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Abstract

In this document it is addressed the basic principles underlying the function of
the railgun focusing in the electrodynamic questions. It is intended to acquire
familiarity with this kind of weapon through the critical study of his functional

principles. At first glance, the basic principle of operation of a railgun may seem
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simple in the light of the immediate application of the Lorenz force in a
conductor driven by current. However, everything becomes more complicated
in the case of a quick change of the involved parameters (transitional regime),
which requires a more thorough analysis of current behavior, electric and

magnetic fields, and all involved materials in the system.

This project also included the construction of two railguns, initially a

smaller size one to gain familiarity with the system, and lastly a laboratory
proportion one in which was performed and analyzed a number of tests with
different materials and distinct projectile sizes. To better understand the
process that involve the railgun process, an analysis in the time domain, of the
spatial distribution of the electromagnetic field, electrical current and energy
flow was performed. In the present paper, we describe the preliminary concepts
about the studied weapon, the energy flow, complemented by a summary of the
experimental work associated to the construction of the second railgun (in
laboratory proportions) that allowed us to test distinct materials, forms and

sizes.
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Notes

1. 1 Mach is defined as the ratio between the speed of the object and the speed

of sound.

2. Since during the discharge of capacitors, we have Iy = % and

I(t) = Iye 70.

References

1. Schoeder, M.K.: An Investigation of the Static Force Balance of a Model
Railgun. Monography, Naval Postgraduate School, Monterey, USA (2007)

7). Graneau, PN.G.: Newtonian Electrodynamics. World Scientific, Singapore
(1995)

3, ourselfGadjets, D.I.: Homemade railgun (2013)

/.. Persad, C.: Characterization of hypervelocity gouge craters in rail
conductors. IEEE Trans. Magn. 33(1), 197-202 (1997)

5. Pavlov, A.: Improvement of Electromagnetic Railgun Barrel Performance

and Lifetime by Method of Interfaces and Augmented Projectiles.


https://link.springer.com/subjects/magnetism
https://link.springer.com/subjects/plasma-based-accelerators
https://link.springer.com/subjects/basic-plasma-phenomena-and-gas-discharges

Monography, Faculty of California Polytechnic State University, California,
USA (2013)

6. PowerLabs: Powerlabs rail gun 2.0 research! (2010).
http://www.powerlabs.org/railgun.html. Accessed 20 Apr 2026

/. Maniglia, J.: Design, fabrication, and testing of an eletromagnetic rail gun
for the repetead testing and simulation of orbital debris impacts (2013).

http://digitalcommons.calpoly.edu/aerosp/. Accessed 20 Apr 2026

8. Bauer, D.P.: Achieving high efficiency with conventional railgun launchers.
IEEE Trans. Magn. 31, 263—-266 (1995)

Q. Bauer, D.P.: A novel railgun launcher design. IEEE Trans. Magn. 31, 267—-272
(1995). https://api.semanticscholar.org/CorpusID:111118679

1(0. Herald, T.S.M.: Us navy’s new destroyer zumwal will test fire futuristic
eletromagnetic railgun (2015).

http://www.smh.com.au/technology/sctech/us-navys-new-destroyer-

zumwalt-will-test-fire-the-futuristicelectromagnetic-rail-gun-
20151209-gljao4.html. Accessed 20 Apr 2026

11. Bindu,, S., et al.: Modelling of a spark gap switch. In: 2012 IEEE 10th
International Conference on the Properties and Applications of Dielectric
Materials, pp. 1-4. IEEE (2012)

12. Maniglia, J.: Design, Fabrication, and Testing of an EMR Gun based Orbital
Debris Impact Testing Platform. Faculty of California Polytechnic State


http://www.powerlabs.org/railgun.html
http://digitalcommons.calpoly.edu/aerosp/
https://api.semanticscholar.org/CorpusID:111118679
http://www.smh.com.au/technology/sctech/us-navys-new-destroyer-zumwalt-will-test-fire-the-futuristicelectromagnetic-rail-gun-20151209-gljao4.html
http://www.smh.com.au/technology/sctech/us-navys-new-destroyer-zumwalt-will-test-fire-the-futuristicelectromagnetic-rail-gun-20151209-gljao4.html
http://www.smh.com.au/technology/sctech/us-navys-new-destroyer-zumwalt-will-test-fire-the-futuristicelectromagnetic-rail-gun-20151209-gljao4.html

University, California, USA, Monography (2013)

13. Atomics, G.: General atomics team powers navy rail gun to new world
record (2013)

14, Wendling, M.: Retificadores. Universidade Estadual Paulista, Sao Paulo,
Brasil (2025).
http://www?2.feg.unesp.br/Home/PaginasPessoais/ProfMarceloWendling/3
---retificadores.pdf. Accessed 20 Apr 2026

15. Sampaio, P., Gatta, M., Teodoro, M.E.: Studying of the operation of a
railgun system: a theoretical approach. Mathematics (2026)

16. Sampaio, P., Gatta, M., Teodoro, ML.E.: Investigating of the operation of a
railgun system: experimental approach. In: Machado, J.E.A. (ed.) Lecture

Notes in Mechanical Enginneering. Springer (To Appear)

17/. Atomics, G.: Projectile development (2016).
http://www.ga.com/railgunprojectile-development. Accessed 20 Apr 2026

Acknowledgements

The authors were supported by Portuguese funds through the Center of Naval
Research (CINAV), Naval Academy, Portugal. The author M. Filomena Teodoro
was also supported by The Portuguese Foundation for Science and Technology
(FCT), through the Center for Computational and Stochastic Mathematics
(CEMAT), University of Lisbon, Portugal, project DOI:
(https://doi.org/10.54499/UID/04621/ 2025).


http://www2.feg.unesp.br/Home/PaginasPessoais/ProfMarceloWendling/3---retificadores.pdf
http://www2.feg.unesp.br/Home/PaginasPessoais/ProfMarceloWendling/3---retificadores.pdf
http://www.ga.com/railgunprojectile-development

Author information

Authors and Affiliations

CINAV, Center of Naval Research, Naval Academy, Portuguese Navy, 2810-
001, Almada, Portugal
P. Sampaio Pereira, Mario Gatta & M. Filomena Teodoro

Center of Philosophy of Sciences, Faculdade de Ciéncias, University of Lisbon,
Lisbon, 1749-016, Portugal
Mario Gatta

CEMAT, Center for Computational and Stochastic Mathematics, Instituto
Superior Técnico, Lisbon University, 1048-001, Lisboa, Portugal

M. Filomena Teodoro

Corresponding author

Correspondence to M. Filomena Teodoro.

Editor information

Editors and Affiliations
University of Perugia, Perugia, Perugia, Italy

Osvaldo Gervasi

University of Basilicata, Potenza, Italy

Beniamino Murgante

University of Cagliari, Cagliari, Italy

Chiara Garau

University of Minho, Braga, Portugal
Ana Maria A. C. Rocha

University of Perugia, Perugia, Italy


mailto:maria.teodoro@tecnico.ulisboa.pt

M. Noelia Faginas Lago

University of Minho, Braga, Portugal
Ana C. Braga

University of Massachusetts, Worcester, MA, USA

Yeliz Karaca

Rights and permissions

Reprints and permissions

Copyright information

© 2027 The Author(s), under exclusive license to Springer Nature Switzerland
AG

About this paper

Cite this paper

Pereira, P.S., Gatta, M., Teodoro, M.F. (2027). Investigating of the Operation
of a Railgun System with Laboratory Proportion. In: Gervasi, O., et al.
Computational Science and Its Applications — ICCSA 2026 Workshops. ICCSA
2026. Lecture Notes in Computer Science, vol 16760. Springer, Cham.
https://doi.org/10.1007/978-3-032-30521-3_5

RISY [ENWY .BIBX

DOI Published Publisher Name
https://doi.org/10.1007 03 July 2026 Springer, Cham
/978-3-032-30521-

3 5


https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Investigating%20of%C2%A0the%C2%A0Operation%20of%C2%A0a%C2%A0Railgun%20System%20with%C2%A0Laboratory%20Proportion&author=P.%20Sampaio%20Pereira%2C%20M%C3%A1rio%20Gatta%2C%20M.%20Filomena%20Teodoro&contentID=10.1007%2F978-3-032-30521-3_5&copyright=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Switzerland%20AG&publication=eBook&publicationDate=2027&startPage=69&endPage=86&imprint=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Switzerland%20AG
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-30521-3_5?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-30521-3_5?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-30521-3_5?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-30521-3_5?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-30521-3_5?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-30521-3_5?format=bibtex&flavour=citation

Print ISBN Online ISBN eBook Packages
978-3-032-30520-6 978-3-032-30521-3 Computer Science
Computer Science (RO)

Springer Nature

Proceedings Computer

Science

Keywords

railgun electricfield magnetic field

Publish with us

Policies and ethics (2



https://link.springer.com/search?facet-content-type=%22Book%22&package=11645&facet-start-year=2027&facet-end-year=2027
https://link.springer.com/search?facet-content-type=%22Book%22&package=43710&facet-start-year=2027&facet-end-year=2027
https://link.springer.com/search?facet-content-type=%22Book%22&package=85344&facet-start-year=2027&facet-end-year=2027
https://link.springer.com/search?facet-content-type=%22Book%22&package=85344&facet-start-year=2027&facet-end-year=2027
https://link.springer.com/search?facet-content-type=%22Book%22&package=85344&facet-start-year=2027&facet-end-year=2027
https://link.springer.com/search?query=railgun&facet-discipline=%22Computer%20Science%22
https://link.springer.com/search?query=electric%20field&facet-discipline=%22Computer%20Science%22
https://link.springer.com/search?query=magnetic%20field&facet-discipline=%22Computer%20Science%22
https://www.springernature.com/gp/policies/book-publishing-policies

