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Relevance of the Research:

Automation of loading and unloading operations in stamping production
requires the use of efficient manipulation systems with high speed and accuracy. One
of the promising areas of automation for such processes is the use of parallel
manipulators, which offer advantages such as high rigidity, precise positioning, and
compact design. However, existing designs are mainly focused on a single end-
effector, which limits their functionality in multi-tool production operations. Parallel
manipulators with two end-effectors can increase process productivity, reduce
equipment costs, and minimize mechanical loads on actuators. In this regard, the
development of parallel manipulators with two end-effectors is a highly relevant
scientific and technical task.

Research Objective:

To develop and analyze new designs of planar parallel manipulators with two
end-effectors for use in automated technological processes, including metal blank
stamping.

Research Tasks:

Analyze current methods of designing parallel manipulators.

Develop a methodology for the structural and kinematic synthesis of planar
manipulators with two end-effectors.

Perform kinematic and kinetostatic analysis of the developed mechanisms.

Develop mathematical models describing the motion and force interaction of
manipulator components.

Conduct numerical modeling and fabricate 3D models of the developed
designs.

Evaluate the practical applicability of the proposed solutions and develop
recommendations for their implementation in industrial production..

Object of Research:

Planar parallel-structure robotic manipulators intended for automation of
manufacturing processes.

Subject of Research:

Structural-kinematic and kinetostatic characteristics of parallel manipulators
with two end-effectors.

Research Methods:

The research uses methods of structural and kinematic synthesis, theory of
machines and mechanisms, kinetostatic analysis, mathematical modeling, and
technologies of 3D computer design and simulation (CAD/CAE).

Scientific Provisions and Results Submitted for Defense:

A method for structural and kinematic synthesis of planar manipulators with
two end-effectors.



Results of kinematic and kinetostatic analysis of parallel mechanisms of class
[T and V.

New designs of planar parallel manipulators with two end-effectors.

Design solutions of manipulators suitable for implementation in automated
stamping systems.

Developed mathematical models describing kinematic and kinetostatic
characteristics.

Experimental results confirming the operability of the proposed solutions in
designing mechanisms for press automation..

Scientific novelty:

The scientific novelty of the research lies in the development of a new
structural scheme of a parallel manipulator with two end-effectors, which expands
the functional capabilities of traditional mechanisms by using synchronized control
from a single actuator. Mathematical models have been developed to accurately
analyze and optimize motion and force interaction.

Methods for the structural and kinematic synthesis of parallel mechanisms are
proposed. A comprehensive kinetostatic analysis was conducted with consideration
of real-world operating conditions. Developed mathematical models were validated
through numerical simulations.

Practical Value and Implementation of the Results:

The developed manipulator designs can be used in mechanical engineering
for automating loading, unloading, and technological operations. The proposed
methodologies can be applied in engineering calculations and the development of
new industrial robotic systems. The work is based on formalized mathematical
models, proven methods of mechanism theory, and numerical simulation supported
by experimental data. The proposed approaches have been validated through the
creation of 3D models and prototypes. The developed models and methods can be
applied in the design of industrial robots and adapted for specific manufacturing
tasks. Some results were implemented as 3D models and engineering solutions for
automating cam-screw and crucible presses.
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Structure and Volume of the Dissertation:

The dissertation consists of an introduction, five chapters, a conclusion, a list
of references, and appendices. The total volume is 123 pages, including 28 figures
and 14 tables, and 73 sources were used.



