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ABSTRACT

In this research, a new parallel robot with four degrees of freedom is studied. The key important design stages of a parallel robot are
obtaining its workspace and singularities. At first, the positions of the robot components were calculated using the inverse kinematic
relations. Then, the workspace of the parallel mechanism has been obtained considering the limitations such as singularities. In this paper,
various configurations have been analyzed to minimize these points in the workspace. Analysis of Jacobian matrix was used to assess the
quality of the workspace. Also, by separating the workspace to some regions using a program that was written in Matlab, all of them are
classified as areas with different coefficients of the local Dexterity. As a result, it was seen that asymmetry of the components can improve the
performance of robot and reduce the singular points at the proposed robot configuration. Despite of asymmetry of the workspace, the
structure of mechanism has been designed in order to obtain the highest rigidity and dexterity.

Keywords: Dexterity, Jacobian Analysis, Singularity, Workspace.

doddo )

JUESIPURYS I IPCORVONIPICIES Il JREN [PUPET SUICOX g PR FC T SRV AR EYPPSge
Srae Ol (e B30 S (b dnp Spge 4wl 655l Srae
o, 5 can Gy wal asly blse oo p,lS 0 pgas 4|, 55,
Sle Wb ol e sl losyee i bl ol clllE
el olsts ol )0 Zoly 50 sams Cwny | (Fy5 slaclis 5 lace
IAL o1y pons 5550 b 9, Ss olusl sl |, (>l

do all> wiz g LB Gl ol sl SRy 5l S
3Ll sed Jezs (o 4l e ghlee b, SO el (Solerw
Sl wilgl iaS (65, Bras (e o U ogd co Eel pl 5 Conl page
s ppiege led bulr g Cesw g Ol Loy S
o 4 Codgama opl cnlay] 5 slas jo Cusgaze 5lge slacly,

Please cite this article using:

Conlond LS5 il 4l Sy g S e o Sl slee pilSe SO
Jlail SSaSs 4 sjlge ok 4 g (Seilotw oz 50 b Sl oS
ooliztl sl VAYA Jlo ) Slowz dawgs Jislo ol 51 slasges ] 05l
o8 Laulgl jo Y] el sas ools slpriy S5 Il oS Glee 4
& Olginl g oS lawg alBlas b a4 goliT ax 0 £ el 8 o
YT g eas @l g (5le dmd g SVl Cons olate & s
¥ silge slacl, 59, 2 osd plxl ae g (595 sla)l5 5de 94l
slodlo ;o Ll casl a8, bl golj] ax,0 £ L g laio gol5T ax 0
b siloe o b)) a0 & 5l xS ol az,0 b (slge slo by ¢3!
eyl Sl Lv-f] el @b S 5 arg 8,90 ((Ogame gol3] ax o
Glools jbsle 5wl (SelSe piwsw = alax 5l il Jalyd glils @b

s lod 3Ll 13 L 5l Wl ol @ gl yl (610

M. Rajabi, M. Mahboubkhah , Design and analysis of workspace, singularities and configuration of a new parallel robot with four degrees of freedom, Modares Mechanical
Engineering, Proceedings of the Advanced Machining and Machine Tools Conference, Vol. 15, No. 13, pp. 461-465, 2015 (in Persian _..,:)


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.82.2
https://mme.modares.ac.ir/article-15-10056-en.html

[ Downloaded from mme.modares.ac.ir on 2024-09-21 ]

[ DOR: 20.1001.1.10275940.1394.15.13.82.2 ]

olgd agaxo UM 9 ) And 0

ST A2,3 Sl 3533 G)lge by Ko 5 M2Sa 9 (1S5 bl () SLad Julxs 9 3 lpb

(0}

il gan 5o les ¥ SR

95528 Sopiloiopu ~1-¥
Sels Ly oy Jsb arulne sl YUSS 4 azgi

Li? = [(xp = x)* + (g — ¥)* + (25 — 2)*] L ®)
Dyl 398 aloles (55l eoles
S;+A;cosa; +B;sina; =0 )
1 (F) dolee o (5,105 sl tan(?) =t e i |
1-¢2 2t

¢ 2l 6 Camdae Dlabue iile b3e8 doles J> b coles o
onl el salgs Candy ) aaly 51 S e sl Sid 4 bgr e sl

U aoles Sy (gl 5 00 0008 cilin 38 o5 L o S¥olas
0 0303 S > j5ige lags 45 S pze (sla S 90 gl ez 5 00
g (oo dwlre Wgd

—Bi+yBi*—(Si—A)(Si+A)

(Si—A)

a; = 2tan”1( ) *)
Om9S15 9 Cas o -¥-Y
Sloin gy alie b ol o b S 5 Jolie cepu G BLS)
4 35h (o0 rogh o p Sul esliiul b Cae s pspde 09l (oo ploxl
a ailsie B sl ams o Lt ) b dilie 5 5 (6, ke
LDV ] T vy (Solorew O¥olis (105 i 5l pukins &g
(V) dolee (b5l 5l (65 3t

f) + bi + (bl X (.l)p) =a+ (Lli X (.l)n) + (in X (.l)a) )
V+ (b X wp) = (Lyj X wq5) + (Lyi X 0,) 9]
el gslwoslu g mayls Lyj jo aloles )b A3ls s b
Lq:
bi Xlll_.li] -[V wp] = Wgy. (in X L1i) *)
XK= Jg& 0

Sl ile 121,234 ale 5 (V4) 5 (A) Lals, (o5l ool b

AMLGA [QRD] AJa.gl) O ygo o pedins
rjlx ]ly ]lz]

LZiyLliz - LZiZLliy
Jox T2y T2
]q = [LaizL1ix = L2ixL1iz * Y ’
LZixLliy - LlixLZiy

QR
J3x ]331 I3z
4x

]4y ]42
sk c\.an.o MLLSA X 9 6[.‘;...41) N lags Ql)s.h 450.11 J.,Jo 4
bl drwlre BB 515 Ojg0 4y ugSae 5aasSTS e il
[Liix L11y L1z blix]

Slocasdye ;5 Lol cnl &5 Gl Ged aBlge Sy 4 lagil 0595 0
A5 0 g gl Cawss J S BB soliT ax e O cl S (0S5
p3le iz ol o LAl aims canns 1) aleds 2 le oS
aw sl a5 sl e ol 4z 0 Sl basanr (ilae by SO ks g0
X g Joo (oo az )0 Su9Z 5V X sbyygme bl jo Jlsl az o
T L yyme Js> 0l hls soleiin plSe 40t lasly, bl
shyls olgay ple g bl Lg.L\A_'> 5,8 L;alﬂ 4z, cpl a8 ansb
Sl o Jlasl Gly prlle cpl 5o aibce g asme ol ax
Golgin by el lanl las ol jo sl ool oolaiwl 59,5 Jolas
5 bl o (Silois Slwle g oo a8, i o o lite &g
g ool yhs, 5l eslaiul b ol 6,8 slad cl oad oy
Gs olfius o] 3 a5 (L SuS5 el Gis ly el ead b
g olpiinn b,y LSl 5l gelate )b conl S LB ,e soliT ol e

ol 00l o

S lod Tl =Y
Soileiens ) el Sl o, laibinl g8 abaii (Sl anllas Ygone
3 Sym slagly Cumdse 4 oliws Bum Ll sbly; Cumdge esSae
S o5 35 0 abil (Gl Cusbge g atuie b 4l
9 pooins Siloiw pogie Vo] wil (0 gm0 oozl S A o
dloe o il 6blyy Cunde O b ole orme Caxbge (5955 I
oo el oals ool las Yo N S jo oS jebjlen asl oo 098 oo
Al S g {0 Glatsne olfiws) colb by o ol Ll 0550 05550
LZi 9 L]i 6[&5)].: d«l:.w} O as’ leb & ({P} Slaise OLiL«)G) AS)M
Jie Ly Sd w590 51 (i, by ool 5o il ool Juatte o2
G Sy Cols jo g Gl eals el plas @ 4l LY Sy aS ends
olas {P} clame oSt b JS& 50 a5 (ol 5 y7m0) S pote (595
a4 {P} 4 {0} oBuws o e ple ;51 058 (oo Jiiie Canl ond ool

g ooly las ;T L ) &g

o 1 0 0 Px
pT = [0 cos, —sinfy|+|Py|L )
0 sinf, cosfO, Pz
:M)le A SR
p+OBi=ai+Lli+in (T)

S e 593k Jlop Lai g S yme (s93k 4 gy o Loj akaly ol 5o
Ol P LS yeie 558w 4 az e Slaisee oKiws Jl ls y asb oo
65w a Ly slo ST Jlasl Joee 4 by e )0 OB 5 el o ools

J, = Lyj ] _ |L12x Lizy Lz, blul an
¥ |bi X Ly; lL13x Lizy Liz, bl3xJ &
Lisx Liay Liaz blyy oyl s ez ol 5l o dw Siled sl ) JSb
CAMMT sl piS woVlie ac gozxo anlio a9 A\ Y opleid 10 053 AVAE GLT (yurde Spilko w i fsy


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.82.2
https://mme.modares.ac.ir/article-15-10056-en.html

[ Downloaded from mme.modares.ac.ir on 2024-09-21 ]

[ DOR: 20.1001.1.10275940.1394.15.13.82.2 ]

olgd agaxo UM 9 ) And 0

ST A2,3 Sl 3533 G)lge by Ko 5 M2Sa 9 (1S5 bl () SLad Julxs 9 3 lpb

Zmin = L1 cosyy; — Ly sinai (435
Lijcosyq; — Lyisinyay = 2 A
a + Ly; cOS @ypax — L1; Sinyy; — bi = Ryax )
Lijcosyy; + Ly sinayiy, = 2 )
Ly siny,; — Ly; €OS @tin — @ + bi = Rppax V)

gt cdie g adlin Lume )3 §sb SVslee oliws >
5 eled adgl odgamma 3,1 Canss bl canss 5,5 slad peuSe
9,2 oguzs ol bl plos gaxtar o298 Ak & caddgl glis)|
o bl e 5 (Soileis glo Cadgaze (3,5 Sl ey g 0
g oo 6y A caslio Lyl o (glls

S s -Y-Y

Sl g (Fhb s o 53 50 eulul GRS ST e ile 5T
s 5155 BlE 4 lg3 oo msST e yile BT LS e Lyl SSL,
Js (en 22l by Ol 5 )5 LA Julo 4 5 008 Iy
o il by asdlhe o wlul Slegdge 1 (o msST s pile LT
OS5 ST5 e le baite 1 (g p0lie ) 4 (Sl slagil i
oS GmsSTs Ol Glaeys &5 Sley msSae (ST ophi e
5 &) Sy s (ST 080 oo ¢ Al yho (gslus sdal Casuy
TA-¥] 058 a0 muitns (55515 msile (ylis o 45 a0

bl Yoo 9 (S5 2 0Uo 1 (9815 o Lo 325 —V-V-Y

3385 098 Ol USVT o 5le s Jol> 8550 & (lgion | e ile 2
olie Jols (o 5le S s ilo 5 90 SR o V 5 U slams o ]
A3l (oo (02 501) 25 polie Jols S o ple .cl A G ple 0SS
omple byb sae b a4 (5SS polie (0 iSEsS @ 258 )p S
o Skae slaoasls 51 (o olsie a4 byd sae [0]ogs so axslis cnsSTs
Sue ol 4y 1SS e (2 2 sS4 (2 555 S Sl o0 pgmine
Sgds oo il ST s ile (K) b

k = Zmax v

.,
5 S 4 L (LD e b i Spm & e by sl

salys Colier 5 S O )lEe Camdy goyled s iy S (GCD
byl sl 25SHop G osae a4 jlade pl juax e (I<k<o0) clils
Criman S a8l 7S S5 blES ohass 5 gaels 0305 (Sloie
Sag yhe G §)le il K gSae oS (e (SYIZ) LD (o5

Ol il 5 Koy G vas @ ol awle k polie dax e ol dalg>
L ady e g (S5 B 5l g pasles Ll pd ()5 slad jl alais
SV L 5165 lad bl ganaib 4 055, ool 50 il o 1l
maiws @bz k polae b bl a5 &jge cpl el oad i ls o e
B9l oo 00l plii )5 slad jo sasine K, L asl o g ool gun
4 (GDI) 5 SY a5l g (LDD) o SY asls oy

Wgh oo i yxi py D)9

LDI = Y)

1
0
e

GDI —J.T Y
ayd liee )5 lad ez b pln S g5 0ad 53 abal) o

b 33 (0SGOT 1ol Sy g jho (pr §ylGe glyls IS Cumig

\fal

) pele g aloles a4y Cold 5o

[Lixe L1ty L1z blx]puv,
Lizx Lizy Li2z blyy I
Lizx Lisy Lizz blsy
Lige Lisy Lisz bl 9]
Jiy O 00 ] [aq ]

0 Jox 00 a;

) VY
0 0 Jsy OJ a3 on
0 0 0 Julla,

S Sld fdowi g b Y

09, Al sl o0l 4\3|)| L;)ldeéé dwloe 611-.' ‘5'5&..@ t_gl_a:u‘l}s)
Gy oSen glad lanl oy, (nl jo a5 b gemin by, b ans
ot Bl ples lp e 5 pmleior el |y 03l 6,15 (sl
4 gl dal ;0 09d e o)y Pl p Sl (Sletaw 2508 AL
Ohgy eizmen db e 035 )5 slad 4 Bl il 3olo 048
e Gk o ppille )5 lad slajre by, cnl yo 4T (pwaie
Sl ey 99 0l il ) oy 4 Bais nl 5o (VAL W S e s
Goob 3 ) 45 g ysb 4y el ond esliul pplSe (6,5 slid b
&) lad adsl sl e daSid (625,18 Codgazme 5 (wiin sl i,
S0 g 0dd (GuLdSld i g, b oodgaste (pl [0 g ol s
bl ples gl bS] 0,55 5 5 (Solaiw 058 dox 5l lacgsgases
Ui et slp otin gy 4 Ml 05800 (o) 00D (anaD
9 poa3Sle ool H13 L S e (655 gl yieS g o i IS 5
i pesSle e Wlco Gty ¥ S aile @ )90 dugl) presins
Lug SYolee oiws ;o (YY) B (VA) oVolee J> Lp alais 5,.5,1,8
500l pogase griwe bl i ol 4 a5 0] ce Cewdy it l58l0 3
J= oley g ot aulone 55 (655,18 5l g 5 (Blol e sl
b oo Huals adoles

P -b
Y1imin = SIN 1((17) o
Zmax = La; + Ly;cosyy; o)
- —b+Ly; [
Viimax = sin™} (R0 42!

Ly;

ot (it 3 55 52515 F S

CAMMT yuil piiS ¥lio ac gomo anlio 3y A ¥ o)laid 10 093 AVAE GbT e Slke o


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.82.2
https://mme.modares.ac.ir/article-15-10056-en.html

[ Downloaded from mme.modares.ac.ir on 2024-09-21 ]

[ DOR: 20.1001.1.10275940.1394.15.13.82.2 ]

olgd agaxo UM 9 ) And 0

ST A2,3 Sl 3533 G)lge by Ko 5 M2Sa 9 (1S5 bl () SLad Julxs 9 3 lpb

ey S Jlail e bz o800 Jsb ol 45 6,5 slab
e S e ul s S a4 ced ) ey S sk
el ons plate polez S UK ) oS (Y JK5)

S5 4o -0

50 @l azye ez ol @l Lo 5 (b dlis cnl 5o
Jo Ghes o8> oy JUl w8 A ol a5 285 5 (o
Jol5 0 e 1 g o 0 e iS50 2 Vb sl Bk (0 X e
S Jlasl jo waz g o lael Jbsle 5l g S slas o oS5 bl
bl o5 Judow g ages Lol eolatel S oS 4 S i
o A58 5V gae 5o dilisee sla el b Gl L3 5l Jels mlbs
-aib f‘?" L)l slad IS iged g Cunl 0als 6)5]‘);5 g3
ools las A ISy (doe (SY> 5 0, See coalS s 5l oad g
58 blis ganailo 5 )5 sLab (e Ty IS0 iulis onl ol 0
S5 5 Sl b s o5 SV B ) Lol et
ai3,)8 15 0ol 0,90 g (gm0l Sl glizl slojlasl oS ga L
55l 5 coiS o aliee sl yial )y LU Sl ol mls 4 ax g ool
(el Sl o el oas Ol 0500 Ay JlS L (6,5 slad wuae
csls anlgss Bl golsT a0 g eatd Al o lllas olKzws

35180 8 Sloe Gl sl ol b ) Jpor

S8 Slbuby axe b DYAYElcld SOl cuye opl Jlaie Jlow!

olee b a5 GeSTy G ile o b G ile S5 5 41525 3)50 50 00l
39 o0 00l lad (YO)

J=Jx""q )

] =UsvT 9]

Wby Pl dug (b SRSl ¢

O MalS” & j90 4y il el3T a0 oz p5lSe (sl S5 0,50 2500
g asbp beme 50 il ol (SVlz g (S5 bl g 0b b S a5 s
S35 2 eSS bl plSe 51 KD (pl )0 a5 285 13 o) 2 990 il
g oals Al a5l bl ol jo (0 JS8) 8.5 o0 13 y=0 axin
5 o sl 0l 4 LS B 5 L) 50l a0

92y S 8,95 p &5 (bl 5 0S5 Ui Bdo g palS jslaie 4
Jlosl 5 o olasl 45 cats olgiings p3uilSe b sl o Sleeis ciuls
Jlesl ales e Jlail Cumdge jo ()8 pas (pl ablioe ) pas
5% Jle )b cnl j0 b gy p clie bame 5 ] S 5 0
» pkr S Jlal Joe 9wl wd S Gl s 7SS aiile S e
Sod slail oo a5 0ol Lula (Glhss Sz 95e) ¥y sl
5 oSy mple U 5l Jolo @l 4 azgi b a5 cunl oads o35 pgo
el oo BA> NS 4y 5,5 slad o (S5 bl SS
kS ot Gl g S5 BB o o ple ol b ol 3
S5 50 O pas plpz ek 4 prille SV Rl g o Sles

Lai Lia Lii ba bi aj o les
(i=1,2,3) (i=1,2,3) .
oy J I 250
Vo YY. YY- £ £ VY. \ 100 J H 200
-200 1 150
ae o ¥EeTY- -0 £0 We Y 300 i | g
£
o- vy Y. 0 58 VY- ¥ NL400 / 50
v Y AD A f 0 200 ! 50
\Y- . . - AD YA -600 [ /‘,»'” 00 -150 X(mm)
.,)()Q,"QQ‘;’:N&‘* e (-/20'3 30%‘——\‘[.200
vs. - YA Y0 Yo V- ) = S $7400 g 0100 -209 35250
)
Y- o fo- fe- Yo y- AD 5 e Yemm)
Olie ui S b ol )8 (sLad 5o 0SS bl B S
YYO fr. £ -0 z YAD y
YAD vF. Y- -0 z VFO A x
YAD YA 5 -0 z VA 3
V Jgaz adlal
GDI 7 Rumax o los
mm mm
Sy
SN CIYE)_(FF) Y. )
S SEYALY  (VYY)_(CFYS) = Y
SeSEYA (WYE)_(FF) = v
S OAYIYE (IYA)_(TVA) Y. f
S SVOYSA (FR)_(-09F) Y¥. o
SYSARNE (CAYE)_(-DAY) voF 5
SYYEVE CVYY)_(-OAY) voF y
VAOSBA ((35)_(-F5F) Y. A
SAAYYLE IYA_COVA) Y. q
CAMMT sl piS woVlie ac gozxo anlio a9 A\ Y opleid 10 053 AVAE GLT (yurde Spilko w i f5¥


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.82.2
https://mme.modares.ac.ir/article-15-10056-en.html

[ Downloaded from mme.modares.ac.ir on 2024-09-21 ]

[ DOR: 20.1001.1.10275940.1394.15.13.82.2 ]

olgd agaxo Ui 9 ) dwd 0

BT 4253 Hl 3333 6)lge by K 5 3a Ky 9 (S5 bolis (sl SLAS Julxs 9 A1k

50

X(mm)

-150

Z(mm)

Y(mm)

O o 3N)
PEL o0 o 0 H P

Yimm)
alizee 0o aygly 50 3l oud gan aib IS slas A S

&lp 1

[1] X. Kong and C. Gosselin. Type Synthesis of Parallel Mechanisms.
Springer Verlag, 2007.

[2] J.E. Gwinnett. Amusement Device, 1931. US Patent 1,789,680.

[31 LA, Bonev, The true origins of parallel robots.
http://www.parallemic.org/Reviews/Review007.html, 2003.

[4] C. Gosselin, M. Tale Masouleh, V. Duchaine, P. L. Richard, S. Foucault,
and X. Kong. Parallel Mechanisms of the Multipteron Family:
Kinematic Architectures and Benchmarking. In IEE International
Conference on Robotics and Automation, pages 555-560, 2007.

[5] M. Kaviany, Heat transfer in porous media, in: W. M. Rohsenow, J. P.
Hartnett, Y. I. Cho (Eds.), Handbook of Heat Transfer, pp. 9.32-9.43,
New York: McGraw-Hill, 1998.

[5] S.A.]Joshiand L. W. Tsai. Jacobian Analysis of Limited-DOF Parallel
Manipulators. Journal of Mechanical Design, 124(2):254-258, 2002

[6] O. Ma, ]J. Angeles, Optimum architecture design of platform
manipulators, Proc. IEEE International. Conferene. Advanced
Robotics, 1991.

[7 ] Adept Technology Inc, Adept robotics for packaging., Production
Brochure,http://www.adept.com, 2008.

[8] M.Akhosravi. Modeling and Robust Control redundant parallel robot
Flexible cables. Department of Electrical and Computer Engineering
Khajeh Nasir University.

[9] M.H.saadatzi. Modeling and control of redundant parallel robots
resistant flexible cables. Department of Electrical and Computer
Engineering Khajeh Nasir University.

[10] H.Li, C.M. Gosselin, M.]. Richard and B.M. St-Onge, Analytic form of
the Six-Dimensional singularity locus of the general Gough-Stewart
Platform.Transactions of the ASME. Journal of Mechanical Design,
Vol. 128, no.1, p 279-87, 2006.

[11 ] D. Stewart, A platform with six degree of freedom. in Proceedings
of the Institution of Mechanical Engineers, vol. 180, no.1, p 371-86,
1965.

[12] J. K. Salisbury, ]J. J. Craig, Articulated hands: Force control and

kinematic issues, The International Journal of Robotics Research, Vol.
1,No. 1, pp. 4-17,1982.

[13] R. E. Stamper, L. W. Tsai, G. C. Walsh, Optimization of a three DOF

translational platform for well-conditioned workspace, IEEE
International. Conference. On Robotics and Automation, Vol. 4, pp. 3250-
3255,1997.

[14] H. D. Taghirad, Parallel Robots Course Lecture Notes., Fall 2008.

CAMMT yuil piiS ¥lio ac gomo anlio 3y A ¥ o)laid 10 093 AVAE GbT e Slke o


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.82.2
https://mme.modares.ac.ir/article-15-10056-en.html
http://www.tcpdf.org

