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Abstract. The purpose of the work is to experimentally determine the displacement of the rota-

tion center relative to the center of gravity/middle frame at the maximum speed of the ship's circula-

tion. This aim is achieved by comparing the position of the pivot point on a stationary vessel, de-

termined theoretically, and the position of the pivot point on a vessel circulating at maximum speed, 

determined during an experiment on a navigation simulator. Since the position of the pivot point is 

calculated from the center of rotation and depends on the arm of the applied lateral force (the dis-

tance between the steering wheel and the center of gravity / middle frame), which is assumed to be 

the same in both cases, the detected difference will be the displacement of the center of rotation. 

Keywords: rotation center displacement, pivot point position, vessel circulation, maneuvering 

in compressed waters. 
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Анотація. Метою роботи є експериментальне визначення зміщення центру обертання 

відносно центру тяжіння / мідель шпангоуту на максимальній швидкості судна. Поставле-

на мета досягається шляхом порівняння положення полюсу повороту на нерухомому судні, 

визначеного теоретично, і положенням полюсу повороту на судні, що рухається з максима-

льною швидкістю, визначеного під час експерименту на навігаційному тренажері. Оскільки 

положення полюсу повороту відраховується від центру обертання і залежить від плеча 

прикладеної бокової сили (відстані між кермом і центром ваги / мідель шпангоутом), яка 

прийнята однаковою в обох випадках, виявленою різницею буде зміщення центру обертання.  

Ключові слова: зміщення центру обертання, положення полюсу повороту, циркуляція 

судна, маневрування у стиснених водах. 

 

The center of rotation and the pivot point are two special points that are im-

portant when maneuvering a ship. Relative to the rotation center, the ship has the 

smallest inertia moment and therefore rotates around it. In the presence of lateral 

speed, the ship moves with lag and rotates around the rotation center at the same 

time. This complex movement can be replaced by a “pure” rotation around another 

point – the pivot point. The pivot point is calculated from the rotation center, which, 

in turn, can shift relative to the center of gravity / midframe, depending on the speed 

of the vessel. Knowing the position of the rotation center and the pivot point will al-

low to reduce the maneuvering area of the vessel, which is especially important when 

maneuvering in compressed waters. Therefore, the research to which this article is 

devoted solves an actual scientific and technical problem. Many authors' works are 

devoted to the study of the position of the rotation center and the pivot point. So, in 
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the book [1] the authors obtained analytical dependences of the pivot point position, 

as an imaginary point of vessel rotation, on the arm of the lateral force application 

and constructed graphs. In the obtained results, the arm of the lateral force application 

and the corresponding position of the pivot point were calculated from the middle 

frame, and not from the rotation center. In the work [2], the author gives interesting 

considerations regarding the rotation center, which should be located between the 

gravity center and the lateral hydrodynamic resistance , and shifts in the direction of  

vessel’s movement. The author notes that the maximum displacement of the lateral 

hydrodynamic resistance center is up to 10 % of the vessel's length. Fundamental 

studies on ship management are given in the book [3], in particular, in section 7.2.4. 

“Pivot Point” shows the state of the imagery about the pivot point and its use in steer-

ing a ship. In articles [4, 5], the author lists the main propositions of the traditional 

pivot point theory and cites the works of the authors, starting from 2008, in which 

these propositions are denied. The author notes that, according to the mentioned sci-

entists, the center of the ship's physical rotation is the center of lateral hydrodynamic 

resistance, which can shift in the direction of the ship's movement. In the article [6] 

the author notes that understanding the basics of the pivot point behavior is extremely 

important for a correct understanding of the ship's behavior. Knowing the pivot point 

position in a maneuvering situation provides the vessel operator with information 

about the geometry of the movement. To determine the pivot point position, the au-

thor conducted a full-scale experiment on a Panamax vessel with a right-handed pro-

peller and a fixed pitch. The experiment showed that the pivot point position was at a 

distance of approximately 17 % of the ship's length from the bow. In the article [7] 

the author notes that the pivot point is used to describe the maneuverability and con-

trollability of the vessel. This is not the real center of rotation, but the apparent one. 

The position of the pivot point is used by vessel operators as an auxiliary tool for de-

termining the external forces acting on the vessel. Also, the position of the pivot point 

can be estimated by the size of the maneuvering area. For a ship moving forward, the 

pivot point is also shifted forward and at maximum speed is shifted 25 % of the ship's 

length. For a vessel moving astern, the pivot point is shifted aft and at maximum 

astern speed is shifted 25 % of the vessel's length. 

According to the authors of this study, the most effective is the automatic deter-

mination of the pivot point position, center of rotation and the use of this information 

for the automatic formation of ship controls, which will significantly increase the ac-

curacy of ship control, reduce delays in operator decision-making, reduce the influ-

ence of the human factor on control processes, reduce the maneuvering area. In the 

authors' works [8–22], the authors' developments for solving automatic control prob-

lems are given. 

Determining the pivot point position on a stationary vessel. It is known that the 

pivot point abscissa is determined by the formula: 
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To determine the lateral speed yV  and angular rate z  of the vessel, we write down 

the linearized system of lateral and angular motion of the vessel, to which a lateral 

force yF  is applied at a distance pX  from the rotation center 
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After substituting the constant values of lateral and angular velocity from equations 

(3) into equation (1), we obtain the formula for determining the pivot point position 

relative to the gravity center when applying a lateral force yF  at a distance pX  from 

the center of rotation 
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In relative values, equation (4) will have the form 
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From formula (5), we find the relative position of the pivot point 232,0=PPX  

for the relative arm 5,0=pX  of the lateral force application. To determine the posi-

tion of the pivot point on a moving vessel, experiments were carried out on the Navi 

Trainer 5000 navigation simulator for vessels OSV3-AH and Ro-Ro passenger  

ferry 13. 

Ship model OSV3-AH. Both engines are telegraphed in the “Full Forward” posi-

tion. Both rudders are placed on the starboard side. The speed of the ship at the be-

ginning of the experiment is 51,15)0( =xV kn. For a stable circulation, readings are 

taken from the CONNING display: vessel speed is 49,9=xV  kn., tangential bow 

speed is 32,1=nV kn., tangential stern speed is 9,8−=sV  kn. The relative value of the 

abscissa of the rotation pole can be found using the formula 
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Ro-Ro passenger ferry model 13. Telegraphs of both engines in the “Full 
Ahead” position. Both rudders are placed on the starboard side. Vessel speed at the 
beginning of the experiment is 18,20)0( =xV  kn. For steady circulation, readings are 

taken from the CONNING display: vessel speed is 41,9=xV kn., tangential speed of 

the bow is 97,0=nV  kn., tangential speed of the stern is 63,8−=sV  kn. The relative 

value of the pivot point abscissa according to formula (6) is equal to 
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It can be seen from the obtained results that the average relative value of the 

pivot point position is 385,0PP Х . The difference between the relative position of 

the pivot point determined on a stationary vessel and the relative position of the pivot 
point determined on a circulating vessel at maximum speed is 

153,0232,0385,0 =−=DX . 

Conclusion. The results of the conducted experiments and performed calcula-
tions show that the position of the pivot point, calculated for a stationary vessel, dif-
fers from the position of the pivot point of a vessel circulating at maximum speed by 

an amount of 153,0=DX . According to the authors, the detected difference is ex-

plained by the displacement of the ship's rotation center relative to the gravity/middle 
frame center in the presence of longitudinal speed.  

 
REFERENCES 

 

1. Демин С. И., Жуков Е. И., Кубачев Н. А. Управление судном: под редакцией 
В. И. Снопкова. M. : Транспорт, 1991. 

2. Cauvier H. The Pivot Point. The PILOT. The official organ of the United Kingdom Mari-
time Pilots’ Association. 2008. No. 295. URL: http://www.pilotmag.co.uk/wp-

content/uploads/2008/ 06/pilotmag-295-final-web.pdf. 
3. Fossen T. I. Handbook of marine craft hydrodynamics and motion control. Second edition. 

Norwegian university of science and technology. Wiley, 2021. 
4. Cummins T. A. Review of the ship’s pivot point: Science, Maths and Observation’ Where 

is the centre of a ship’s rotation? The Marine Pilots' Community. URL: https://www.marine-
pilots.com/articles/84506-review-of-ships-pivot-point-science-maths-and-observation-where-is-
centre-of-ships-rotation. 

5. Cummins T. A. Scientific Fact: The ‘traditional’ understanding of the ship’s pivot point is 
wrong! The Marine Pilots' Community. URL: https://www.marine-pilots.com/articles/81904-
scientific-fact-traditional-understanding-of-ships-pivot-point-is-wrong. 

6. Capt. Santosha K. N. A Corrected Version on Positioning of Pivot Point. The Marine Pi-
lots' Community. URL: https://www.marine-pilots.com/articles/129891-corrected-version-on-
positioning-of-pivot-point. 

7. Shafran D. What is the pivot point of ship? Fully explained! Maritime page. URL:  

https://maritimepage.com/pivot-point-of-ship. 
8. Зинченко С. Н., Ляшенко В. Г. Расхождение с маневрирующими целями. Науковий 

вісник ХДМА. 2017. № 2 (17). C. 36–43. URL: 
http://journals.ksma.ks.ua/nvksma/article/view/555/499. 

http://www.pilotmag.co.uk/wp-content/uploads/2008/%2006/pilotmag-295-final-web.pdf
http://www.pilotmag.co.uk/wp-content/uploads/2008/%2006/pilotmag-295-final-web.pdf
https://www.marine-pilots.com/articles/84506-review-of-ships-pivot-point-science-maths-and-observation-where-is-centre-of-ships-rotation
https://www.marine-pilots.com/articles/84506-review-of-ships-pivot-point-science-maths-and-observation-where-is-centre-of-ships-rotation
https://www.marine-pilots.com/articles/84506-review-of-ships-pivot-point-science-maths-and-observation-where-is-centre-of-ships-rotation
https://www.marine-pilots.com/articles/81904-scientific-fact-traditional-understanding-of-ships-pivot-point-is-wrong
https://www.marine-pilots.com/articles/81904-scientific-fact-traditional-understanding-of-ships-pivot-point-is-wrong
https://www.marine-pilots.com/articles/129891-corrected-version-on-positioning-of-pivot-point
https://www.marine-pilots.com/articles/129891-corrected-version-on-positioning-of-pivot-point
https://maritimepage.com/pivot-point-of-ship
http://journals.ksma.ks.ua/nvksma/article/view/555/499


V Міжнародна науково-практична морська конференція  

 

272  MPP&O-2024 

9. Зинченко С. Н., Ляшенко В. Г., Шалаева А. А. Расчет и реализация маневра расхож-

дения с судами целями в бортовой ЦВМ. Безпека життєдіяльності на транспорті та виро-

бництві: освіта, наука, практика : матеріали IV МНПК, м. Херсон, 14–16 вересня 2017 р.  

С. 230–235. 

10. Zinchenko S., Moiseenko V. Increasing the accuracy and reliability of a dynamic position-

ing laser system. Life Safety in Transport and Production: Education, Science, Practice : Materials 

of the VII International Scientific and Practical Conference, Kherson, September 9–12 2020.  

Р. 326–330. 

11. Зинченко С. Н., Маменко П. П., Грошева О. А. Сокращение времени численного ин-

тегрирования математической модели судна в бортовом вычислителе. Науковий вісник  

ХДМА. 2018. № 1 (18). С. 171–177. URL: http://journals.ksma.ks.ua/nvksma/article/view/526/469. 

12. Зинченко С. Н., Ляшенко В. Г., Грошева О. А. Синтез оптимального управления 

судном с граничными условиями. Науковий вісник ХДМА. 2018. № 1 (18). С. 18–26. URL:  

http://journals.ksma.ks.ua/nvksma/article/view/502/440. 

13. Зинченко С. Н., Ляшенко В. Г. Использование нейросетевой модели судна для ре-

шения задач управления. Науковий вісник ХДМА. 2017. № 2 (17). С. 231–237. URL: 

http://journals.ksma.ks.ua/nvksma/article/view/587/524.   

14. Зинченко С. Н., Ляшенко В. Г., Шалаева А. А. Оценка маневренных возможностей 

судна с помощью нейросетевой модели, синтезируемой в процессе его штатной эксплуата-

ции. Безпека життєдіяльності на транспорті та виробництві: освіта, наука, практика : 

матеріали IV МНПК, м. Херсон., 14–16 вересня 2017 р. С. 236–240. 

15. Зинченко С. Н., Ляшенко В. Г., Грошева О. А. Оптимальное управление избыточ-

ными структурами азиподов. Безпека життєдіяльності на транспорті та виробництві: 

освіта, наука, практика : матеріали V МНПК, м. Херсон., 13–15 вересня 2018 р. С. 78–81.  

16. Cherniavskyi V., Zinchenko S., Nosov P. The use of exsessive actuatos structures in au-

tomatic vessel movement control systems. MPP&O-2021 : Materials of the III International Mari-

time Scientific Conference of the Ship Power Plants and Technical Operation Department of Оdes-

sa National Maritime University, Odessa, April 29–30 2021. Р. 466–472. URL:  

https://doi.org/10.13140/RG.2.2.36574.15681. 

17. Zinchenko S. Study of a minimally excessive complanary control structure with two azi-

muth control devices. Life Safety in Transport and Production: Education, Science, Practice : Ma-

terials of the VII International Scientific and Practical Conference, Kherson, September 9–12 2020. 

Р. 319–325. 

18. Зінченко С. М., Матейчук В. М., Ляшенко В. Г. Використання інформаційних си-

стем моделювання для розробки та тестування систем автоматичного керування рухом суд-

на. Безпека життєдіяльності на транспорті та виробництві: освіта, наука, практика : ма-

теріали V МНПК, м. Херсон., 13–15 вересня 2018 р. С. 27–29. 

19. Зинченко С. Н., Носов П. С., Маменко П. П., Грошева О. А., Матейчук В. Н. Ис-

пользование математической модели ЧЭ гирокомпаса для учета инерционной девиации. Без-

пека життєдіяльності на транспорті та виробництві: освіта, наука, практика : матеріали 

VІ МНПК, м. Херсон., 11–14 вересня 2019 р. С. 203–206. 

20. Moiseenko V. S., Zinchenko S. M., captain Tovstokoryi O. M. Automatic beam control 

of laser – optical position reference system. MPP&O-2020 : Materials of the II International Scien-

tific and Practical Maritime Conference of the Department of Power Plants and TE of Odessa Na-

tional Maritime University, Odessa – Istanbul – Odessa, April 2020. URL: 

https://drive.google.com/file/d/1HEX2RVuA1KV5JjMfQcqYZ1f4SCFMcy6a/view. 

21. Zinchenko S., Tovstokoryi O. What is the Pivot Point and how to use it to control the 

vessel. Advanced Information and Innovative Technologies for Transport (MINTТ-2020) : Materials 

of the XII International Scientific and Practical Conference, Kherson, May 27–29 2020. 

22. Zinchenko S., Tovstokoryi O., Nosov P., Popovych I., Kobets V., Abramov G. Mathe-

matical support of the vessel information and risk control systems. CEUR Workshop Proceedings. 

2020. 2805. P. 335–354. URL: http://ceur-ws.org/Vol-2805/paper25.pdf.  

http://journals.ksma.ks.ua/nvksma/article/view/526/469
http://journals.ksma.ks.ua/nvksma/article/view/502/440
http://journals.ksma.ks.ua/nvksma/article/view/587/524
https://doi.org/10.13140/RG.2.2.36574.15681
https://drive.google.com/file/d/1HEX2RVuA1KV5JjMfQcqYZ1f4SCFMcy6a/view
http://ceur-ws.org/Vol-2805/paper25.pdf


кафедри СЕУ і ТЕ Одеського національного морського університету  

 

Marine Power Plants and Operation   273 

Zinchenko Serhii Doctor of Technical Sciences, Associate Professor, Professor of the Ship 

Handling Department, Kherson State Maritime Academy. srz56@ukr.net; ORCID: 0000-0001-

5012-5029. 

Tovstokoryi Oleh Candidate of Technical Sciences, Head of the Ship Handling Department, 

Kherson State Maritime Academy. otovstokory@gmail.com; ORCID: 0000-0003-3048-0028. 

Ben Andrii Candidate of Technical Sciences, Professor, Vice-Rector for Research, Kherson 

State Maritime Academy. a_ben@i.ua; ORCID: 0000-0002-9029-3489. 

Nahrybelnyi Yaroslav Doctor of Pedagogical Sciences, Professor, Dean of Navigation Facul-

ty, Kherson State Maritime Academy. yar1507@ukr.net; ORCID: 0000-0003-3266-5798. 

Nosov Pavlo Candidate of Technical Sciences, Associate Professor, Head of Innovative 

Technologies and Technical Devices of Navigation Department. pason@ukr.net; ORCID: 0000-

0002-5067-9766. 
 

 
UDK 656.61.052:621.43 

 

SHIP HANDLING AS AN INFLUENTIAL FACTOR IN PROCESSES  

WITHIN FUNCTIONAL SHIP TECHNICAL SYSTEMS  
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Abstract. The thesis examines the impact of ship handling methods on the operation of its 

technical systems, especially in complex maneuvering conditions. It highlights the human factor in 

decision-making processes, particularly during complex maneuvers in unpredictable situations, and 

their influence on ship energy systems, specifically engines. The research emphasizes the need for 

the development and implementation of automated and intelligent control systems to enhance 

efficiency and safety in navigation, as well as to reduce the impact of human factors on the risks of 

accidents. 

Keywords: ship handling, technical systems of ships, human factor, energy systems, 

automated control systems, intelligent systems, maritime safety. 

 

УПРАВЛІННЯ СУДНОМ ЯК ФАКТОР ВПЛИВУ НА ПРОЦЕСИ  

У ФУНКЦІОНАЛЬНИХ СУДНОВИХ ТЕХНІЧНИХ СИСТЕМАХ  

 

П. Носов, С. Зінченко, A. Бень, I. Грицук 

Херсонська державна морська академія 

 
Анотація. Теза розглядає вплив методів управління судном на роботу його технічних 

систем, особливо у складних умовах маневрування. Вона акцентує увагу на людському фак-

торі в процесі прийняття рішень, особливо під час виконання складних маневрів у неперед-

бачуваних ситуаціях, та їх вплив на суднові енергетичні системи, зокрема двигуни. До-

слідження підкреслює необхідність розробки та впровадження автоматизованих та інте-

лектуальних систем керування для підвищення ефективності та безпеки мореплавства, а 

також для зменшення впливу людського фактора на ризики аварійності. 

Ключові слова: управління судном, технічні системи суден, людський фактор, енерге-

тичні системи, автоматизовані системи керування, інтелектуальні системи, безпека море-

плавства. 
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