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Relevance. In underwater robotics, a special group of electromagnets can be defined. These 
electromagnets are retaining by their purpose and work with a certain non-magnetic working gap between 
the outer anchor and the core. When designing a retaining electromagnet, it is necessary to determine 
the design parameters that provide the required attractive force at a given operating gap and supply 
voltage with restrictions on weight and overheating of the winding. There are no calculation methods in 
the literature that allow solving this problem. Therefore, the study of the characteristics of an electromagnet 
in holding modes and the development of a methodology for determining the design parameters of an 
electromagnet that meets the specified requirements is an urgent task.

Purpose and method. The purpose of this work is to present the study results of the characteristics and 
the developed methodology for calculating the electromagnets design used as retention (the presence of a 
certain non-magnetic gap is the operating mode.). The research methods combine analytical conclusions, 
field experiments and mathematical modeling.

Results. The results of the study contain the proposed methodology for calculating the retaining 
electromagnet design parameters. This methodology provides the necessary force of attraction at a given 
working gap while minimizing the mass at a certain supply voltage of the winding and the permissible 
temperature of overheating of the wire.

Key words: electromagnet, working gap, attractive force, permissible overheating, mass minimization, 
calculation method, thermal (thermal) modeling, modeling of electromagnetic fields.

References
1. Slivinskaya A.G. Elektromagnity i postoyannye magnity. Ucheb-

noe posobie dlya studentov vuzov [Electromagnets and permanent mag-
nets. Study guide for university students]. Moscow, «Energiya».1972 year. 
248 p.

2. Lakota O.B. Elektricheskie i elektronnye apparaty [Electrical and 
electronic devices]. St. Petersburg Mining Institute. 2001 year. 57 p.

3. NauticExpo: official website. Hull cleaning ROV. – URL: https://
www.nauticexpo.com/prod/fleet-cleaner/product-194109-522908.html 
(Date of application 20.10.2023).

4. David Meeker. Finite Element Method Magnetics. Version 4.2. Us-
er’s Manual. 2015.

5. Ansys: official website. Ansys Maxwell Low Frequency EM 
Field Simulation – URL: https://www.ansys.com/products/electronics/an-
sys-maxwell#tab1-1 (Date of application 20.10.2023).

6. ELCUT: official website. Functionality – . St. Petersburg. – URL: 
https://elcut.ru/pack_r.htm (Date of application 20.10.2023).

About the authors
GERASIMOV Vladimir Alexandrovich, Head of the Laboratory of 

Power Engineering of Underwater Robotic Complexes, 
Institute for Marine Technology Problems, Russian Academy of Sciences, 

Far Eastern Branch
Research interests: power engineering of underwater vehicles, contactless 

transmission of electricity, power converter equipment
Phone: +79025223824. 
E-mail: gerasimov@marine.febras.ru, fobos_v@mail.ru. 
ORCID: 0000-0003-0246-475X

KOMLEV Anton Vladimirovich, senior Researcher at the Laboratory of 
Power Engineering of Underwater Robotic Complexes

Institute for Marine Technology Problems, Russian Academy of Sciences, 
Far Eastern Branch

Research interests: power engineering of underwater vehicles, contactless 
transmission of electricity, power converter equipment

Phone: +79502884801. E-mail: kom86@bk.ru. 
ORCID: 0000-0001-8862-8676

FILOZHENKO Alexey Yuryevich, senior Researcher at the Laboratory 
of Power Engineering of Underwater Robotic Complexes

Institute for Marine Technology Problems, Russian Academy of Sciences, 
Far Eastern Branch

Research interests: power engineering of underwater vehicles, contactless 
transmission of electricity, power converter equipment

Phone: +79140678041. E-mail: filozhenko_a@mail.ru
ORCID: 0000-0003-1684-3849


