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Abstract. Within the research the analysis of hydrostatic characteristics such as
volumetric and weight displacement, buoyancy center abscissa, buoyancy center
appliqué, waterline area, waterline area center of gravity abscissa, waterline area
transverse moment of inertia, waterline area longitudinal moment of inertia, transverse
metacentric radius, block coefficient, waterline area coefficient, midshipsection
coefficient, and justification of the choice of a superfull hull form of the subsea
construction vessel was made.

At the same time, the system analysis and mathematical model of justification of
the select of a superfull shell was developed considering influence on the main dimension
of the vessel of load-lifting devices, a diving complex, a mobile drilling complex, a
pipelaying complex, the cablelaying equipment and hydrostatic characteristics. The block
diagram reflecting an algorithm of a research and justification of a superfull shell is
made. The mathematical model describing researches of justification of a superfull shell
of the subsea construction vessels is made. Dependences of hydrostatic characteristics of
the studied shell of the subsea construction vessel were developed for justification of the
select of a shell of a superfull form and comparison with a superfull shell is executed.

At the same time, a systematic analysis and mathematical model were developed
to justify the choice of ansuperfull hull form, taking into account the impact on the main
dimensions of the vessel of lifting devices, diving complex, mobile drilling complex, pipe-
laying complex, cable-laying equipment, and hydrostatic characteristics. A structural
diagram was drawn up reflecting the algorithm for researching and justifying the super-
full hull form. A mathematical model was developed describing the research to justify the
superfull hull form of a vessel for underwater construction work. The dependencies of the
hydrostatic characteristics of the vessel's hull were developed to justify the contours of
the superfull hull form.
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Analysis of the hydrostatic characteristics of the studied superfull hulls allowed
us to make an informed choice of hull shape for a vessel for underwater construction
work. A calculation method was developed, the main characteristics were determined,
and preliminary estimates of the required power of the main engines of a vessel with a
superfull hull for underwater construction work were made.

To confirm the reliability of the calculation model, a comparative diagram of
calculations was developed using the CFD model of an existing vessel with an overfilled
hull shape that is in operation, and a calculation of the superfull hull shape of a vessel for
underwater construction work. As a result of the study, the superfull hull shape of the
vessel for underwater construction work was confirmed.

Keywords: system analysis, superfull hull form, subsea construction vessel.
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Anomauin. Y pamkax O0CHONCEHH RPOBOOUBCS AHANI3 2IOPOCMAMUYHUX
Xapaxmepucmux, makux K 00’emMHa ma 8a208a 6000MOHHANCHICTHD, abCYUCa YeHmpy
naaeywocmi, aniikama yeumpy niasyyocmi, niowa eamepainii, abcyuca yeHmpy eacu
niowi eamepinii, nonepeunull Momenm inepyii niowi eamepuinii, N03008XHCHIU MOMEHM
inepyii niowi eamepninii, nonepeuHull MemayeHmpuyHull paoiyc, no3008iCHIl Mema-
yenmpuunull paodiyc, aniikama NOnepeuHo2o0 Memayenmpy, Koeiyicum 3aeanvHoi
nosHomu, xoegiyichm niowi eamepninii, Koe@iyicnm noeHOMuU MIOeTb-WUNAH20YMY Ma
3pobNIeHO OOIPYHMYBAHHS 6UOOPY HAONOBHOI (popmu Kopnycy CyoHa Oisi Ni08OOHUX
byoisenvhux pooim.

O0HoUaCHO PO3POOAEHO CUCTEMHULL AHANI3 | MAMEMAMUYHY MOOelb 0OIDYHIMY-
6anHs UOOPY HAONOBHOI hOpMU KOPNYCY 3 YPAXYBAHHAM 6NIUGY HA OCHOBHI eabapumu
CYOHA BAHMANCONIOUOMHUX NPUCPOIB, 8000NA3HO20 KOMNIEKCY, MODIIbHO2O OYP08020
KOMAAEKCY, MPYOOYKAAOATIbHO20 KOMNIIEKCY, KAbeneyKiaoanphoeo o0OIA0HAHHS mda
2I0pOCMamMu4HUX XapaKmepucmux.
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CKadeHo cmpykmypHy cxemy, wo i0obpajicac ancopumm OOCHIONCeHHs Ma
00TPYHMYBAHHS HAONOBHOI hopMu KOpnycy.

Cradeno mamemamuyny Mmooeib, Wo ONUCYE OOCHIONCEHHS OOIPYHIMYEAHHSL
HAONOBHOI hopmu Kopnycy cyOHa 015 ni08OOHUX 0)dieebHUX PobIm.

Pospobneno s3anescnocmi 2iopocmamuyux xapaKxmepucmux Kopnycy cyoHa 0
00TpYHMYBanHs 0660016 KOPNYcy HAONOBHOI hopmu.

Ananiz 2iopocmamuyHux Xapaxmepucmux 00CHi0NCY8AHUX KOPRYCI8 HAONOBHOT
opmu 003801U6 3p0bUMU 0OIPYHMOBAHUN SUOID GOopMU KOPRYCY CYOHA 015 NIOBOOHUX
byoisenvhux pooim.

Pospobneno memoo po3paxymxy, GusHAUeHi OCHOBHI XAPAKMEPUCUKU Mda
BUKOHAHI NONEPeoHi OYIHKU HeOOXIOHOI HOMYNCHOCMI 20/106HUX O8USYHIE CYOHA
HAONo8HOI hopmu 0151 NiOBOOHUX OYOi8eabHUX POOIM.

st niomeepodicentss 00CmMOGIPHOCMI PO3PAXYHKOB0I MOOei po3pobIeHO Nopis-
HAMLHY Olagpamy pospaxyukis i3 3acmocyeanusm CFD-moldeni icnyiouozo cyona
HAONOBHOI opmu KOpnycy, wio € 8 excniyamayii, i po3paxyHoK HAON0sHOI Gopmu
Kopnycy cyoua 0iisi ni080OHUX 0)0ieenbHUX pobim.

Y pezynomami 0ocnioscenns naonosna ¢popma cyona 0ns RiOBOOHUX OVOIGeIbHUX
pobim byna niomeepodicena.

Knrouosi cnosa: cucmemnuil ananiz, HAONoeHa opma, cyoHo 07si NiOBOOHUX
byoisenvrux pooim.

The system analysis and mathematical model of justification of the select
superfull shell on the basis of hydrostatic characteristics. For ensuring safe operation
of the subsea construction vessel (SCV), within the research the analysis of surfaces of
various forms developed on received to optimum main dimension was made.

For the studied perspective SCV, the most suitable was select under the terms of
boundary factors a superfull shell. Having select a superfull shell, it is supposed to make
justification of the select taking into account boundary factors.

For providing the correct solution of a problem of justification of the select of a
superfull shell of SCV, within the research the system analysis [1] is made and the
mathematical model [2; 3] of justification of the select of a superfull shell of SCV.

Below in the block diagram is developed (see fig. 1.) the algorithm of
justification of the select superfull shell for ensuring the subsea operations [4] provided
by conditions, by influence of technology equipment [5; 6] on the select of a surface with
comparison of hydrostatic characteristics of the considered surfaces and justification of
the select of a superfull surface with the subsequent research of speed of SCV is reflected.
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Fig. 1. Block diagram of justification of the select of a superfull surface of SCV

here: U — subsea operation;

RL — influence of lifting gear on the main dimensions of SCV;

RD — influence of diving complex on the main dimensions of SCV;

RDR - influence of mobile drilling complex on the main dimensions of SCV;

RP — influence of pipelaying complex on the main dimensions of SCV;

RC — influence cablelaying complex on the main dimensions of SCV;

M - preliminary select of the main dimension of SCV;

S* — preliminary shell of SCV;

H — hydrostatic characteristic of SCV;

S — shell of SCV;

v —speed of SCV.

The shown in figure 1., block diagram of justification of the select of a superfull
shell of SCV, is described by mathematical model, formula (1). At the same time,
considering that process of justification of a surface is iterative, the factor of a
preliminary surface, reflected in a formula (2) which is essentially select surface in the
first iteration and serves for further adjustment on the basis of the made researches is
reflected in a formula (1)

10
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S:{(U(RL,RD,R

DR,RP,RC)ﬂU(M))CS‘(H)}—)v (1)

S(H)=%3h; )

here K — quantity of steps of increment of hydrostatic parameters;
h,=(D.,V,XC,ZC,S,XF,IX ,IYF,RB,RL,ZMB,C,,a, )

D — displacement;

V' — volume displacement;

XC — abscissa of the center of size;

ZC — z-coordinate of the center of size;

S — area of a waterline;

XF — abscissa of the center of gravity of the area of a waterline;

IX — cross moment of inertia of the area of a waterline;

IYF — longitudinal moment of inertia of the area of a waterline;

RB — cross metacentric radius;

RL — longitudinal metacentric radius;

ZMB — z-coordinate of the cross metacenter;

Cb — block coefficient;

a — coefficient of the area of a waterline;

B — coefficient of the fullest frame.

Justification of a superfull shell, is made comparing dependences of hydrostatic
parameters of the researched surfaces.

Analysis of dependence of hydrostatic characteristic of a superfull shell

For comparison dependences on set depth of displacement of fig. 2, volume
displacement of fig. 3, an abscissa of the center of size of fig. 4, z-coordinate of cent of
size of fig. 5, the area of waterlines of fig. 6, an abscissa of the center of gravity of the
area of waterlines of fig. 7, the cross moment of inertia of the area of a waterline of fig. 8,
the longitudinal moment of inertia of the area of waterlines of fig. 9, cross metacentric
radius of fig. 10, longitudinal metacentric radius of fig. 11, z-coordinate of the cross
metacenter of fig. 12, block coefficient of fig. 13, coefficient of the area of a waterline of
fig. 14 and coefficient of the fullest frame of fig. 15 were.

The dependence reflected in fig. 2; 3; 6; 8; 9; 13-15 shows that in comparison
with other shells, the superfull surface has the greatest value at the set draft that for SCV
has clear advantage.

The dependence reflected in fig. 4; 7 shows that in comparison with other
surfaces, the superfull shell has negative value at the set draft that for SCV has clear
advantage.

The dependence reflected in fig. 5; 10; 12 shows that in comparison with other
surfaces, the superfull shell has approximately identical value at the set draft that for SCV
does not matter.

11
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Fig. 3. Dependence of draft and volume displacement of the offered SCV surface

Shown in fig. 2 — the 15th dependences of hydrostatic parameters, reflect that in
most cases the superfull surface has the greatest advantage before other surfaces to SCV.

Justification of the select of a superfull shell for SCV

For justification of the select of a surface in the hydrostatic parameters reflected
in dependences in fig. 2-15, is lower in diagrams 16-29, the analysis of comparison of
hydrostatic parameters of a superfull surface is reflected.

12
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Fig. 4. Dependence of draft and absciss of center of size offered SCV surface
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Fig. 5. Dependence of draft and z-coordinate offered SCV surface
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Fig. 6. Dependence of draft and area of a waterline offered SCV surface
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The analysis of hydrostatic these surfaces, in dependences, fig. 2; 3; 6; 8; 9;
13-15, are reflected in diagrams of fig. 16; 17; 20; 22; 23; 27-29 and confirm that it for
SCV has the greatest value at the set draft and clear advantage.

The analysis of hydrostatic these surfaces, in dependences, fig. 4; 7, are reflected
in diagrams of fig. 18; 21 and confirm that it for SCV has negative value at the set draft
and clear advantage.

The analysis of hydrostatic these surfaces, in dependences, fig. 5; 10; 12 are
reflected in diagrams of fig. 19; 24; 26 and confirm that it for SCV has approximately
identical value at the set draft and does not matter.
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Fig. 16. Dependence displacement offered SCV surface at draft (d = 4,5 m)
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Thus, the analysis of diagrams of fig. 16-29, made on dependences fig. 2-15,
shows that in most cases the superfull surface has the greatest advantage before other
surfaces to SCV.

Research of propulsion quality of a superfull surface of SCV

One of the important factors affecting seaworthy qualities of any vessel is vessel
speed. Considering that, investigating the analysis of hydrostatic parameters of a superfull
surface of SCV, it was received, advantage before other forms, the diagram of
comparative dependence of required power of the main engines of the researched
surfaces, fig. 30, showed need of bigger required power of the main engines for a
superfull surface. Considering feature of operation of SCV at which subsea operations are
generally made at the parking mode and demand high installed power per employee and a
relative small shoulder of transitions, grants the right to consider vessel speed a minor
factor before advantage of hydrostatic parameters of fig. 2-15.
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Fig. 30. Comparative dependence of required power of the main engines
of the researched surfaces

Calculations were made by a formula (3), at a ratio of length and width
L/B = 3,17. For confirmation of reliability of calculations, calculation of total power of
the main engines of a superfull surface of the vessel which already had in operation with
a ratio of length and width L/B = 8,1 was made. Lower in comparative dependence of
towing power of superfull surfaces, fig. 31, estimated dependences of a superfull surface
of L/B=3,17 and 8,1, also results of «CFD» of tests of a superfull surface L/B = 8,1 are
reflected. Character settlement and «CFD» of dependences of superfull surfaces
L/B = 8,1, confirm reliability of calculations.

N=b*N-Y/ 3)
here  y — main engine power;
v — vessel speed;

» — correlation coefficient the considering regularity of the considered ratios
determined by formula (5);

VN — ratios of speed and draft of the vessel, determined by formula (4).
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Thus, justification of the select of a superfull surface for SOPTR. is confirmed it
is supposed to execute at further stages of a research «CFD» modeling and pool tests of a
superfull surface.

Conclusion. The system analysis and mathematical model of justification of the
select of a superfull surface on the basis of hydrostatic characteristics of SCV is
developed;

The comparative analysis of dependences of hydrostatic characteristics of a
superfull surface with other types of the considered surfaces is made;

Justification of the select of a superfull surface for SCV is executed;

The research of propulsion quality of a superfull surface of SCV is executed.
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