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SPATIAL MODELING AND RESEARCH OF MACHINE PARK COMPONENTS OF
OPERATIONAL PRINTING

V. VOEDILO (asd4s.profile @ gmail.com),
Ukrainian Academy of Printing

The immersive functionality of computer graphics tools and computer-aided design systems in
modeling the devices of the machine park of operational printing is presented. The spatial
arrangement and animation of the equipment is illustrated according to the preliminary sketch
drawing. The resulting model is suitable for research in industrial and educational environments,
the implementation of printing-oriented cyber-physical systems, as well as for further export to
additive technology control instructions to obtain a physical prototype.

Statement of the problem and relevance. At the enterprises of operational printing, the vast
majority of printing orders undergoes a full cycle of processing on specialized equipment of various
stages of prepress, printing and post printing processes [1].

The purpose and objectives of the study. In order to better investigate the existing machine
park and original engineering solutions for the modernization and automation of individual stages
[2], it is necessary to carry out their spatial modeling in the appropriate three-dimensional graphics
environments, where the choice of mathematical coordinates is based on the representation of the
surface of the designed object in three dimensions [3] using the computing power of specialized
software. As a result of the study [4], the package for creating three-dimensional computer graphics
Blender [5] was chosen, which is free software and is best suited for corporate design work of the
enterprise of operational printing.

Statement of the essence of the study. In the Blender workspace, we initially create a cube.
Then, using operations with polygonal modeling tools, we add the necessary elements to this cube,
create cylinders as prototypes of machine park components, move them to the desired positions, and
set the correct shapes (Fig. 1). Then, we bind to the zero point of coordinates for a simplified search
in space, use the drop buttons for easier rotation of our model around the axis [3], cut polygons to
add different geometric shapes. At the same time, markers are visualized on the activated object.
The accompanying on-screen commentary provides details of the actions performed on each
Blender unit.

Figure 1 - Ready spatial model without textures

Using basic transformations and other modifiers of geometric primitives of polynets, we create
more complex shapes that make up the model of the device under study (Fig. 2).
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Figure 2 - Layout of UV-model from mash-primitives

New faces, edges and vertices for mash primitives are generated by extrusion. The appearance
of such extruded object is accompanied by automatic generation of new accompanying objects.
When extruding edges and vertices, the elementary geometric laws of the formation of additional
elements are preserved. Thus, in the case of extrusion of non-adjacent vertices, only complementary
edges and vertices will be created. If the vertices belong to the same edge, a new edge will also
appear, etc. In addition to the described extrusion procedure, the project also uses the procedure for
differentiating the edges and faces of the processed mesh objects, while maintaining the shape of
the primary rectangular and triangular primitives. Thus, for an activated face, each of its edges is
split in half by a new vertex. New edges will extend from these vertices to the selected face. As a
result, the original face is defragmented into small faces.

Next, metal, rubber, etc. texture materials for each object were added to the project (Fig. 3).
You also need a plugin to add fasteners - bolts, nuts, gears. These plugins can be found in the
Edit/Preferences/Add-ons window, where their names are entered in the search bar. After creating
the entire structure, the objects are bound to each other for further modification and the possibility
of adding animations.

Modifiers, using the algorithm embedded in them, change the object without the need to
correct it in the edit mode. The result of applying modifiers is usually more complex than the
transformers used before (Fig. 1). In this case, if the modifier is not applied completely, but only
added to the object, the object remains the same after such correction. The scene only renders the
result of applying the modifier, but the object itself does not change its properties. A separate
category of modifiers applies the laws of Boolean algebra: for example, the result of the intersection
of two mesh objects is the region of their overlap with the removal of common faces. When
logically merging, the objects merge into one. In case of difference, the master object removes the
region overlapped by it from the slave. Therefore, before selecting the modifier, you must select the
main mesh object relative to the subordinate ones.

96



Marepianu koHbepenItii «Komm'torepHi irpu Ta MyJIbTUME1A K IHHOBAIIHHUHN TAX11 10
KOMyHiKarii - 2022»

Figure 3 - Setting textures on the built model

Also used a modifier that helps to smooth textures to make them look softer and more realistic.
To add animations, it was necessary to bind parts of the model to a time period. Next, we set up the
camera, the view from it will record our animation. For each object that moves, you need to add
motion animation separately. With the help of the function of recording keyframes of the object, a
particular position in space is set, fixed at the moment on the system timeline. Thanks to this, the
analytical apparatus of the Blender environment is able to calculate the movement and state of the
object over time. After all operations, you can process the image and get the finished result in the
form of a static illustration or video clip [5].

Conclusions. Based on the specified factors of the choice of tools for the development of
original components and parts of the modernization of the machine park of operational printing, the
choice of the Blender computer-aided design environment is substantiated and a spatial model of
the device with texture smoothing is built. The dynamics of the object is calculated and the
technological stages are visualized using animation tools. The resulting model is suitable for
research in the production conditions of specialized enterprises for monitoring and controlling
printing processes [2], for the implementation of interactive tutorials, game-based learning and
deployment of university immersive platforms in the training of engineering degree specialists
within the framework of dual education, as well as for further export to 3D printer control
instructions when obtaining a physical prototype of the designed device.
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