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The article deals with the issues of automatic control of the vessel 's movement under external conditions of
wind and current. A brief review of the sources was carried out and the limitations of the traditional control
schemes with one stern rudder were shown. A control scheme with additional bow rudder has been proposed.
It allows to reduce fuel consumption, the number of actuations of actuators and to increase reliability through
redundancy management. A comparison of the proposed and traditional control schemes for mathematical
modeling in the MATLAB environment has been made.
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Introduction. The effects of wind and current refer to external influences. Wind has an
adverse effect on the movement and maneuvering of ships, especially those that have a greater
freeboard and highly developed superstructures. The degree and nature of the impact of wind on
the vessel depends on many factors, the main ones of which are: the area and location of the center
of sail, the ratio of the size of the freeboard to the draft of the vessel, the force and direction of the
wind relative to the diameter plane (DP) of the vessel, course and the speed of the vessel relative
to the wind direction. The greatest influence on the ship has a wind directed perpendicularly or at
an angle to the ship’s DP. In this case, there is a drift (side drift), heeling, turn of the vessel to the
wind or under the wind, as well as a change in the speed of movement. The flow directed at an
angle to the vessel’s DP also has an adverse effect. The presence of the lateral component of the
flow leads to the appearance of the drift angle, a change in the speed of movement, lateral
displacement and rotational movement of the vessel. Since almost all vessels operate under the
conditions of external influences of wind and flow, the search for optimal schemes and optimal
vessel control under external conditions allowing them to optimize their movement is an urgent
scientific and technical task.

Currently, most transport ships use one or two engine, aft steering and thruster. At the same
time, the thruster and engines are used for maneuvering only at low speeds, in maneuvering mode.
At the transition, the engines used in the mode of ensuring the maximum speed of the vessel and
are not used for maneuvering. Support a given course or driving along a given route is ensured
only by the aft steering wheel. In autopilot mode, the PID regulator controls the aft steering wheel
[1-3]. In work [1] an example of the Track Control System (Section 8) under conditions of wind
exposure is shown, it is provided for keeping the vessel on the route. However, the presence of
wind impact does not allow for a simultaneous zero drift angle, which leads to an increase in
aerodynamic resistance, a decrease in speed, an increase in transition time and additional fuel
consumption. In work [4] a system of automatic control of a ship with an additional bow rudder is
described, it provides zero drift angle in the presence of external influences. According to the
authors, this decision allows to reduce the overall resistance to movement of the vessel and fuel
consumption. However, in the proposed system, the lateral deviation is calculated through the drift
angle, which, in the presence of measurement and calculation errors, will lead to the accumulation
of the lateral deviation error of the vessel from the trajectory and the need to organize a periodic
return to the trajectory, which again is associated with additional fuel consumption. In work [5],
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the authors proposed a vessel control system with stern and bow rudders that kept the vessel on
the route with a zero drift angle in the presence of external influences, which makes it possible to
optimize the movement of the vessel in time and fuel consumption.

The purpose of this article is to check the efficiency of the proposed control scheme for
a vessel with a stern and bow rudders, as well as a comparison of the effectiveness of the proposed
scheme with a traditional control scheme with one stern rudder under external conditions.

Main part. Figure 1 shows the information management scheme with aft and bow rudders.

The angular velocity of the vessel £2; from the angular velocity sensor 1 is served on the first

input of the adder 9, the angular deviation @ —@; of the yaw angle from the track angle from the
adder 5 is served to the second input of the adder 9. On the third input of the adder 9 is served a

signal I(¢—¢Z)dt from the integrator 7.
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Figure 1 — Information management scheme with aft and bow rudders

Signal 01 =Ka *Qz +Kap *(@=02) +K[4, * [ (p—@,)dt is served from the output of
the adder 9 to the second input of the adder 10 and to the first input of the adder 11, that ensures a
steady reduce of the yaw angle to a predetermined value @ =@z and 8 =0.

On the first input of the adder 8 is served the integral jAydt of the lateral deviation of the
vessel relatively specified route from the integrator 6, on the second input of the adder 8 and on

the integrator 6 is served the lateral deviation AY of the vessel from the specified route from the
second output of the satellite navigation system. To the third input of the adder 8 is served the

lateral speed VY of the vessel from the lateral speed sensor 4. Signal
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o2 =Ky *Vy +Kay TAY 4K 5y *_[Aydt is served from the adder 8 to the second input of the

adder 11 and to the third input of the adder 10, which reduces the deviation to zero Ay =0. If a
signal o, =0, — 0o, is served to the stern-steering actuator 14, and a signal o, =—-o, —o, to the
baw-steering actuator 13, joint control of the stern and bow rudders will ensure reduce to =0

and Ay =0, that is, the proposed control scheme with aft and bow rudders ensures the location of

the vessel on a route with a zero drift angle.
The connection of the adder 10, the bow steering actuator 13 and the baw steering

sensor 12, shown in fig. 1, provide filtering of the input signal O, .
The connection of the adder 11, the aft steering actuator 14 and the aft steering sensor 15,

shown in fig. 1, provide filtering of the input signal O .

T diﬂ 6,5, T%MH —o,.
ds ds
T =00, T +5, =0,

where T is the constant time of the aperiodic link.

This filtering scheme is used to reduce the number of actuations of the aft and bow rudders.
In addition, as can be seen from the information scheme, each of the rudders participates in the
development of the angular and lateral deviations, which means that the proposed scheme has
control redundancy.

Results of research. The effectiveness of the control system proposed in [3] was carried
out by mathematical modeling in the MATLAB environment of the control object in a closed
circuit with control systems [1] and [3] for different values of side wind. The simulation results
are presented in fig. 2-3.
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Figure 2 — Changing the parameters of the movement of the vessel when the stern rudder

Fig. 1 shows graphs of the time variation for the traditional control scheme: longitudinal
velocity Vxg [m/s], the lateral velocity Vyg [m/s], the angular velocity Wz [deg/s], the course Fi
[deg], the longitudinal displacement Xg [m], the lateral displacement Yg [m], the angle of
deviation of the telegraph teta [deg] ] and the angle of deviation of the stern rudder deltal [deg]
for the values of side wind Wyg =1, 2, 3, 3.5 m/s.

Fig. 2 shows the graphs of the time variation for the proposed control scheme: longitudinal
velocity Vxg [m/s], the lateral velocity Vyg [m/s], the angular velocity Wz [deg/s], the course Fi
[deg], the longitudinal displacement Xg [m], the lateral offset Yg [m], the angle of deviation of
the telegraph teta [deg], the angle of deviation of the stern rudder deltal [deg], the angle of
deviation of the bow rudder delta2 [deg] for the values of side wind Wyg =1, 2, 3, 3.5, 4.0, 4.5
m/s.
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Figure 3 — Changing the parameters of the movement of the vessel in the management
of the stern and bow rudders

Table 1 also shows the fuel consumption for the two control schemes: the control scheme
using only the stern rudder and the control scheme using the stern and bow rudders for different
values of the lateral wind speed Wyg.
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Table 1 — Fuel consumption [kg] per 5 km for two control schemes

Control scheme S'(\j/\e};é'r[]r?] ?psﬁed Fuel consumption [kg] per 5 km
1 63,89
traditional control scheme 2 64.227
with only aft rudder 3 65310
3.5 66.826
4.0 The system is not manageable
1 63.89
2 64.200
3 65.012
proposed control scheme 35 65.716
with aft and bow rudders ' '
4 66.758
4.5 68.315
5.0 The system is not manageable

Conclusions. From the above simulation results it can be seen that in the presence of
external influences:

—  transitional processes in the circuit with the stern and bow rudders flow several
times faster than in the circuit with only one stern rudder;

—  scheme with one stern rudder holds the vessel on the route, but does not provide a
zero angle of drift;

—  scheme with aft and bow rudders ensures that the vessel is held on a route with a
zero drift angle;

—  scheme with aft and bow rudders provides control for higher values of side wind
than a circuit with only one aft rudder;

—  scheme with aft and bow rudders is more economical compared with the scheme
with only one aft rudder; the amount of fuel saved increases with increasing lateral
component of the wind speed;

—  the scheme with aft and bow rudders is more reliable due to redundancy of control
channels.
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3ingenko C. M., Mamenko II. I1., I'pomeBa O. O., Mateiiuyk B. M. ABTOMATUYHE KEPYBAHH:A
PYXOM CYIHA B YMOBAX 30BHIIIHIX BITJIMBIB

Pozensanymi numansi a6moMamuyHo20 Kepy8aHHs PyXom CyOHA 8 YM08ax 3068HIHIX eéniusie. IIposedeno
KOPOMKULL 0271510 0dicepeit, NOKA3AHI HeQONIKU MPAOUYIIHUX CXeM KePYBAHHSL 3 O0HUM KOPMOBUM KEPMOM HPU
HASIBHOCMI 308HIWHIX BNIUBIE. 3aNPONOHOBAHO CXeMY KepYBAHHS 3 O00AMKOBUM HOCOBUM KEPMOM, 5Kd
00360JI5€ 3MEHWUMY GUMPAMY NAIUBA, KLILKICMb CAPAYIO6AHbL GUKOHAGUUX NPUCMPOIs, a MAKONC
30inbuumu HadIHICMb 30 PAXYHOK pe3ep8yeantsi no ynpasiinuio. I[posedeno nopignsinms 3anponoHo8anor
i mpaouyitinoi cxem Kepy8anHs MamemMamuyHum mooentoganusam 6 cepedosuwyi MATLAB.

Knrouosi cnosa: 06 ’ekm ynpagnints, cucmema YnpaeiinHs, MAmeMamuina MoOeb, YUcI06e iHmezpy6aHHsL.
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3unyenko C. H., Mamenko II. II., I'pomieBa O. A., Mareiiuyk B. H. ABTOMATHUYECKOE
VIIPABJIEHUE JBM)XEHUEM CY/IHA B YCJIOBUIX BHEIIHNX BO3JENCTBUIA

Posenanymi numanna niosuwjenns akocmi ma HAOIIHOCMI A8MOMAMUYHO20 KePYBAHHA PYXOM CYOHA 8
YMO8AX 308HIWHIX 6nugie simpy i meuii. O6'ekmom 00CHIONHCEHH € Npoyec aABMOMATMUYHO20 KePYBAaHHs
PYXOM CYOHA 8 YMOBAX 308HIWHIX 6n1u8i6 gimpy i meuii. IIpeomemom 00CHiOdCeH s € Memoo i aneopummu
niosuuenHs AKOCmi ma HAOIHOCMI A8MOMAMUYHO20 KEPYBAHHS PYXOM CYOHA 8 YMOBAX 308HIUHIX GNIUBIE
eimpy i meuii. Memoio docniodicents € po3podra memoody i aneopummis ni0SUUWEHHs AKOCMI Ma HAOTUHOCMI
ABMOMAMUYHO20 KEPYBAHHS PYXOM CYOHA 6 YMO8AX 306HIWHIX eniusie eimpy i meuii. I[locmaenena mema
00C52a€EMbCSL 3a PAXYHOK B8C0CHHSL V) CXeMY KePYBAHHS PYXOM CYOHA 000amKo8020 HOCO8020 KepMd OJis
OMPUMAaHHsL 0OCMAMHLO20 YNPAGNiHHA, (BopMyeanHs, 3 euxopucmanusm I1l/[-pecyismopis, cuenanie
Kepy6aHHs. OIYHUM [ KYMOGUM pyXamu CYOHA NO GIOXUJEHHIO, WEUOKOCMI GIOXUIEHHS Mda iHmespany
BIOXUNCHHS GUMIPSHUX 3HAYEHb OOKOBO20 MA KYMOBO20 NOJONCEHHS 6i0 NPOZPAMHUX 3HAYUEHb, PO3NOOILY
CUSHATIB KEPYBAHHSA MIXHC HOCOBUM | KOPMOBUM KEPMOM MAKUM YUHOM, W00 3a0e3neuy8ascs pyx cyona bes
3MiUeHHs BIOHOCHO MAPWPYMYy 3 HYIb08uUM Kymom opeudy. Lle doszgonse, y nopigHsaHui 3 mpaouyitinoio
CXeMOI Kepy8aHHs, 3MeHwumy 10008uil onip pyxy CyOHd, 3HUSUMU SUMPAMu NAIbHO20, NOLNUUMU
nepexioni npoyecu, 3MeHWUMU KilbKiCb CNpayio8aHb BUKOHABUUX NPUCMPOI8, a MAKONIC RIOBUUUMU
HAOIHICMb 30 PAXYHOK pe3epP8YBaHHsA (6UKOPUCMAHHA HOCOB020 | KOPMOBO2O KepMd ma NOOIOHUX CUSHALI8
Kepy8aHHA HOCO8UM [ KOPMOBUM KepMOM). 3anponoHosanuti memoo i areopummu nepesipemi
mMamemamuyHum mooentoganuam y cepedosuwsi MATLAB npoyecié asmomamuunozo Kepy8awms. pyxom
CcyOHa 6 yMO08ax 308HIWHIX 6niusie eimpy i meuil. Excnepumenmu niomeepouiu npaye30amHicme
3anPONOHOBAN020 MEMOOY | AN2OPUMMIB, WO 003605E€ PEKOMEHAY8AMU IX 0151 NPAKMUYUHO20 6UKOPUCTAHHSL
npu po3pooyi MamemMamuiHoz2o 3a6e3neyents 60pmMo8o2o KOHMPOIEPd CUCEM ABMOMAMUYHOLO KEPYBANHSI
PYXoMm cyOHa.

Knrueevie cnosa: obvekm ynpasienus, cucmema YNpagieHus, Mamepmamuyeckdas MOOelb, YUCIeHHOe
UHmepauposanue.
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