Ibs. Solid Works Weight Feature Complete
Physical product less than 10 Ibs. Physical Testing Weigh the prototype Complete
(9.834 Ibs.)
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Lessons Learned

* Time Management
e Communication
* Manufacturing Techniques

* Testing Development

ROLLYN
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Summary

® DProblem Statement
® Project Planning

® Design

® 'Testing

® Manufacturing

® Project Management

ROLLYN

Questions?
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