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Abstract. The operation of the lifting equipment of a fishing vessel has a number of differences from similar shore
devices or cranes and winches operated on transport vessels. The difference from coastal equipment is the external
impact from the marine environment, manifested by on-board or keel rolling. The lifting equipment of a transport ves-
sel, influenced by hydrometeorological factors, transports cargo with constant parameters, i.e. the effective load can be
calculated according to a proven methodology in accordance with standards. The relevance of the task of improving
the methodology for calculating operational loads acting on the lifting equipment of a fishing vessel is confirmed. The
accuracy of mathematical models plays a key role in the development of an automatic control system, which must be
taken into account when designing modern fishing vessels. When developing mathematical models, both hydromete-
orological factors (wind and wave load, surface and underwater current) and variable parameters of the towed object
(mass, hydrodynamic resistance, shape, movement on the ground, etc.) should be considered. Forecasting the dynamic
behavior of each element of the “ship - winch - cable - towed object” system it will ensure operational and environ-
mental safety, reliability, as well as energy and economic efficiency of the new fishing vessel as a whole. The method
of coordinate separation used for mathematical modeling of the ship's winch drive, the operation of which is character-
ized by non-stationary dynamic processes arising from the effects of hydrometeorological factors and variable loading
from the towed object, is presented. The advantage of this modeling method is the choice of any coordinate as an in-
dependent one, without being tied to the actual location.
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AnHoTtanus. Pabota rpy3ononseMHOro 060pyRoBaHus PEIOOIPOMBICIOBOTO Cy/IHA UMEET s OTIIMYUH OT HOJOOHOTO po-
J1a OeperoBbIX YCTPOICTB MM KPaHOB U JIeOeOK, IKCILTyaTHPYIOIINXCS Ha TPAHCHOPTHEIX cyAax. OTimdneM oT 6eperoso-
ro 00OpyIOBaHUS SIBIACTCA BHEIIHEE BO3ICHCTBHE OT MOPCKOM Ccpeapl, MposBIIsitoiieecs OOPTOBOM WM KUJICBOH KauKOH.
I'pyzonogsemMHOe 000pyAOBAHNE TPAHCIIOPTHOTO Cy/HA, UCTIBITHIBAS BIMSHHE THIPOMETEOPOTIOTNUECKHX (DAKTOPOB, OCY-
IECTBIISIET TPAHCHIOPTHPOBKY TPy3a C MOCTOSIHHBIMU TTapaMeTpaMi, T. €. IEHCTBYIOIIYI0 Harpy3Ky MOXHO PaccuUTaTh 1o
anpoOUPOBaHHON METOJUKE B COOTBETCTBUH CO CTaHAapTamMH. IloATBep KaeTcs akTyalbHOCTb 3314l COBEPIICHCTBOBAHUS
METOJMKH pacdeTa SKCILTyaTal[MOHHBIX HAarpy30K, AEHCTBYIOIIX Ha TPY30IIOABEMHOE 000PYIOBaHHUE PHIOOIPOMBICIIOBOTO
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Cyoosvle sHepeemuyecKkue yCMaHo8KU U MAUUHHO-08UNCUMENbHbIE KOMIIEKCbL

cyaHa. TOYHOCTh MaTeMaTHYECKUX MOJIEJICH UrpaeT KIIFOYEBYIO POJIb IPU Pa3pabOTKE CHUCTEMbl aBTOMATHYECKOrO YIIPaB-
JICHHS, YTO HEOOXOIMMO YUHUTBIBATh IPU MPOESKTHPOBAHUN COBPEMEHHBIX PIOOIPOMBICIIOBBIX Cyn0B. IIpH pa3paboTke mMa-
TEMaTHYECKNX MOJENEH ClieflyeT NpelycMaTpuBaTh KakK T'MIPOMETEOpOoNoruueckue (akTopbl (BETpoBas M BOJIHOBas
Harpyska, IOBEPXHOCTHOE U ITOJJBOJHOE TEUCHHUE), TAK U MEpEMEHHBIE MapaMeTphl OyKCHpyeMoro o0beKTa (Macca, THApo-
JIMHaMIYECKOe COIIPOTHBIIEHUE, ()OpMa, IBIDKEHHUE 110 TPYHTY U T. 11.). [IporHo3upoBaHye TMHAMIIECKOTO TIOBSICHUS KaK-
JIOTO HJIEMEHTA CHCTEMBI «CYIHO — JiebeKa — Tpoc — OyKCHPYEeMbIi 0OBEKT» MO3BOIUT 00ECIIEUUTh IKCILTYaTal[HOHHYIO
1 SKOJIOTMHECKYIO 0€30I1acHOCTh, HAaIeXHOCTb, a TAKXKE SHEPICTHIECKYIO H SKOHOMUUYECKYIO 3P (EKTUBHOCTE HOBOTO PBI-
GOIPOMBICIIOBOTO CyaHA B I1esIoM. IIpencTaBieH MeTo ] KOOpIMHATHOTO Pa3IesIeHIs, HCIIONIb3YeMBIi I MaTeMaTHIeCKOro
MO/ICJIMPOBAHKS NPUBOJA CyAOBOH JieOenKH, paboTa KOTOPOH OTIIMYAeTCs] HECTALMOHAPHBIMHU JIMHAMMYECKUMH HpoLiecca-
MU, BO3HMKAIOIIMMH M3-32 BO3JEHCTBUS THAPOMETEOPOJIOrHYECKUX (HaKTOPOB M MEPEMEHHOTO HArpyXKEHHsl CO CTOPOHBI
OykcupyeMoro oobekra. [IperMyIecTBOM TaKoro MEeToa MOJIEIMPOBAHYS SIBIISETCS BBIOOp B Ka4€CTBE HE3aBUCHMOI JIO-
60i1 KOOPAMHATBI, HE PUBA3BIBASCH K JICHCTBUTEILHOMY HEPEMEIICHHUIO.

KnroueBble cioBa: nebeka, OyKCHpyeMblii 00BEKT, THHAMUYECKHE Harpy3KH, KOOPAUHATHOE pa3/elicHue, MaTeMa-
THYECKast MOJIEIIb

Jns nutupoBanus: Heanosckas A. B., beswokos O. K. MeroJ KoOpAUHATHOIO pa3JeiIeHus [IPU MOJCIUPOBAHUU IIPU-
BOJIa CymoBoH Jebenky // BecTHUK AcTpaxaHCKOTro TOCYapCTBEHHOTO TeXHHYeckoro yHuBepcutera. Cepusi: Mopckast

Texuuka u Texuojorus. 2023. Ne 4. C. 55-61. https://doi.org/10.24143/2073-1574-2023-4-55-61. EDN RKFDIA.

Introduction

The fishing fleet operating in the Azov-Black Sea
basin requires global updating. The average age
of vessels is more than 25 years. Under the circum-
stances, the issue of import substitution of ship equip-
ment is becoming topical. The ship winch drive, as
a ship auxiliary mechanism, has an impact on the reli-
ability, safety and energy efficiency of the power plant
and the ship as a whole. It is therefore particularly im-
portant to take into account the dynamic loads on the
vessel winch on the side of the towed and lifted object.
In particular, such non-stationary dynamic loads can
be seen in the trawl winch of a fishing vessel. During
trawl fishing, both hydrometeorological factors and
variable loads may affect the winch. This can lead to
stopping, failure of the drive of the lifting machine,
overloading of the main and auxiliary engines, loss

of stability of the vessel [1-3]. Therefore, when creat-
ing an automated control system for a trawl complex
that directly affects the energy efficiency of the ship, it
is necessary to predict the behavior of the elements
of the winch drive. Existing mathematical models de-
scribing the dynamics of ship winches do not take into
account non-stationary processes and variable loading
of the towed object, which is necessary in the automa-
tion of the process [4-7]. Hence, the search for ade-
quate models is an urgent task caused by the demands
of practice.

Research materials and methods

The aim of the work is to build a mathematical
model of movement of the system “ship - winch - rope -
towed object” (Fig. 1).

Towed object

Fig. 1. System “ship - winch - rope - towed object”

The trawl winch consists of three solid bodies (Fig. 2).
The solid body / is a rolling drum, which is a link with
a hinge-fixed support, the solid body 2 - a rope from the
drum to the pulley, which is also considered to be a fixed
link, the solid body 4 - a towable object (TO) moving on

56

the ground, the center of which is at point B. The move-
ment of the solid body 4 is transmitted by the tension
of the cable 3. By rotating the drum / with a given angular
speed, the TO 4 will make a straight-line movement. Pul-
ley movement in this case will not be taken into account.
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Fig. 2. Structural diagram of a trawl winch

In order to study the movement of this mechanism
in the Cartesian coordinates, we will select a coordi-
nate system for each solid body [8-11]. The centers
of these local coordinate systems are assumed to be
rigidly connected to the geometric center of the corre-

q =[R"
q =[ &7
q) =[ "
q =[ &

where R and R!) are coordinates of the origin

of the coordinate system X l(i)Xz(i) of the i-th solid body,
defined relative to the base coordinate system;

qa=[¢ 4, ¢ -

However, these coordinates are not independent
because of kinematic limitations on the movement
of the mechanism elements. These limitations can be
defined as follows. The solid body / is a fixed link, i.e.

RV =0; R"=0; 0" =0.

These restrictions are basic. The position of the ge-
ometric center of the rope element 2 is relative to the

LI12]T =

sponding solid bodies.

Therefore, we define the Cartesian coordinates
of the bodies (links) as follows in accordance with the
Shaban method:

RV 9<1>]T;
R? e(z)]T’
RV 9<3>]T’
R o9,

0" - angular orientation of the i-th solid body. Thus,

the system vector q in Cartesian coordinates is defined as

center of the drum / - the point O in the system
X,V X,1V can be defined as

R® + A® = 1—10(2),

where R? = [R,® R,®]"; A® — a matrix of transfor-
mation from the local coordinate system of the solid
body 2 to the base coordinate system; iiy'” — a vector
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of the position of the point O in the coordinate system
of the rope 2, i.e.
T
_ /@
RN
2

where /) — a rope length 2.

The cable element 2 is connected to the cable ele-
ment 3 through the pulley 4. Denoting the length
of the cable element 3 through /), we will write down
the position of the cable elements 2 and 3 in the Carte-
sian coordinates as

RO+ A5 @ _RO®_ A®g @ =
A A >
where R? = [Rl(i) Rz(i)]T; AY — a matrix of transfor-

mation from the local coordinate system of the solid
body i to the base coordinate system; i A(’)(z’ =23) -

the local position of the body in the connection, in this
case they have the form

T
_ &)
“(/12):{7 0f;

T
— v
ll(j)=|:—7 0] .

The connection of bodies 3 (a section of a cable
of variable length) and 4 (a towable object) is assumed
to be hinged at a point B. Therefore, let’s write the
connection between these bodies as

R + A%, - R - A¥g, ¥ =,

ﬁ(3) — &
2

Movement of the towed object 4 should meet the
following kinematic restriction

in which

T
0}, a! =[0 o] .

R, =0;6%=0.
@ (2)
10 D sing® || 3R |4
2 5RY |-
2)
01 o cose® 560 | |0
or
2)
1o ~gine® -1 o
2
@)
0 1 %cose(z) 0 -1
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The results of the research and discussion

The mechanical system that is being discussed,
which is known as a “winch - rope - towed object”,
includes 12 Cartesian coordinates and 11 algebraic equa-
tions. These equations can be rephrased as follows:
3 basic restrictions, 2 restrictions that fix the coordinates
of the O point, 4 restrictions that describe the mobile con-
nections at points 4 and B and 2 restrictions describing
the movement of the towed object [12-14]. That is, the
studied system has one degree of freedom. Then, tak-
ing a virtual change of generalized coordinates of the
system, the basic limitations

3R, =0; 8R,"" = 0; 30" = 0.

Write down in a matrix form

07| 8R"

0| R\

1| so®

Restrictions on the base position of the point O are
SR(Z) + Ae(2)l—l0(2) _ 59(2) =0,

where Ay® — partial derivative of the flat conversion
A® on 0. Using the definition 1'10(2), write down the

above equation as

2
1 0 ﬂsine<2> SR}
SRV | = 0 .
/@ , ’ 0
0 1 —TCOSQ() 502

Rotation of the drum relative to the center 4 is ob-
tained in the form of

0 Lo ging® ||SR”

500

_SRI(Z) _
/0 SR}
——sin®"® (2)
2 50 [0}
3 3 ’
Qcose(” SRl( )
2 S R£3)

500
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For rotational connection at the point B we have [1 O} [ 5 R§4):| _ {0}
r 7 0 1 (4) 0
S R1(3) 60
Q) o0 5R§3) or
1 0 ———sin )
2 -1 0 0]/ 80" | _ [0} SR
) 0 -1 0l|sr®| |O) 010 0
0 1 l—cos9(3) 8R1(4) L) 0 J 6R§4) = LJ
dR, 501
501
- - By combining both equations, we will have
Restriction of movement of towed object at the Cydq =0,

point B is provided by the expression where

T
qZI:Rl(l) Rgl) 9(1) RI(Z) Rgz) 9(2) R1(3) R£3) 9(3) R1(4) R§4) 9(4):|

and C, — Jacobi matrix of dimension 11x12, which can

be written as C, =[Gy,

where non-zero elements are defined as
C1,1 = Cz,z = C3,3 = C4,4 = Cs,s = C6,4 = C7,5 = Cx,7 = C9,s = C10,11 = C11,12 =1
1(2) ) (2) l(z) .
Cis 2751119(2); Csy = —70059(2); Cys = —751119(2);

2 ) 3
! L i ; Cw:%cose%

O j8
G, = —751n9<3); Cy, :70059(3).

If 6? is chosen as an independent coordinate, then ~ where Cyq — Jacobi matrix connected to the dependent

the Jacobi matrix will take the form of coordinates. It’s a square matrix, measuring 11x11;
C,; — Jacobi matrix connected to the independent coor-
Cqi0q,+ Cy0q,= 0, dinate 6. In this case C,; is an 11-dimensional Vector

of dependent and independent coordinates defined as
a,=[RY RY 6" R® R RO RY oY RO RV e<4)]T;
q,=0%,
the Vector Cy; is defined as
T
c,=[0 00 ¢, C, Cy Cpy 00 0 0] =

() (2 2 2

=0 0 O l—sine(z) —l—cose(z) —l—sine(z) l—cose(z) 00 0 O0f,
2 2 2 2

and the matrix Cgy, is defined as
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10000 0
01000 0
001000
00010 0
0000 1 —I

C,=/0 0010 1
0000T1 0
00000 1
00000 0
00000 0
00000 0

Obviously, Cg4, is a degenerate matrix that can be
inverted to write a vector 6q, through a change in the
30® system’s degree of freedom as

8qq=—Cqs ' Cqi 30°.
q, = |:R1(1) Rgl) 9(1) RI(Z) Rgz) 9(2)

This means that, using a coordinate partition, it is
possible to record the change of a set of q, coordinates
by changing another set of q;.

In the case that in a multi-channel system the iden-
tification of the matrix Cy, is difficult due to its non-
degeneracy, numerical methods can be used.

Conclusion
The proposed method of generalized coordinate

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 G, 0 0 0
-1 G, 0 0 0
0 G, -1 0 0
1 G, 0 -10
0 0 0 1 0
0 0 0 0 1]

The peculiarity of this simulation method is that any
derivative - the angle of rotation, as in this case, or the
movement of the towed object along a horizontal sur-
face - can be chosen as independent R1(4), ie.q; = R1(4),

T
R1(3) RS) 6(3) R1(4) R£4) 6(4)]

partitioning for mathematical modeling of the system
“ship - winch - rope - towed object” can be recom-
mended for formalization of this kind of lifting devic-
es, as independent, you can choose any coordinate
without being tied to the actual move. Implementation
of the obtained mathematical models is planned to be
carried out by means of Python language, using mat-
plotlib, graphical interface DearPyGUI.
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