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Structural Design of Robotic Complexes 
 

To find the most appropriate designs for robotic complexes, the article proposes the use of a structural 
method for designing such complexes. A distinctive feature of the developed method is that it takes into account 
the characteristics of the parts being processed, the specifics of the operation being performed, the features of the 
technological equipment used, the type and design of industrial robots and auxiliary devices, etc. A multi-variant 
structure for the functioning of a robotic complex has been developed. It serves as the basis for considering 
issues related to the planning structure and the logic of its functioning, etc.  
structural design, robotic technological complex, industrial robot, auxiliary devices, technological 
equipment 
 

Problem statement. The design of robotic complexes is a complicated multi-level 
process that requires consideration of a large number of technical, organizational, and 
functional factors. One of the key stages of this process is structural analysis, which allows 
determining the rational structure of the complex, establishing interrelationships among its 
elements, and optimizing functional connections. Lack of or insufficient attention to structural 
analysis can lead to the emergence of incompatible elements, overload of certain elements, 
and reduced reliability and efficiency of the complex as a whole. This is particularly 
important in modern production conditions, where the requirements for productivity, energy 
efficiency, and flexibility of automation systems are increasing. Structural analysis minimizes 
the risk of technical failures and allows the creation of systems that can quickly adapt to 
changes in production tasks.  

Therefore, structural research of robotic technological complexes (RTC) is one of the 
important methods for finding their rational layouts. 

Analysis of main research and publications. The issue of structural research in the 
design of robotic complexes has been addressed in many works, which consider both 
theoretical approaches and practical implementation [1-6].  

Scientists in the field of robotics have paid considerable attention to methods of 
modeling and synthesizing such RTC subsystems as industrial robots. The works of Professor 
Pavlenko I.I. [7, 8, 9] are devoted to structural research and the determination of appropriate 
assembly schemes for industrial robots as one of the main elements of a robotic complex.  

Literature sources also contain studies on the structural design of industrial robot 
grippers. These studies were conducted both for classic gripper designs [10] and for dual-
gripper designs of industrial robots [11, 12]. Such studies are very relevant, since grippers are 
the executive parts of certain robots and the overall performance of a robotic complex 
depends on them.  

The issue of the structural design of receiving and feeding devices and the functioning 
of industrial robots in the positions of auxiliary devices has also been reflected in the works of 
scientists who studied the issue of production robotization [1, 13]. 
___________ 
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Considerable attention has been paid to assessing the reliability and safety of robotic 
systems. Methods have been developed for analyzing failures and protecting against incorrect 
operating modes. 

Literature sources also contain planning and layout studies conducted through the 
prism of the productivity structure of machine-tool robotic complexes [14, 15, 16]. 

A review of publications shows that the modern approach to the structure of robotic 
complexes has been considered by scientists from various angles, ranging from the element 
base to compositional studies based on a combination of system analysis and modular design 
of RTCs. At the same time, we can note the lack of generalized methods for a comprehensive 
assessment of layout solutions, which determines the directions for further research. Such 
methods should combine technical, organizational, and economic criteria when choosing the 
structure of the complex. 

Objective statement. The objective of the work is to develop a structural approach for 
finding feasible options for robotic systems that will take into account the characteristics of 
the parts being processed, the type of operation, the features of the technological equipment 
used, industrial robots, auxiliary devices, etc. 

To achieve our goal, we tackled the following tasks: 
- development of a generalized structure of the RTC; 
- development of the structure of initial data for RTC design; 
- development of the structure of the RTC element base; 
- development of the RTC layout structure; 
- development of a multi-variant structure for the operation of the robotic complex. 
Main material. To create effective robotic complexes (RTC), it is necessary to 

conduct a thorough analysis based on the following criteria: the composition of the element 
base (equipment) of the RTC, the structural and functional characteristics of the RTC's 
elements, the layout of the equipment, and the structural and functional connections between 
the elements and the production environment. 

Since there can be many options for RTCs, it is necessary to analyze the features of 
the structure and operation of the machine (machines), industrial robot, and auxiliary devices, 
as well as the combination of their layout, in order to determine the most appropriate designs. 

The initial simplified structure of the RTC is shown in Fig. 1.  
 

 
IR – industrial robot; TE – technological equipment; AD – auxiliary devices 

Figure 1 –  Simplified structure of RTC  
Source: developed by the authors 

The examples above show that an RTC can include different numbers of technological 
equipment (TE) and auxiliary devices (AD). Thus, it is possible to have a complex consisting 
of one machine tool and one auxiliary device (Fig. 1, a), or one machine tool and two devices 
(Fig. 1, b). It is also possible to implement an RTC with two machines and two auxiliary 
devices (Fig. 1, c). In this case, the auxiliary devices in the RTC can perform both feeding and 
receiving functions, or separately feeding and receiving functions. 
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Figure 2 –  Generalized structure for creating RTC  

Source: developed by the authors based on [9] 

The generalized structure for creating an RTC is shown in Fig. 2. This structure lists 
the main factors that must be taken into account when creating a robotic complex. 

Considering significant complexity and variability of the design of robotic complexes, 
the detailed structure of the RTC can be presented in separate components. The structure of 
initial data is shown in Fig. 3. 

 

 
Figure 3 –  Initial data structure 

Source: developed by the authors 

The structure of the RTC element base takes into account the main components of its 
structure and, accordingly, its functioning and other performance features. An example of 
such a structure is shown in Fig. 4. 
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Figure 4 –  Structure of the RTC element base 

Source: developed by the authors 

An important component of the overall structure of the complex is the layout of the 
element base, as shown in Fig. 5. 

 
Figure 5 –  Compositional structure of RTC 

Source: developed by the authors 

As a result, the structure of the RTC can be represented as interconnected and 
mutually influencing components. This version of the structure is presented in simplified form 
in Fig. 6. 

 
Figure 6 – Simplified structure of RTC operation 

Source: developed by the authors 



ISSN 2414-3820 ,     , 2025, . 55

 

 47

Choosing a rational RTC option requires a structural assessment of its functioning. 
With regard to the task at hand, this may involve determining basic options for moving the 
workpiece within the RTC, which determines the main content of its functioning. Examples 
of some options for the functioning (movement) of parts are shown in Fig. 7. 

This structure shows three options for operation: 
- Option 1 (shown by a dash-dotted line): the workpiece is placed on machine 1 by 

robot 1 from the auxiliary device, then moved to machine 2 for further processing, and then 
placed in auxiliary device 2; 

- Option 2 (shown by a solid line): the workpiece is placed on machine 1 by a robot 
from auxiliary device 1 and, after processing, is moved to auxiliary device 2; 

- Option 3 (shown by a dashed line): the workpiece from auxiliary device 1 is placed 
on machine 1 by a robot and, after processing, is moved to the same auxiliary device 1. 

 
Figure 7 –  Structure of the RT  functioning 

Source: developed by the authors based on [6] 

In addition to this functional structure, there may be other options that take into 
account the specifics of the robot's performance (one-armed or two-armed, etc.), the specifics 
of the movements performed, both in terms of movement and orientation.   

Conclusions. 1. It is proposed to use a structural method to search for appropriate 
implementations of robotic complexes, taking into account the characteristics of the parts 
being processed, the operation being performed, the features of the technological equipment 
used, industrial robots, auxiliary devices, etc.  

2. A multi-variant structure for the functioning of a robotic complex has been 
developed, which is the basis for considering issues related to the planning structure, the logic 
of its functioning, etc.  

Resolving these issues will allow, at the initial stage of RTC design, to reasonably 
determine the appropriate options for the complex for the relevant conditions of its 
functioning. 
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