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ABSTRACT

The paper presents the stages of realization of a computer program that allows the
establishment of the differential model of the active mechanisms from the component of
industrial robots. The computer program was developed using the Maple programming
language. Finally, a series of simulation results are presented in the case of an active
mechanism of an industrial robot with six degrees of freedom.
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INTRODUCTION

Within the realization of various mechanisms, the development of computational
algorithms based on the study models and their transposition into computer programs
are extremely important stages in their design process [1-16]. In this context, the
development of the computer programs for the simulation of the functioning of the
industrial robots in order to increase their performances is part of a very topical issue in
the field of Robotics [17-20]. The paper presents the stages of realization of a computer
program that allows the establishment of the differential model of the active
mechanisms from the component of industrial robots. The computer program was
developed using the Maple programming language. A series of simulation results are
presented in the case of an active mechanism of an industrial robot with six degrees of
freedom.

THEORETICAL CONSIDERATIONS AND SIMULATION RESULTS

The differential model of the active mechanisms from the component of industrial
robots is expressed by the following equation [17,18]:

dx=J-dq (1)

where X represents the vector that contains the operational coordinates:

X 0Z

x:[ P } (2)
Xrot

X and X

poz rot

are the vectors that define the position and the orientation of the
coordinate system (O; X, Y;Z;) attached between the gripper fingers;
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a=lo, @, .. q,f 3)
is the vector that contains the coordinates: g,,q,,...q,, corresponding to the active joints
of the robot;

J represents the Jacobean matrix which achieves the link between the variations of the
operational coordinates and those of the coordinates corresponding to the active joints
and may be calculated with the following relation [17]:

Rpoz 0 0
I=| 7 s [ @
t

(Y

where: R, depends on the type of coordinates used to define the position of the
component modules. When cartesian coordinates are used: R, =1, where I, is the
unit matrix of rank three; R, depends on the type of coordinates used to define the

orientation of the coordinate system (O; %; Y ;)

°R 0
0
Jq :[ OT ORT }TJT (5)

where: °R; is the rotation matrix corresponding to relative orientation between the
coordinate system (O;X; y;z;) and the fixed system of coordinates (O,X,Y,Z,)-

°R,=R'R,-...""'R,""R, (6)

where: 'R.,;,i=0,n—1, are the rotation matrices corresponding to relative orientation
between the systems of coordinates (O,xy;z;) and (O,,,X%.,Y;1Z,,) attached to the

component modules i and i+1; "R, is the rotation matrix corresponding to the relative
orientation between the systems of coordinates (O,X,y,z,) attached to the last module

of the robot and (O, y;z;). The column k of the matrix "J, of dimensions (6xn)
when a type of parameterization of the robot structure is used has the following
expression [17]:
o, R-¥k +5 - R-Mk'M0 0, @)
. Rk,
where: o, =0 when the module k is of rotation and o, =1 when the module k is of
translation; &, =1-o,; "R, =(“R;)" is the rotation matrix corresponding to relative

orientation between the systems of coordinates (O;X;Y,;z,) and (O,x,Y,z,) attached to
the module k of the robot;

kRT :kRk+l'k+1Rk+2 '---'n_an'nRT (8)

“k.=[o 0 1] )
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0 -1 0
®k'=l1 0 0 (10)
0 0 0

The vector-*'0, 0, may be extracted from the homogeneous transformation matrix “T;
where:

‘R 0,0 : ni
kTT ={ OT ]l_( ! =ka+1'k Ty T (11)

For realization the computer program that allows the establishment of the differential
model of the active mechanisms from the component of industrial robots it was used the
parameterization presented in [17,18]. In this case the parameters used to establish the
relative position and orientation between the coordinates systems attached to the
consecutive modules i and i+1 are presented in Figure 1.

Zia Zi+1

Xi+1

X

Figure 1. Parameters used to establish the relative position and
orientation between the consecutive modules i and i+1 [17,18]

When using this parameterization the homogeneous transformation matrix 'T,,, has the
following expression [17,18]:

iTi 0= |:i Ri+1 (i)oioi+l:| _

0 1
C059i+1 —sin 9i+1 0 di+1
_|cose;,,-SING,,, cose;,-c0S6,., -—sing,, —r,-Sing,, (12)
sine; ,-sin6,,, sing,,-cosé,, cose,,, I, -COSc,,,
0 0 0 1
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A computer program that allows the establishment of the differential model of the active
mechanisms from the component of industrial robots was developed using the special
capabilities of symbolic calculation of Maple programming language.

A series of simulation results are presented in the case of an active mechanism of an
industrial robot with six degrees of freedom (Figure 2).
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Figure 2. The mechanism of an industrial robot with six degrees of freedom

The values of the parameters that establish the relative position and orientation between
the coordinates systems attached to the component modules are given in Table 1.

Table 1. The values of the parameters

i a; d; 6, f;
1 0 0 as 0
2 0 0 0 d,
3 -90° 0 0 ds
4 0 0 Uy l,,
5 90° 0 Us 0
6 -90° 0 s 0

In the sequel are presented the expressions obtained with the computer program for the
elements of all six columns of the matrix "J; :
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_—si:(gj )2 cos[;'[-) ) cos[;'__l V6 + [—cos[:u ) cos{ d5 j] cos[gé) + sh{:u Jsi 36:':' [cos[qi VEE+I34+ q3 )
&l g5 )32 sLt’(;lﬁ} cc:s[;'__1 156+ [305[414 ) cosl, gs) sLt{;lﬁ I+ 5i.t‘(4'4 ) co=l, qg)) [cos[qj VEE+I34+ 43)
—cos(g5 ) cos{gy) sin(g5 )56 + cos(gy ) sin( g5) (cos(g5 )56 + 34+ g4)

—sit( g, Jeos(gs ) cos(gg) — cos(gy) sin(gg )

sit g, ) cos{g5) si(gg ) — cos(g ) cos(gy)

L sit(g)sir(45) ]
[—sin(d,) cos(q,) cos(qg) — cos(q,) sin(d,)]
sin(d,) cos(q,) sin(q,) — cos(d,) cos(d,)
col2 = sin(d,) sin(ay)
0
0
L 0 .
sin(dg) cos(qg) [ ~sin(9g) sinag) 1567 ~c0s(dg) 156 0
—sin(g,) sin(q,) —cos(q,) sin(d,) 156 sin(gy) 156 0
0
~ cos(d.) — 0 - 0 col6 =
col3 := . 5 cold := sin(q,) cos(a,) col5 := ~sin(q,) 8
0 ~sin(g, ) sin(d,) ~cos(q,) 1
0 | cos(a) | 0
CONCLUSIONS

In the paper a method for achieving the differential model of the active mechanisms
from the component of industrial robots has been presented. In this scope, a computer
program was developed using the special capabilities of symbolic calculation offered by
Maple programming language. A series of simulation results have been presented in the

case

of an active mechanism of an industrial robot with six degrees of freedom.
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