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1. Introduction

Parallel robots have a number of advantages over
the traditional serial robots due to their particular architec-
ture [1-10]. In this paper a structure of Delta parallel robot
will be presented. An analysis about the kinematics prob-
lems of this structure will be made. Also, it will be pre-
sented the work space of Delta robot and it will be realized
a GUI (Graphical User Interface) simulation of this struc-
ture in Matlab.

2. The description, parameterization and CAD model
for Delta parallel robot

Geometric parameters for DELTA parallel robot
arte presented in Table 1 and Fig. 1. This type of robot has
in its structure three rotation motors positioned at 120 de-
grees one towards other.

The CAD model for Delta parallel robot was real-

Table 1
Construction parameters for delta parallel robot

Li, Ri, li, ri, @i, i=1...3, mm
ABi=R;; BiCi=L,; CiDi=l;; DE=r,

Construction parameters:
Parameterization:

Fig. 1 Geometric parameters for Delta parallel robot struc-
ture: a, band ¢

ized in Solid Works and it’s presented in Fig. 2, a and b. In
Fig. 2, a is presented a structure of Delta parallel robot how
has rotation joints in his configuration and in Fig. 2, b is
the structure that contains spherical joints. Both structures
are used in industry for different operations, but the one
with spherical joints is more common.

EE

a b

Fig. 2 Delta parallel robot: a) with rotation joints; b) with
spherical joints

3.Inverse kinematics problem (IKP) for Delta parallel
robot

Inverse kinematics problem results from the de-
termination of angle values g, (i=1, 2, 3) when the posi-

tion of the characteristic point or the final effector (TCP —
Tool Centre Point), respective the general coordi-

nates: Xp, Yo, Zp-
For the solution of ¢, angle the next equations
will be used

2 2
al=x2+y2+22+2—w—%+|——2|—L+L—+|12—|22(1)
BB o3 33
211, 2Ll
b = 2yl + = _ Z-0 2)
BN
¢, =21l, 3)

Variables a, , b, and ¢, will be used in final equa-
tion that will solve @, angle, the angle from the first link

motor. For ¢, angle appears to be two solutions

2 2
Jb’+c¢

q, = —atan(c,,b, ) +acos [L] 4)
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analytic solutions for inverse kinematic models of Delta

a
q, =atan(c,,b)-acos| ——— (5)  parallel robot.
b’ +¢? Table 2 presents the computing algorithm for in-
verse kinematic problem of Delta parallel robot with rota-
Motor link

tion actuators.
b
Table 2

Algorithm variables for solving inverse kinematic problem
of delta parallel robot with rotation actuators

Inverse kinematic problem

Variable symbol Computing relations
Input variables X, Y,z 1, 2),3)
Computed variables 0;,9,,05 ), (5)
Output variables 0,0, 05 ), (5)

Table 3
Numerical solutions for inverse kinematic problem of delta
parallel robot with rotation actuators

Fig. 3 Representation of the two solutions for the first mo-  |put values: Output values: .
. Operational coordinates Angle values from motor links
tor link of Delta parallel robot (4) and (5) -
X, mm | Y, mm Z, mm qr.° a,° as
As it can be observed two solutions are admitted ig (5) ;2(5) 'i?-%gg i‘s‘;ggg 'ig-ggéz
for two possible position solutions for the first motor link = = —

. . . . 20 10 270 -15.0148 -14.3884 | -23.3407
(Flg..3). From thes§ two §olut10ns it will be chosen the.: ﬁrgt 20 5 285 129532 | -18.1325 | -26.4292
solution because with this one the result of the equation is 25 15 295 16.6325 | -16.6325 | -26.9964
the correct value for our angle. The same procedure will be 35 30 305 -14.4626 | -18.0213 | -31.4846
applied to compute next two angles of the other two motor 30 20 310 -17.2459 | -18.1951 | -29.7111
links. 45 70 320 -7.9557 -23.4365 -39.0348

. . 65 45 325 -14.4766 -17.0799 | -39.9995
In conclusion, equations (g;,0,.; ) represent the 90 90 390 -15.7478 | -26.9833 | -52.2323

DELTA Parallel Robot Simulation

— Input Data balu | Inverss Kinemstic: Proklem Results
3DOF Delta Parallel Robot LValue = | 410 mm j:lj'l alangle 305094 deg
4 < | Value 180 mm j:l_»] oz angle 305094  deg
Link 1
200 .- ) i 326 EE j:J;J q3angle | 305094 | deg
o Link 2 475 mm < | ¢
; X Yalue 0 mm 4 s
o Y Yalue 0 mm < {7 Warkspace
E s00d..i =Value 400 BR[| Generate Workspace
T O S
0 g Compute ‘ Rotate3dD ‘
500 Reset All
-600

Exit

500

Fig. 4 Graphical user interface for solving the inverse kinematic problem of Delta parallel robot

In Fig. 4 graphical user interface realized in Mat-
lab for solving the inverse kinematic problem of Delta par-
allel robot is presented.

In Table 3 is presented a set of numerical and
experimental results obtained with help of the graphical
user interface presented in Fig. 4. The developed GUI im-

plements the Forward and Inverse kinematics of a 3DOF
DELTA parallel manipulator. It provides the options to
modify the geometry of the manipulator.

GUI is provided to visualize forward/inverse kin-
ematics, end effector workspace, and position control of a
3DOF Delta parallel manipulator. The files are created as
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a part of the research project for the Department of Mecha-
tronics at Technical University of Cluj-Napoca.

4. Workspace analysis for Delta parallel robot

One of the most important issues in the process of
design of the parallel robots is to determine their work-
space. For parallel robots, this issue may be even more
critical since parallel robots will sometimes have a rather
limited workspace. Various numerical methods for work-
space determination of the parallel robots have been deve-
loped in recent years.

The following figures visualize the 3D robot
workspace (Fig. 5, a - d).

The majority of numerical methods used for par-
allel manipulator workspace boundary determination typi-
cally rely on manipulator’s pose parameter discretization.
With the discretization approach, the workspace is envi-
sioned as the uniform grid of nodes in a Cartesian or polar
coordinate system.

Each node is then examined in order to determine
whether it belongs to the workspace or not. The accuracy
of the workspace boundary in this case depends on the
sampling step, used to create the grid.

5. Conclusions

: A description of the workspace of the parallel ro-
i bot is provided based on the analysis of the robot. The kin-
ematics and workspace analyses presented in this paper
b can greatly benefit the design, trajectory planning and con-
trol of such a parallel robot. For the simulation, we used an
evaluation model from the Matlab/SimMechanics. Espe-
cially nonexperts will benefit from the proposed visualiza-
tion tools, as they facilitate the modeling and the interpre-
tation of results.
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LYGIAGRECIOJO DELTA ROBOTO
PROJEKTAVIMO, DARBO ERDVES IR
ATVIRKSTINES KINEMATIKOS PROBLEMOS

Reziumé

Nagrinéta nuolat kintanti darbo erdvé, kuri yra vi-
sy galimy mobilios platformos orientacijy nustatytoje po-
zicijoje visuma. Roboto projektavimas susideda i§ jo geo-
metriniy parametry skai¢iavimo, uztikrinanéio judancios
platformos padéti nustatytos darbo erdvés viduje.
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DESIGN, WORKSPACE ANALYSIS AND INVERSE
KINEMATICS PROBLEM OF DELTA PARALLEL
ROBOT

Summary

The constant-translation workspace, which is the
set of all feasible orientations of the mobile platform for a
given position, was studied. The design of the robot con-
cerns geometric parameters calculation of the robot so that
the moving platform would be found within the given
workspace.

L. Czen, C.-JI. Cran, B. Iicubu, B. banan

ITPOBJIEMBI [TPOEKTHPOBAHMSL, PABOYET'O
ITPOCTPAHCTBA U ObBPATHOU KNHEMATHUKHA
ITAPAJUJIEJIBHOT'O IEJIBTA POBOTA

PesowMme

PaccmoTpena mocTosHHO MeHsromeecss pabodee
IIPOCTPAHCTBO, KOTOPOE SBIIETCS COBOKYIIHOCTBIO BCEX
BO3MOJKHBIX OpPHEHTAIUN MOOWJIBHOH MmIarGopMbl B 3a-
naHHOW mosunmu. [IpoekTupoBanue podoTa COCTOUT H3
pacdera €ro reoOMETpPUYECKUX IapaMeTpoB, OIPENEsIo-
KX TOJIOKeHNE MOOMIIBHOM MiiaTopMbl BHYTPHU 3ajaH-
HOTO paboYero MpoCTPaHCTBA.
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