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Abstract: Optimization of manipulation activity and testing of collision relations of
construction components in the production systems is an important project activity.
Particularly in the design of automated manufacturing systems increased attention should
be paid to modeling the functional and spatial relationships of components that perform
manipulation activities in the production area. The paper characterizes the approach
applied to modeling the geometrical relations of the elements in the production system of
the dynamic realization of their manipulation activity.
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1. Model for Collision Testing of Manufacturing System Components
for Handling Operations

When projecting production workplaces is needed to optimize the technology
sessions, handling, management and other functional areas. Handling operations
optimization of the producted object handling is preferably addressed by zonal
study. This is based on track movements in handling and it depends on the
orientation of the device mounting area and the orientation of the output of the
fixture device relative to the robot, and the robot kinematics.

Satisfactory orientation are selected according to two criteria:

1. compatibility orientation and type of the manipulated object oriented movement when removing an
object from the mounting device,

2. exclusion of the collision object with a mounting device, it is necessary to determine the path of movement
when handling near the mounting device.

When testing the collisions of the components of an automated manufacturing
systemin its working zone, it is necessary to determine the path of their movements.
A partial algorithm for testing the movement path of a robot with a manufacturing
object when itis mounted in a clamping device is on the Fig.1. The analysis is based
on the following steps:
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® Manipulation of an object is tested in the workspace of
the production facility in the elementary steps to determine
whether there is a collision.

m This cyclical process is repeated if a collision is detected
when inserting an object or output from the device new
variants must be analyzed of the manipulation cycle.

mThe process is repeated on other automated
manufacturing system equipment.
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Fig. 1: A partial algorithm for testing the movement path of a ro-
bot.

Testing collision manipulated object with a
mounting device, may be performed either
graphical or analytical.

For analytical testing we introduce the coordinate
system of the robot gripper zc,yc,zc, starting Oc
in the middle of the jaw object (Tab. 1). Axis z¢ is
the vertical axis direction and y¢ a direction of travel
when moving between devices. All parts of the arm
(tentacle and object in it) is approximated to the
blocks with edges parallel to the axis zc,yc,zc. The
dimensions and location of any such cuboid m-th

Acta Mechanica Slovaca

Journal published by Faculty of Mechanical Engineering - Technical University of Kosice

(m=1,2 .. M) are given by the coordinates of its
edges ', Y'm,2'm, & m,y m,2"n in view of the
gripper coordinate system. Given the approximate
shape of the device and the object do not overlap
feature is the smallest of any vertical coordinates
2”,y",2" one element of the corresponding largest
coordinate z’,y’,2" the second element.

To express the elements of the robot and devices
need to have their expression in a single coordinate
system.In this case, it is advisable to use a coordinate
system of the robot zp,yr,zp (Tab. 2).

Tab. 1: Individual coordinate systems of the production object, the
tentacle and the clamping device of the machine.

Grip with object of production | v the coordinate system
of the robot gripper
Ze,Ye 2, Starting O
DL LJD]—[ . | inthe middle of the jaw
object,
v all parts of the arm
2 (tentacle and object in it) is
approximated to the blocks
. with edges parallel to the
axis Te,Ye,2c,
v the dimensions and
location of any such
cuboid m—th (m=1,2
... M) are given by the
coordinates of its edges
’ ’ ’ 4 ”n 4
x"‘Mym?z"H‘r 7'17y 7”72 m
in view of the gripper
coordinate system.

/\

Production machine v 1;,y;,2,; - coordinates

of the beginning of the

L coordinate system j — th

device in relation to the

[t v robot coordinate system,

’ 4 ’ 14 ’ 4

I VI usZ oyl nryY mnyZmyZm
| - coordinates the edges of

blocks that approximate

Xy elements of the device

relative to the coordinate

system equipment

TjsYi 2

v A, A", - matrix that

converts the coordinates

of the coordinate system

installations x;,v;,2;

to the robot coordinate

system xp,yr,zp atan

angle o enclosed by the

two coordinate systems.
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Tab. 2: Integrated coordinate system for testing a handling activity.

Robot coordinate system

K'n=2dp

K'm=1p
Km=1p

C:; v
0
gml

K'm=2dp
Kn=adp

K'm=2)p

2p
20p
1°p
2p
22p

Op

Wy
Kn
&S
Yy
Vi

v coordinate system of the robot Z»,yr,zr

v in the coordinate system converted coordinate
edge blocks that approximate device elements as
follows:

4 4 4
r,=rtA,.r, r,=r+A,. r,where

’

T

z"

(-T’n)P (.’L’”")P z; y,n

n

Tu= (?/’w,)p r, = (y”ﬂ)/’ =y = y”
(Z/ﬂ)}’ (Z”,L)P zZ; z,n

”n

Z

v (2/),, (4", (2'), - coordinate played cuboid,
most remote in the positive direction of the axis robot
v ("), (y"),,(2",), -analogous to the coordinates
corresponding closest edges (xr,yr,2r)

v 1;,y;,2, - coordinates of the beginning of the
coordinate system j — th device in relation to the robot
coordinate system.

First, in the coordinate system converted
coordinate edge blocks that approximate
device elements as follows: 7, =17 +A4,.7
rw=r+A", .1, where

x'

”

(@"n)p (z")p Zj :E/n

o= || = || =y m=| Y

(2')p (2")p Zj Zr:

2"

B (2")p,(y')p,(2')p - coordinate of edges cuboid,
most remote in the positive direction of the axis
robot (zr,yr,2r),

® (z")p,(y")p,(2")p -analogous to the coordinates
corresponding closest edges,

m z,,y,,z, - coordinates of the beginning of the
coordinate system j — th device in relation to the
robot coordinate system,
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w2y, y 2,2, coordinates the edges
of blocks that approximate elements of the device
relative to the coordinate system equipment
LirYisZi,

m A, A", - matrix that converts the coordinates
of the coordinate system installations z;,y;,2z; to
the robot coordinate system zp,yp,zp at an angle
o enclosed by the two coordinate systems.

After converting the coordinates of the
approximated edges of the elements in the
coordinate system of the robot is determined by
moving the position of the coordinate system of
the gripper relative to the coordinate system of the
robot according to the formula:

Tox = 15 + B, (7'7] + Carm) + Tr, where

X Tij Xpi Xr
Tex =\ Yo | T =|Yys| Tri = |Yri| 70 = |Yr
Zc Zij Zpi Zr

B Zc, Yo, 2 - coordinates of the point O, relative to
the system xp, yp, 2»,

B 1;,y;,2; - coordinates of the object O; placed
on the device or shortly after release,

B Tr,Yr,zr - cOOrdinates of the gripper relative to
the coordinate system of the object x:, ¥, 2,

B Tr,Yr,2r, - variable position of the gripper
for handling the direction of respective axes of
coordinates of the robot,

m B, - matrix which calculates the coordinates in
the rotation device relative to the robot

cosa —sina 0

B=|sina cosa O
0 0 1
m C, matrix that takes into account the different
types of orientation of the object relative to the
apparatus.
Furthermore, for each thus recalculated position

coordinates of the robot gripper determined as:
() =rec vl (77), = rac 7,

(27.), (2",
()= () ={ ("),

(), (2",

z, T,
r ’ r _ ”
rw=|ya| v'n=|y .| where
’ ”n
Z’VII. Z m



[ (x/m)P,(y'm)P,(z'm)P - coordinates of the edges of
the m-th block a maximum distance in the positive
direction of the coordinate axes of the robot,
m(2",),(y"),(2",), - analogous coordinates,
corresponding closest edges.

These coordinates elements of the robot and the
devices are expressed in a single coordinate system,
which allows the comparison and elimination of
collisions of the robot with the device.

2. Analytical Determination of the Position
of the Manipulated Object when Performing
Manipulation Activity in the Production System
Location description of mounted object is closely
related to the issue of zonal projections. It has a
particular impact on the size of the robot handling
area. If the robot movements in operating the
equipment, thereis a need to determine the position
of the robot with respect to a well-defined starting
point. This place, assign a coordinate (stationary)
system (O, x, 5, z). The system (Oy, x1, y1, z1) is the
coordinate system of the robot (moving), system
(O, 2, 2, 22) is the coordinate system of process
equipment and the coordinate system (O, s, ys, z)
being a coordinate system the object itself (Fig. 2).

Z;

X

Fig. 2: Coordinate system for direct movement.

1000)1 0
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If we have a matrix that describes the position of
the machine relative to the robot (M), matrix that
determines the position of the object relative to
the machine (M.) and the matrix that determines
the position of the robot relative to the stationary
coordinate system (M,.), can be expressed in the
matrix (M) which determines the position of the
object relative to the robot.

M, =M, .M., where 1 0 00

0100
M.=M,.

0010
a; b] Cy ].

The matrix M,. has generally the form:
1000
0100

M=z gz 1)=(z y 2 1) 0010
abcl

Position of the robot with respect to the
technological equipment expressed matrix M- has
the form:

1 000
0100
Mm:(xz Y2 2o 1):(.1'1 Yz 1) 0010
a b1 C 1

Property of technological equipment, in general,
the matrix expressed by M.

1 0 0 as

0 cosa, —sina, 0
Mzs = .

0 sina, cosa, O

0 0 0 1

The final position of the object relative to the
coordinate system (O, =, y, z) is given by the
product of the matrices:

1 0 0 a,
0 cosa, —sina, 0
. =(A4 B C D)
0 sina, cosa, O
0 O 0 1
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A=zta+ta

B= cosas(y+b+bl)+sinas(z+c+cl)
C=—sinas(y+b+b1)+cosas(z+c+cl)
D:as(x+a+a1)+1

where z, v, 2, T1, Y1, z1 - are three-dimensional space
vectors.

According to mathematical procedure for
determining the position of an object is valid if the
relative positions of components of the translational
(straight). If the object moves in a circular path about
a given radius of a matrix expressing the position of
the robot to a coordinate system (O, z, v, z) will
have the form:

1

0
Uy Qp Q¥ ¢ 0
0 0 0 1Jlar b o 1)\O

M, = anta.a

M, = (am +a;.b )cos a,+ (am + ai.cl)sin a,

M =—(a12 +a;. bl)sin a,+ (a13 +a;. cl)cos a,

M, = (an + ai.al)as + a;

My =aste.a

M;, = (agz + ci.bl)cosa's + (agg + ci.cl)sina/s

M, :_(agz + . bl)sin a.+t (agg +oe. cl)cos a,

M34 = (agl + Ci.al)a& + Ci

QO 0 a

Qo Ol Oy b
M. =

o O =
o = O
— o O
oS O O

Mathematical computations of spatial-zonal
optimization are relatively labor-intensive, is their
algorithmization and computerized solutions are
necessary.

3. Conclusions

The importance of integration in the
construction components of production systems
is their interconnections and optimal activity in
the innovative projects is increasing. Modeling
and simulation verification through mathematical
models contained in advanced commercial but
primarily purpose-developed software products
is implemented in a number of future production
projects that are addressed at the workplaces of the
authors.
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o 0 ¥ a

| Qo Oy Qg b;
M”” - 33
Q3 O3z A* ¢

0 0 0 1

Matrix M. and M.: have the same form. The result
is a statement of the final position of the object,
which we obtain the product of the matrix M- and
MZS.

0 0
0 0
M., =M, .M, where M, =M,,.
0 0 0
a b ¢ 1
0 0 s My M., M M,

cosa, —sina, 0 My My My Moy

sina, cosa, 0 My My My My
0 0 1 My My, Mz M*™

My = @yt b;.a

My, = (a/zz +b;. b])cos a,t (azg +bi. cl)sin a,
M, =—(a22 +b;. bl)sin a,+ (a'zg +0b;. c])cos a,
M, = (a/m +b;. al)as + b

M, = a

My, = b cosa, T ¢ sina,

M;; =—b;sina, + ¢ cosa,

M44:a1.CLS+1
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