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THEORETICAL ANALYSIS OF THE DYNAMICS OF GROUND ROBOTIC COMPLEXES WITH 
MULTIFUNCTIONAL MANIPULATORS IN THE STEPPING MODE 

Y. Shabatura, V. Zalypka 

A theoretical analysis of the dynamics of ground robotic complexes (GRCs) with multifunctional manipulators (MMs) in a 
walking mode was carried out with the development of the corresponding basic relations. Mathematical models were developed 
for the moments of inertia of the MM links: if the moment of inertia is known relative to the axis passing through the center of 
mass and in the case of rotation around the axis passing through the end of the MM link. The position of the end effector in space 
was determined using the Denavit-Hartenberg (DH) parameters, for the formal construction of the system, the DH-parameters 
method was used, where each MM element is described by a homogeneous transformation matrix. As a result of multiplying these 
matrices, the position of the end effector relative to the platform body is obtained. A transition from kinematics to dynamics was 
made with the definition of the corresponding matrices. The obtained basic dynamics relations of the GRC with M in the 
walking mode allow us to write equations with expressions containing torques on the actuators of the M as functions of the 
position, velocity and acceleration of the joints. It was found that the moments in the drives can be related using the given 
relations to the moment and forces acting on the end effector. For the GRC with M under consideration, the main causes of 
movement are the forces that the M develops in the walking motor mode, changing the parameters (internal variables) for each 

M. In the case when the M is in the transfer stage, these moments and forces are zero. If the M is a support, then the forces 
and moments will depend on the parameters of the gait and other factors. It has been established that due to the large number of 
parameters and the cumbersomeness of writing expressions when studying the laws of motion of multi-link manipulators in 
general and when applying them to the motion of walking robots in particular, matrix notation is mainly used, and practical 
calculations are carried out numerically with the involvement of appropriate computer program packages and step-by-step 
algorithms. This study lays down the methodological foundations for the creation and application of GRC with M and is of 
interest to specialists in the field of development of mobile robotic systems. 

Keywords: ground robotic complex, multifunctional manipulator, dynamics, walking mode. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


