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Rotor Dynamics and Stability of the Centrifugal 
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The paper ensures the vibration reliability of the centrifugal pump CPN 600-35 for 
the water supply of an industrial circuit at nuclear power plants by improving its 
technical designs. The main aim of the research is to develop an approach for 
parameter identification of rotor dynamics and analyze the dynamic stability of the 
rotor movement. For this purpose, the modified design of the centrifugal pump 
CPN 600-35 was developed. Also, the main parameters of the rotor dynamics 
model (e.g., equivalent stiffness and discrete mass) were evaluated based on the 
parametric identification approach. Moreover, the eigenfrequencies and the 
corresponding mode shapes of free oscillations were obtained based on the finite 
element method. Finally, the dynamic stability of the rotor movement was studied 
based on the developed mathematical model of its oscillations considering the 
circulating and internal friction forces. Finally, based on the Routh-Hurwitz 
criterion, the stability region of rotor movement in terms of the dimensionless 
frequency and friction coefficient was analytically obtained. 

Keywords: Energy Efficiency, Oscillations, Critical Frequency, Discrete-Mass Model, 
Parameter Identification, Circulating Force, Internal Friction, Routh-Hurwitz 
Criterion, Industrial Growth. 

Corresponding author: Ivan Pavlenko ( i.pavlenko@omdm.sumdu.edu.ua) 

  

mailto:i.pavlenko@omdm.sumdu.edu.ua

	5th International Conference on Design, Simulation, Manufacturing: The Innovation Exchange
	(DSMIE-2022)
	Table of Contents
	Welcome Message
	About DSMIE-2022
	History
	Organizers
	Sumy State University is located in Sumy city in the North-East of Ukraine. Its history began in 1948. Today, SumDU is a leading university of a classical type with the III-IV accreditation level in the region.

	Partners
	Media Sponsor
	Conference Committees
	Steering Committee
	Program Committee (in alphabetical order)
	Invited External Reviewers (in alphabetical order)
	DSMIE Team (in alphabetical order)

	Conference Topics
	Manufacturing Engineering
	Materials Engineering
	Mechanical Engineering
	Chemical Engineering

	Publishing Opportunities
	Venue

	Agenda
	Agenda (continuation)
	Day 1: June 7, 2022, Tuesday
	Day 2: June 8, 2022, Wednesday
	Day 3: June 9, 2022, Thursday
	Day 4: June 10, 2022, Friday

	Keynote Speakers
	Keynote Speaker
	Keynote Speech Topic
	Laser-Based Additive Manufacturing: Long Arbitrary Path Simulation in Real-Time and Power Optimisation

	Keynote Speaker
	Keynote speech topic
	Digital Twin-Driven Reliability Research Challenge

	Keynote Speaker
	Keynote speech topic
	Selected Problems Related to Mechanics of Micromilling Operations

	Keynote Speaker
	Keynote speech topic
	Intelligent Mechatronic Systems Applications in Engineering

	Keynote Speaker
	Keynote speech topic
	A People Company in the Machining Business

	Keynote Speaker
	Keynote speech topic
	Process Simulation Technology in Modern Didactics on the Example of Decision Games Created in FlexSim Environment

	Abstracts
	Part I
	Smart and Sustainable Manufacturing
	Mechatronic Actuator for Adaptive Machining Control
	Design and Validation of a Feeding System for the Systematic Production of Needle Beds
	An Increase in the Efficiency of Selected Production Processes Using Lean Tools
	Quality Control Monitoring in 3D Printing
	Motorcycle Rider Assistance System for Obstacle Detection with Visualization in the Rider’s Visual Area
	Surface Defects Detection on Pressure Die Castings by Machine Learning Exploiting Machine Vision Features
	Cybersecurity Validation in the Online Gambling Industry
	8D Methodology for Solving Problems in the Production of PVC Pipes
	Towards Sustainable Manufacturing: The Sustainable Packaging Redesign Case Study
	An Automated Diagnostic and Surveillance System for Eliminating the Community Spread of Infectious Respiratory Diseases in the Industry
	Correlation between Accidents on Selected Roads as Fundamental for Determining the Safety Level of Road Infrastructure
	Principles of Forming the Organizational Structure of the Enterprise Energy Management System

	Part II
	Design Engineering
	An Element Deletion Algorithm for an Open-source Finite Element Software
	Conceptual Design of an Automated Workstation for the Control of Manufactured Products in Single-Purpose Machines
	The Anti-Collapse Safety System for Hydraulically Operated Docking Levelers
	Development of the Disk Tool Magazine with Modified Gear Drive
	Improvement of the Computer-Aided Design for Interference Fit Based on the Generalized Design Selection Criteria
	Substantiation of the Design Calculation Method for the Vibroturning Device
	Compositional Interpolation of Spatial Discretely Presented Curves by Harmonizing Pointed Polynomials

	Part III
	Manufacturing Technology
	A New Method for the Monitoring Cutters States in Finishing Turning of Hard Materials
	A Special Feature of Turbine Blade Deformation During Machining
	Ensuring the Quality of Conical Mating Surfaces Processing by Diamond Honing
	Prediction of Remaining Lifetime of the Mold for the Composite Manufacturing
	Finite Element Simulation of Diamond Grinding
	Discontinuous Generating Gear Grinding Optimization
	An Analytical and Experimental Study of the Grinding Process of Thermal Barrier Coatings with Highly Porous Wheels of Cubic Boron Nitride
	Preliminary Abrasive Blasting Surface Layer and Quality Assurance of Detonation Coatings of Aircraft Engine Parts
	Improvement of the Milling Effectiveness by Application of Composite Milling Heads
	Deformation Zone Scheme Clarification during Deforming Broaching
	Impact of the Tool’s Flank Clearance Angle on the Pitch Diameter Accuracy of the Tool-Joint Tapered Thread
	Improvement of the Efficiency of Fine Boring for Stepped Holes with a Large Diameter Range
	Simulation Studies of High-Speed Machining
	Influence of Turning Operations on Waviness Characteristics of Working Surfaces of Rolling Bearings
	Investigation of the Surface Layer Hardness when Grinding Sintered Porous Workpieces

	Part IV
	Advanced Materials
	Control of the Physical and Mechanical Properties of Mixtures Based on Liquid Glass with Various Fillers
	Catalytic Growth of Carbon Nanostructures in Glow Discharge
	Metallographic Determination of the Number and Sizes of Grains Depending on Structural and Phase Changes in the Metal of Welded Steam Pipe Joints
	Influence of Additives Processed by Physical Fields on Tribotechnical Properties of Polymer Composites
	Impact of Thermomechanical Phenomena in the Surface Layer of Functional-Gradient Materials on Quality Considering Hereditary Defects
	Mechanisms of the Structure Formation of Soldered Seams when Using Composite Solders
	Mathematical Modeling of Processes and Equipment for the Manufacture of Electrode Carbon Graphite Products
	Influence of Multi-Pin Ultrasonic Impact Treatment on Microrelief, Structure, and Residual Stress of AISI O2 Tool Steel
	New Technology for Producing Castings from Magnesium Alloys with Increased Corrosion Resistance
	Protection of Paper Surface from Water Wetting by Two-Layer Siloxane (TEOS/PEHS) Coating
	Axial and Lateral Buckling Characteristics of Basalt/Carbon Hybrid Composite Laminates
	The Effect of Deposition Conditions and Irradiation on the Structure, Substructure, Stress-strain State, and Mechanical Properties of TiN Coatings
	Calculation of Thermal Stresses in Oxide Layers Synthesized on Cu Substrates
	Erosion Processes on Copper Electrodes Applied to Growth of Nanostructures in Plasma
	An Increase in Tribocharacteristics for Highly Loaded Friction Units of Modern Equipment
	Theoretical and Experimental Studies of the Properties of Porous Permeable Materials Obtained from Industrial Waste

	Part V
	ICT for Engineering Education
	Development of Materials Science Virtual Laboratory Work for the Metal Grains Calculation
	Integration of End-to-End and Dual Learning as a Guarantee of Quality Professional Training for Future Power Engineers
	The Design of Workplaces with Augmented Reality in Engineering Education
	Using Telegram Bots for Personalized Financial Advice for Staff of Manufacturing Engineering Enterprises

	Part VI
	Fluid, Solid and Structural Mechanics
	Vibration Reliability of the Turbine Unit’s Housing Considering Random Imperfections
	The Behaviour of a Rod (Beam) Under the Influence of an External Power Load
	Stress-Strain State of the Floating Bollard’s Structure for a Shipping Gateway
	Rotor Dynamics and Stability of the Centrifugal Pump CPN 600-35 for Nuclear Power Plants
	Influence of Horizontal Inertial Loads on the Operation of Overhead Crane Girders
	Organization of Transportation of a Particle by an Inclined Cylinder Rotating Around the Axis
	Supersonic Flow in the Blade Channel of the Nozzle with a Rotary Diaphragm at Small Degrees of Opening

	Part VII
	Numerical Simulations of Coupled Problems
	Model of the Pneumatic Positional Unit with a Discrete Method for Control Dynamic Characteristics
	A New Method of Optimization Synthesis of Vibro-Impact Systems
	Influence of the Design Features of Orbital Hydraulic Motors on the Change in the Dynamic Characteristics of Hydraulic Drives
	Mathematical Model of Lifting Particles of Technological Material by Vertical Auger
	The Effect of Manufacturing Tolerances on the Hydrodynamic Characteristics of Plain Bearings
	Reducing Working Fluid Pulsations in Planetary Hydraulic Machines by Rational Design of the Distribution Systems

	Part VIII
	Chemical Process Technology and Heat and Mass Transfer
	Design and Modernization of Circuit for Fuel Oil Heating and Tar Cooling
	Protection of Condensing Heat Exchange Surfaces of Boilers from Sulfuric Acid Corrosion
	Purification of Oilfield Wastewater by Inertial Methods
	Comparative Evaluation of the Contact Elements Efficiency for Barium Sulfide Solution Carbonization
	Hydraulic Resistance and Spray Transfer in a Stabilized Three-Phase Foam Layer
	Design of Reactors with Mechanical Mixers in Biodiesel Production
	Justification of Vibroventrentic External Load During Mechanical Pressing of Glycerin-Containing Products
	Reduction of Granular Material Losses in a Vortex Chamber Supercharger Drainage Channel
	Application of Low-Frequency Mechanical Vibrations for Development of Highly Efficient Continuous Extraction Equipment
	Research of Wheat Fiber with Pumpkin Pectin Plant Additive

	Part IX
	Energy Efficient Technologies
	Development of the Gas-dynamic Cooling System for Gas Turbine Over-Expansion Circuit
	Marine Diesel Engine Inlet Air Cooling by Ejector Chiller on the Vessel Route Line
	Exhaust Heat Recovery in Integrated Energy Plant
	Turbine Intake Air Combined Cooling Systems
	Jet-Reactive Turbine Circular Efficiency
	Innovative Hybrid Power Plant Design

	Author Index
	IATDI Library
	Notes
	5th International Conference on Design, Simulation, Manufacturing: The Innovation Exchange
	(DSMIE-2022)

