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ANALYSIS OF DYNAMIC PROCESSES IN LIFTING BOOM CRANES 

L. Velychko, R. Kovalchuk, N. Sokulska 

Intense oscillatory phenomena occur during start-up, changes in drive mode, or braking of a lifting boom crane. These 
cause a significant increase in forces in the elements of its structure. Dynamic loads determine the strength of structural elements 
and significantly reduce the accuracy and efficiency of the machine's operations. In addition, mechanical vibrations that occur 
during transient processes lead to the accumulation of fatigue damage in materials. They also reduce the service life of structural 
elements, and therefore, the technical object as a whole. 

The peculiarity of the analysis of the start-up processes of drive systems is the need to take into account in detail the 
inertial and elastic-dissipative characteristics of mechanical links, the dynamic properties of drive engines to ensure sufficient 
accuracy of calculations. Moreover, the development of mathematical models for these dynamic processes frequently entails the 
simultaneous analysis of oscillatory phenomena arising from diverse physical mechanisms. 

Non-stationary modes of operation of load-lifting jib cranes for both civilian and military purposes are studied in the 
article. The level of dynamic loads can be reduced by developing rational operating modes of the crane and making changes to 
the mechanism design (installation of elastic couplings, vibration dampers, etc.).  

A mathematical model of dynamic processes of lifting boom cranes system with four degrees of freedom is proposed in this 
work. The mathematical model includes differential equations of motion of the load, the rotary mechanism with the jib and the 
drum. It is built taking into account the simultaneous vertical and rotational movements of the load by winding the rope onto the 
drum. The results of mathematical modeling are analyzed. Graphical dependences of the angles of rotation and angular 
velocities in time of the considered moving elements of the crane and the load are constructed. Their analysis is carried out. The 
possibility of using mathematical modeling to increase the efficiency of operation of a jib crane is substantiated. 

Keywords: dynamic processes, boom-type lifting crane, equations of motion, oscillatory phenomena. 
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METHOD FOR DETERMINING THE SPEED OF A MORTAR PROJECTILE BASED ON COMPUTER VISION 

V. Hera, A. Bahan, O. Lavrut, K. Snitkov, O. Sivak 

The study proposes a method for determining the speed of a mortar shell based on computer vision. The method relies on 
video recording of the mortar shell's flight at 60 frames per second and utilizes image analysis algorithms to identify the object, 
determine its spatial coordinates, and calculate its speed. The proposed approach does not require specialized equipment, as it 
uses only a modern smartphone camera. This makes it accessible for field applications without the need for complex technologies 
or expensive optical systems. 

The algorithm involves user interaction with the program in a frame-by-frame mode to accurately determine the position of 
the mortar munition. By using scale conversion from pixel coordinates to the metric system, the program enables the calculation 
of the distance traveled between consecutive frames and the computation of the object's average speed. This process takes into 
account the timestamp of each frame, obtained based on the video recording frequency. Field measurements have shown that 
using video recordings at 60 frames per second provides optimal accuracy in determining the speed of a mortar munition's shot. 

The advantages of the method are its accessibility and ease of implementation, allowing it to be used in field conditions 
without the need for complex hardware solutions. Unlike traditional radar systems or high-speed cameras, this method enables 
the acquisition of accurate kinematic parameters of the munition using only a mobile device and computer vision algorithms. 

The obtained results confirm the effectiveness of the proposed method in real combat or testing conditions. The 
implementation of this technology will allow artillery units to more accurately assess the speed of munitions, which is crucial for 
calculating flight range and enhancing fire efficiency. 

Future research prospects include automating the process of munition detection using artificial intelligence, which will 
reduce the influence of human factors on measurement accuracy. It is also possible to expand the method for analyzing other 
types of projectiles and fast-moving objects, making it versatile for both military and scientific applications. 

Keywords: mortar projectile, speed determination, computer vision, video analysis, image processing, scale transformation, 
artillery calculations, trajectory tracking, frame-by-frame analysis, identification algorithms, military technology, kinematic 
parameters, neural networks, measurement automation, combat testing. 

 

 

 
 


