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ABSTRACT: This research presents the design and development of a prototype fabric-based wearable
soft exoskeleton. The soft glove 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 circuits and programming in the microcontroller, the movement and speed of the

built robot are controlled. In order to determine the appropriate placement of components, including  Keywords:

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 L
Finger Rehabilitation

glove is attached on the 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 user-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.

Wearable Robots

Cable Power Transmission Method

1- Introduction

Patients can actively participate in rehabilitation training
with exoskeleton robots, which have been proven to improve
physiological function to areasonable extent by stimulating the
nervous system and are able to provide long-term repetitive,
task-oriented therapy sessions[1]. Traditional exoskeletons
involve the use of complex rigid systems that impede the
natural movement of joints, thereby causing discomfort to
the user[2]. Therefore, in order to increase the functionality
of the robot, the proposed structures move towards fabric
structures to adapt more to the hand and we have tried to avoid
using complex equipment as much as possible. Among the
innovations of the research, we can mention the simple and
low-parameter control algorithm and adjusting the speed of
the fingers with the help of the bandwidth modulation circuit,
for this purpose, two mechanical limit switches including
metal chassis and spring blades and electric micro switches
placed on the motor pulley are used. Other features of the
design include manual and automatic modes, which provide
the ability to adjust the opening and closing of the fingers.

2- Methodology
. The designed model will be selected first in two-
dimensional form in Solidworks as shownin  “figure 17 and
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then with the help of a dynamometer, suitable dimensions of
spring blades according to “Table 1” which were found after
experimental tests. In this robot, the actuator is connected
to the head of the spring blades that match on the joints of
four fingers using a cable, and the overall movement of the
finger is done by this mechanism, which pulls the cables and
the fingers together, and with the rotation of the motor in the
opposite direction, the fingers extend and it takes place with
the help of spring blades.

neulene

.

Fig. 1. Final design in Solidworks
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Table 1. Selected blades for each finger

Size of blade | Middle Indexand Little
for finger finger  ring finger
finger
Length (mm) 125 105 85
Width (mm) 11 15 15
Control unit
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Fig. 2. Block diagram of mechanical glove system for
finger rehabilitation

According to the block diagram in “Figure 2”, the way
to set up the system is that after connecting to the city
electricity, a 220V AC to 6V AC transformer was used to
convert alternating current to direct current, and a diode
bridge was used for Voltage conversion to5 v dc, which is
the voltage required to start the microcontroller, keyboard,
and screen. 12V voltage conversion was done for the gearbox
motor. Determining the opening and closing limit of the
fingers was done experimentally and the location of the
limit switches was determined. The movement of the fingers
is such that with the rotation of the pulley in the clockwise
direction and with the help of the return of the spring blades
to the original position, the fingers extend and with the
movement of the motor in the direction Anticlockwise, the
corresponding cables are stretched and the fingers are bent.
You can communicate with the control unit with the help of
the speed adjustment screw and the keys on the keyboard.

3- Discussion and Results

to evaluate the desired parameters in this experiment which
are the ease of using the rehabilitation system, the reliability
of the rehabilitation system, the interaction of people with
the rehabilitation system, and the overall evaluation of the
rehabilitation system, the use of a scoring form was considered
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The graph of the average scores obtained in
the functional test of the rehabilitation system
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Fig. 3. The average score of each question

Fig. 4. The final structure of the mechanical glove

for the statements presented and 3 questions related to the
evaluation of the desired parameters and 1 question related
to the overall evaluation of the device were assigned. Also,
the way of scoring the questions is by assigning an integer in
the range of 1 to 5, where 1 means completely disagree and 5
means completely agree with the statement. This evaluation
was tested on 10 people with healthy fingers, the results of
which are shown using a bar graph in “Figure 3”.

3- 1- Evaluating the impact of engine speed changes during
movement

If the speed is at its lowest value, due to the force of the
springs, the motor does not have enough power to close the
hand and the fingers do not fully bend, so the speed adjustment
screw must be set at a certain value between high and low
speed to have enough power to bend the fingers. But when
the fingers open, the springs add to the power of the engine
and even at low speed, the hand opens quickly. It is better not
to set the speed adjustment screw to the highest value in order
to avoid damage to the micro switches and rapid stretching
of the fingers. Figure 4 shows the final structure of the finger
rehabilitation system prototype.
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4- Conclusion References

A robot with a soft structure was designed that can move [1] C. Lambelet, D. Temiraliuly, M. Siegenthaler, M. Wirth,
all four fingers of the patient (except the thumb) with the help D.G. Woolley, O. Lambercy, R. Gassert, N. Wenderoth,
of a motor with a gearbox and a path for the tendons. The Characterization and wearability evaluation of a fully
tendon mechanism is one of the best choices in terms of price, portable wrist exoskeleton for unsupervised training after
good appearance, and portability. For the commercialization stroke, Journal of neuroengineering and rehabilitation,
and construction costs of the desired project, we can point out 17(1) (2020) 1-16.
the placement of the engine next to other parts in a structure [2] U. Jeong, H.-K. In, K.-J. Cho, Implementation of various
called the control box and the use of a touch screen and control algorithms for hand rehabilitation exercise using
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power source.

275



75 ool SlSo (owigee g pui

YAF B YVY Glao AF ¥ o oY o)lad dF 0593 S pual SlSo suoiges & il
DOI: 10.22060/mej.2024.22947.7700

Cowd HUS CS o gl iBSuyly Oby J38 g calw ¢ &b

pldo (ghaso Ao T Jdodke Muore ¢ g d"}j Pl

Ol o yde i oSl (SIS wdigo 0051

1891 au )b

A RATARVAVRROL IR
VYT 15550
VEXTYIVY 2oy
ARAVR AL H PV

1605 Clols

S e diS

Cawd Ol:;;i;l u“‘“’uulﬁ’
by ol

S @y )

Sl g SoedSl ) o] 3)Shas ol (gl 48 sl s il @l olse 51 (S5 059yl (5300 s 1o YE
et 8 o ol 65 Condos 1] 43 s it by ) gmd Sl oo i o) 2 33 ol
sz | Sl a3l g S gl g bed S 4 S8 (gl (ST g, 319 )b 1) e s s g s S
Wi (9 9 )gige CS > Ca b wgSan b g oadgen (SuyS yige (5955 SaS & I JIS oS Cslord oolitl (5 8
53kt o S 5 655 i alon J152) (60515 canlin o (8 St ol 5 s o s 4 235
bl (595 9 0,05 (2l ) 5l sl (608 (loais ¢ 275 (sl ptaloj] SaS 4y g ool uS pgndls JJ38le 5 o by
JiS st le by sy g €S o ) 5089, 40 awmwgideliy 9 Bl (slgy ame Yoo sl SaS & daldl 3 5 bl
s Aol y S Y gy (236 05 3l 03l g s S 5ySas 13 138,506 gla ol )y oy y25 b eo5g g oyl p cCannlods
i b S 505 e ot il S o e (5Sin g A5 s 3535 sl

eSS 3 aSTl ) olul 4 bgiye yiall g s (392000 )8 Sl 457 3905 STy (S0lee 0 5L

Cawlodh jolaidl dgs 4y iSiwd o5 1yie Hid e S ) 1,Ske

4 bl 4 Slg oo &S S 23y |y (e (S > sl el b Wl oo
ol S L g mizer A S8 (e S99 CEpin
ol VIS melas hhlew 4 S8 o Bollas 1y (b law by o S
oalS b ol oyl Cow g Caw slaylidle & o) dgng Kl
OSae ol 8 e |y Sl (Sloyd Jawiliy el 'l o S
Sl 0,850 wile Jd e slacas o eS8 il Jols cul
2 &S WSl Cow g Caw (i sl yee pily Jols Wl o b il
(Jlie (5 [V]Wgs 0 Sinlonl cusSil " Shogill jgmo b 8y >
sy 4 S ey lapeds o b5 «oYlow Wl (o0lge 5l o slacly,
Fober S il o Gkl > 4 & W8 sl wiad o JSS S
(B3l o 3) Sstosoge laceasS (olusl (b balas b Gllasl e )

1 Biomimetic
2 Anatomic

doddo —
ool b pdsuply Ghisel o Jld b 4 wlge oilen
b Jos 3 (iSegly Jldge lp o5 WS S0 gy Sl
mas ples $925 b AlE e iSuply sl cwbad et
3)8es b d9e Jatend 4om )3 g (o (Sl e S90Sl
HEROle Sl pgye gy e )] Jgdne d U1y (Sojols 0
S Gloyd Canl (Hhw (2l 3d s JLISH (S o (gl Sas
22313 oly0 & (S3te 4 Elesly (sl 1) Gt gl S5 e
S 4w GBlejly 5l (o3bj 2lass & i gl g8 W) (sl
Sl 2lisid opomes sl 2 S0l planss i o3k lej
9 s57eaity (LSS (el Olud> 4 5ls (gjme aS jloilojly ya
OSleys gl wluly baas o> d0ly8 wogde 4y )b SYeb

g gl by g b Gy s Ghgy @ g el (S5

majid.sadedel@modares.ac.ir :olslSe sosge o g ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )


https://dx.doi.org/10.22060/mej.2024.22947.7700
https://www.orcid.org/0000-0002-0285-8460
https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

YAF B YWY docin VFoF Lo oY 0)lad BF )53 oy puel SlSo stino &y

bid Blanngs (g yagmoVl o (SloS o b duylio ) &S Caslors
29US 9 9305 5 abcuwd (FSe S Gied glad 4 Mg e LS e
Sl Sl lep jlisd o cutSl olatel 5 b o5 4 SoS gl K
OY dw jlas )l p e S b )Sen 5 olS Alie o [V fuis
Sl 48)5 )5 )l gp (o &S lgp A5 S 93 5 42k
b bdwaS pl ol ob jlis b cusSSl idS 5 aded Gl ol
oy (955 gy sl b S8 il Syl o s 4 g cany S
alis ;> [ Jewloddwas By claywd 1,900 €8> 4 g (S5 S
$550lS Sye S bl iy Sl iy S ) S 5§ SSU
SV oliiS oaiS oyl 4V S &S canlords Shb 7 Sl 5 5
pledl aipe 93 €8 > & (lstod (ionen 9 (293 59568 LRl Sl )
L alis 3 1) (grishd oo )3 ioped (o5 5 ALk v S (0
Ko o) Kam g g5 s lie 13 (VY Jmd o yimlS oy MalS' S oo K,
SiSiwd S Jolis a8 covlossansi b Yewss ksl 0,550 b,y )
byl ! i Om‘ P odddusd  Souas gbayoul b
o> 9 5b ) LSS b Wgb ool Jo g oauiS (Jad oo S lawgs
L Caown 50 S e (4 yiS b G <SSl (40,85L 9 STl yiiS
P S e (P ger g Gudy Gl sl )3 S Jleel (6l o
Cuwd @S (gl ol il oad gylas ¢ LS SaS T Cuwd S Caow
4SS 5 he g oylil CulSl Ll p 4 SaSHlain s iSied
Sy (5 ae> g g I Cuow 3 S e 58 L) cend ciS L
DI ] o &l oo sy Caoms pd
Ao, 138 oty (Jad e oS J S G oK 9 and] dllds
S sl il Gl ) cwle sl UK oS saddlpiin
S5l edlawl b e0,Slas (S Sl S0 S L g Ay At ycawd
S calords shb (ool 4 is isu oy by KooK
Wl oo sy 9 oo J S Jub j5b & Jol S pore s iy Sislospes
2 D ]cwloasoslaiwl wliel JuS 5l g aiS Joo Jld e & ygo s

6  Soft-Elastic Composite Actuator
7  Hand Extension Robot Orthosis

8  backstepping

vy

Sl o« isuls jslaie 4 Ll 5l eolanwl die jo [Y]5)h (g0
by by S ¢ ohlKen 5 8L hwy ol 48,8 sl goaxie
@ oS el ooljl dm s dw clyly TSl V5 S oS Cenlordas L
by 5 ol Cand Sl gLzl 4y LiSSl plod g Cowd o S >
o Sy osicy oty Sloghy jlilow S 298 0 Jled (Jad S yoeo dw
OhSen 5 9> dlio ;5 [¥] iSSl gl (Kl Jas Slas 50 9 Cawd
ST (S e (nyed Sl (Sede s (g Sl s S ¢
VSl eS8 e a S slp Sy g ool (gl b kS
o il Ceomd 93 4 45 agl diged amlons syl (o3lj] 4y
S 9 S e sl Gials (gl 9 oo Jb ad 590 93 Loy
9 Sz dlis ) [BJAS o colia ) CuliSTl ey Hgige S Lo s
Jie S ol el as pabons WYodo jlidle ghb by o )Ken
Sy p odd sl ig pals sly &S Canlosds adle oy LS
RS ml ogige Jols Oy &8> g JS Gl 555k 5 Cowd
R 809y 5l 9055 (o0 B sy A8 S > w8 mie slagile
u.))s)b dl)) a.).;w.)y duab oS L;o‘.i».m 9 wlb.).w@b]o Tug.bbs)f‘ Pb
o> S e b 003l yasuis T 81,5 gleg Sl algil S8 4y s
Jolao 59y 1) oaluiel (sl yglitS (9l 35T 4l 25k 1 5 948 00
95001 sl Cawd i Mab By o wSe y A5 o Jlesl lis]
g Mo B 1) gl aSud )3 dg2ge Slagys g Wb Szl jgige
Cad L )Sen 5 950 dlie 3 [V]Sed o5 20 0 ojla] laS) &
Sl Jlitle o cuslossasle Jgmw cdSul S g 4 °SL,
ol o po SN CS§ & plaST jo a8 Canlodds LSS degosro 5 o
89y 2 SosS CuiSl g il awg olil cuiSl 48 sla degore
g o dlie ) [A]Uad o cuad b)) Cand culy > &S L8l
0o py Slogy S e jl o5 Sl i S o)) e
L oS Conl S5Sulw S 1 S e opl Cowlosds syl as b L
S 3550 S5 25 3] g cutiSl S s diels Sl 4 408 dga Hlié
o ool 6o dlie o Jlo plea jd [ ]aee cuiSS) Jolis

Orthosis

Robotic
Exo-tandon
Electromyography
Robotic Hand

[, I S OS T N I



2l 1y QiSO a9 5k Gl @alaS ol &5 00 pU Gl )
Py 2 Silwdnd 9 (ALl ds o dw jl Lisu g Ol pl Mg S e
gl dged colo Coled )3 5 )5 S (cwyp g (Priwgys I
@ a2y bl (2hb cwlond LSS (05 o9y 4 )5 3590 2 )b

OL*“;] Cowd Hlisle =Y =¥

Caod b dato (hadigy  dw Cowd (o8 Sl p 50l &8 bl

Logase D9 Jols bl 4l 55 5 cyeal 3,5des 516 3,1 5L5 cowd
b glp Jate yn (clp TS > 039050 o (Nl Cla > 4583 s
Cawd ¢S)> ‘09)4; 4wl PN Hhows uiulf«» )Ja) 5! ON"I <ot
N $8gm S pzen 5 Sy 5 (S0 a4 Ml
0,Slee & ol 4 ae; pl 5o Sl (I Lol p )b
QL»;'\ Cund (Egomo D aS [Y~]A.25L;a K8 u““’"ulﬁ’ Lgl)_; cowlio

ROMBPNIFESTS oGP W IR L RPN

b gla el -V =¥
b Jta ol L Ll 9 plool gy €85 b ()b 4T (4
Sygo a ol Jae ol ] s 4 iSl p gudate Loguaste 3.8
Slodis (g SaS 4y s 57 S sl 1381 5 5> (g 0
355 9 (oo (278 Sltlojl b by adgl diges g bl cunlio (g 26
odlazul b Slae «ly ol 0 05 jasie ol (g9, lin] Cumbge g i
Wit Gaate CulSIY Jolio g9, & 68 gladss po 4 JE
LS 590 o5 pilSe cul bl S €S > oo g 39800 Juate
c b Cax 3 )gige (S L g d9 e ger LIST g WIS (0
b oalple 0565 o900 gl oo b g8 Gladass SoS 4 (lisS]
V Jgie 5 5k 0y5e by (b il dbg e e () p 4 42y
Cowlodo]
&S Ngd b gk Bl (SOl polis 1 S o dlld .
Y ot o jslailen wllo ladl Casd Sy Jolio ands <8 > atels
553 yob 4 olSiwd a5 dgd Jolbs liseb) g wSpals ) colossl

2 '2degrees of freedom
3 range of motion
4 SolidWorks

ol el S 5 odlitl b 3,8 LoiSes sl poo Swogill
@ yaio g5 ) Ser 5 Couiler dllie [V]cwlossaslo o ow)y
5 ol 59,8 slagile jl & WS o oy |y sle by 638
@)l aliso (o (glacad ) Ol ) wlal gl bas gy S
lio [MAJcusl 530 e zobaw ) o] 8 > (giludinge o o 1S 0
So b ge g CulSl isagly by Gl e (b hlSen 5 Glin
L sl g0 4 uSVE 12 e85 (556 (o553 Sl 0aiss ]S
HARY W RIS S ST SN

c2BlUlg g iolE (SR pegde ey 3)90 Vle (S
OBBlejl b (o155 anls s 2Ldl sl 1) 05059, slayl8 plosl 1SSl
Joslial Jold (i Sy ScdSul S oo oal 8 (5500 A
Joolio s 8 > gilo 4 Situud odiom s g Cabas (slappTanm
b el g umde (il ) (b bl i )3 5 Lgd oo
Sl g b Sl (g )l a1 sl cplpls Wed oo )
by sl sl o 4 (ooloiiy (sloyliil wlbaile a5 lo
Sy nl p ogdle gy i Cawd byl Ll Cua (K6
Ll pogrden B Jlaisl 45 55,0 (s gosks slagybo g jiSm py slo
a ol S e Sen 1y A oyl 6] 5wy e il58l
lodizja g Aiy (hjgel 355 WS > iy 4 b amd e ojlel e
a3 oo il |y (oiSuply S

Conl i Siilyy (i S i)l s Bl 5y Gl dlhe Saa
9 M gy oS il oslital b LaSSH (paddian g b e84 &S
S 5 a5l g Bl g S (o0 S (Sl oS e
st duds i 5l an o Cuwd LSS eMae (S8 )8 b
1o b ok g 0555 ) 3 nl canlin HES 3,55k Ul
Sl b (Sb) g sy odzmn Clieas g Sl (65,8 I I
lyly 5l 5 ordasle cu LS L )5l cutde 5 py
CS o oy wlal g o)l 08 g 03l (IS w20)oS)l Gl GRegi
ot 9 Qlsebl bl 5wk sligg GgeYsie slae S 4y (LIS
5 B (il Jold (SSlSe (gao g 93 51 45 2 pb 1 VL Sl
P90 0858 9y 485,18 (Sl sagsgwg Suny (53 sbass
sl S 95 jlofon saasa g e (oS (sl g Culodorlivl
Silogil g s s g3 gyl GGl 1503 5l 5 cavlossorliul' I o

1 AVR

YYA



VAF B YVY doio VFY Jlo o o)l DF 095 ¢3S ool Siln i 4y

(Al b 5 yiol b 9 B dgaome 4ol ) Jois

Table 1. Summary of limitations and design parameters|[8]

oolw 2k 9 Seuw (439
[YV] 48 o a5 (39 0 42 30
obel s Ao yg0 Bl (b ol
!

ey

(Ao bed! Canwd s Lo ) S5

Fig. 1. Structure of the human hand [8]

[YY | ol ciliseo (gaiy ow piawd BB sLloj oolae Y g

Table 2. The amount of accessible angles of different finger joints[22]

S 3 03gue Juao ol
a0 b oS5l ,ISLs
e b oSG Jlew 59
a0 b b oSOYB Jliwss

yva



VAF B YVY doxio VFT Jlo o o)l DF 055 ¢y ool SilSn i 4 53

[Mows (UuisSl gl oud (38 03101 g julw Y Jgua

Table 3. Sizes measured for fingers[8|

d%’: . As"' ':'l - o'os"' @lﬁo & s"‘ O)L:?‘ - & s"‘
-V VY- AR AFIY < A-0 o sleo coms 1 Job

[V ]wioe rygn0 1 Job (glinwly 45 9 (65908 Cyqu0 &y Cawd LSl p 0301 31y (59 ;0o oy 3Slo .F Jou
Table 4. The maximum values of the force applied to the fingers vertically and continuously along the

length[23]
o s"' . N s"' - N s"' - N S"‘
SoeS  ails Jle eyl
A 3 Ve ) O 9 > 3 Ik )30 & CuleSSl 1 0908 (59 5 ot 3 Lo
A VY v ¥ O g o 1 Wi O j900 49 Sl Job (gLl )3 9y oos S

25 p 8 ol ol )b Sblyj (obod sy 2 3% JolS bl
S latogn Jpol 9 3,85 3929 (Sgde 5 @l gy by (2Lb L
pilSe [YF]3)55 ood maiar & 39 (iSuply by (Sl 4 e
ol cwload sk l8le 5 5l elitul b cladad (gilwand L ks
2 Jde ilocmines] Sl (g )8 Vb Co o J 4 Jl381 e 5
b b duglio 3 58l 5 ole | bloyl B 5 10,5 5k50 plSin
dy50 Glalad ¢ S1b 5l o (Canldid 55118 sdlatul 3y50 1505 (sl l38le 5
gl Wiges g (H8ly Jio g dtd ool ik il g ol (ol Sl
P53k Sl & Cwl (590 4 s U3l ol gl 2 )b el
|y et e 5l 55 (bl b sl diojl (58 sladid (g LS
Tk oelply a3 1) QLS da ST (65505 j9ige S 4y 5 oS
Sl |y JltSSl 53,55L (sl (LSl hgige 9 IS &S b0l (6500
S eyl s b CaiS3l g Wdig LS s ) aslizal L g
g 5L g
dol Cand & pgd b adgl Ssled Bl p > Sl SaS @
Sly g Sl | g Ad pastitie SlbaS (o0 )8 (55515 Jore
LY (w9 590 By (69, jl B Sl )b ¢ (Lol prase colo
5 JE Sl Gl s & spdents gl gy 420k 55

YA«

S B ) (5999258 S e Silois

ol BB ol 5j00 by Al Gl b gpdy Gadd @
5 s b 3k WS 5 s e (slaoflil (sl 596 5y
o sl jimedy cploly ¢ Sl Casd LSSl Gl slacwlus
Cawd HiSSl Golate sl (anails 5 (opSojlul aie) &S
lg5 oo Cwd IS Jolbo & 238518 0y 2 3)90 ¢ Sl SO 900
{AJBL ysie ¥ gz polie (50 4

s & s LSSl Jolto g GUESS) 2 3)lg S99 @
P O A oS slad (0 dege slaleztil duai g ojlil o cdlyls
p3lKn ol 5 11 ol sl Glata s (sl ielsyly S
S5 gl s 53 05151 ey (slog 5 392 ) (0bj > b el
OleaSSl &y Jlosl (gl 59kt g 950 (alod o SVl () 5l o 2945

. C;wla.\..ﬁob)ﬂ ¥ J9.\> C))}.o LY aliss

oS 93l 138l p 3 55 adgl (Sl g Jae il Y Y
Jold o5 il dix dlis S glie 4 bl (Sole (2L
4 (S sll clbad g laygse Jlail alex 5l oouate gla sy
9 @S p e el e cwl il (SO Bl S



VAF B YVY doio VFY Jlo o o)l DF 095 ¢3S ool Siln i 4y

b2
DS SOLIDWORKS ~ File Edt View Inset Toois window # @ D" -E-8 - 51i.STEP * h Commands a-l® ® - O x
BE ] o o d 5
g S BE @ & w P B & D 7 ]
Insert Mate Linear Component  Smart. Move Show Assembly Reference  New Bill of Exploded  Instant3D Update Take
Components Pattern Fasteners Component  Hidden  Features Geometry Motion Materials  View SpeedPak  Snapshot Assembly
Components Study Subassemblies Settings

o = - - - - ~

Assembly | Layout | Sketch | Markup | Evaluate | dd-ins | MBD [ SOLIDWORKS CAM |

e[E[R[e[€T C
?-

@ asiSTEP (Defauit<Display State-1> A |

History =
&) sensors

» [&) Annotations 2 @
(] Front Plane =
=]

[1] Top Plane

(1] Right Plane

L. origin

) (1) khob nSTEP<1> (Default<C.
% (f) Hand STEP<1> (Default<<C
€ () L298N_M_Predeterminado.S
% () board uno.STEP<1> (Defaul
€ () angosht2 STEP<1> (Default
&) () angosht2.STEP<2> (Default
&) (1) shasy.STEP<1> (Default<<C
&) () fanarSTEP<1> (Default<<D
tﬁ (f) fanar.STEP<2> (Default< <D
&) () fanarSTEP<3> (Default<<D
(ﬁ () fanar.STEP<4> (Default<<D
) (1) shasy2 STEP<1> (Default<<
) () fonarSTEP<5> (Defauit<<D
€ () angosht2 STEP<3> (Default
&) () angosht2.STEP<4> (Default %
& () angosht2 STEP<S> (Default >

&) () angosht2 STEP<6> (Defauit .‘z

£ (0 anancht? STFD<7> Mefauit. ¥
>

Av v v v vvvwewvvyvwwevyvwy vew

Model [ 30 Views | Motion Study T |
SOLIDWORKS Premium 2021 595.1 Fully Defined _Editing Assembly )

oS 93l 15810 5 53 e (AT Y JSU

Fig. 2. Final design in Solidworks software
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Fig. 3. View of the design from the front and placing the springs behind the fingers
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Fig. 4. From design to manufacturing and finishing of sheet metal
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Fig. 5. Continuation of the chassis design process
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Table 5. Width of spring blades in millimeters
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Table 6. Length of spring blades for each finger in millimeters
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Fig. 6. Force measurement steps: Step 1) force measurement of index and ring finger, Step 2) force
measurement of the middle finger, Step 3) dynamometry of the little finger, Step 4) Placement of suitable
blades on the chassis
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Table 7. The values of measured force for the blade with fixed length and different width at each stage

9y Hlado

STy i dd> p0

G eSS g 0 )L ClSSl Aded (i 1 ¥ Al o

Sz g5 eSSl did’ (s 1 ¥ Al o

CiSS) g2 (gl S0 rarg A Jous

Table 8. Selected blades for each finger
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Fig. 7. Block diagram of finger rehabilitation mechanical glove system
05t LS S5y Slapes 5 039 (iS'9) SHIS 5B e 4 i
1=9950.2 () :
s 2 kel Jole glyie 4 (oSl gige o5 2ol Sl alosd) 5 1S,

Olgicsn 483 53 593 YUY s poo g il 390 poliiS (13,5 (30l L
A5 35e pslaie 4 gad Ao |) Sl 0)5e (SupSll ygise 5
pis 5 Syl pSoyS s5ige Bkl ed)ly g9y peiSle (Sl
S oS3 96 Jgosd 5 03latal b lgicse S eyt gt J o3lazl
@ oSS y9590 5l 9y JUl lawly g |) asuie (S a3 b 8
988 S sl 038151 e (g JEII IG5 )6 ists

£ =—kx (v)

s b (5 o pd K g (g s gy [4S (V) ]y >

Al padpasiie b aul yio s 58 o> X 5y p (Fss
3y50 S baee (338 jlake (3318 il g 95 Jlosl sl jlme g9
i) oy jSle (g0 gugw 550 U mosine (53 e 9,500 3l codlatl
S dy90 b K Hlaie X lade b (sd> ugwgySaegd Jold a> gy
W3ty el ¥ ol et uSopS 9390 Slaseide bl oty

P 5hS VIV yolitS 5 B> 53 593 5+ gige 93 dluss (g Y7 (g5

S ol el bl p3Y oty (SOl s Sy 25
33)5 e it & $lgis (£3)8 5 cuslio J S g (23 oo b slad
NS 9 Sun cuslio (pumgiaclyy SoS 4 Lol (a5 e plgis 4
S el |y oSl sl b plsl g oSy < o il 23 s
3)90 i)y S 4 Clabad VIS5 53 s £S5 Soly 4 g5 b cnl
d S ainle g3 ()
S90 Sox oy eddplbul ool I dol mbs b
2558 oIy Gl jolate 4 VYO (o) cupd (385 )k5 o b 5l
Slipl SWacl p ade 6y p5¥ 59y 58,5 )5 ) b g S5 )590
S Al poiss Ve (65 lbdons ()50 S o 4 g S
9 b S5 gy G bl 4 de g b jgtS alee Jgeib g of G
sl | 0393 5 0190 (S0 )9ige yolllS yia(dee ¥ Jlad Lyl
VA oSy s95e o QBl Lo 3)90 (98 A 9y Sl o
A8k ojgn uslie Wl ¢ dlBd )3 43 ¥ BY Cepu b e (g
e saiiss ey Sl slaygige slitS (p3jglcusy gl
P Py o i o> 2 gldS o] 13 4858 walisl (V) e,
S (Sl ygige 93 0l Sg Sy kS s (Sl g5

YAl



YAF B YWY docin VFoF Lo oY 0)lad BF )53 oy puel SlSo stino &y

O 1) Slainyee (i (g BaeSy a8 4 ¢ (pSe S o pll
39 89 31 2590 (SigpSUl Olabad S domiio Cuond Cudy )3 3905
by oy oSy A e (5l JyuS5)See 5l g el dbgie
S3yaebp )5S 9 Sen e Wb o (g delip (bj Sue S (o5
JSB/A LNV Uy g adbie 4L YA (s iy S See 0
S sl g 15l 9,5 plS g BB il ol kS A (glyls 5 S
@ SPUlab Ve s ol ol ¢l cob OV ¢ olal p)y cob oS
Y o b sligg amwYgle jlie b aw gyl Cpiomen L o Jbuzud
O Y g Sl b s J)iS 5 (08 (6L gige. Adle yoolb
5 36y ik ygise b y5ls Sl 9 000 (ol o) oo sl 5 Sl sl
aidyge Jio sgige Slasuio 4y a2 b g Culord Slb jL3y90 sl
Sk sligg ogmeY g eyl ) s S8 Gl Cusloss > b
el g pdal b piaaw SSlogil clls jd &S Cuvlosdoslail
Il oly Jolye plSho Soh )3 90 wlali 1) €S > sy (g0
Ol ol b By s 4385 xie 5 Canloddodld L piuw
glite IV e Jare (il 5 5l maitene (b2 4 glite 30 a5 sl
Cuolodboslitmwl wed cdg O & a5 sl 090 b g glite <y & &
9 IS diio 89S0 J8 @ £95d el S5 2,90 SWg Bly 5> oS
Pl g W 5y s 55 S sS H9ie sl 9 2l lales dcdeo
A5 bl (025 (hg) 4 QLSS (paddien g jb s> e (e 98 o0
ol pSsle yolaio 4 & )5 jasidie s> o S g
s B8 )S 8 b ose Sl o] 51 plaS o (gslr 5l g0 askad
S 08 59 s> Slagdss DedainlS LS oo )y bl 4 530 oS
088 5 MBS )18 uloddody oy s i | Slaps ol 9
8wl ¥ o3 oedle VL aded j5ise & SopS H59e 9
2o b b oS Cul Soso cpl 4 QLIS eS8 l8 co S
oSSl gl el 4y (638 laans cutS ik SaS @ g 0 Siele caa
&S dbgrye sla S 5, el o cps > Hgige <8 > b 5 Naded yiwd
QUESS ied g goar &S > g WloddosndS xlaid 5118 0,85 )l 5>
Gl (58 glaarg Jold oy saY g (i Cowd 28 3l
Se 89y 5305 U b (iS5 (LiSITL )5l sl ass
S LSSl Caound 13 ST 51y g Cwloddobilons iS5l &Y
Ol g ] Sl iS5l sl b i sy )% Y S LS

4 ATmega8
5 EEPROM

YAY

S jkidyge oy ordplnl Cliylofl & drgi b sl o s 5
0P L g A dnsle (g p)S V50 jlidyge 59y Jolae (58 slaess
Joy90 (5958 Sl b QLSS <8 o 560 )90 (69508 Sl (585
b ablie sl yid (695 doyd Ve (8,5 )05 13 5 (638 (Slaoass &S >
@ aag by Lo Cund 4 p)5 FOFY (59,0 Jlde B> oSSl
29iS Jolas oS oS FIOYY Jolao (59505 g plog Lo +/V7 (Jo glad
OaSSl g (658 sl ()53 8> & sl oS s Siyge
2 Lo 583,90 p9liiS g 9y Sl sl pio il 53 S oS VA o
2990 S b g 4 e e il IVF Jgy glad g )5 YOFY ol
b eSS YIA G Olgices yiasilo 3 pSols ) poliiS b (S0 S

UGS

s 3 ySlas g (g5l ol =V =¥
O oA asude  (Suiwdly (glashd g9y allas job 4 bl Lisles
aox | o&ws (6)5 slacdls il axans (s ..\JJ;MUT &9y
Sologil clls Glsasl b as” agd ooy isled Slogsl ¢ s el
9 59“%5" um‘ UMM 9 )L )9 iy ul?w‘ <U>/w .))|9 (s ¢
dgadyasudio Iy <8 o )1)SS Gladd dlas ol 5 YU sladaSy b g5 0
LS e 3 orien - 29 S5 L 300 ae slass 4y 5L
o a3y b g 29800 Agin GLISI] S > Ty S 4eS Sl
bl 4y GlaSl g 0ab o 0,08 olSiwd iz £opd b Suwd
&S (6,500 Als g o posl S Wgy Aoyl uw g B0,S oy 0g
58 clls oyl 45 aS Canl T s b ¢ g 0 snlie LIS i )
Hlis LS s |y 8 > liee ool o YU ladaSs S8 & Wiy o
Slie &g WS (oo MIre> 4 g9pd GLAST by 405> (ydly 4S5
Colpd do g Bad o v e Hled 4 LESS] ¢ 5954b]3aSS 4aSs o
YU 48> 51l i lagdaw 4 H5ige yduw) U il iubdiiug
ploxl Sygo lod 4 a0l B g 295 o b LSSl gbanilaSs g Lid
bl o ALisl g 0,08 oSiws e Jgl alasd len 13 5 2445 0

5 oPediwm pn AL e e glp bl Wl o Sl

1 ent
esc
3 manual



2 ialojl plosl 5l Caaa a8 53,50,Lil &S5 pl 4 Wb ¢y 0950 &
o o) 4 Dz Abb e ate mailey b 4 1 (Shdcl
pobie Sliyyed g drgi BB (loj iz o g 03,58 (g)lol ansle 4y 5l
s dg> &S 3 jawste i a5 g Gdedds (sleoyga o
Glbe i (pl 2,558 45 &S5 (pl ooy (Jg Ml 5,500 JalS
318 ohlast 595 32 0l (oo 42 53l Al 01543 S L5 5 (el el
B & Jod LB o b olgie 5o ol dEl oy p ol cws b g
ol & 4ol > s (ol (8,55 > b gy Sl 1B 5 e
5 OleMbl ol @ coles jd g SleMbl (gyglaes 0956 ¢ yialej] Glual
Asanlga sty ioles] 5l (63 does
g ¥ 3w g 08 )5 ke )> o 1)) (glao )35 4y (230 y05 p 3 SO
S bl @ baye 5 Jlsw Vg 598 slayialll (ol 4 by
Oygeo 4 50 S g dy (230 405 0556 Cpi e 3,8 T olaid] oKy
LgLuwAa\ dSquLUnaL\ a)b))@w)..\.cgi:u))flwuoLM|
lao I35 8 Jgas 5 5l o 0,135 s 3lge Mol cline 430 5 Cillio Mols
bl iloplesy sl ulordonygl Jlaisyge (slayially SSi 4,
g 1) )18 LSy eS8 gy S cov (BuSES b ales Ginle)]
w1y il g shaSs 1y wld cand o baldl ol ialejl Jobo 5o
sl 3 als S (535 i (o] sl 5 S S S ok
Ao .))]90 lxo 9 LIS asans L )L{ 0450 (.5‘)3 4».]9] ul?wy U
B ouold j1,8 )8 jLasl o Sde (gl 1) i g Abodbds s iles
23 RSOl ()b Aty g 5l €8 UG sl g s i Ll
S g BAb 20 yoi LY g 5 18,5 )1\8 iy 390 D8 s 9>
oo Sy 4ol @ v b cuslosel o b Slogil § wd cdls
p5Y Sl 1) sl o L5 SleMbl diojls ) o odlisl 3,50
2 gard J ot ol 3Sles g i LIS 4 bgje LIS 390
Sl pll 5l g 9 03,5 Sl Gtalesl 5)90 28 4 aledyl )3
51 oolaiw] dyyos lal 1 0,8 o &y bgye doliduny Y jd o oLl
2005 eSS olKoiwd

ad GiabeT wlle Cess i L 5,3 Ve gy, syl ol
aslosizos g A IS5 45 (ol alee ylogas 5l oslizal b o] b a5

O3 &Y OIS 4 e b iSOl 4 s Coons | Jlosl (g9
OS> g QLSS po Sl VL (o8 Cuonnd Sl (658 cladis S Jate
Cawd HEESS) plo 1 i (o lhde baasd o3lil 5 Lud uate b LIS &
s Gy 4 dbaye b bl )b ool )0 cuwladas 5 L s
Sl sbol I culply ¢ 8lab)S )15 (wld g9y GiSaws 5 bbass
Aaidyge i sblze Sl (o &5 MBS sl L S ) SSU
S b bl (ol (59) GiSI03 jl (owd 23k (2luj sl g ol
oo s g olde Cond (b JpS i Cale g JeoSS
s & SYLail 06 bl 93 g Conl jlo (S piSl labad (65 )13
oosSan Pl e il Gua ol BiS i cplpli 98 pasuie (35
dp 89y ©llad Gl ey cpl 3 (Sl (b 5l g 18485 S8
(lebad o 3,518 g ol 1 g 9 85118 o (Suig sl
SadlS g Cao s @il Gy S8 4y g B oSS s (ST i
Shlie (2b)ages )35 bl Glgie (e cnl b 1S aio o)
(cwlosdsaid by (b)law Gysw 4 (Sog xSl

Bl pj Oy 5 s (Suig Sl (i g YL o0

i ¥ by b5l LYV 6 SIS iles domio o

Jhos ©ygo 4y g 4y dae 93 g 4 1S9 S 4y 5590 JLal e

g g b leg gmeVgie Jlre bawgi jgige Copu J5US o
Jlemo

by b ¢ o3kl 3y90 389 1S (0)20b 0 (sl GRR9R nl 5
o At b 45 sl culad 3118 oalil 3,90 S Jlgig oo
il S g Mgkad Fanals b ol blo)l )85 S0 (g, 4l

Al oo pitams ($510ely g J ST (sl Sl SO

poamnnn 3,5 I oy 0 g S Y
s )3 pouwye glo ) I (S o)lel ansle jloslitl b )
b oS sl Ak o gpdgn o b b)) o fiin,50 oMl 4
Soslear a5k i 4 & eyl asgazme () nl l edlisl
LGS 0,8 oyae oy pwdd Colps > g s pe CleMb
6)916"-? 09 O‘?Sk.f" &S col L'j oP9) O-’J 51 oolazl a>g BB sblse
4 0ly3l ol 5l (gagdme dlisd oy b g degesre 31,8 plas 5 cule M)

O3yl i demg opl b icdbcws S albs pn Jod LB ks

YAA



VAF B YVY doio VFY Jlo o o)l DF 095 ¢3S ool Siln i 4y

s (2 531 doliuiow 3 4> 2Ll 3590 (b 0,135 US4 Joua

Table 9. Separation of propositions used in the system evaluation questionnaire
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Fig. 9.The final structure of the finger rehabilitation system prototype
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