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Abstract

A model for studying the scientifically based design of remotely operated vehicle support
vessels (ROV support vessel) has been developed, taking the vessel as a functional system with a
subsystem of installed hardware. The work proposes theoretical foundations for forming the main
dimensions of the vessel. A structural and mathematical model has been formed that describes the
formation of the main dimensions of the remotely operated vehicle support vessels (ROV support
vessel). A structural and mathematical model for optimizing the main dimensions of the vessel is
proposed, taking into account the optimization criteria. A structural and mathematical model has
been developed that describes the formation of the surface of the ROV support vessel. Based on
the developed structural and mathematical models for forming the main dimensions, the surface of
the vessel, a structural and mathematical model has been proposed that describes the functional
parameters of the ROV support vessel. As a result of theoretical research, directions for studying
the design method described by the structural and mathematical model of the ROV support vessel,
reflecting its functional qualities, have been proposed.
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Heyatsiz sualti aparatlarin dasiyici gamilarinin layihalandirilmasinin sistem
analizi va riyazi modeli
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Xulasa

Sualt1 heyatsiz aparatlarin dasiyici gomisinin elmi osaslarla layhasinin todqiqi tguin model
islonib hazirlamigdir. Gomi, gdyartosindo qurasdirilmis aparatlar: alt sistem Kimi nazars almagla,
funksional vahid kimi gobul edilir. Bu tahlil gominin asas 6l¢ilorinin formalasmasi ti¢lin nozari
osas kimi toklif edilir. Sualt1 heyatsiz aparatlarin dasiyict gamisinin asas 6l¢ilorinin formalagmasini
tosvir edon struktur vo riyazi model hazirlanib. Bitlin meyarlar nazars alinmagla gominin asas
Olcllorinin optimallasdirilmasi {igiin struktur vo riyazi model toklif edilir. Sualti heyyatsiz
aparatlarin dasiyicisi, gominin sathinin formalagsmasini tosvir edan struktur-riyazi model islonib
hazirlanmigdir. Gaminin sathinin asas o6lgllorinin formalasmasini islonmis struktur vo riyazi
modellari asasinda sualt1 heyyatsiz aparatlarin dasiyict gaminin funksional parametrlorini tosvir
edon struktur-riyazi model toklif olunur. Nozori toadgigatlar nsticesinde onun funksional
keyfiyyatlorini oks etdiran, sualti heyatsiz aparatlarin dasiyict gaminin struktur-riyazi modeli ila
tasvir edilon konstruksiya metodunun tadgiqi istigamatlori toklif edilmisdir.

Acar sozlar:  sualt1 texniki islor, gomilorin layihslondirilmasi, sualti heyyatsiz aparatlarin
dastyic1 gomilori, sistem analizi, riyazi model, gominin asas 6lculari.
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AHHOTAUA

Pa3paborana uccieqoBarensckas MOACITb HAYYHO 0OOCHOBAHHOTO MPOCKTHPOBAHUS CY/THA-
HOCHUTEISI TEJCYIpaBIsIeMbIX HEOOHMTAEMBIX IOJBOJAHBIX allllapaToB, PaccMaTPUBAEMOTO Kak
(yHKIIMOHAIbHASA CHUCTEMa C TOJCUCTEMON YCTAaHOBJIEHHBIX ammapaTHBIX cpeicTB. B pabote
W3JI0KEHBI TEOPETUYECKUE OCHOBHI (DOPMHUpOBaHUS TJIaBHBIX pazMepeHuil cymaHa. CosmaHbl
CTPYKTypHass ¥ MaTeMaTH4yecKas MOJIEJIH, OMUCHIBAIOIINE IMporecc (GOPMUPOBAHUS TIABHBIX
pasMepeHnii cyaHa-HocuTens. lIpemmokeHa MoOeNb ONTUMH3AIMK TJIaBHBIX pa3MEpPeHU ¢
y4eTOM 3aJaHHOro Kputepus 3((EeKTHBHOCTH. B pesynbrare TEOPEeTHYECKUX HCCIEIOBaHUN
OTpeieNICHbl HANpaBJICHUS JTaTbHEHIIETO Pa3BUTHUS METOJa MPOEKTHPOBAHUS, OCHOBAHHOTO Ha
JAHHBIX MOJENAX, OTpaKaIUX (YHKIHOHAIBHBIE XapaKTEPUCTUKU  CYAHA-HOCHUTEIs
TeNEYNPAaBIIIEMbIX HEOOUTAEMBIX TIOJIBOJTHBIX aIlapaToB.

KurloueBble cjioBa: MOABOIHO-TEXHUUECKHE PAOOTHI, MPOESKTUPOBAHHUE CYJIOB, CyAa-HOCUTEIU

TCIICYNIPABIIICMBIX HEOOUTAaEeMBbIX MNOABOAHLBIX aIllapaToB, CUCTEMHBIN
aHAJIN3, MaTEMATUICCKAaA MOJCJIb, INTaBHBIC pa3sMCPCHU CyaHaA.
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Introduction

In this research a model of formation of a
system of the vessel [1 - 6] taking into account
installation of Remotely Operated Vehicle [7]
reflecting model of a research of a design
method of the perspective vessel has been
developed. The model of formation of the main
dimension [8, 9] of the vessel as a system has
been proposed. The developed mathematical
model, in the system of design of the vessel,
describes formations of a subsystem the main
dimension [10], being based on parameters of
the installed apparatus, capacities of the
propulsion plant, volumes of accommodations
and seagoing qualities of the vessel. When
forming of the received sets of the main
dimension by a database method, it is supposed
to form the main dimensions of the vessel
taking into consider criteria of optimization. On
the received sets, optimization of the main
dimension and functional parameters of the
remotely operation vehicle support vessels
(ROV support vessel) developed by model is
offered.

On the received optimum main
dimension, the theoretical model of formation
of a shell of the ROV support vessel is offered.
When forming a theoretical shell of the ROV
support vessel, it is supposed to carry out
researches of seagoing qualities, hydrostatic
characteristics, vessel speeds, capacities of the
propulsion  plant and  volumes  of
accommodation. Using researches of the
system and mathematical models reflected in
the real article the functional model of the
vessel of the carrier of the remotely piloted
uninhabited submersibles reflecting functional
qualities of the vessel is proposed. The
developed block diagrams and mathematical
models, reflect the offered directions of
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researches on evidence-based design of ROV
support vessels.

Research objective

Using methods of the system analysis and
mathematical modeling to develop structural
and mathematical model of a research of
theoretical design of the ROV support vessels.

Problem definition

To reflect the direction of researches on
definition of influence of the parameters set
apparatus to formation of the main dimension
and functional parameters of the perspective
ROV support vessel.

Model of formation of a system of the vessel
taking into account installation of Remotely
Operation Vehicle (ROV)

Let, the ROV support vessel, is accepted
as the system [1 - 3] having a large number of
the subsystems participating in formation of a
system. In the article the structural model is
developed (see fig. 1.) concentrating on
formation of a system of the wvessel in
parameters of the applied ROV.

A
1
S
|
\ \ \ \
Ap An Aac Asc
ROV ROVs ROVg ROVbw
ROV,

Figure 1 — Structural model formation of a system
of the vessel
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Thus, in further researches will be
considered, influences of the types established
on the perspective ROV support vessel on the
main dimension, type of the propulsion plant,
volumes of accommodations and seagoing
qualities of the wvessel reflected by
mathematical model (1).

A=A {(le ROV, (AD,s)jU(nzi; ROV, (Aj)j} (1)

Where A — Vessel’s system; Ar— ROV support
vessel functions; S —the vessel shell; Ab —main
dimensions; An — propulsion system; Aac —
accommodation; Asc — seagoing qualities;

ROVmM — “Mikro” & “Mini” type of ROV
apparatus; ROVs — “Small” type of ROV
apparatus; ROVe — “Big” type of ROV

apparatus; ROVow — “Deep Water” type of
ROV apparatus; ROVn — the installation on the
vessel ROV apparatus types.

Mathematical model (1) and the block
diagram (see fig. 1.), reflects further model of a
research of a system design method of the ROV
support vessel.

Model of formation of the main dimension of
the ROV support vessel
Important factor of formation of a
system, the ROV support vessel, the method of
definition of the main dimension of the vessel
is. Fig. 2. shows the structural model of
formation of the main dimension of the ROV
support vessel is reflected. The structural
model is described by mathematical model (2)
and serves as method of further researches of
formation of the main dimension of the ROV
support vessel as a database method, using the
parameters connected with functioning of
ROV.
So the necessary sizes of hangars for
storage of ROV, control stations, workshops
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and storerooms belong to the corresponding
parameters.

ROV,
[ [ [ \ \
D D D D A A A
! [ [ | [
S
\
A

Figure 2 — Structural model formation of the main
dimension of the ROV support vessel

A, =S, [[Zl ROV, (Dy, Deg. Dy Ds )]ﬂ

ﬂ(z; ROV, (A, Aucs A )D ()

Where Dn — dimension of ROV hangar;
Dcr — dimension of ROV remote control post;
Dws — dimension of ROV workshop; Ds —
dimension of ROV store; Sp — criteria of
optimization.

The mathematical model (2), describes at
research design of a system the vessel,
formation of the subsystem of the main
dimensions, being based on parameters of ROV
and values like the propulsion plant, necessary
volumes of accommodations and seagoing
qualities of the vessel. On the considered sets,
it is supposed to form the main dimensions
taking into considered criteria of the
optimization reflected in mathematical model

(2).

Model of optimization of the main
dimension and functional parameters of the
ROV support vessels

The solution of a problem of
optimization, is supposed formation of the
main dimension of the ROV support vessel on
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the basis of sets of sizes of the main dimension,
with use of boundary factors criterion of
optimization.  Thereby  optimum  main
dimension of the ROV support vessel, are
reflected in structural model of optimization of
the main dimension of the ROV support vessel
(see fig. 3) and is described by mathematical
model (3).

nL NB Ng
| |
\
S
\
\ \ \
SL SB Sd
[ [ [
[
Sp Co

Figure 3 — Structural model of optimization of the
main dimension of the ROV support vessel

S, :Cb(nL,nB,nd)—>S(X)(SL,SB,Sd) 3)

Where n. — set of length from the database; ns
— set of width from the database; nad — set of
draft from the database; Sx) — boundary factors
of optimization; S. — optimum length; Sg —
optimum width; Sq¢ — optimum draft; Cp — block
coefficient.

The formation of the optimum main
dimensions as shown in Fig. 3. and
mathematical (3) models opens a way to
formation of a theoretical surface of the hull of
the perspective vessel.

Model of formation of a surface of the ROV
support vessel

It is well-known that formation of a
surface, being the central task at research
design and affects constructive and operational
characteristics of the perspective vessel. The

98

offered structural model (Fig. 4.), reflects
influence by the described mathematical model
(4), the parameters established on the vessel
ROV and the factors influencing a theoretical
surface, ROV support vessel.

RO
|
S

Figure 4 — Structural model formation of a surface
of the ROV support vessel

S = S(le RoanﬂS{nZ:,Snj (4)

Ss

Sv

Q

|
I

Where S° - the initial surface; Ssc —
seagoing factors; Sk — hydrostatic factors; Sv —
vessel speed factors; Snx — power plant factors;
Sac — accommodation factors; Sn — surface
influence factors.

As the result, within the researches of
formation of a theoretical surface of the ROV
support vessel, is supposed to investigate
seagoing qualities, hydrostatic characteristics,
vessel speed, capacities of the power plant and
volumes of accommodation.

Model of functionality of the ROV support
vessel

The main goal of the research of design
of the ROV support vessel, providing and
justifications of optimum functions of the
perspective vessel is. Being guided by the
block diagrams considered above (see fig. 1 -
4) and mathematical models (1 - 4), it has been
proposed, structural (Fig. 5.) and mathematical
(5) models, reflecting formation of functions of
the ROV support vessel.
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A
|

ROV, An

AD Af

Figure 5 — Structural model of formation of
functions of the ROV support vessel

A=Al A (Zn:RovbjUAﬂ

©)
Where An — constant factors of the vessel
systems.
The developed block diagrams (Fig. 1-
5) and mathematical models (1-5), reflect the
offered direction of researches at evidence-
based and research design of ROV support
vessel.

Conclusion

Structural and mathematical models of
a system of the vessel with the ROV
installations are offered; Structural and
mathematical models of the main dimension of
the ROV support vessel are offered; Structural
and mathematical models of optimization of
the main dimension and functional parameters
of the ROV support vessel are offered;
Structural and mathematical models formation
of a surface of the ROV support vessel are
offered; Structural and mathematical models of
function of the ROV support vessel are
developed.
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