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ABSTRACT FINAL DESIGN DISCUSSION
].EX.GI'CISG is ess§nt1al to .mamtalmng a healthy lifestyle. How§ver, a Console Adjustable Wheelchair — e St Design Ac.hievemen.ts: |
majority of exercise machines at fitness centers are not accessible to Support Straps > ‘- L Cut e Rower is convertible between standard and adapted sides
individuals with disabilities or injuries that require a wheelchair. For Console ' " e Wheelchair users can roll into the wooden frame and lock
Rotator

example, standard rowers are not accessible to individuals in wheelchairs, themselves in with only minimal movement during rowing

and thus require external modifications to extend their functionality. In Second ° e Users can adjust resistance levels and get workouts of varying
order to increase the accessibility of the standard rowing machine, an Console Pulley E intensity on adapted side

additional pulley was attached to the rower on the opposite side of the Neck Design Shortcomings:

standard rowing side via mirroring support plates, and a cut was made in Figure 3. Pulley Support Plates and Slit Cut e Stabilization frame lifts both up and forward during strong rowing

the rower neck to allow for the user to transition the rope and handle to the effort by user
adaptive side. A wooden frame attached the wheelchair to the rower frame Pulley U-Joint Rotation e Stabilization frame is not adjustable for varying sized wheelchairs
in order to stabilize the user and wheelchair during rowing. Testing of the Support Setting e Additional help 1s required to release tension in the rope prior to
pulley support plates and wooden frame revealed that all added components Plates transitioning 1t to the opposite side through the neck
can withstand typical loads experienced during rowing while properly
stabilizing the user, and showed that users can still achieve varying workout g Pivot
intensities from the adapted side. Handlebar L Point FUTURE WORK
-

Stabilizat . 4 | Prototype Improvements:
BACKGROUND & MOTIVATION aFi*;IZl?elon 50.8 Cfn Figure 4. Console Figure 5. Console e Fabricate the pulley support plates, console rotational mechanism,
Background: Figure 2. Full Assembly Rotation U-Joint Rotation Base and arm rest support base out of steel
e Rowing exercise targets shoulder, back, and oblique muscle groups [1] o Create a chest / abdomen support mechanism to prevent the user
Motivation: from sliding out of the wheelchair during use

e Consistent upper body exercise can easier transition of the handlebar from one side to the other

alleviate shoulder pain, which i1s — (1)(9)222 e Make the arm rest support base adjustable to allow for different

® 55 milli.on wheelchair users in the U.S [2] TESTING & RESULTS e Fabricate a device that takes tension off of the rope and allows for

Pulley Support Plates Solidworks Simulation (fig 6):

common amongst wheelchair users [3] e Held fixed at large cavity to mimic actual loading 0.8606 ‘2 sized users to use the rowing machine both safely and comfortably
e [ack of adaptations for rowing machines e 1050 N load applied with safety factor of 2 8;5;; g e Adapted side needs a component to hold the handle bar during rest
on the market A\ b o 3 e Max Displacement: 1.076 mm 0.5379 .§ Testi.ng Impr OVements: N | |
e Existing devices permanently change =~ et S e Max Stress: 18.84 MPa < Yield Stress: 37 MPa oy 2 ® Pind wheelchair users to participate in festing .
functionality of the rower (AROW) [4] Figure 1. AROW 0252 2 e For non-wheelchair users, use an EMG to monitor and limit the use
e Increase exercise options for wheelchair users Rowing Machine [4] I 0.1076 of leg muscles by test subjects during rowing
Force Generated During Rowing 0 e Attach the handlebar to the spring gauge to more accurately

400 [ — | — Figure 6. Solidworks Simulation Testing replicate the standard rowing motion during testing
PROBLEM STATEMENT ® Adapted B User Survey:
The majority of exercise machines are not designed for wheelchair use, = 350 | ® Standard | o Displacement of _S'de Ha'?d'e Bar_ and Wheelchair o pe.oived feedback on the user stability, intuitiveness of the design,
and thus exercise options for wheelchair users are limited. To solve this ; ' % 110 During Rowing Motion workout mechanics, and ease of use
1ssue, modifications W%H be made to a .standard Mat.rix Rpwer [5] to Q 300 | g_ e Difficult to not use legs; transitioning the rope was feasible, but not
accommodate wheelchair users. The Adaptive Rower design will secure the © —~ 100 | Sy from wheelchair; rowing mechanics felt similar to normal rowing
wheelchair to the rower to increase user stability / safety, and easily convert 8 ‘ ' %
between standard and adaptive states to increase accessibility. This unique O & 907
ween stand piv e accessibility. This unique § - 5 200 5 ACKNOWLEDGMENTS
design will directly address the lack of exercise equipment available for ™ S
wheelchair users and help to improve their wellbeing through exercise. O 200 | i 'g_ 80 | Scale Bar - 4.09 cm e Ms. Staci Quam e UW-Madison MakerSpace
LIC_) | 0 70| \ Side Handle Bar Displacement . gg\fJif[mdl')uCCi]g;}[l]ig . ?Y‘MaéfISO?tE]?FAl\}i[Lab
% L — ° -Madison e Johnson Hea ec
DESIGN CRITERIA 150 | ® E 60 q Wheelchair Displacement Department
Criteria: Specification: 1 5 10 > 50 100 150 200

User Stability / User 1s stabilized; pulley mechanism withstands

. s stabilizect sm i i X-Axis Displacement (pixels) REFERENCES
Safety maximum 1050 N force [6]; zero tipping / displacement Resistance Level

Figlll‘e 7 ROpe TellSiOIl VS Resistance Figure 8. MaXimum Displacements [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].

Ease of Fabrication | Easy to fabricate; all materials available to order / build 21 A, J. Roberts and O, published: O. 22, “Wheelohair and power mobility for adults,” PM&R KuowledgeNow, 13-0ct-2021. [Online]

Rope Tension (fig 7): Kinovea Wheelchair Displacement (fig 8): Available:

Ease ()f Use / EaSII aCCQSSIble to lndIVIduals ln Wheelchalrs llmlted . . https://now.aapmr.org/wheelchair-and-power-mobility/#:~:text=Background%3 A ,uses%20a%20wheelchair%20for%20mobility.

, M ’ e 45 kg (100 Ib) spring gauge used to measure tension e Trackers placed on side handlebars and wheelchair [Accessed: 19-Apr-2022].
Ergonomlcs eXtemal assistance required ] ] ) ] [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

between adapted and standard side o 3( seconds ()f rowing on h1ghest resistance settlng review,” PLOS ONE, vol. 12, no. 11, p. ¢0188410, Nov. 2017, doi: 10.1371/journal.pone.0188410.
V t 1 t E 1 I’t b 1 f t d d t d t d d M . d 1 d [4]Spinal Cord Injury BC, “Adapted Rowing Machines for fitness and health,” Spinal Cord Injury BC, 01-Sep-2020. [Online]. Available:
crsatill dSl convertoic 1rom Sstandar O adaptcd modadc ” » ” . o . https://sci-bc.ca/adapted-rowing-machines/. [Accessed: 19-Apr-2022].
y y p ® 10 rOWlng trlals for 3 reSIStance levels' 19 59 10 aximuin lsp acement measured. [5]“Rower | Matrix Fitness - United States.” https://matrixfitness.com/us/eng/group-training/cardio/rower (accessed Feb. 07, 2022).
‘14 . ‘112 : . . . . 1 . 6] N. Découfour, F. Barbier, P. Pudlo, and P. Gorce, “F Applied on Rowing E C 2®: a Kinetic A h f

Durability 10 year lifespan / 8 million meters [7] e Paired Sample T-Test showed significant difference in o Side handlebars: 1.86 cm (91X, Decouour i Bubler P Pudlo, and P Gore, “Forces Applied on Rowing Exgometer Concept2s:a Kinetc Approach fo

. e [7] “How Long Will A Concept 2 Rowing Machine Last? - Rowing Machine 101.”
C ost Budget Of $ 200 for development force for resistances 5 and 1 O O WhGCIChalr. 409 cm http://rowingmachine101.com/concept-2-rowing-machine-lifespan/ (accessed Feb. 09, 2022).
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