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ARTICLE INFORMATION ABSTRACT

Parallel manipulators are mechanisms with closed kinematic chains that have been developed in
different forms, but these manipulators have several drawbacks such as small workspace, existence of
singular points in their workspace, and complex kinematics and dynamics equations that lead to
increased difficulty in their control. In spite of this, these mechanisms have been conventionally used in
Keywords many different industrial appli(_:ations such as maghining, moti_on simula_tors, medical ro_bots, etc. To
Design ) overcome these drawbacks, design and manufacturing of a manipulator with three translational degrees
Manufacturing of freedom are provided. Design of this manipulator was based on the possibility of three translational
translational parallel manipulator motions for its end-effector. The manipulator degrees of freedom are obtained via screw theory. Basic
kinematics analysis features, consisting of forward and inverse kinematics, workspace and singularity analyses and also
workspace velocity analysis, are considered in this paper. A numerical algorithm is implemented to determine the
workspace regarding applied joint limitations and the design parameters were extracted based on
whether the desired workspace was achieved or not. The robot motion was created by three pneumatic
actuators which receive their commands from pneumatic servo valves. After design steps, the required
elements were provided and assembled in a robotic lab. Finally, the simulation results have clearly
approved the robot improvement.
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Fig.1 Schematic of the 3-[P2(US)] parallel manipulator
3-[P2(US)] (s3lge by Solats 1 gt

G slad o 5wl axsly pellae (5,5 slad el coad S e (5,
bl a8l (57508 (eSS laenss Gl i late 958 4 0ad S50
b ead ooyl Gan Glacwnd o Ll Jolie a5 550 laJulos
sl g g9 zhgenl 1 vl oals plosil 030186 Sosleds  Seslodew
s o bwlad ags b g asle (b @labad ol Gl o jse lalad
5 £55 0l 0 4, IS, (S (sl ol on s sl 53 08
€95 4 Wi agil (653 0975 3903 aMS 1 Jgaz 0 1) gl olaws
S ssbolan 5,5 3 foarsly b s3gae b (Bl 50 & il e 0,25
oly b oYL asio 5l 55k aw cpl adllas 0,50 Dby (ol o0ls byl
Wiloas b 381 4 Cod 4> 50 40

Sl e sl ol Cansy Jolie oy @ azgi b S Jsbo
i 59 ol 45 o &0 o 5o lie oueld b pp ot 555 3
G & o 2l e 4z o Sl oS Jate (o bawsi (595
Ol a5 el ol i 550 gl sl o o)l ax 0 40 Ll slaygly
Bk 4Bl 0929 (59,5 Jolde 1y 555 03k 2 S

2l Slige 5 Lo -3-2

3ol izeen 5 Jolin g58 Sl 5 (b ol (i3S 1
B9l oo b > o o lg coad 418§ s 0 Sl gl a5 oblss g olal

a> b al> e opl g0 00,5 snslive olgi oo 1) oo Slige Wby 2 JSS j0
oads aizlw o515 yo i) ady 5 ouud eolaiwl o lasliul Slalad uLio‘

o

oad (b ol Slasie 1 Jgax
Table 1 Characteristics of designed robot

(mm) slal slass askad £ @,
40x400 3 (Fly 5 k) 2925 Joaie 1
400 6 L) als 2
10 ks 6 Jlosseis Jate 3
600x600 1 IS pe oled syme 4
80 ks 6 855 Jate 5
600 .5 3 Silages lae 6
20 3 Sitlages Slac k3 7
a>,0 40 - iyl 4y S Shee g 8

7 o )lois16 095 1395 i (purde Suilke waise



Obled 9 £)l)e S90xe

ST 8253 duws by S)lge ) £95 K Siladams Judxs 9 il (Alrb

ol Solerw VWoleo ol i cpl jo G 3,50 gl3] 4z o
o zlytinl (S 3e Sy Condge 4 by o pulins 9 (sSae Soilodw

ol o aisls 1 o @ aalol 4o

e Sileiw -1-4
@l S 65z 9 SanBge RAD L gSe Silein Julou o
wh IS @ arg b cend (nl 0005 e ) o Sles CosBge b
wtloyy Lo by, 5l eoliiad b g Seilates S¥olas gl S
o (izied 5 (ol Slaie 09zl 90 4 JS3 Billas el 0ud
el 0ds 48, F )L oSS glae lacSid (gl alaii aw 5l g ee
O jgome 9 )95 S axmio abli o ;0 XYZ g2 je Slatie Szl
prady 3 e uvw Jow g5 Slaibwe sl oal ool 13 sogac
odd ead Sl g S oty o i o 4 Gl SA g S e
s oo oLt YL 5l ol sles 5 UK o

(7) 5 (6) Ly, &yp0 @ pl T asls slozil 5l blas oS oy

_— __ = —_—
Tg, = T4, ¥ Ty, (6)
_-— __ = —_—
TCl - Tpl + TPCL (7)
5l o, le 0uls ool glacuaS aS
cosp,cosa;
Tap, = q;| COSB, sina; (8)
sing

sl @B =40 5 @ = (1) x120° 4 S e |

b cosa; *p d cosa;
= bsing; | 7, =Y | T = dsing ©)
0 Zp 0

ols (1) 512 <, ot &
T, =Tc,~ Ts, (10)

Fig. 4 Schematic of one limb of the 3-[P2(US)] robot
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