Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy

2025, cild 17 (2), s. 73-82 2025, vol. 17 (2), pp. 73-82
R.C. Basirov, O.M. Abdullayev, R.O. Abdullayev R.J. Bashirov, O.M. Abdullayev, R.O. Abdullayev
UDC 629.5

DOI 10.52171/herald263

The System Analysis and Mathematical Model of the Subsea
Construction Vessels

R.J. Bashirov!, O.M. Abdullayev?, R.O. Abdullayev?

! Azerbaijan Technical University (Baku, Azerbaijan)
2 ASCO Engineering (Baku, Azerbaijan)
3 Maritime University of Szczecin (Szczecin, Poland)

For correspondence:
Abdullayev Oyrad / e-mail: oyrad-abdullayev@asco.az

Abstract

Subsea operations cover a wide range of works carried out on the sea shelf using both
divers and special subsea equipment. For the high-quality achievement of objectives, vessels
capable of ensuring the functioning of the subsea equipment are required. These vessels include
subsea construction vessels, diving vessels, Remote Operation Vehicle (ROV) & Autonomous
Underwater Vehicle (AUV) support vessels, and manned submersible (MS) support vessels. For
the development of a design technique for subsea construction vessels, it is necessary to
systematize and create a model of the functionality of the subsea operations vessels. In the article,
block diagrams of the use of subsea construction vessels, operating depths of diving vessels, and
installation of ROV/AUV/MS apparatuses are provided. Based on the listed block diagrams, a
system model of the subsea construction vessels has been developed.
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Sualti texniki islarin taminat gamilarinin sistemli analizi va riyazi modeli

R.C. Basirov!, O.M. Abdullayev?, R.O. Abdullayev?
Y Azorbaycan Texniki Universiteti (Baki, Azarbaycan)

2 ASCO Miihondislik (Baki, Azarbaycan)

® Setsin Daniz Universiteti (Setsin, Polsa)

Xiilasa

Sualti texniki iglor - dalgiclar, hom do xiisusi sualt1 avadanliglardan istifado etmoklo doniz selfindo
aparilan islorin genis spektrini ohato edir. Verilon tapsiriglar1 somarali sokilda yerina yetirmak {igiin sualti
avadanliglarin isini dostokloya bilon xiisusi gomilor tolob olunur. Sualti texniki islori yerino yetiron
gomilara sualt1 texniki islori tochizat gomilori, dalgic gomilori, uzagdan idars olunan sualti nagliyyat
vasitolorini dasiyan gomilor / avtonom heyatsiz sualt: nogliyyat vasitolori (UISNV/ AHNV) vo heyatli
sualti nagliyyat vasitalorini (HSNV) dasiyan gomilor daxildir. Sualti texniki islor ii¢tin gomilarin
layihalondirilmosi metodologiyasini hazirlamaq {iglin sualti texniki islori yerino yetiron gomilarin
funksional imkanlarinin modellorini sistemlogdirmok vo tokmillosdirmok lazimdir. Bu isdo sualti texniki
islori tominat gomilordo aparat vo komplekslorin istifadosi, dalgic komplekslorinin isloma dorinliklori,
dasiyic1 gemilards texniki vasitalordon istifadonin struktur diagramlar tartib edilmisdir. Sadalanan blok
diagramlardan istifado edarok sualt1 texniki islori tominat gomilarinin sistem modeli hazirlanmigdir.
Acar sozlar: sualtt texniki islor, sualti texniki islori tominat gomilori, dalgic gomilori, texnoloji

avadanliglar, ixtisaslagmig gomilor, aparat vasitolori.

CucrteMHBId aHAJIM3 W MaTeMaTH4YecKas MoOJAeJb CYI0B olecrneyeHus:
MOJABOTHO-TEXHUYECKUX padoT
P.JI. Bamupos!, O.M. Aéayiaes?, P.O. AGay.liaes

Y Asepbaiioocancruii Texnuueckuii ynusepcumem (Baxy, Asepbaiioocarn)
2 ASCO Engineering (Baxy, Azepbaiiocan)
® Mopcxoii Yuusepcumem Ileyuna (ILjeyun, Tonvua)

3

AHHOTAUA

[lonBogHO-TeXHIUECKHE PadOTHI OXBATHIBAIOT IIMPOKUN CIIEKTP paboT, MPOBOJAUMBIX HA MOPCKOM
menb(e C HCIOJIb30BAHUEM KaK BOJOJIA30B, TaK U CHCIHMAILHOW TMOJIBOJHOM TexHHMKH. Jljis
KaueCTBECHHOI'O BBINIOJIHEHHUS TOCTABJICHHBIX 3a7ad TPEOYIOTCS CyJa, CIIOCOOHBIE O0ecledYuTh padoTy
MoABOAHON TexHWKH. K cynam, BBITOJTHSIOMIAM TOJBOHO-TEXHUYECKHE pPabOThI, OTHOCSATCS Cyna
obOecriedeHus] TOJBOTHO-TEXHUYECKUX pPa0OT, BOJOJA3HBIE CyHa, CYIa-HOCHTEIH TeeyIpaBIsieMbIX
MOJIBOJIHBIX alapaToB / aBTOHOMHBIX HeoOMTaeMbIX mojaBoaHbIX ammapatoB (THITA / AHITA) u cyna-
HOCHTEJIM 00UTaeMbIX 1MOIBOHBIX anmapatoB (OITA). J{is pa3paboTKu METOAMKU IPOSKTUPOBAHUSI CY/IOB
o0ecriedeHus! MOIBOJHO-TEXHUIECKUX PadOT HEOOXOIUMO CUCTEMAaTH3HPOBATh U chOPMUPOBATH MOAEITH
(hyHKIIMOHATBHBIX BO3MOXHOCTEH CY/I0B, BHITONHAIONINX TOJBOIHO-TEXHUYECKHE paboThl. B HacTosmeit
pabote ObLTH CPOPMUPOBAHBI CTPYKTYPHBIE CXEMBI IPUMEHEHUS alllapaTHBIX CPEJCTB M KOMILIEKCOB Ha
cyaax o0OecrnedeHus! MOJBOJHO-TEXHUIECKUX paboT, CXeMbl pabourX IIIyOHH BOJOJIA3HBIX KOMIUIEKCOB, a
TaKKe CXEMbl NPHMEHEHHs aNlapaTHbIX CpencTB Ha cyaax-Hocurensx THITA / AHIIA / OIIA.
Hcnone3ys nmepeyncieHHble CTPYKTYpHBIE CXEMBbI, pa3paboTaHa CHCTEMHAsi MOJENb Cy/lI0B 00ecredeHus
MOJIBOTHO-TEXHUYECKUX Pa0OT.

KaroueBkle ciaoBa: MTOABOTHO-TEXHUYECKHE PabOThI, cyZla 00eCIeUeHHs IOABOTHO-TEXHUIECKUX

pa60T, BOJOJIA3HbIC CYyJa, TEXHOJOTHYECKOC O60py210BaHI/Ie, crieuuain3u-
POBAaHHBIC CyJia, allllapaTHBIC CPEACTBA.
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Introduction

The design process of the Subsea
Construction Vessel (SSCV) is difficult and
multifaceted. Unlike specialized subsea
vessels, the SSCV serves as a working
platform that, when installing mobile diving
complexes, ROVs/AUVs/MS, and technology
equipment (TE), can perform the functions of
specialized vessels. This capability is
important in restricted environments such as
the Caspian Sea.

This article presents the systematization
and development of criterion functions for
further research into the design of the main
dimensions of the SSCV using a database
method related to vessel purposes, considering
the structural and technological conditions of
mobile diving complexes, devices
(ROVs/AUVS/IMS), and technology
equipment (TE).

Research objective

To systematize the functionality of
devices, diving complexes, and technology
equipment, and to develop criterion functions
for further research into the design of the main
dimensions of the SSCV, taking into account

the apparatuses, diving complexes, and
technology equipment used.
Problem definition

Vessels for subsea operations are

subdivided into types, as shown in the diagram
in Fig. 1 [1-5], which reflects the different
types of vessels for subsea operations. This
article aims to provide a systematic analysis of
the functionality of devices, diving complexes,
and technology equipment (TE), to create a
system model and criterion functions for
further research into the design of the main

75

dimensions of the SSCV using a database
method related to vessel purposes.

w .

o —{ Subse Construction vessel
g

> . .

g Diving vessel

E

Qé ROV support vessel

3

é AUV support vessel

)

MS support vessel

Figure 1 — Diagram of the Classification of
Subsea Operation Vessels

Works on system analysis in technical
sciences [6] and, in particular, on Subsea
Construction Vessels, are discussed in sources
[7-12]. Considering the designed vessel as a
system, A.l. Gaykovich [10, 11] proposed an
information model of the vessel, which can be
represented by the four following sets, as
reflected in formula (1):

A=A (W, M,R,P), 1)
Here W - is a set whose elements, along with
their associations, provide information on the
factors of the external environment affecting
the designed system; M - is a set of elements
and their associations, providing information
on the elements and subsystems of the
designed system; R - is a set whose elements
provide information on the relationships
between the components of the designed
system, as well as on the interactions between
the system and its components with the
external environment; P - is a set whose
elements contain information on the qualities
of a system determined by factors of the
external environment, the system's
components, and the relationships between
system components, as well as between the
system and the external environment.
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The system analysis and mathematical
model of Subsea Construction Vessels
regarding the use of devices and diving
complexes. In carrying out the system
analysis of Subsea Construction Vessels, the
primary goal is to describe a set whose
elements provide information on the
relationships between the components of the
designed system, as well as the interactions
between the system and its components with

the external environment. This set is involved
in function (1).

In the block diagram shown in Fig. 2,
the apparatuses and diving complexes used in
Subsea Construction Vessels are depicted.
This diagram provides information on the
relationships between the external
environment and the components of the
designed system.

SSCV

SDS <12 (T

Deep water

/ operation to 60m
SDS < 60

SDS > 60 / more 60m

Deep water operation

ROV Portable AUV
Light
Small |
Micro Averages High
«M»
Observation
| Bi Small
| 12 na OTIA
Working
Averages Averages
Extreme depth
Deep-water Big

Figure 2 — Block Diagram of the Use of

Apparatuses and Diving Complexes

on Subsea Construction Vessels
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The mathematical model of the
information system for SSCV "A," based on
the diagram shown in Fig. 2, is reflected in
criterion function (3), taking into account the
constant factors given in equation (2):

W, M, P = CONST, (2)

A=W, M,Pf(Roc, Rrov, Ravv, Rws), (3)

here Rp.c. — set element reflecting factors of a
diving complex; Rrov. — set element reflecting
factors of a ROV; Rauv. — set element
reflecting factors of a AUV; Rwms. — set
element reflecting factors of a MS.

System analysis and criterion function
for diving complex installation on SSCV.
The installation of mobile diving complexes
on SSCVs is generally classified by
immersion depth. As shown in the block
diagram (Fig. 3), diving complexes are

divided into:

-SDS<12 - diving complexes for
operation at a depth to 12m;

— SDS<60 — diving complexes for

operation at a depth to 60m;
— SDS>60 — diving complexes for
operation at a depth more 60m.

SSCV

SDS <12

Deep water
operation to 60m

SDS < 60

Deep water
operation more
60M

SDS =60

Figure 3 — Block Diagram of Operating Depths
for Mobile Diving Complexes
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Each type of diving complex has
specific technical features and influences the
design of the vessel. Depending on the type of
mobile diving complex used on the SSCV,
design requirements for the vessel are
established at the early design stages.

The element of the diving complex set,

as depicted in the diagram (Fig. 3), is
described by criterion function (4):
Roc. = A T (Hb, ki), (4)

here A — information models the vessel; Hp. —
depth of immersion of a diving complex; Kq —
factor of design requirements of a diving
complex.

System  Analysis and  Criterion
Function for ROV/AUV Installation on
SSCV. When performing operations on the
seabed using SSCVs, ROVs are generally
used. However, with the advancement of AUV
technology, the likelihood of using AUVs in
the future is increasing. Therefore, it is
recommended to consider the use of AUVs
when developing prospective SSCVs. The
types and categories of apparatuses used are
depicted in the block diagram (see Fig. 4).
Each type and category of apparatus affects
the design features of the SSCV. The elements
of the ROV/AUV sets, as shown in the
diagram (see Fig. 4), are described by criterion
function (5):

Rrov., Rauv. = A T (Srov, Sauv, kac), (5)

here: Srov — factors of type the ROV; Sauv —
factors of type the AUV; kac — factor of
design requirements of apparatuses to SSCV.
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SSCV
ROV Portable AUV
Light
Small | |
Micro Average High
«M»
-------------------------------- — Big
Observation
— Awverage
Working
Deep-water

Figure 4 — Block Diagram of the Use of ROV/AUV Apparatuses on SSCV

System  Analysis and  Criterion
Function for MS Installation on SSCV. The
use of MS on SSCVs is rare. Typically, MS
support is provided by specialized vessels.
However, this does not exclude the possibility
of using SSCVs as MS support, especially in
constrained environments such as the Caspian
Sea. The complexity of MS imposes specific
design requirements on the supporting vessel.

A major factor affecting the design
features of both the device and the support
vessel for MS is immersion depth. This is

illustrated in the diagram (see Fig. 5) and
described by criterion function (6):

Rwms. = A f (Hws, Kvs), (6)
here: Hus — immersion depth MS; kms — factor
of design requirements MS.

System Model for Determining the
Main Dimensions of SSCV. The system
model, as depicted in the block diagram (Fig.
6), describes the model for determining the
main dimensions of the SSCV.

SSCV

Small — MS
Average
Extreme depth
Big

Figure 5 — Block Diagram of the Use of Manned Submersibles on SSCV
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SSCV o ,
Main dimensions
L.B.d.D....
| :
| Apparatuses & . I
} technology Propulsion plant Sea going |
| complex |

Figure 6 — System Model for Determining the Main Dimensions of SSCV

— Element apparatuses and technology
complexes (ATC) are represented by the
structural models shown in Figs. 2-5 and are
described by criterion functions (3-6) and the
criterion functions for technology equipment
(7-13) discussed above.

— Element Sea Going (SG) refers to the
vessel’s ability to operate, stability, and load
capacity, considering the installed mobile
equipment.

— Element Propulsion Plant (PP) refers
to the power, quantity, and configuration of
the main and auxiliary engines required to
ensure the operation of the SSCV.

Criterion Function for Cargo Crane
Facilities Installed on SSCV. The Cargo
Crane Facilities (CCF) are directly related to
the main dimensions of the vessel through the
SSCV system model (see Fig. 6). The criterion
function for the cargo crane facilities, which
influences the main dimensions of the vessel,
is described by function (7):

Rc. =Sci f(Hce, Lc, Hn), (7)
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here: Rc.L. — set element reflecting factors of
cargo crane facilities; ScL. — set element
SSCV reflecting the main dimension
connected with CCF; Hcc. — cargo capacity;
Lc — crane boom; Hn — depth of immersion of
a hook.

Criterion Function for the Main
Dimensions of SSCV Considering the
Factors of a Mobile Diving Complex. The
functional and structural capabilities of a
mobile diving complex impose design
requirements on the SSCV. For the safe
execution of diving operations, the optimal
overall dimensions of the designing vessel,
which are related to the diving complex, are
essential. The criterion function for the main
dimensions of the SSCV, considering the
factors of the diving complex, is described by
function (8):

Sex. = Rek. f (ka), (8)

Here the factor of design requirements
of the diving “kg” complex is meant as the
listed below factors: lifting gear; cargo space;
propulsion plant; diving complex stock;
workshops; diving post.
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Criterion Function for the Main
Dimensions of SSCV Considering the
Factors of Apparatuses (ROV/AUV). The
functional and design features of apparatuses
impose specific design requirements on the
SSCV. The criterion function for the main
dimensions of the SSCV, considering the
factors of the apparatuses, is described by
function (9):

SA. = Rrov, Rauv. f (ka), 9)

Here the factor of design requirements
of “ka” apparatuses is meant as the listed
below factors: lifting gear; cargo space;
hangar for apparatus storage; stocks;
workshops; charging post; control post.

Criterion Function for the Main
Dimensions of SSCV Considering the
Factors of MS. The functional and design
features of MS impose specific design
requirements on the SSCV. The criterion
function for the main dimensions of the
SSCV, considering the factors of MS, is
described by function (10):

Swms. = Rws.  (kwms), (10)

Here MS, “kwvs” are meant by a factor of
design requirements the listed below factors:
lifting gear; cargo space; hangar for MS
storage; stock; workshops; MS charging post;
control post.

Criterion Function for the Main
Dimensions of SSCV Considering the
Factors of Drilling Equipment. Mobile
drilling equipment is directly related to the
main dimensions of the vessel through the
SSCV system model (see Fig. 6). The criterion
function for the mobile drilling equipment,
which influences the main dimensions of the
vessel, is described by function (11):

Rp. = So. f (kp), (11)
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Here the factor of design requirements
of the diving “kp” complex is meant as the
required area of the cargo space and the area
of the moon pool.

Criterion Function for the Main
Dimensions of SSCV Considering the
Factors of Pipe Laying Equipment. Unlike
specialized pipe-laying vessels and watercraft,
SSCVs can utilize both stationary and mobile
pipe-laying equipment. The criterion function
for the pipe-laying equipment, which
influences the main dimensions of the SSCV,
is described by function (12):

Rp. = Sp. f (kp), (12)

Here the factor of design requirements
of the pipelaying equipment " kp" is meant as
diameter of the laying pipes and pipe laying
depth.

Criterion Function for the Main
Dimensions of SSCV Considering the
Factors of Cable Laying Equipment. Unlike
specialized  cable-laying  vessels  and
watercraft, SSCVs can use both stationary and
mobile cable-laying equipment. The criterion
function for the cable-laying equipment,
which influences the main dimensions of the
SSCV, is described by function (13):

Rc. = Sc. T (kc), (13)

Here the factor of design requirements
of the cable laying equipment "kc" is meant as
sections of the cable diameter and cable laying
depth.

Considering the factors which are listed
above system model of formation of the main
dimension of SSCV "Asscyv" offered on the
diagram "see figure 6" taking into account
structure of functional dependences of SSCV
"see figure 7", it is described by criterion
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function (14), taking into account constant
factors (2).
Asscv =W, M, P f (Rp.c,, Rrov,, Rauv,, Rwvs.
Rb., Re, Rc), (14)
here: Rp. — set element reflecting factors of
drilling equipment; Rp. — set element reflecting
factors pipe laying equipment; Rc. — set
element reflecting factors cable laying
equipment.

In the block diagram of the system
model for determining the main dimensions of
the SSCV (Fig. 7), the interrelations among
the elements that form the main dimensions of
the SSCV are depicted. Explanations of the
elements in the system are provided below:

— System the SSCV - The block diagram
of use of apparatuses and diving complexes on
SSCV (Fig. 2);

— Diving complex - Block diagram of
operating depths of the mobile diving
complexes (Fig. 3);

— ROV/AUV - The block diagram of
use of ROV / AUV apparatuses on SSCV
(Fig. 4);

— MS - The block diagram of use of
manned submersibles apparatus on SSCV
(Fig. 5);

— Main dimension model (cargo crane) —
Criterion function of the cargo crane facilities
installed on SSCV (form. 7);

—Main  dimension model (diving
complex) — Criterion function of the main
dimension of SOPTR taking into account
factors of a mobile diving complex, (form. 8);

— Main dimension model (ROV / AUV)
— Criterion function of the main dimension of

SSCV taking into account factors of
apparatuses (ROV/AUV), (form. 9);
— Main dimension model (drilling

equipment) — Criterion function of the main
dimension of SSCV taking into account
factors of drilling equipment (form. 11);

Main dimension model
(cargo crane)

Main dimension model

System the
SSCV
Diving System
complex . model of
7 SSCV <
ROV/AUV
v
dimension

(diving complex)

Main dimension model
(ROV / AUV)

Main dimension model
(drilling equipment)

Main dimension model
(pipe laying equipment)

Main dimension model
(cable laying equipment)

Figure 7 — Structure of functional dependences of SSCV
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—Main dimension model (pipe laying
equipment) — Criterion function of the main
dimension of SSCV taking into account
factors of the pipe laying equipment
(form.12);

— Main dimension model (cable laying
equipment) — Criterion function of the main
dimension of SSCV taking into account
factors of the cable laying equipment,
(form.13);

— System model of SSCV - System
model of formation of the main dimension of
SSCV.

Conclusion
The installation of mobile diving
complexes, apparatuses, and technology

equipment on SSCVs is systematized.

The system model and criterion function
are developed for further research into the
determination of the main dimensions of
SSCVs, taking into account the installation of
mobile diving complexes, apparatuses, and
technology equipment.

Conflict of Interests
The authors declare there is no conflict

o &~ w D oBE

10.

11.

12.

of interests related to the publication of this
article.

REFERENCES

Zinkovskiy N.B. Podvodnie raboti na neftepromislax. — L.: Sudostroyenie, 1984. — 232s.

Voytov D.V. Podvodnie obitayenie aparati. — M.: OOO «lzdatelstvo Astrel», 2002. — 303s.

Voytov D.V. Teleupravlaemie neobitaemie podvodnie aparati. — M.: <MORKNIGA», 2012. — 506s.
Voytov D.V. Avtonomnie neobitayemie podvodnie aparati. — M.: kcMORKNIGA». 2015. — 332s.

Bashirov R.D., Abdullayev O.M. Classification of subsea construction vessels and evaluation of
study effectiveness // 2" international scientific-practical conference “Machine Building and Energy:
New Concepts and Technologies”. — Baku, 2024. Vol. 148. Pp. 217-223.

Nasirova E.A. Architecture of Modeling Process of Flexible Manufacture System Actions // Herald
of the Azerbaijan Engineering Academy. Baku, 2022. Vol.14. Nel, pp. 106-116.

Bashirov R.D. Systemniy analiz i Kkriterii optimizasii texnologicheskogo oborudovaniya
mnogocelevogo sudna s kranom gruzopodyomnostyu 300 t. / O.M. Abdullayev // Sankt Peterburg:
Morskoy vestnik, 2015. Ne2, s.20.

Bashirov R.D. Systemniy analiz i obobshennie kriterii optimizacii mnogocelevogo cranovogo sudna
gruzopodyomnostyu crana 300 t / O.M. Abdullayev, R.A. Kerimli // Proceedings of Azerbaijan State
Marine Academy, Baku, 2015. Ne2, 5.13-16.

Abdullayev O.M. Optimizaciya kharakteristik technologichskogo oborudovaniya mnogocelevogo
cranovogo sudna gruzopodyomnostyu crana 300 t. // Astrakhan: Vestnik Astrakhanskogo
Gosudarstvennogo Technicheskogo Universiteta. Seriya: Morskaya Technika i technologiya, 2016.
Nel, s.7-11.

Gaykovich A.l. Osnovi teorii proyektirovaniya slozhnih technicheskih system. — Sankt-Peterburg:
MORKNIGA. 2001. — 432s.

Gaykovich A.l. Teoriya proektirovaniya vodoizmeshayushih korabley i sudov [v 2 tomah]. — Sankt-
Peterburg: MORINTEX, T. 1,2. 2014. — 819s.

Ronnov E.P. Proyektirovanie sudov. — SPb.: Lan. 2022. — 296s.

82




 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 12.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 56.69 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: yes
      

        
     1
     1
     
     BC
     
     1
     73
     TR
     1
     0
     753
     152
    
     1
     1
     12.0000
            
                
         Both
         3
         AllDoc
         4
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     0.0000
     56.6929
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     0
     10
     9
     10
      

   1
  

 HistoryList_V1
 qi2base



