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Design and fabrication of robatic gripper for successfully grasping various
objects in unstructured environments
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Grasping in unstructured environments is one of the most challenging issues currently facing robotics.
Received 02 March 2016 The inherent uncertainty about the properties of the target object and its surroundings compels the use

Accepted 20 April 2016

Available Online 23 May 2016 of robot hands, which typically involve complex hands, require elaborate sensor suites, and are difficult

to control. For this purpose, in this paper combining the kinematic structure of a three and two links
finger for design and fabrication of robotic gripper will be evaluated. First, the challenges associated

K ds:

Gimg ) with grasping by careful mechanical design of gripper are analyzed. Then, the design and fabrication
Mechanical Compliance of a sample gripper by combining a three-links finger similar to the human index finger and a two-links
Under-Actuated finger similar to the thumb are described. In the following, the performance of this hand for grasping

Unstructured Environments various objects will be examined. The results show that with two fingers and simple design, without the

need for the complex control, c various objects can be grasped successfully. Also, the results
demonstrate that compared with the previous researches and by proximity to the kinematic structure of
the human hand fingers, by combining two with three link fingers this gripper will have a better
performance than the previous symmetric gripper for successfully grasping large objects.

bl Slrss e S5 sl |y by 4y g900 cnl il e Sial8l Uas doudo -1
b oye sl 0,50, S a8 e JShe s Bige 185 S5 plar! glnl> 5 585 Joo «SL, ple slogidle ppete 5 (SO
oo Jd 58 aie) 5o el o ol by ami e pmiydeks (GHlr 5 anial pes olss aSile) ofs 1] wil setaslisl glalase s

2 Compliance * Unstructured

Please cite this article using: tawlod edliiw! i3 &yl 5 Wlio cpl & gla ) (sly
H. R. Heidari, M. Jafary Pouria, Sh. Sharifi, M. R. Karami, Design and fabrication of robotic gripper for successfully grasping various objects in unstructured environments;
Modares Mechanical Engineering, Vol. 16, No. 5, pp. 241-250, 2016 (in Persian)


www.sid.ir

UblSed 9 soua Ld)duea

wh;h&b&b&l&m;émfhu;lo&,ow)f\sl)ahﬁuh)mmbngual)b

[16] sl Jolio oYL o 5l oslizal L

Ol la K @ 5l e el e S8 5l ool 3
.s)l;;}L..; ‘_glm;m 9 Mé

Cawd Cly J35S g 009 Ol oo plgo b oo S 4

Sl jo e b (L3 Glidsg o edel Cowdy s 05y D
Ll s lo sl e 5 (LSSl (o508

5 ol Sl sl b ond bl Cws )b oo Suop B
Cawd 3 Slae 3900 jahrie 4y Ll s s

iy Joo > -2
S g9 azy G ganar g Sl S S S b GRegl (nl o
o Lol g oy CaSl 4y Sl b SG3L azy () oS ool a8 L o
Jsb b olaSy sings Sl slaasy Job ol ot a3l oyl cess
sloa Jsb b ply goman el glaasy Jsb 5 cands cSl glaosy
Sl S ol i ol BYs il pludl cess L3l il
IR s Ol s amy (Sadil b Sl amy (Sabil e oo
88l b G slassl o oS (Sadil clls o ciSl g o Ses il
Casd & Sl 00l 1 0w gl ol 5 a8 Ll 5l e ol
I sl 423l sl o g SIS & 1) Caled ity o0 > b
Cawd 0,0 Camod Jlens A5 0590 Caws (o8 sbrojlail ogr bl
oelicals walgs o e eiile 17 sgus JolS Sois 5L <l jo oLl
il o 0l EiSH S b s S S5 oy 4kl o5l

S8 yiewiile 17 sgum Sl ol fxils gly uol> zyb
Jlail caws @ flaie 4 coll ceond S 4y LiSSl a5 ol p3Y conls
S o iyl Ty s S 15 Syl s opdle Connd ol (1 US) anly
55 ol Cylas 5 5 Sl ge L5l gla s Jlast el Lo
RSP PP R PRRA Y

oSt I Sy o Vb Cond 45 oyl s atloglypes w3l 2 o5Dle
ol Alols iman 0l oo S oln gl jgee oo 45 Wloa ol
3 Jelie 3550 b ablbee sl 90l 258 Jore o5 lagljgm
Jlesl )slaS 93l gly yo ababinl oo (Blik lp ools Cosal
odd ool las 2 IS gsralold opliail o eSSl glaasy 4 oals
]

5 0ol J31o 5l lapgails e (gl S5k Ko 5 s ST S5 o
GS oY o g a5,k 0ol JBIS o sl o0 sl oS e 4 L]
el odd a8 )Tl o ol o 85 L8 gl Joe g0 ccwws
4 g ol gzl bS] 1 as el playeail Culus oy 90 ol aalsg

()

{ ——Thin wais [ ‘ I

>
> prv)

‘-t
7~

Location joints

Fig. 1 The schematic of fingers and palms
G S g Sl ) Soles 1 g

5 o)leiis 16 095 1395 Al o (e Silfe wiie

2 ol liS g Cumdselia s (sl jgis Sloslital wieils g el o
L7-2] el oo ooliwl Sladllas 5 g0l slass jo a5 cusl @by fade
28 wibet Jled (Sl (s ik Jlie dlas 0 0,50, ol
JW JiS a sils g 998 oolitial (628 Cals I ol b Jaie
b 53 Vb (slo ot sl sl Jlb o 555 kil o i b
O3t 50 Ol welgs clad gl el (s 4 yzeie 5 00
lilazdl g lalas ke wiulysl glad s 1o 5 52,5 als e 5l 56
& o S e 57 Slasi Jal o 5 [13-8] e il
b 5o pdEde (LSl 5o SGg, ol Ho e sol3l Gl s slass
o Jolin 4 S g 5 JU i U olpes Jlad e ol
ol JES @ fie iy pnlSe sl Sl S e aslicd
yoolw § J S S e (gogaome Slaws b iy golil Gl el
g e & pliaS 5 5 JUl glpawd, 15 4 GlapislSe £95 o
oolatul b lacaws (o p 5o (Jlie olgie 4y 18503 o Lil o] jiaS sloas s
4 Sod 1S 200 3lasl Loyl s ;080 @ laade (03,5 Jais
ol Ol s slawy bopsills lgie il oo jialS solsl Glo s slaws
DG 0 85 Sebie odsl iy pielSe PlacS e i
ol 3l 5 skegi Gl o 9 [15,14,3,2] oas ol )] 5l sl Slisios
ol 00 oolatul p33l86 g4

@ Wlgee e8> Sl cws Soleiw JLale aS) aaagd
Pohs ol 88les g lp Sl amy (b o eolinul slate
il Gl (sl s s plorl 0255 (sl b 5 45l slaagons
GO,y B35S () ) el odd oy Sldllas 5l oS slass jo 098
Sty ol 0,8k g pshate 4y Sl amty Sl JLlo oy
or g Ol Cwspwain JLSle el (es 4 09he
ool 1 0555 Pl b o 5o e Shp ol o 1y iS5
R ol 5 Sy Sene ) Sl slecews o Sles (e
Calid ity o sy 431y AESH 33 iy S o) 5 L
L (sangs it S5 5l (oS 5 azy oal ol andls sl cews & |,
Slesel cavay @l 5l oolatul b g ol Glgie 4y ply slacSSd o5l
by o)lal cunSil plyie @ sanaw caSil Sy [2]] (LS olilas
Getod cpl 5o aS gaman cuSllsle giludige sl el
Do oo 43l 0ad arule

55,5 ot sord 55 sl tlly 5l o by (ol s
oy SHe &8s (b Sy b ojegy, aslial slalaze o
ot ol 6l bl e el Cews S Sl 4 2ok oog Suop
S50 LSl (Gl 5 (Seilote Ll (b (giluaig aslla
2 gl slb> 59) » 398 byl 5B mizen g oud planil i
LS 50 ez 9SSl G (ullel (595 45 (Jl> 0 00l (oltundee
2550 B (o 9590 w3 ke

Gegn )5 g Coeal (laal plgi e 4N 5k 4 (Buion ol 50
Bged aMS 55090 Wiz o ) ol

b el glabas jo plazl (285 0 o920 alye @b, 1
by Gbeerdse sl 5l (b o)
05,5 o) 8 o e 5 LS @ 0023y laro rals 2

! Passive Mechanical Compliance
2 Underactuated

242


www.sid.ir

UblSed 9 soua Ld)duea

w.tah)h‘;hubksl.mh.p:o)é._daz‘fhualos,ooa.s;‘sl)ahﬁuh)mh\;hugual)b

I e Sgi (59 e andgl uled 1 Jl dl>-1-3

SWhasl jpa> 5 5 (3 USE) ()5 S Sgi b per 3550 5l
b oles G & 25 > i) JB o 4 ez 130, 25> L S
B S 5) e G (Sl 09, i (215 S
15 381555 2 Gige (75,5 Sl )3 Ygana 305

B K 59y adsl wlei (pgd > -2-3
adgl 5,95 1 50 ez Sl cpl j0 oad ools lii 4SS 0 a5 sk e
P 4 g) &8 2 (Gl 0L, S nl 90,8 (o0 3 (2B S s,
Sloy B oo as Sod (59, oz Liide g h3a) Caely aS ools aslol |y 095
oled pgs dlas b ol o yled Jols Loled pgs i by e S
Spdse JUb Slos 5 ot aBsie Sl (sl @ g) S5 > 33,5 o0 )l 3
e 4 Sad pgs ST L oje5 5l LB s 05l ol cwled alads
Soye B0 )5 Jos ail ;0 9 S 993 O, e b g aiS
(C 3B K3 08,5 ) o 9005

sy JolS o 1, B e 1S sl Sl 55,5 S
oS Alewgy s9ige g odd Aigie Ol Solx g, S5 > U 0gd Jol>
(C) cdl> o uizmen (5 IS (A) cdl) oS goz 1) o leaSSl agygails
Al 4B 8 55 alie 0390 5 e 5T ol e B S
Jolin s Gt Gt il oS @ o By 5103 )y (53,00 S
D98 o0 ) pz g 00 odily e Caos a4y LSS 5 00

Fig. 3 The contact of object at the tip of distal link
B S S5 bz ooles 3 S

Center line

Move
direction
of robot

1
rigid link

]

Flexure joints
J

Fig. 4 The contact of object on the distal link
@)""@«55)@-‘“’.&"’54;}5'&

243

{

Location guide
pins - X

NN

Calculated length of
links (Torque arm)

Fig. 2 Location guide pins and torque arm
S 595k Aol 5 golo sloy (6,5 )18 Jxe 2 Js<s

Ayl delol jgige oo

e ol Gle s sl el 5 bSed (Jole oS> glp
59 5k 8590 ymiS oloml g Colpi gl sul oolaiul il i
sl 0 ool oolus ([Khac) 5390 905l HiKil &S > g Lo yeails

g5 Al bwgs a3 S plodl Glagiags 5l gags CutSl (gilase
G 58 55 e @il s 9 [3L] canl snty uldl ) Sen
ool 0 gilwargs 5 A Lol

U G g s LSl 0 i layielll i pes ol pod
ey Whael 1 Joaz po (b glopite aile (b sl o
s 3 o b3 4 L ez ConBpe dinin (b Gl 3 Do
P 4 sl 69505 (eSle 55 5 (555 meusSle Wb o5 x)
Lrty] 5008l oo (35 aie il 45) 0580 8,5 (28,5 Jgl o b
sel ol golyl ax 0 S Jate dw a5 gondw i G LUl
o ol Jate o g 009 o lacSid o5 el ol (25 05 dalys
5 e B S ey S Sy 4 85 el JUb e s

b Jos T g Judoxi -3
SrE Jore g Bus 3550 )3 adsl DIl &S el (nl 23
ool o (@l 5 oS Gojb ) il JLasl o s b 4 o
4w oS ol BodS S o sy e 4 4l alens b 2L 55k
S0 Qs Jld d (6 i B b oog 00 Sl 3550 e Coadse
S Sy B gik sl 4 g, S5 o 5 Wshioe o e 4 (ouled (595
WIS o gy alol (S 13 clalai g0 ubes S Sl

Mo SolS gz 590 U 590 a5l 515 (@890 (28,5 S ils
S99 5l B S (JEASH Ly (oanb ok 4 e &5 (5)5b 4 0
5B oz S sl [17] 098 5SS 5 485 Sl 5 wles
1395 550 oles Ak gz b 4w 45 el ol Jobeo g3550 ol slosle
ot 05 ablol )90 4250 180 I i o5 555k 4 0x S ) e
ool Al 0 sl ol S oy lie g ool LBl 50 0 S S 4o
il g 528,5 Salisd Do a5 sl ansls

565500, 28 5zl 1y (ool Sl a5 5IUT (Sols ol
@ Ay ()5 S (rianen gl o0 a3 B s Sl 4l Ll s
5 GrSelx Bua pax @ 40 ol B col o)1 5 CHESs O g0
ou (B8 590 b e glae el [3-1] 05 48T o g
oS ol i SIS 6511 &y e 4 Cal 00 555 el oM
o 3 alo o (gl bl e (1352 5 ol (AT 5955 S 50
it Sl aw gy cpl (b abligs e b QASS 0503 5 (585

5 o)ladis 16 095 1395 sls e Auu)v_\.a LN wliys


www.sid.ir

UblSed 9 soua Ld)duea

U;uh;h‘;hub‘sbhg_zo)é._nhzafhualos,ooﬁsﬁ\sl)ahﬁab)mmlmgual)b

il g e 9y 9 gwiip slo gl 1 Jgam

Table 1 Geometry parameters & forces of object and gripper

o Gy
P15 P2 993 bS] A3l col il aygly
01562505 LS (Sab o> al;
k15k25 k3 Lm‘).a.a.ab_..a.w).:ol.u

X0, Yo CiSI L adgl oled aladi Slatse

3ol A b g adsl oles alaii Slatie

Xi Vi

oo
Xc Cawd (235 yadl bad b gz 55 10 alold
r o gl
@ ooled oalsl 5l s g, s a5 glalols e

y
WS (g0 28 > gl
! s S b
haie 35 50 15t Sl b e ol el alols

az
£9°
N 9 ez oled ahl o (g0ges glad (Jhe aygl;
by &S g b
fo= 2+ led Sy
fe i T $3908 3 (olos (koS S35

Object .

Robot

Fig. 7 Kinematic details of object & finger

Sy e (Solais S T S5

x3 = l;c0s(¢p; + 6;) + 1,cos(B) + as cos(a’)
y3 = isin(p, + 6;) + Lrsin(B) + az sin(a’)
g oo a2 i Lanly) 5 Jeole Joo psliss Job 5l caled o

Fa; = —k30;
—k,0, = F,

\/(x3 =1y cos(pq + 6,))% + (y3 — Iy sin(py + 67))?
x
X [sin(a) + tan‘l(y—3) + pcos(n—a
3

—tan-1(3
tan (y3)]

— 2 2 |ai ' _1,%3
—k.6, = Fy /xg +y3 [sm(a + tan ()7) + p cos(m
3

X3
—a' —tan™'(= ]
(y3)

ol pas

5 o)leiis 16 095 1395 Al o (e Silfe wiie

10 b Gl S (59 anlyl lod ipgus dl>-3-3

o Sl 5o a3l 35T Wil e 45 i > ey 5 ook
505,5 255 5 90 b oSG b Lo cadsl ol 5 0,55 alad o
by aboldl (Sgym S G Spbo0 Bgte S gl g, S5 >
ahat g0 g Ad wle> 00,9l e b wled S 4y 9 00,5 &S > oS pxe
(6 USa) 50,35 oo ol i 090 (yules

GSidw CLS1 8 los g o b DYoo -4
oS ()l S Sei b elas) Jsl Sl i | 053 cilik clacdl
05 55 55 poal Cadbge 45 31 Sl 5 05 il Cabpn JLaio
ool (gwiin Laylgy 5 7 JSs catnSl Solarn l oolatul b il aalys

g0l gy Gl oo LKl g e oo

B S gsy led 1l - -1-4
@ 1) ooles 4yl abais Slatia ()5 a8) po o 65) sl ooles
adsl 5B b oS conl glabi laize ol ol wsles a5 &0

el 03,5 B (pgs Sil) (2 )l S bz (285
Xo =71 Sin(@y + @, + @3) + x,
Yo = lising; + [rsing, + (xo — | COS ¢y
—1,c080,) tan(@; + @, + @3) (1)
S9y ez e g Goya) g Db sl a5, 08 > g adsl Geled 1 e
i dsdia Jloslawl b aS 4l s cwled i Slabu paw S
Abbige g O)ge 4 CiSil
X3 =18IN(Qp; + @, + @3+ 0, +6, +05)+ x,
Y3 =yo—y +1cos(¢; + ¢, + ¢3) ’
—rcos(@y + @, + @3+ 60, +0, +63) @)
Oz |y pom Sid (555 e G5 5l ey iled abali latse
Sges dnmlne (3) alaly & jg0 4 019 0 poiians Soslods 5l oolatul b

. 4%

(©
Fig. 5 (A) Successful enveloping grasp, (B) non-enveloping grasp, and
(C) unsuccessful grasp

Sl ez colials it (B) (28,5 (sl o 3390 sindon (A) B S
B39eb 23,5 (C) sy o285

Fig. 6 The contact of object on the central link
Sl S 59) oz oles 6 S

244


www.sid.ir

UblSed 9 sy Ld)duea

L,;uh)h;hubksl.mh.p:o)é._nhz‘Iahu;los,ew)ftsl)ahﬁ.uh)m-_\;hngual)b

aziy sl el )b Koo adsl (58 ol b s (kg 7y = 0.5) ol ons
S ized 5 (02503) pyms 5 pgo an 3 colmal aygly i
Gl amd S NE s Syge dkal/ks) aw 4 90 Jake (e
Slade o 51 e el oo sl b el b ol Olpss olal p aliens
ClSl S §1 S e Jsb s S gl bl LSy e ange
g oo bl il s o)lal cliSl gloas sbeojlul Jolre (guisdns
sl 55 (1 = 1) Sy Sid Jobo bl gl esli
il L o by 1y o 35 pell Lk 5 (5513 oy 550 ool
B jao 5l jlade cpl ailoas a3 5 a0 SO ao oo o] polie g 00,8
A asles o ly (gslwand ;0 0.01 _aoliel polie b S
X
0<—<1 (11)
gl oo 485 S50 p) Oy Jolie S (b (ires
1 1 1 1
ke ki ky o ks
o 5 0l o ped ST b g S argly 5 S ST L pgo S
Wloads Sl az 05 a8l polie b az 0 706 jao p polie
ol Calizee sl o)'l._\3| L .nLM.>| olRY ULM..: &S o goeLy ﬂoL;i.o
a5 o oplleyi L s 5wl ez glad Sk aST S
Sz 35S o B gy 0490 LT 07/120.12, 0.6, 1.2 L.
Ao 58 e 50 GBS Ay c0ad 08ls made sl )13, (iluansd
ouds ilw and ¥ Laulidl Holie gl p5ulle e g 0ol (g3l dpds
el 0 a8 5 15 0 Slewlre 102 plppt Jode yioes ol
s sy B Sed Job L ey by Foules 6558
el ogSle pslia ST Al 51 g 90 o3ile i ), i
ol Hlade ol el oo zl Sl gl @dly 3850 18 5SS 4S5 )5
Bge jgb 4 Lekad 0,5 15 oogame o] 0 e ST A5 il glasals
=S 5 2 Glp Sl aiels lade cpladiasles a8 S Cis baug
(G 4.l>].n ) R R °‘>)3" 8 JS..: S J,JL\" )‘ L)‘“"(p3 5([72 )l
OB Ay Jsl 3B (b 50 e (595 00 Sl gles (59 5 SR
poSle 95 (Sl Olye a polie (nl (ooled (Siles
Olye 4 g oad ojelley (i8S gy seliabye atals IS o cwlod
S Comd gl @il lade 4w g e 8[4...: calize (gojlusl
polie wl azal oS jglailes el ouls )l 4w 4 g0 Sl S slo o
50 A Comd S hate b Comd g a0 200l 1) G ST 4yl
Ao (L3 slagiagh 4 a2 by ol Syge 4 0.5 4l (ke /ky)
a5 wss e olis oy, 48 lajloges awlie [18] wlas a3 S

[18] sl s 0yl S gl ity oo o3ldl 2 Jgor
Table 2 Length of knuckles of the human hand index finger
(mm) S sk
I, =1=47
l, =054l = 25.7
I; =048l =224

Sl el

(1 olets ) s
(2 0 )lots i) Seo 0
(Bojlot i) (25w

245

B=¢1 +@,+0,+0,

a=q@;+q@3+0,+0;

a'=@; @, +p3+0,+0,+0; (6)

s o (S slacedgaze plsie 4 S ) 008 eiores

b 55 e 8 4 ol a3 B Loy 5 m ol oy ig e 55,5
W58,55 5 e 4 381 las 5l aS s awg

o, +6,=0
@, +60,=0
p3+0; =0 7

Sl SO (595 wle [pgo > -2-4

(g 90 Sl gl s glo sy 5l eolainl b o wles >l (6l
5 lon Sl s b o 931 4l 5 olad 4y s ol
S (S5 e Sy sl 4y 9, &5 o 5 g el ool sy (8) el
e ol alind o et Calgigs o axtls i ) oy
[2] sl s (8) oy ) o S 5

Xo =1 S8in(@, + @y) + x,

Yo = Lsing; + (xo =1 cosp, ) tan(e; + ¢,) 8)
X, =rsin(B) + x,

Y2 = Yo — ¥y #71C0S(@y +6;) — 1 cos(B)

x; = L cos(¢py +67) + aycos(B)
y, =sin(p, + 6,) +a,sin(f) ©)
lis Cosy 5 Lulg, 5l Jolie (59, jolias Jobss

—ka0, = fna,

—k, 6, . X,
————— =sin[f + tan"}(=5) + pgcos[n—
fux2 2 Y2

X2
—tan"1(9)]

v, (10)
alie 1 SoJ (59, wled g 6lp 35 (6,500 alie SYolas aiwd
2tsS Jolad 5 Siloiews (ool g ool a8 0,8 iy g 0 YL
B o SYolre ol 5l bl jo a5 sanl sislys cavss el Joolas (s,
A 50 el CodBge dduen (ISl S gy, oled g Cenl ol Ll

ol 00l 4..3)5

Oby 4oy SHl dud 9 S5k duge -5
Gt Sl gl Al @ ol o Lulyy @ az gl b e ool y0
510) 5 (9L 1) olre ylojen Jo 5l ool b cuond ol 4o el o0
oxils b Jl e cannny 5l b plaze 40y 50, polie (14
S 2 polie 3)50 1) Qo5 P1 KT G ol Sod paside polie
e 39:3 (yusls 5 (055 o0 00l ndgs LT (55l ainge 5 Lozl y ol 5l
i o S5yl 45 1 3ogal b g 55,5 s i e a5 05
D505 Cyatd (3280 (65w A SO b s oolo

6[&:&@ b el Q] 6[“*%‘ g_;chso)'L)dl a5 gadw cissl S 6‘)&
Sl BT 2 Jgaz) ol o 435,55 1o ol e 0Ll oSl
Jolie (SHhw S 5 lasy e bl e 5 Sl (Sl
agly &5 g cpl a4 el ol bl el (gileeols S ]
90 4 o Jabe e Camd 1 g (01) SO o )leds Sid (A3l ol
e b Gudios S cpl (o aid 3 ko b polie (ky/ky)
az ;0 20 ol (s i) SO Sid ool il agl g ooy eoliil [18]
ad S e 1005 55 g0 Juake 4 o Juabe (i Cand g (@7 = 20°)

5 o)ladis 16 095 1395 sls 0 U»),-u Adblso wliys


www.sid.ir

UblSed 9 sy Ld)duea

L,;uh)h;hubksl.mh.p:o)é._nhz‘Iahu;los,ew)ftsl)ahﬁ.uh)mmlmgual)b

Glojslias b wsSne o Jolie (slo i s [19,14,3-1]
Sy 5l oslizal Jolbas ¢ iy jslisS o Line oy 5yl Jolie (g5, Jlas!
dle SO Ll Gl (B capo b e Sl ol slies
ko/k30.3 5 ki /k;=0.52 o 4 Jolio it i polie sl
sblyy polie SLl gl gl cnl 5l Gl oo (Brb 5l g d oo dmslone
i 565 5 oid 5l b o il Cuss oyl cutSH Jolis L5l
ol Giaghy 900,85 esliiul 1 (S &S > (sl B (18S90
9ol Sy asgi iS glaasy ples a5 myb (el 45 el o oyl
obod sl e 208 pl el BES (liee isgdioe ools oS >
ol G St Sl Joles b s o GEAS el 5 ol S La S
lacald 4 axg b 3,50 Cows (sln Lxl o 13090 walss ol 8
5 wald LIS 28 ke ol 48 sid ()] s ors 00l 53

Ah atle (eSSl sl eael Gy sl iS4 4z L
942,05 15.30 20 plp i @ @3z @y S sblg; il b oS
kolks 0.3 5 ky/ky™ 0.52 g0 15 crly Jolio s (glaans 50
slaoslal b plul (gl (28,5 ol )5 coddge a5l (glangs asals o5 oo
3 woled Glogs &5 Jb o il Gl glacasdge [0 g Al
Al b gl ool sl b sy (3 il uolie 19 (535,5 amgy b
0ad dewle polie b gl o (Swl B [18] ampe j0 oy 4
po 9 p9d ladn sbly; sl BB 098 oo o sl Cews sl
o 9 pod Jake S o polie ln aBlioe oy 10 seu
bl aSal Lascie ool S8 (e 4 4z g b ail oo (gl OS]
b gy Jolie (s glacand 55 5 LS ayly (sl ol Cows &
4 g anil gwle Slgmen ool ;S8 L3 Jiagh ;0 eal )53 sl esls
Al e G ol G

B Dygo polo Gaisd alie Eded gou 0 iSO glp
S g (S g9 S S B ol gbls; Bl 5o
b oS wols olas b 5 (10 JS8) oad guyp o] slaaie i
5 g B slacid ln axys 457525 (s sblgy sl
o3 S el g3 oo (g K=0.6 5 0.1) g8 folin s e
S s b1y Galisee slacosse 1o 5 il slacll b alox 5|
[19,14, 3-1] <85 335 j5b 4 (285 al>yo Jol 36 o ules 5503
ARG 5 SSile LSl gl Jol> @l 5 gangs caSil b
Sl S ol a8 Sl s amsy cole Gl cgun aw cuXl
&l ol @bl 5 00,8 solaiul wil o (ganaw Sl G 5 (gangd
28,5 518 byl 050 Al pluzsl olwlr

4y Joo el -6
@ o 3 Glidsg 55 g (6 lwand gy 5l odel Canas gl 5l eoliiul b
Sl o o a5 058 g0 Sl (iKl go e S bl 9 el
L oy cuSl G 5l oS 5 oy cpl sl ails pldl cass 4 1
ST g g CASIT Sy g S Glge 4l sl ol
G5 5 (guide Sl Ll gileaigy bl 5l eolatul b as o)Ll
WAl oo el 0als Bl ol

il a8 a5 ol solatwl o 4w il cews o le ¢l
(S5Y () PLA ool 1 3adiow 0l 50 alyoo gy 9 Y 20
pylie 5 S oole ol el suds solatwl Cuss S ¢ b cilu iy

5 o)laiis 16 095 1395 sl o (yurde Suilse wdiie

o a Jy ol asaless X/l ey Sl asels (59, (5,56 Kpl kg
Sl b eonsSlo X/l ke aigy 4l g5, 5,5 plenl 45 b
Ol gl a8 cal psine gileand mll 4 axg L clls vl
Iy b ate Sbw o polie a5 cunl 3Ls 555 plaal gl dge byl )i
A2l 5l 0 ) 8 wimp oS i s (SsS Ka/ky)pSrsS
5 sl polie Cizman 098 QLN SasS Jlade (pl &5 Sl yie Js
pom St (sl 5 42,3 30 5 25 o (@2) poo S (sl Ll ool o
» Fp el 535 Gl 1) e bbb a2y 15 L (@3)
Syge 3 ol nl S e ol S LS 655 50 bl 5500 slacadse
Bed e 425 JB 5,5 el
XSl polis o5 @3 aials Gy (59, bk < kz 51 > 0 @
aS wes  plis bngie awmlie ojls 56 wles so Sl 1) pes Sl
S g Wb s (/1) e oplil ol pois b (S0l ey glaad
B3 05500 G P2 Gl Caen & (M) (2l L 5 oad jSasS
S e oy 2l (ees ;ST X /1 Jlade (3 b @y il L & jeo
0998 GlaSi o 558 9 Cosdya d by il g dlis b
XA ppolie gl aigy blii 4y 45 by 45 Seai cdalin s
(fil/ky) oml Sl (cind slagys ol cow o Jblite 395
ol 09 oo gyl i ol 51 45 oage SIS
iz Bl IS Gge 43 52 Jolae e cos ]
oS5 5l 5 Gt T lews b plast o Jg o)l xc /1 s,
G bz ol g Sy plazl o 5 050 (Sl L36
Sgd b )S s i Ky ) ool
Ty SzsS slo > slp di P39 P2 polie a2
ol 3
A Ly 4 S @3 ¥ p e ojlil 363
ol g ol fillky 8 8
e (Rl 5 Sile (e 59,5 T L
az ;0 200 3l agly cpils b ol asie LSS 5l oS jglilen
35 pee Sl X/l pmy oz 518 Glacamdse I (loo S aisls
ety 08,5 adsl 51 5 oled sgpe &5 Sl o plal Cilises (glaojll
20515 5 42,030 b 25 o s 4 P39 @y polie (b il
Jlade wil S¢S ax e 3 kplksy polie uzmed (igd OS] a0
Como gly 09 ge st par Sl X/l gy 45 5 12eS pnlod (5505
30 45 jehailen g 05,5 auslie [18] gz e b1y polie opl ccdlas o
o Jls sbly; ladl cans cands b gl el oanal imghs oyl
@3 = 15° @, = 27° (@ = 20° i, il Sub L Sl e
Jaie 2 95 Oloe (593L 5 Log s polie oud 3 (Aaghy )3 abb oo
o 69y el glojsliiS olie e LT 5l ooliiul b 5 ods 00l
ksl o ke b e Com b Blie o5 1) Ll Cos 5 Jaie
D905 duslore
Comd g Oglite Jolin s polie il> adllls 4o a5 Lyl
L sl gy sl 4 ol oad wS s LSy (o pskis

246


www.sid.ir

UblSed 9 soua Ld)duea

U;uh;ﬁ;bub6mhg_z°)éhmfhualos,ooﬁsﬁ\sl)ahﬁab)mh\;hugual)b

Lol Jlisl Sl 8, 5l o 5 (b (9 adlo) Sl (o1
(11 JSCs) ot 4zl (gom du yii 5l eolanl

ol (Sl gloas o gl Lads 58 g Jolae ools 13 6l
S JBg Sl ool S vy il o) (gsloand bl b
GrSol8 5l e &S 0als Jaie o2 4 il oo b fare (6,518 e
b 5l g oads alSs sl 4 SU seojlgs (pl e e o Lolas
gz &S Sl ooy S ol eSSl e (JSls e ol il B
3890 (5050 b g 8, YU el g Cunl ouis oolaiw! SKlasl o YU
5601 iz g yeglee 2 090 Y (pl Culs ogd e (38,5 Jos (o2
oo S Sl ooy Ol Jolas (o oolatul 5590 U5l b osle Hlen
Byl gl SKasl

GrobsS loy oole ol b cows cxlu (gly 5 atils sl ceadd ooy
Sy ge Sl an e sl k4 e &5 Cul il

b B s ik ooyl ces @ s S Jlasl sl
ol Sl il 5 o ond oslizd gl i b shais
Ol SIS g Cools 5 (350 pdar0 5 Glale Rl )0 Caaslie coole
Cnizmed dgd oo HES At l Blale )| Sippes el 45 el oole
Sl Ceaglin 5 009 o] liles ) a4 G gl (B I eole (]
Syl oY

35 QLA oS e 95 sln 357 e DUl g Lt @ azgi
438 g > el Dja8 (RIS 5 ogdle 45 ab oslitul (ol )gigegg o
S8l e 40 o] Gamsas o laml cans cdle gl acal aals ol

xc/l

1

kolks =0.9

0.75

15 30 45

max value =0.99

075

30

max value =0.9

ko/k3 =03 ko/ks =0.6
r
7=
0.12
()
15 30 ry; 15 30 ry;
max value =0.99 max value =0.99
r
] =
0.6
()
45 30 -
max value =0.9 max value =0.9
r
i =
1.1
P2

30

45
max value =0.6 max v

¥3
Fig. 8 Result of kinematic structure simulation and 3 degree of freedom
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Fig. 14 The performance evaluation gripper by picking up and moving various objects
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