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Abstract

The study proposes to determine and justify the required main dimension of the subsea
construction vessel (SCV) using the database method. Using the database of cable-laying vessels,
dependencies were developed and mathematically described that reflect the influence of the
parameters of the cable-laying equipment on the main dimension of the vessel. Using the
dependencies, the previously developed nomogram for determining the main dimension of the
(SCV) was supplemented. Taking into account the parameters of cable-laying operations in the
Caspian Sea and relying on the developed dependencies and nomogram, the necessary special
(SCV) were created to perform work on laying and repairing underwater cable lines.
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Sualti texniki taminat gamisinin asas él¢iilorinin miiayyanlasdirilmasinda kabel

diizma avadanhqinmn tasirinin analizi
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Xiilasa

Mogalads, verilonlor bazasindan istifads edarak, sualti texniki dastok gomisinin (STDG)
tolob olunan asas 6l¢iilarinin tayin edilib asaslandirilmasi toklif edilir. Kabel diizon gamilarin
verilonlar bazasindan istifado edorok, kabel diizms avadanliginin parametrlorinin gominin asas
olgiilaring tasirini tosvir edon asililiglar tortib edilib. Asililiglardan istifads edarok, avvalcadon
tortib olunmug STDG-nin asas dlgiilorini miiayyan edon nomoqramm, kabel diizmo parametrlori
ilo tokmillogdirilib. Xozor hovzasinds istifads olunan kabel diizmo omaliyyatlarinin parametrlorini
nozors alsaq vo tortib edilmis asililiglar vo nomograma asaslanarag, STDG-nin, kabel diizma va
tomir amoaliyyatlarinin icrasini tomin edilmosi mogsadi ils, talob olunan STDG-nin asas texniki
verilanlori tortib edilib.

Acar sozlar: sualti texniki islor, sualti texniki iglori tominat gomilori, kabel diizon gamilar,
texnoloji avadanliqlar, ixtisaslagmis gomilor, gominin asas 6lgiilari.

AHaM3 BJUAAHMS  Ka0eJleyKJIAJ04YHOro 000pydoBaHMST HAa TIJIABHbIE
pa3MepeHusi CyJ10B o0ecriedeHnsi MOABOAHO-TeXHUYECKHUX padoT
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AHHOTaNUsA

B cratee mpemaraercs onpeaenuTs U 000CHOBAaTh HEOOXOIUMBIE TJIaBHBIE Pa3MEpPEHUs
cynHa oOecriedeHus: moaBOJHO-TexHUYeckux pabor (COIITP) mertogom 06a3bl  JaHHBIX.
Hcnonb3ys 0a3y NaHHBIX KaOeleyKJIaJO4YHbIX CYyJOB, ObUIM pa3pabOTaHbl M MaTeMaTUYeCKH
OIHCAaHbI 3aBUCUMOCTH, OTPaKaloIllie BIUSIHHUE TTapaMeTPOB KabeneyKiIaJJouHOro 000pyA0BaHUS
Ha TIJaBHble pa3MepeHus cyaHa. C HCMOJNIB30BaHHMEM 3aBUCHUMOCTEH OBUIO JIOTIOJIHEHA
pazpaboTaHHas paHee HOMOTpaMMa ompejaenieHus riaaBHbix pasmepenuid COIITP. [Tpunumas Bo
BHUMaHME HCIOJb3yeMble MapaMeTpbl KabeneykiaaouHblX onepauuil B Oacceline Kacnmiickoro
MOpsS M ONupasch Ha pa3paboTaHHbIE 3aBUCUMOCTH U HOMOTpaMMy, ObUIM CPOPMHUPOBAHBI
HeoOxoanMmele TexHuueckue aanHble COIITP 11t BeImosHeHUs paboT 1Mo MPOKJIaJKe U PEMOHTY
MO/IBOJIHBIX KaOENbHbIX JIMHUM.

KuroueBble cj10Ba: 10/IBOTHO-TEXHUUYECKHE padOTHI, Cy/1a 00€CTIeUeHHsI IO IBOAHO-TEXHUUECKUX

pa60T, Ka6eJ’ICYKJ'IaI[OLIHBIe cylaa, TCXHOJIOTHYCCKOC OGOPYI[OBaHI/IH,
CIICIUAIIM3UPOBAHHBIC CyJla, ITIAaBHBIC Pa3SMEPCHUA CyHA.
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Introduction

In the Caspian Sea, cable-laying
operations have been successfully carried out
for a long time by a support vessel with
mobile cable-laying equipment installed on
the cargo deck. Given the closed nature of the
Caspian Sea and the frequency of cable-laying
operations, the need to use a special cable-
laying vessel due to downtime between
projects is impractical. In this paper, it is
proven that a subsea construction vessel
(SCV) with the appropriate equipment can be
used as a cable-laying vessel.

The major factor in the solution of the
tasks connected with development and service
of the sea oil field objects [1] is their
uninterrupted supply with electric energy. For
high-quality and accident-free performance of
laying and repair of sea cable routes, the
corresponding vessels are necessary [2 — 5].
Considering the Caspian Sea as the closed sea,
in the present work the problem of
justification of use of the multipurpose Subsea
Construction Vessel (SCV) is solved with the
cable lay equipment installed on it, instead of
the specialized cable lay vessel.

For the solution of an objective, within
the research the system analysis is carried out
with development of the block diagram of
influence of parameters of the cable lay
equipment on formation of the main
dimension of SCV and the criterion function
reflecting influences of the cable lay
equipment on the main dimension of SCV is
developed.

In the abstract, the main dimension of
SCV the using cable lay equipment, with
application of the database method is created
and proved. For the solution of a task, was
created the database of twenty-five cable lay
vessels of the world fleet, reflecting in
themselves key parameters is created. Using
the database, dependences are and assessment
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of the impact of the cable lay equipment on
the main dimension of SCV is carried out.
Also with use of the received dependences, the
nomogram [6, 7] of definition of the main
dimension of SCV developed earlier, with
addition of data on the cable lay equipment
was added. Using the nomogram and
dependences, the SCV necessary parameters
for use of the cable lay equipment were
created.

Research objective

Using the database of cable lay vessels,
having made dependences of influence of the
cable lay equipment parameters on the main
dimensions of the vessel and having added the
nomogram developed earlier, to determine the
SCV necessary parameters for performance of
cable lay operations.

Problem definition

To create necessary main dimensions of
SCV for performance of cable lay operations,
investigating influence of parameters of the
cable lay equipment on the main dimension of
the vessel with use of the database of cable lay
vessels parameters.

System analysis and mathematical model of
influence of the cable lay equipment on the
main dimension of the subsea construction
vessel.

Within the research the block diagram,
(Figure 1) reflecting interference of
parameters of the cable lay equipment
designed vessels and the nature of influence of
these parameters on the main dimension of
SCV was developed. Mathematical model of
influence of the cable lay equipment on the
main dimension of SCV being based on the
offered block diagram of (Fig. 1), it is
reflected by criterion function (1).
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Cable winch Cable winch Cable bollard Winch
diameter capacity pool quantity
Displacement Accommodation Vessel Crane cargo
capacity speed capacity
L,B,d

Figure 1 — Block diagram of influence of parameters of a cable lay complex on formation of the main
dimension of SCV (L — the vessel length; B — the vessel width; d — the vessel draft)

L, B, d =S¢ f(D, Sac., V, Pc), 1)
here: ScL SCV cable lay equipment
elements, (Dwinch, Ve, Pc, Nw, D, Sac, V, Pc);
Dwinch — diameter of the winch; V¢ — cable
winch capacity; Pc — cable lay bollard pool; D
displacement; Sac. accommodation
capacity; v — the vessel speed; nw — winch
quantity; Pc — cargo crane capacity.

Leaning on criterion function (1),
dependences (see Fig. 3 — 16), influences of
parameters of the cable lay equipment on
technical data of SCV were developed.

Cable lay operation on the Caspian Sea and
their prospects

At a sea oil field development, for
providing the uninterrupted electric power,
trade cable lay operations are made infield
inside. Besides, are carried out laying of
interstate trans-Caspian cable lines also and in
process of development of the wind electric
power on the Caspian Sea, there is a prospect
of laying and repair of cable lines for objects
of wind power industry. Long time when
carrying out cable lay operations, were used

28

the mobile cable lay equipment installed on
the cargo deck of the supply vessel [5].

D

Figure 2 — The winch used when cable laying in
the Caspian Sea

Lower in (Fig. 2), the appearance of the
used winch is shown. The key technical data
of the cable reel and the main brands of the
cables which are applied when laying a subsea
cable are specified in table 1 — 2.

The provided data reflected in (Fig. 2),
and tables 1 and 2 act as introductory
information for research of problems of
formation and justification of the main
dimension of SCV at use of the cable lay
equipment.
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Table 1 — Technical data of the cable winch

Power, kKW 90.0
Speed, rpm. 0-1
Dimension, m

Winch height H 8.115
Distance from a center of the winch to the basis h 4.215
Maximum winch diameter D 7.8
Minimum winch diameter d 4.4
Basis width L 9.3
Foundation length I 5.2
The winch utility width f 5.0
Winch capacity, t 200
Moments, m 60000
Light weight, kg. 45000
Tension, V 380
Frequency, Hz 50

Table 2 — Brands of the cables used in the Caspian Sea

Brands of the cables | Cable sections, mm* | Cable diameter, mm | 1km cable weight, kg
I1K-6 3x70 55 6300
I1K-6 3x95 65 7600
I1K-6 3x120 75 8800
[1DI1K-35 1x70 54.45 6108
T1DT1K-35 1x95 56.2 6623

Assessment of the impact of the cable lay
equipment on the main dimension of subsea

construction vessel

For definition of the main dimensions of
SCV, with use of the cable lay vessels
database, dependences of factors of the cable
lay equipment and the vessel were made and
described by a formula (2) (see Fig. 3 — 16).
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Figure 3 — Dependence of the vessel width and
cable lay vessel winch diameter
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Figure 4 — Dependence the vessel width and cable
lay vessel displacement
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Figure 11 — Displacement the cable winch
capacity and vessel draft
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Figure 12 — Dependence the crane cargo capacity
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Figure 13 — Dependence the cable lay vessel main
engine power and bollard pool
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Figure 17 — Dependence the cable lay vessel
length and width
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Figure 18 — Depeﬁaence the vessel draft and
width

Also, with use of the database ratios of
the main dimension of cable lay vessels (see
Fig. 17 were created - 18), necessary for
definition of the main dimension of SCV on
which use of the cable lay equipment is
offered.

C.
Ch=b*ScL — n/SC.L. (2)

here: C,, — research parameters, (L, B, d); b —
correlation  coefficient the  considering
regularity of the considered ratios determined

by a formula (4); C"/SCL — dependence the

research and measured parameters.
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Thus, the ratio investigated and the
measured parameters it is described by
expression (3):

C
n/SC.L. =21 G —b* X ScL ()

At the same time, the correlation
coefficient, is described by expression (4):

J

Formation of the main dimension of subsea
construction vessel on parameters of the
cable lay equipment

Using the conducted researches, earlier
developed nomogram [6, 7], was added with
the cable lay equipment parameters.

Definition of the main dimension
according to the new nomogram, in (Fig. 19),
is made in the listed below sequence:

1. The select of width of the vessel in the
presence of the cable lay equipment in
parameters reflected in horizontal scales in the
bottom of the nomogram: is select the value
added to the nomogram of diameter of the
cable lay winch set in the conditions of design
of the vessel (set in the lower part of the
nomogram); we draw a vertical line before
crossing from a curve the corresponding name
up; from a point of intersection of the vertical
line and the rossing with a vertical scale of
width of the vessel to the right; the point of
intersection of a horizontal line and vertical
scale indicates vessel width size.

2. Determination of diameter of a cable
lay winch with value of capacity of a winch: is
select the value added to the nomogram,
capacity of the cable lay winch set in the
conditions of design of the vessel,

p o e sgy ~ s )C T

(4)

S s = s V2T (C TP
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Figure 19 - The nomogram of the main dimension definition of SCV added with the cable lay equipment
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we draw a vertical line before crossing from a
curve of determination of diameter of a winch
up; from a point of intersection of the vertical
line and the corresponding curve it is drawn a
horizontal line before crossing with a vertical
scale of determination of diameter of a winch
to the right; the point of intersection of a
horizontal line and vertical scale indicates the
size of diameter of a winch.

3. Determination of quantity of winch of
a cable lay: select the value added to the
nomogram, capacity of the cable lay winch set
in the conditions of design of the vessel; draw
a vertical line before crossing from a curve of
quantity of winch up; from a point of
intersection of the vertical line and the
corresponding curve it is drawn a horizontal
line before crossing with a vertical scale of
determination of quantity of winch to the
right; the point of intersection of a horizontal
line and vertical scale indicates the size of
diameter of a winch.

4. Select of length of the vessel: from the
received value of width of the vessel on a
vertical scale, we draw a horizontal line before
crossing from the curve length of the vessel
with the cable lay equipment; from a point of
intersection of a horizontal line and the
corresponding curve length of the vessel, we
draw a vertical line to a horizontal scale in the
top part of the nomogram reflecting vessel
length up; the point of intersection of the
vertical line and horizontal scale of length of
the vessel, reflects necessary value of length
of the designed vessel.

5. Select of draft of the vessel: from the
received value of width of the vessel on a
vertical scale, we draw a horizontal line before
crossing from the curve draft of the vessel;
from a point of intersection of a horizontal line
and the corresponding curve draft of the

vessel, we draw a vertical line to a horizontal
scale in the top part of the nomogram
reflecting vessel draft up; the point of
intersection of the vertical line and horizontal
scale of draft of the vessel reflects necessary
value of draft of the designed vessel.

Using the algorithm of design of SCV
which developed earlier, the nomogram of
(Fig.19) and dependence of (Fig. 3 — 18), we
obtain preliminary main specifications of SCV
in parameters of the cable lay equipment (see
Table 3) [8, 9]. Considering that the kind of
work of SCV, consists in collaboration of the
established technological complexes (diving,
drilling, pipe laying and cable laying
modules), each of them influencing on
forming the main dimension of SCV.

Table 3 — Main data the SCV with the cable lay
equipment

Length, m 90
Width, m 22.0
Draft, m 3.0
Displacement, t 4500
Service speed, knots. 12.0
Cable winch capacity, t 6500
Cable winch diameter, m 12.0
Cable winch quantity, pies. 2.0
Cable lay bollard pool, t 15
Cargo crane capacity, t 50.0
Main engine power, kW 5000.0
Accommodation capacity, man. 75.0
Winch rotate speed, rpm. 1.0

At the subsequent stages of a research
[10], it is supposed to perform optimization of
influence of the established mobile
technological complexes on the main
dimension of SCV and to define optimum
main dimension of SCV.
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Conclusion

The system analysis is made and
criterion function of influence of the cable lay
equipment on the main dimension of SCV is
created. The cable lay operations which are
carried out in the Caspian Sea their prospect,
the equipment and types of the used cables are
described. Dependences of influence of the
cable lay equipment on the main dimension of

definition of the main dimension of SCV is
added and the minimum main dimension of
SCV necessary for performance of cable lay
operations are created.
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