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BACKGROUND & MOTIVATION FINAL DESIGN DISCUSSION

Benefits of Rowing Machines: Section Note: All labeled components were either fabricated or Design Achievements:

e Rowing exercise targets arm, shoulder, and back muscles [1] altered by the design team. e Rower converts between standard and adaptive sides without
Importance of Adaptive Equipment: ES assistance since handlebar can be reached from both sides

e 5.5 million wheelchair users in the U.S. [2] Console Rotation  Pulley Plates Resistance Second Resistance can be adjusted from both sides via push buttons

e Consistent upper body exercise can Mechanism and Antlers D1sp1ay Pulley Lap pad secures wheelchair user in place and prevents excessive

movement of wheelchair
Stabilization frame adjusts for different sized users / wheelchairs
Console automatically rotates to side currently in use so that user can

| Adaptive |

alleviate shoulder pain, which 1s
Side [

common among wheelchair users [3]

e 81% of individuals with disabilities feel
uncomfortable 1n fitness centers due to
lack of adaptive exercise equipment [4] | |

e Existing devices permanently change Figure 1. AROW
functionality of the rower (AROW) [5] Rowing Machine [5]

view the metrics of their workout

Areas for Improvement:
e Improve reliability of the resistance mechanism

Flgure 7. Full Assembly Side Vlew o ® Increase adjustability of the stabilization frame

PROBLEM STATEMENT

Individuals with lower extremity disabilities/injuries who require the use of

Resistance
Limit Switch

FUTURE WORK

wheelchairs have trouble utilizing typical workout machines due to a lack of

accessible exercise equipment. The majority of exercise machines are not wheelchair Stepper Future Design Iterations:

accessible, and thus exercise options for these individuals are limited. To solve this Motor ® Fabricate console motor holder and resistance motor box out of steel

issue, modifications were made to a standard Matrix Rower [6] to accommodate e (Connect stabilization frame to pulley plates to increase rigidity

Motor-Magnet e Increase the number of adjustability levels for stabilization frame by

individuals 1n wheelchairs while maintaining safety and preserving the rowing

motion. This unique design addresses the lack of exercise equipment available for Connection using ratchet mechanism
individuals who require the use of a wheelchair and helps to improve their wellbeing. Resistance Power e Utilize motor with stronger holding torque for resistance adjustment
Adjustment Stabilization P Adjust.ment Lap Pad B Supply mechanism such that 1t does not slip during high impulse strokes
DESIGN CRITERIA Buttons Frame Mechanism e Investigate methods for improving resistance increment consistency
Criteria: Specification: . o DU ~ Electronics Box e C(Cover all wires with 1nsulated tubing
Figure 6. Full Assembly Isometric View Figure 8. Resmtance Adjustment Mechanism p v attach limit switches vi
User Stability / Safety |[Pulley mechanism and antlers withstand maximum 400 N force ¢ rermanently attach {imit SWIChEs via SCrews
[7]; zero tipping / displacement TESTING & RESULTS e Increase accessibility to handlebar from adaptive side
Ease of Fabrication Easy to fabricate; all materials available to order . . . o ,
SolidWorks Simulations: Usability Survey Testing: Future Testing:
Ease of Use / Accessible to individuals in wheelchairs; no external assistance O — o R ” i cinants t lot bilit 4 EMG test;
Ergonomics required FOI’CQ Deformation (mm) Force Stress (MPa) (10 Testing Participants without Physical Disabilities) CCTUIL MOTE pat 1C1p_an 5 10 LOp 6 © us‘a ity an cstng
. — . . —— . . | o8 . m e Conduct more extensive EMG testing with more controls to promote
Adjustability Fit wheelchairs 60-70 cm in width, 45-50 cm in seat height, M 1486 Standard Side Average Score (Out of 5) | Standard Deviation .
- 1338 consistency
90-125 cm 1n depth [8] Overall Ease of Use 4.22 1.02 . .
g 1040 e Include more muscle groups for EMG testing to determine
Versatility Easily convertible from standard to adaptive mode; adaptations - 891.8 Overdll Satsty .00 .42 . . L L
_ 7430 differences in activation between standard and adaptive sides
extend a maximum 0.6 m from the rower \ Comfort 4.60 0.52 . . . .
594.6 T » e (Conduct comprehensive design verification tests
Durability 10 year lifes pan / & million meters [9] " 4459 Adaptive Side Average Score (Out of 5) | Standard Deviation
Budect §500 for devel ) 1 297.3 Overall Ease of Use 4.72 1.35
udge ~ or developmen
= > 148. Overall Safty 275 044 ACKNOWLEDGMENTS

—» Yield Stress

SOLIDWORKS MODELS Comror + 0> Ms. Stact Quam Health Tech

Figure 9. Antler Simulation Testing . - ° e Johnson I
_— . . o . gtj;ifﬁsﬁd Adaptive YRS RRDIS (CHECE)) | SIAndae. Heviadon e Dr. Tracy Jane Puccinelli e UW-Madison BME Department
ale Locking . <
\ N e Fixed at neck support cavity to mimic actual loading N e o T e Dr. John Puccinelli e UW-Madison MakerSpace
i . . orkout Comparabili : ; ] . . .
4 cm e 400 N load applied with safety factor of 2 e Dr. Christa Wille e UW-Madison TEAMLab
. Console Use and Transition 4.89 0.33 ~
® Max Dlsplacement: 19.14 mm e Dr. Brandon Coventry e (ate Flynn
: Likelihood ot Future Use 4.50 0.53 e All testing participants e Dhruv Biswas
\ , Flag to hit Limit e Max Stress: 891.8 MPa > Yield Stress: 220.6 MPa , . sP p
‘ 2 G Switches | Ease of Resistance Adjustment | 4.90 0.32
34.7 cm i . I qe
: Flgure 3. Resistance Motor D-Shaft Electr omyograp hy (EM G) Analy AR Adaptive Side Only Survey Results RE FE RENCE S
Location of | Dlsplay Cover Cavity . . o (3 Testing Participants with Physical Disabilities)
Second Puuey | | ® Data recorded on blcep S9 rear delt()ldS? and latISSImus Adaptive Side Average Score (Out of 5) Standard Deviation [1] “Main muscle groups used in a rowing machine workout,” NordicTrack Blog, 19-Sep-2019. [Online]. Available:
" . . . . https://www.nordictrack.co.uk/learn/main-muscle-groups-used-rowing-machine-workout/. [Accessed: 03-Feb-2022].
A dors1 on standard and adaptlve sides at resistances 1 . 3, 5, 7, 9 Overall Ease of Use 4.80 041 [2] A. J. Roberts and O. published: O. 22, “Wheelchair and power mobility for adults,” PM&R KnowledgeNow, 13-Oct-2021. [Online]. Available:
| 1 A f d . lt d ] ) https://now.aapmr.org/wheelchair-and-power-mobility/#:~:text=Background%3 A ,uses%20a%?20wheelchair%20for%20mobility. [Accessed:
® verage wave 101rm and accompanving ampiituac was 19-Apr-2022].
— B g p y g p Overall Safety 4.83 0.41 [3] O. W. Heyward, R. J. K. Vegter, S. de Groot, and L. H. V. van der Woude, “Shoulder complaints in wheelchair athletes: A systematic review,”
bl . ’ — ’ ’ PLOS ONE, vol. 12, no. 11, p. e0188410, Nov. 2017, doi: 10.1371/journal.pone.0188410.
4.445 cm Oﬁ(g)fr?sol?u(l)liy 207 em Calculated (larg Cr amp lltude mMore aCtlvatlon) Comfort 4.33 115 [4] P. Adams, “Degree presses fitness industry as 81% of disabled people feel left out,” Marketing Dive, 20-Sep-2021. [Online]. Available:
) . . . 1 . . . https://www.marketingdive.com/news/degree-presses-fitness-industry-as-8 1 -of-disabled-people-feel-left-out/606835/. [Accessed: 05-Dec-2022].
® NO ma] or dlfference 1n tle aCtlvatlon prOﬁleS for the blceps or Likelihood of Future Use 4.67 0.58 [5]Spinal Cord Injury BC, “Adapted Rowing Machines for fitness and health,” Spinal Cord Injury BC, 01-Sep-2020. [Online]. Available:
F 2 d lt . d th . - f t . t 1 1 https://sci-be.ca/adapted-rowing-machines/. [Accessed: 19-Apr-2022].
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g Feﬁiie}ér?i?;ng . . . 4 . p . . Flgu re 1 Oo Survey ReSUItS [7] N. Découfour, F. Barbier, P. Pudlo, and P. Gorce, “Forces Applied on Rowing Ergometer Concept2®: a Kinetic Approach for Development (P94),”
Pulley Plates e The latissimus dorsi had slightly increased activation levels , D s Dimemons A Compiete Wheckis S e i s co bl st el (e Ot 9
: - . “Wheelchair Dimensions - A Complete Wheelchair Size Guide.” https://gharpedia.com/blog/need-dimensions-wheelchairs/ (accessed Oct. 09,
& Antlers Figure 4. Resistance Figure 5. Console . L e Move console & buttons closer on each side o P ps//gharp e
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