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Figure2. Structure of the human hand [8]
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Table2. The amount of accessible angles of different finger joints[22]
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Table3. Sizes measured for fingers[8]
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Table4. The maximum values of the force applied to the fingers vertically and continuously along the

length[23]
| 551 : 7€;| IR | ]
Sees Nail | Jle  o,Lal
A A L U O > ) S Ljge0 &1 STl 2 3908 (595 o2 o
L Ryt &
YA A IR A O g >y oo Ly 900 3 Sl Jgbo (Sl 53 9y oon 3o

oS 90l 51580 0 3 58 adgl (215 g Juo cS b YT

Slabab 5 oygise Jlail aler Jeodiie slo i Jold & aile air alins o5 olsic 4 b, SulSe b
b blss oobos 53, 958 S balas g o By e (55058 5l ten el i (Sl Sl Le S o Sy S
gl Sl (Hhb e o (g Jyol 93,105 0925 (See 5 elr gy Dby 2Lk b oyeS 465 (nl el
Jdo 1581 o 5l casloas o,k lslagimgleslasl b olakad gjluacss b ks g0 0350500 .[Yf]\))}?.'so.s el Ay D
e 3 L35 e b Bl bl 00, 5igf Pin 3 e s3] Skl s S
oliin b s5lel, 5 il sy 5l 30 S (ol 5l ey el 515 oolitl 050 S0 (sl I3l b
G5 (9 QLIS 53,55k sl &5 Sl (90 4 i SIS Ll adyl b adansle adgl Wges 5 (oaBly Joe g 4
£ s S |y R IS (5505 e <SS 4 oS LS i 3] 5 IS b ol il s sl
4 CiS5l g ks GladS Covols jleolinul b g Bd> |, GEaSRgo S sl Sl y5550 5 JIT 45 adon Kol 6500
igd 5k e plasSlads) Sl

ASETee

o5 3990w 138l 5 50 (s (> ,b Y S
Figure2. Final design in Solidworks software
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Figure3. View of the design from the front and placing the springs behind the fingers

a5l g 0 ateitie S (o B )18 e 5 el Cews 4 e b adsl Sileds il s (b ST 4,
4 e 95300t oyl (5 4zl GBS 4 e 5 5508 W38 59, 5l L BT Al b v ol g < le gl 5 sl
po b 50 i Sl Sk 99, Fles @ oy BRI Job e Gl 5 Woass 5 JIS SLaol (a3l Jo
SISkl daics by sl STkl Jol iy ole b 25,5 15 )l Y 53 o ot b5 wion] ol b lan a5
S OLESI 1 90 5 alSlaz jsb a4 (JyCSicoond’ (38,5100 b 2led >k 99,583 wabolnl 55 LS 5 bass (e
Sp Jolds (J S Ceond s eSSl 4 (BL (359 JleslGl 655 sl jolane 4 g unlos S (6 T sl (LLaSil 4y (59 Jlee!
axio g 5590 097 (Slbd § L8000 uleianil s LS anio SeS 4 5 Allax b 4 j5ige snl)e (SS9 5 ol
Sloais &5 col 50 & Sl 50 25l (5 > a5l gl TS > ] LaSl e IS SaS 4y 5 a5 (5 1S
2550 ol ) 5 Cuslonds (65 olr s & ool I g aBaEE g (laz bt 4 g wiicaal 538 i 5, 5 8
o G a9 08S (paper ) locaSil g ceslondi patells (2B 40 508 Ky 4 b blS 45 aiS (o | e 05055
Jlas! e g sim o 1,8 solias! cdl> 4 1y eSSl ol )T 4y el cuzy glaid g 05i 0 wSe 5 &5 > aduive alais

SPGB i gy g ol (o) -Y-F

Sl a5 CaiSl o el (538 Slodse (g S8 4 g ooliitul ()25 (gl celie 9528 laass Sl sl

Slrogise 4 0> Sl G 95 JUl pae 5 (S g pdySllasl g adsl cdlo a4y QLASIELT I LUl alox 5l olo S5
S35 2 ool ok adsl (il a8 T8 s 090 il HeTge 4 ax Sl i [l 9a8 GLLASS] ()0 )5 pez 5 alioa S
ceslio (5 pdgBllasil 6lylo 5 gl 59,5 5 SIS elgil 51 (S5 a5 00l )55 ol 35 b 0,5 8595 A 5l (63Vg8 (5518 48
BB s )0 Slias b aS (g 5k 4 conloadoslainl cunlin Cuolies 5 Caws &5 ol 4 az g5 b oo BLw A 0 YO olal b
859 el adsl (il 5l ey ceslans ) IS4 e Lead VO culies b (5308 559 055, (nl 5o a5« allingrop 5 (s pdi S
adsl (29 p 3 eslin il Lansgi casic oy (6318 48y 000,8 Sl 5 adony r laad (8] e g G aliosls (5 (58
Pl sl sl crgil (o8 ploml I g aBoslol 55 s gyb 5 Buw gl )0 45l Sla S Sl g0 S

Waalbrs b sl iz 5l aliee (6,08 sloars Lol (g,JA8 cldle (6508 sleaxs (6,5 )18 Cy o i o,ee (_ng‘_g)lfé‘)w



2 Sdge D50 a5y slaaind )T e Ll e 615,18 Jore 5 w518 (el s s5e gl sl 5w 5 5
g (e s Giales] s Al e 3 U Wadieal o0 5 g bwgt elS )

wls (> lhb Jolyo aclol b S
Figure5. Continuation of the chassis design process
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Table5. Width of spring blades in millimeters
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Table6. Length of spring blades for each finger in millimeters
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Figure6. Force measurement steps: Step 1)force measurement of index and ring finger, Step 2) force
measurement of the middlefinger, Step 3) dynamometry of the little finger,
Step 4) Placement of suitable blades on the chassis
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. The values of measured force for the blade with fixed length and different width at each stage
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le8. Selected blades for each finger
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Figure9. The final structure of the finger rehabilitation system prototype
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Design, build and control the rehabilitation robot to
move fingers
Niloufar Azadi Sohi, Majid Sadedel’, Majid Mohammadi Moghaddam
Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran

ABSTRACT

This research presents design and development of prototype fabric-based wearable soft
exoskeleton. The softglove assists the flexion and extension motion of the user’s hand with adjustable
speed. The cable method is used to help bending fingers and for extending the fingers, spring blades
have been used, the cables are gathered'with the help of the gearbox engine and the fingers return to
their normal state by reversing the direction of the engine and the force of the springs. With
bandwidth modulation circuit.and programming in the microcontroller, the movement and speed of
the built robot is controlled. In_order«to determine the appropriate placement of components,
including spring blades and cables, robot simulation was performed in SolidWorks software, and
with the help of experimental tests, suitable spring blades were selected in terms of strength and
force. The resulted soft glove is attached on‘human healthy hand for assisting the finger flexion and
extension. Based on the test result, the proposed system.obtained the highest average for the duration
of learning to work with it, which indicates thesuser-friendliness. the parameter related to the feeling
of comfort of the fingers in the glove has the lowest average due to the dense structure of the glove.
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