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Abstract: In this work, the issue of kinematic analysishaf bpen kinematic chain of an industrial robotissdssed. The
aim of the work lies in the kinematic analysis loé robot and the display of kinematic quantitiethie work process.
Transformation matrices of coordinate systems dividual members are determined for the solutionth®y matrix

method. The direct method of kinematics using th@QvAdams View program is solved. The result is aphical

representation of the kinematic variables of thehmaical system of the end point of the effectat &ajectory when
moving in its working space.

1 Introduction can check the values of various parameters in the

The issue of solutions of industrial robots isrently — respective output views of the simulated modetal time.
becoming more and more topical, because incredbing
level of production and control after exhausting inown 2  Model of manipulator
possibilities can be done only by automation anifical The aim of the paper is the movement of a mobieto
intelligence, which will replace much of the ne@gs in a structured environment. The robot consistsaof

human participation in the production process.msther handling arm mounted on a mobile chassis. We are

fields, robotics is characterized by an effortitmifgeneral interested in the trajectory of the effector endpoihe

methods for solving entire sets of problems. Arusidal generalized coordinates matrix method would beablyjit

robot is a device with multi-position motion unéad its used in the analytical solution of kinematics.

own drive and control with a flexible program for The configuration of the system with respect to the

automatic operational and inter-operational mawifioth  reference configuration is described by the geirewl

of working machines or performing technologicalkis coordinates described q wigft (Figure 1). These indicate

Industrial mobile robot is better solution, becass®ller the motion (rotation or translation) in the indival axes.

robot with locomotion function can be used insteflig Configuration of the model with 5 degrees of fremdof

fixed platform industrial robot. Industrial mobitebot can movement is shown in Figure 1 [1-5].

be used also for long distance handling with preslirc The model consists of five members and a base mharke

production process. 0. The arms of the robot are connected to each tihe
The paper shows the advantage of computer simolatigotating kinematic pairs. The drives are in therappate

which allows you to create a virtual prototypelw tlevice  kinematic pairs. The motion in kinematic pairséscribed

and modify it or create new variants without makthg by generalized coordinates

real device. It is possible to study the changbahavior

of these different variants of the model. We casoal

simulate the proposed model in its work cycle. Tl

show possible collisions of its elements and evalua

various parameters of interest. The result is Vizseg in

their program. It is possible to understand theatpen of

the model and subsequently verify its effectiven&¥s
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Figure 1 Model of the manipulator

The choice of the coordinate system is very imprta
in order to be able to investigate the movementhef
mechanism of the respective industrial robot incepan
this case, we will use a clockwise Cartesian coattei
system. In the matrix method we use translationrioes,
which transfer the transformations of one coordina
system to another.

We consider the reference coordinate syste(RoOyo,
zo) connected with base 0. For each member of t
kinematic chain we define its local coordinate eystFor
nth member it is QX,, Y, z,). The location of an individual
member in the global coordinate system is therrioéted
using the local coordinates systems of the othenlbees.
The coordinate systemiQu, yi1, z1) was created by moving
the coordinate system along theaxis byéo and along the
yo axis by a. Other offsets of coordinate systems ar
apparent from Figure 1. The relation between t
coordinates of the point M in the global and ntiealo

coordinate systems can be expressed by using the _T T
transformation matrix notation [1-5] and takes thd 3¢ = T51()T 56 (B34)

following form:

Tom = TonTam (1)
Wherefy,, — is the position vector of point M,y —

is the position vector of point M in tmeth local coordinate 7, = [e,0,0,1]7

system.
The matrixTon in equation (1) then takes the form (2):

)

It represents the transformation matrix of the Itexy

Top =T T3 Tn—l,n
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Equation (1) is an effective notation for study of
simultaneous motion, especially of spatial mechmasis
which in most cases represent industrial robotis #iso
suitable for subsequent numerical solution.

There are shown the locations of the generalized
coordinates*, %, ..., g-*. The individual generalized
coordinates for all model links form the vector of
generalized coordinates of the manipulator mechanis
The position of the point M of the end effectoraiso
indicated. The matrix notation described in thevimes
chapter is applicable in the following problem asa. It
is practical to describe the relative position leé todel
links using a set of local coordinate systems. iltbieated
generalized coordinates are defined using thesal loc
coordinate systems. They represent the relatiatioois or
translations in the respective links of the model.

We can describe any shape of a manipulator model
using the transformation matrices of elementaryiaonet
[5,8]. In our case a set of motion equations isabded for
the model in Figure 1. The assembled set of equaitd
motion is then solved using numerical methods. ¢/#e
rule of homogeneous transformation between two
coordinate systems we define a transformation matri

etween the nth local coordinate system and thelowde

system of the base 0 in the form (3):

r}%n @1+ ) = To1(aDT12(q3)-- - Tpo10(@)  (3)
Where:
To1 = Tp2(A)Tp1(01) 4)
L1z = Tps(Bi2) ®)
s = T 0T s) ©)
(@)
Tys = Tp1 (DT pe(Pas) )
Point M position:
9)

Initial model configuration is described by constan

transformation matrices of elementary motions. Thely
the initial position of the model by applying a stant

rotation or translation in the respective link. isBrmation
matrix of each link with one degree of freedomiigeg by

motion. It is given by the product of transformatio the product of two matrices, a constant and a biria

matrices of elementary motions of individual bodies

We have chosen the following labelling of
transformation matrices of elementary motiofigi(x),
Tzay), Tz(2) for translation along the axes y, z
respectivelyTza(py), Tzs(oy), Tzs(p7) for rotation round the
axesx, y, z respectively.

matrix. Derivatives of transformation matrices of
elementary motions can be replaced by a produthef
respective transformation matrix and a matrix défeial
operator as described in more detail in [6-8].
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3 Computer simulation The progression of position (top view) of the effféctor

The algorithms for dynamic analysis are used iAre shown in Figure 5.
software for simulation of the dynamics of boundteyns
[1-4]. One of them is MSC Adams. We used it to glesi
and simulate a mobile service robot as outlineBigure
1. In Figure 2 is shown the 3D model compilation.

]

Modelling elements and procedures for the creatibn oo

bodies and their kinematic bonds were used in tihends _
software. After proposing the model the functiotyals ) '
verified and the simulation is started Figure 2L{§- '

Figure 5 Trajectory of the end effector — top view

Interactive simulation and visualization allows
comfortable simulation of the model, model modificas
and visualization of results. The graphs of out@uiables
enable viewing the current values of the measured
variables in real time during the actual simulationd its
visualization (Figure 6).

Trajectory of point M y=f(x) |kl
. . . . 300.0
Figure 2 a)-b) Model of the manipulator in MSC Addvfiew

250.0

The service robot has 5 degrees of freedom of motio _ TZZZ
We simulated the model motion in structured envitent | £
|-

performing prescribed operations (Figure 3) [11-16] 1:22

0.0

-50.0
-1000.0 -500.0 0.0 500.0
X (mm)
Figure 6 The animation of the simulation and disglment of
the end-effector y=f(x)

It is also possible to display the model in itsrent
state and print the results prepared in this waye T
postprocessor is an integral part of the computatopype
modeling process and is a very convenient toaifeating,
processing, editing and presenting simulation tesulthe

Figure 3 Mobile robot in structured environmenttwihe form of graphs [5,8,17]. Simulation output can ats®
designation of places A — E to perform the operetio created in AVI format.

The trajectory in the spatial view of the end effeén

structured environment is shown in Figure 4. 4 _Resulting kinematic parameters

The resulting graphs are in the following picturElse
values of the calculated variables are displayedain
graphical form with the postprocessor in Figure Figure
9.

s .

e v 500.0
o @ N 0.0k 7\
\ / 2500.0 \\/_\k
\/

Y -1000.
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Figure 4 Window of the MSC Adams/View software with Figure 7 The graph of the x position of point M
trajectory of the end effector in the spatial view

Position of point M

X (mm)
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2000 Position of point M process offer; the possibility of practical appl'mp of
_ 212‘5 matrix a_Igonthms for automa}ted generation of
E 125'0 mathematical moqels. Thege_prowde the theoretiaak
Eg for fgr_ther analysis by existing goﬁware and atbe
_58:0 \— possibility to develop more specialized softwarelgo
8.0 75 15.0 225 30.0 These procedures are used in software tools whegkem
. Time(s) . dynamic analysis and optimization of complex me&ras
Figure 8 The graph of the y position of point M more effective.
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Figure 9 The graph of the z position of point M of Slovak Republic.
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