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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.

EKCIIEPUMEHTAJIBHE BUSHAYEHHS SMILIEHHSA HEHTPY
OBEPTAHHA CYJIHA

C. 3inuenko, O. ToBcTokopuii, A. benb, S1. Harpubeasuuii, I1. Hocos
XepcoHChbKa JiepKaBHA MOPChKa akaaeMis

Anomauia. Memoro pobomu € excnepumenmanbHe 8UHAYEHHS 3MIWEHHs YeHMPY 00epmaHHs
BIOHOCHO YEeHMPY MANCIHHA / MiOeNb WNaHeoymy Ha MAKCUMAIbHIU weuokocmi cyona. Ilocmaene-
Ha mMema 00CA2AEMbCAL WNAXOM NOPIGHAHHS NOLONCEHHS NONIOCY NOBOPOMY HA HEPYXOMOMY CYOHI,
BUBHAYEHO20 MEOPEMUYHO, | NOJIOJCEHHAM NONIOCY NOBOPOMY HA CYOHI, WO PYXAEMbCA 3 MAKCUMA-
JILHOIO WBUOKICTIO, BUSHAYEHO20 Ni0 Yac eKChepuMeHmy Ha Hagieayitinomy mpenadxcepi. OcKinbKu
NOJOJNCEHHS NOTIOCY NOBOPOMY GIOPAXOBYEMbCS 8I0 YeHmpy 00epmanHs 1 3anedcums 6i0 nieda
NPUKIA0eHoi OOK0B8OI cunu (8i0CmMaHi Mixc KepmMom i YyeHmpom eazu / mMioelb WNnaHeoymom), saKa
NPUUHAMA 00OHAKOBOI 8 000X BUNAOKAX, BUABIEHOI PIZHUYE0 OYO0e 3MIUeHHs YeHMpPY 00epmAaHHs.

Knwouoei cnosa: smiwenns yenmpy o0epmanis, no10ACEHHs NOTOCY NOBOPOMY, YUPKYIAYIS
CYOHQ, MAHe8PYBAHHs Y CIMUCHEHUX B0O0AX.

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:

Xnn :__y- (1)
Wy
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To determine the lateral speed Vy and angular rate @, of the vessel, we write down

the linearized system of lateral and angular motion of the vessel, to which a lateral
force Fy is applied at a distance X , from the rotation center
. Ry
(M+A22)Vy =Fy ——=Vy,
: (2)
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For steady motion (V y=0,07 = O], from system (2) we find:

vo_ "y _ Ay Xp

y aRiy ' a)z—(ﬁsz- (3)
8Vy dw,

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 Fy ata distance X D from

(amzj
ow; ) 1 @)
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In relative values, equation (4) will have the form
(amz]
- 1\ ow 1
Xnn - ——2 Z —— (5)
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From formula (5), we find the relative position of the pivot point Xpp = 0,232
for the relative arm X, = 0,5 of the lateral force application. To determine the posi-

the center of rotation

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 V, (0) =15,51kn. For a stable circulation, readings are
taken from the CONNING display: vessel speed is Vy, =9,49 kn., tangential bow
speed is V, =1,32kn., tangential stern speed is Vg =—8,9 kn. The relative value of the

abscissa of the rotation pole can be found using the formula
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_ ~V, _ _
pr—v —V (XB XA)+XAa (6)
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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 V, (0) = 20,18 kn. For steady circulation, readings are

taken from the CONNING display: vessel speed is V, =9,41kn., tangential speed of
the bow is V,, =0,97 kn., tangential speed of the stern is Vg =—8,63 kn. The relative

value of the pivot point abscissa according to formula (6) is equal to
= -0,97 1 1, 1
Xpp=——""——(-=-2)+==0,399.
PP g83-0070 2 22

It can be seen from the obtained results that the average relative value of the
pivot point position is Xpp = 0,385. 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 wvessel at maximum speed is
AX =0,385-0,232=0,153.

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 AX =0,153. 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.
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SHIP HANDLING AS AN INFLUENTIAL FACTOR IN PROCESSES
WITHIN FUNCTIONAL SHIP TECHNICAL SYSTEMS

P. Nosov, S. Zinchenko, A. Ben, I. Gritsuk
Kherson State Maritime Academy

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.

YIIPABJIIHHA CYJHOM SAK ®AKTOP BIIVINBY HA ITPOLHECH
Y ®YHKIIOHAJIBHUX CYJHOBUX TEXHIYHUX CUCTEMAX

I1. Hocos, C. 3inuenko, A. benn, |. 'punyk
XepcoHChKa Jiep:KaBHa MOPChKa aKajieMis

Anomauia. Teza posenadac 6niue memooie YnpasuiHHsa CYOHOM HA poOOmMY 1020 MEeXHIYHUX
cucmem, 0coOIUBO Y CKIAOHUX YMOBAX MaHespyeanHs. Bona akyenmye yeazy Ha ar00Ccbkomy ax-
mopi 8 npoyeci NPUUHAMMS pileHb, 0COOIUBO NIO YAC BUKOHAHHS CKIAOHUX MAHEe8pi8 y Henepeo-
bayysanux cumyayisx, ma ix 6niue Ha cYOHOGI eHepeemuyHi cucmemu, 30Kkpema oeucyHu. [lo-
CRIOMHCEHHST NIOKPeCOE HeOOXIOHICMb PO3POOKU MA BNPOBAONCEHHS ABMOMAMUZ08AHUX MA [HMe-
JIEKMYATbHUX CUCIEM Kepy8aHHA Oiisl NiOSUWEeHHs epeKkmuenocmi ma b6e3neku Mopeniascmed, d
MAKoH#C 015 BMEHULeHHSL BNIUBY JH00CLKO20 (hakmopa Ha pu3uKu asapitiHocmi.

Knrouoei cnoea: ynpasninns cyOHOM, MeXHIUHI cucmemu cyoeH, JH0CbKUll pakmop, eHepee-
MUYHI cucmemu, asmomMamu308aHi cucCmemuy KepyeaHHs, ihmeieKkmyanivHi cucmemu, 6e3neka mope-
niagcmea.
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