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Abstract: The technical level of industrial robots and mafapurs is rapidly increasing, thus supporting tkpamsion
of their application space. The requirements ofitideistry are various special manipulations witfeots, guiding the
end effector of the robot along the prescribeceti@ry at a given speed while maintaining the aargpbsition and
orientation of the object. The paper presents @esuof a robot with a kinematic scheme formed bypean kinematic
chain with revolute joints.

1 Introduction kinematic pairs is a relatively simple task. A mdiicult

The development of robots and manipulators belong@sk is the inverse position problem, where thétiposand
to the complex development process of entire médchkn orientation of the gripper are given, and we look the
engineering, electrical engineering and many ofietds ~ coordinates of individual kinematic pairs [4-6].
as their inseparable parts. Extending the handling
capabilities requires the development of new types 1.2 Theforward kinematics
kinematic structures, not only of individual type$ Various objects, obstacles, tools, etc., can beeplan
manipulators but also of entire handling system3][1 the robot's handling space. Their position can dmilye

Assessing industrial robots and manipulators reguir described with respect to the base space. The fdrwa
distinguishing between the mechanical part andpdne  kinematics is used to determine the relative pmrsitif the
formed by the control system. A characteristic demtof —arm with respect to the objects located in the maation
the mechanical part is the kinematic structure,ctvhi space of the robot for the given articulated couatés. The
significantly affects the basic properties of raba@nd relationship between generalized articulated coateis
manipulators, especially the size and shape didneling and coordinates of the base space is nonlineag2l),
and working space.

q; = q;(r), 1)
1.1 Kinematic investigation of mechanisms or
In the kinematic investigation of mechanisms, we 4 = 4;(XuYu 2, )
encounter two types of tasks:
- Kinematic analysis of mechanisms wheregq; are generalized coordinatg¢ss 1,2,, ..., n,
- Kinematic synthesis of mechanisms j is the number of degrees of freedom,

Kinematic analysis of mechanisms of given dimersion i is the number of membeiis= 1,2, ..., m.
investigates the relationship between positionedpend
acceleration of driven and driving members. If we A change in the joint coordinates means that, iregs,
investigate only the trajectories of individual meers of neither the trajectory of the effector point isight nor the
the mechanism and their points corresponding t@i&n  orientation of the effector is linear. This nontmigy is
movement of the driving members, we speak of folw&y  phased on the fact that the functions between tiritated
kinematics of trajectories [1,3]. and external (global) coordinates consist of exgioes
Kinematic synthesis of mechanisms is to desigBontaining trigonometric functions. The solutioniristhe
mechanisms that meet various technological andifumal  creation of a kinematic model of the robot. There a
requirements for their operation in machines, desiand several methods for building such a model. The most

their parts. Finding the position of individual mieens of common method is the Denavit-Hartenberg kinematic
an industrial robot at known coordinates of indiadl mode”ing convention. It connects the local cooatkn
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system with each member. The method of connectigntatably mounted to the base plate, Fig. 1. An &m
depends on the homogeneous transformation mat@k [1 connected to the stand with a shoulder joint 2.r@te
another arm connected to this arm with elbow jBirEach

1.2.1 Denavit-Hartenbergova convention joint has a limited range of rotation. The inveateyl
Let's consider an open kinematic chain witnembers mechanism consists of rotating kinematic pairs oGlye

and a coordinate system to which we assign thectisp  Of the members of the robot is a gripper, whictresents

kinematic parameters [5-7]. Each member of thercki @ multi-member mechanism. It has an associated

characterized by two dimensions, a common normgpordinate system that defines its orientatiorpecs.

distancey along a common normal between the axes of the

joints i andi-1 and the other dimension is the angle of Y252,

rotationg; between these axes in a plane perpendicular to

b;.
We assign a coordinate syste@®,x,y,z to each

member and a generalized coordingteo each joint,

which is defined in the axis of rotation. The axisis

oriented in the direction of tie+1)-th axial joint. The axis

xi is normal to thez.; andz and is oriented from jointto

joint i+1. The axisyi complements the rectangular, right-

handed coordinate system.

Yo

1.2.2 Homogeneous transformation matrix
Homogeneous transformation matrices contain

information about the rotation between two coortiina Figure 1 Robot diagram (B - shoulder joint, C -@ibjoint,

systems and information about the distance betwesin D - wrist joint, E - effector endpoint

origins. The purpose of introducing these matriceto ) )

allow a more compact notation of position vectors Homogeneous transformation matrices have a

expressed in different coordinate systems. Thetipnsi relatively complex expression, so we introduce an

vector*ir,of point A with respect to the systénl can be abbreviated notation of a function (6), (7).

expressed by the relation (3)

X

¢; = cosq;, S; =sing;, (6)
Pl =T iy, 3 ciji = cos(q; + q; + qi), sije = sin(q; + q; + qi), (7)
where The transformation matriXi; of the whole robot's
L " : : kinematic chain is obtained as a product of théviddal
'ra is the position vector of point A with respecttt@ ) .
systeni, transformation matrices (8), (9).

ri.1iis the vector of the distance between the origithef
systemi with respect to the systeiri,

1A, is the rotation matrix between the systeamdi-1.
The homogeneous transformation matrix is exprebyed

the relation (4), (5) a(a)l a(a)z a83 6?4

Ty =Ty To3 " T34 " Tus " Tse " To7 (8)
a1; Q12 OG13 Qgg
T,, = Az1 Az Q3 Qg (9)

i1y, = ( A, Lri—l,i)_ 4 We used following parameters for members of thetob
0 0 O 1
We then write the position vector Table 1 The four parameters of robot of DH conenti
iy =PI Iy, (5) B | b | 6| 4
_ _ i | [°] [[mm]]| [°] |[mm]
2 Kinematic structure of the robot T
The kinematic structure of the robot is represemigd 11210 g | 4
an open kinematic chain with six degrees of freeddm 210 L, 4, 0
movement [8-9]. The chain consists of two basitpdihe 3 | o ; 0
first part comprises members 1, 2, 3, has threeedspf — 3 93
freedom of movement and serves to position the 4 |5] o q I
manipulated object, fig. 1. The second part sefoethe 7t 4 4
orientation of the gripper and thus the manipulatbjct 5 32 0 qs le
in space, it comprises members 4, 5, 6 and alsthhes 6| o 0 !
degrees of freedom of movement. Member 1 is thadsta 9s 6
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The position of point E with respect to the refeeen 157
coordinate system is given by the equation (1@).(1 P
g =Ty Trg (10)
1 7
rEx ail a12 a13 a14 r Ex
1 7
Moy |_| B B B 8yl| g
1 7
rEz a31 a32 a33 a34 r Ez
1
1 0O 0 O 1 (11)
Simultaneous start-up in individual kinematic pairs
with constant angular acceleratieiF o2 = az= a4
-1

0371

02r

0.4 0.6
X
Figure 2 The trajectories of individual members
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Figure 5 Joint E acceleration at constant angulacelerations

Figure 6 shows the acceleration of joint E at camist
angular accelerations for which it applies oz > az> oa.
Figure 7 shows the acceleration of the joint E rajusar
accelerations;= 0, 02> 03> 0.
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Figure 4 Joint E velocity at constant angular aezetions
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Figure 7 Joint E acceleration
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Figure 8 Joint E acceleration at constant angulatocity

Figure 8 and Figure 9 show the acceleration ofdim
E with simultaneous starts of individual kinemapiairs
with constant angular velocities. The acceleraftmm,=
®2= 3= w4 iS in Fig. 8, forw:> w2> 03> w4 is in Fig. 9

x10%
2 [l

t[s]
Figure 9 Joint E acceleration a1 > w2 > @3 > wa

3 Conclusion

The paper deals with the issue of kinematic amsysi
an industrial robot. The kinematic structure of tbbot is
represented by an open kinematic chain. The mat

method was used to solve the problem. The solution

procedure consists of construction of the transédion

matrices of coordinate systems and graphical
representation of the manipulation space of the- end
effector. The analysis also includes graphic

representations of some kinematic quantities asa tie
evaluation of the influence of the parameters o th
mechanism, which influence their values.
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