EEAINDNV RIS

ECB e A WK Y e K- FINE- - S-a

RNtegrated ;.anae anad
SONGTR,

St

Yial ara n

enaplitaunen sysiem
M OdibAARSIDAN Ha s a n

Moitivation

©® Neuromusculardiseasesdirectly affect the musclenerve relationship, progressive muscle
weaknesss presentin most of thesediseasesdirectly affectsthe upperextremity functionsin the
humanbody Thefunctionalitiesof the handandwrist could belost permanentlydueto thesediseases
As the hand and wrist lose their function, peoplebecomeunableto perform their daily activities,
which makesheir lives muchhardert

® Successfulrehabilitationfor patientswho have lost the necessaryfunctionsin hand and wrist
movementscan be achievedwith intenseand continuoustherapeuticexercise Rehabilitationrobots
provide an effective treatmentopportunity comparedo traditional treatmentdor patientswho have

difficulty in performingrepetitivemovementsvithoutassistanceé
© The mainobjectiveof this projectis to developandimplementa synchronizedehabilitationrobots

thatassistto the humanupperextremitylimbs which arethe handandwrist, which aimsto restorethe
motorfunctionsof the handandwrist.

Originalit

= An integratedsystemthatimplementgendondriven systemandsoft robotic technologywhich will
beusedtogetherto performall rehabilitationmovements

>3 Air pillows will be used,andsoft robotic technologywill be usedto provide Flexion/Extension
andUInar/Radialdeviationsmovementsvhich realizeshe 2 DoFsof thewrist.

(>~ TendonCablesand 2 Air chamberswill be usedto provide Extensionand Adduction/Abduction
movementsvhichrealizesthe 2 DoFsof eachfingerincludingThumh

(5> Hand and wrist exoskeletongo actively assistthe traditional rehabilitationprocessbasedon the
physiotherapistdecision the necessaryrehabilitation processcan be applied separatelyto the
relevantpatients

> Systemis suitablefor usein the physicaltherapyand follow-up processe®f neurologicaland
neuromusculapatientsin hospitals,clinics and physiotherapyand rehabilitationcenters It canbe
appliedin themedicaldeviceindustry

I-HANDWRIST Design
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I-HANDWRIST SolidModel (Isometric View) I-HANDWRIST Solid Model (Rear View)

(> Two DC Motors (Underactuated)Seven Pneumatisctuators

> Tendon Cableg Finger Ringg Slider/Slotmechanism

> Two Air Chambers Three AirPillows

(> Positionsensorgencoder)wereusedin controllingthe Tendondrivensystem

(> Pressuresensorandelectricalvalveswereusedin controllingtheair pillows

Hand Rehabilitation System Desigri-eatures Wrist Rehabilitation System DesignFeatures

> Integrationof tendoncablesandair chambers 1= Softactuationsystem
(> Adaptiveto anysizeof user > Flexionandextensiorof thewrist.
(5> UnderActuateddesign

(5 Extensionof thumband4 digits

(5> Ulnar andradial deviationof thewrist.
(> Adaptiveto anysizeof user
> Adductionandabductionof fingers > Main air pillow modularity

(> Lateralair pillows positionadjustment
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Experimentally Evaluated Required Torquesof Ulnar and Radial Deviation of Wrist
Max Pressure

Max Pressure

Load [kg] Torque [Nm] Load[kd] Torque[Nm]

[kPa] [kPa]
0,15 0,136 11 0,15 0,136 10
0,25 0,227 11 0,25 0,227 10
0,5 0,454 11 0,5 0,454 10
0,75 0,68 11 0,75 0,68 10

Experimentally Evaluated Required Torquesfor Flexion and Extensionof Wrist
Load[kg] TorqugNm]

Main Air Pillow PressurgkPal]

05 6 0.454732

1 0.909464

1.5 1.364196

Conclusions

(5" This study presenteda novel design for hand and wrist rehabilitation of patients with
NeuromusculadiseasesTlhedesignsupportextensiomndadduction/abductiomovement®f the
fingers as well as flexion/extensionand ulnar/radial deviation movementsof the wrist by
Integratingtendoncablesandair pillows.

== While performingthe rehabilitationprocesghe feedbacks receivedvia differentsensorsuchas
position sensorsfor the tendonsystemand pressuresensorsfor the pneumaticsystemand the
feedbacks recordedo analyzetherehabilitationprogramof eachpatient

7" Mathematicalmodel of I-HANDWRIST is derived from kinematic and dynamic analysisand
testedwith Simulink environment Realtime control of I-HANDWRIST was donewith multiple
microcontrollersandtwo DC motorsandsevemair pumps/vacuums

(% Futureworksareplannedor I-HANDWRIST to improvesystemspeedandfull automation
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