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THE CONCEPT OF SMALL HIGH-SPEED FERRY

B cmammi npueedeni pexomenoayii, wooo MONCIUBO2O PO3GUMK)
CYyOH00Y0i6HOI NPOMUCTOBOCT 8 HANPSAMKY MAAUX WUOKICHUX cyOeH. OOHa 3
NPUYUH — Ye Mali NOYAMKO8l umpamu 6 NOPIGHAHHI 3 0YOY8AHHAM GEIUKUX
cyoen. Bumpamu, wo noe’szani 3 npoexmysanusm 06y0yms maxoic MeHuUMU.
Cexmop weuoKicHux cydeH 3a36uyatl No8 s3Viomb 3 NACAICUPCOKUMU MA
nAcaiCupcbKO-8aHMANCHUMU NOPOMAMU, CYOHAMU CReYianbHO20 NPUSHAYEHHS
(MypucmuuHuMYU, CHOPMUBHUMU Ma paAmMysarvHumu). B yiii  cmammi
3aNPONOHOBAHULL  8APIAHM  MAN020 NOPOMY MICMKICMIO, WO OOpPIBHIOE
napamempam — MYPUCuyHo20 — asmobdycy, ma  30amH020  3podbumu
ABMOMOOITLHO-NACANCUD-CLKT  Nepede3entss 6 Hanpsamky €eponu  Oinbi
Komgopmabenvrumu.

Knrouoei cnoea: weuokicni cyona, Maauii NOpoM, NEPeGe3eHHs.
nacax)cupie ma asmomooinis.

B cmamve npugedenvi pexomenoayuu OMHOCUMENLHO B03MONCHOO
pazeumusi CyOOCmpoumenrbHoUu NPOMbIUIEHHOCMU 8 HANPAGIEHUU MATbIX CKO-
pocmuuix ¢y008. OOHA U3 NPUYUH - MO MATble NEPEOHAUATbHbIE 3AMPAMbl NO
CPABHEHUIO CO CIPOUMENbCMBOM KPYNHBIX cy008. Pacxoovl, ceéazannvie ¢ npo-
exmuposanuem 6yoym makce menvute. Cexmop CKOpOCMHBIX CY008 0ObIYHO
CBA3BIBAION € NACCANCUPCKUMU U NACCANCUPCKO-CPY308bIMU NAPOMAMU, CYOa-
MU CReYyuanbHO20 HA3HAYeHUsl (MYPUCTHUYECKUMU, CROPMUBHBIMU U CRACa-
menvubiMu). B amotl cmamve npeonosicen sapuanm mMano2o napoma émMecmu-
MOCMbIO, PAGHOU 8MECUMOCIU MYPUCMUYECKO20 agmodycd, U CHOCOOHO020
coenamsb aBMOMOOUNLHO-NACCANCUPCKUE Nepeso3Ku 8 Hanpasienuu Egponvi
bonee komgpopmabenvHbIMU.

Knrouesvle cnosa: Ovicmpoxoomnvie cyoa, MAvlii NAPOM, NEPEBO3KA
naccaxicupos u agmomoounel.

For the effective development of the shipbuilding industry, the direction
of the small high-speed vessels can choose. One of the reasons is small initial
costs for constructing of small-vessel compared with the constructing of large
ships. The cost of designing work will be less, also. The sector of fast ships has
been always in the demand in the maritime complex, as passenger and cargo
ferries, special purpose ships (tourism, sport and rescue). In this article, the
variant of small ferry with a capacity equal to the capacity of tourist bus and
able to make passenger and car transportation in the direction to Europe more
comfortable is proposed.

Keywords: high-speed vessels, small ferry, transportation of passen-
gers and vehicles.
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The purpose of this work is a conceptual project of small ferry, which
is created by using of modern methods of theory ship design, and some
requirements of the International Maritime Conventions.

The period of the flight fast ferries, with aircraft type passenger cabin
will be limited to a period of time, which a passenger can withstand without
discomfort. Researcher Levi [1] proposes to limit this period to ten hours and
space equal to one and a half square meters per passenger.

On the map there are many places suitable for high-speed cargo vessels
with a short duration of time of flight. One of the possible directions for
development of passenger ferry is Odessa port — port Balchik, the closest
Bulgaria’s port or Constanta (Romania). Such line served by small speed
cargo-passenger ferry would be popular and effective because the state of
Ukrainian roads in the direction to Romania there is bad and there are no
effective crossings over Danube River. Passenger capacity of the ferry is about
forty people, given that the average number of passengers in a passenger car —
three people, auto capacity about twelve cars, travel time ten hours. Such
passenger capacity corresponds to the passenger seating capacity of the bus. If
ticket prices for passengers and transportation vehicles will be competitive
compared to road transport, and also considering saving time spent on customs
and border checks, this kind of traffic will be in demand. Possible scope of
such vessels and passenger ships — is lines between the ports of the Black Sea
coast and the marine sphere of urban and suburban transport. Such vessels
could promote not only to discharge of urban and suburban highways, for
example, in Odessa and its environs, but also to ensure environmental security
in the region. New international requirements for the prevention of air
pollution, for ships, lead to the fact that the new vessel, which satisfies these
requirements, will bring less harm to the environment than a car engine, which
can be transported on this ship.

In the Black Sea, waves are characterized as follows. Weak waves
prevail in summer, wave height less than 1 m exists in 55-70 % of cases. In
winter, the repeatability of such waves is reduced in the northeast region to 40
% in the rest of the sea up to 27 %. Waves of heights 2-3 meters are most often
in the winter, their frequency in this period reaches 20%, in the rest of the year
it is not more than 12 %. Wave height of 6 m or more are rare; their frequency
does not exceed 1 % (December-February). From the experience of operating
coastal passenger vessels, it is known, such vessels perform their functions at
waves of 4 points (the height of waves up to two meters, distance to the port of
refuge less than twenty nautical miles). These parameters correspond to the
class of vessel R3-RSN in rough sea with wave height to 3.5 m, distance from
places of refuge not more than 50 miles. The modern fast ferries are operated at
waves up to 3 meters, while reducing the ship's speed by 12 %, for example
«Guizzoy [2].

By type of cargo fast ferries are passenger and cargo-passenger. It ships
with ro-ro cargo operations (Roll-on / Roll-off). Classifying fast ferries of the
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type of propulsion is possible to note ships, which used propellers or water jets,
can be a combination of these two types of propulsors, «Isola di Stromboli».
This option provides additional capabilities for varying the speed of the vessel
during the operation.

From three options of movement: displacement, transitional and
planing mode, the second mode of operation is typical for the fast monohull
ferries.

International documents identify several categories of passenger high-
speed craft. Ship Category A — Any high-speed passenger ship carrying not
more than 450 passengers on the route operated, which was demonstrated by
the high probability that in case of an evacuation, all the passengers and crew
could be saved over the shorter of the following periods: a period of time,
necessary to ensure that the people in the lifeboats or rafts, were not exposed to
the environment, leading to hypothermia or 4 hours (HSC passenger-A). In the
category of vessel B — high-speed passenger vessel, other than a vessel of
category A, the vessel designed so that in case of damage or flooding of one
compartment, the boat retains the ability to safely float (HSC passenger-B).

High-speed operation of fast ferries, with waves of more than 5 points,
is usually not provided, due to the regulations of comfort («Guizzo»). Wave
height 3.5 m, corresponding to 5 points, characterizes of the navigation area
R3-RSN. It is, by definition [3] — river-sea navigation in rough seas with wave
height to 3.5 m, with 3 percent probability, the maximum distance from a place
of refuge not more than 50 miles. Below is a figure showing the relationship of
wind and sea waves, table 1.

Rules GL, RINA and BV considered for high-speed vessels, the area
«Restricted open sea», which is characterized by height «significant» waves
and represent 2.5m<h;,3<4.0m. The average height of the largest third of waves

hyy, =1,33h, 5.

Table 1
The relationship of wind and sea waves
Wind Sea waves
Points | Speed range, m/ s Points The range of wave height 3%
probability, m

0 0-0,5(0) 0 0
1 0,6 -1,7 (1) 1 to 0,25
2 1,8-3,3(2,5) 2 0,25-0,75
3 3,4-52(4,)5) 3 0,75 -1,25
4 5,3-7,4(6,5) 4 1,25-2,0
5 7,5-9,8 (8,5) 4 1,25-2,1
6 9,9-12,4(11) 5 2,0-3,5
7 12,5152 (14) 6 3,5-6,0
8 15,3 -18,2 (17) 6 6,0 —8,5
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Analysis of the materials of the hulls of modern high-speed ferries
showed that the material of the hull can be used high-strength steel, aluminum
alloys, as well as the combination of these two materials (hull - high-strength
steel, superstructure - aluminum alloy).

The ships of the transitional mode occupy an intermediate position
between displacement ships and planning. The designer does the work on the
choice of values of relative dimensions, the coefficients of the hull and the
shape of its contours, for reducing the resistance of water at relative velocities
of the transitional mode. In the design of vessels of this mode, it is necessary to
give attention to the weight of the hull and its strength, due to the emerging
dynamic loads. The wetness, flooding, and the stability of these vessels should
not be overlooked, which are associated with their high speeds and the
appearance of additional hydrodynamic forces. All these seeakeaping qualities
of the vessel are considered at different stages of the project. One of the
variants of the main stages of the project described in the literature [4] and it is
a syste-matic approach to the design process. In this paper, the design
philosophy was considered and noted that the design of vessels — a specific
process, see Figu- re 1. The first step of the design Concept Design consists
two phases of the process: Concept Exploration and the Concept Development.

Concept Design Contract Design Detail Design

Figure 1. Main stages of the development of the project

The results of the first phase Concept Exploration are: a preliminary
assessment of costs and efficiency; choice of technology; choice of the basic
concept of the basic features, «one digit» estimate the weight and risks. The
second phase (Concept Development) is a traditional spiral of the design. The
result of this process — a more detailed study of the geometry of the vessel and
the weights («two-digit» estimate), the main parts of the vessel, the body lines
sketch, the preliminary study of the general arrangement, and the estimate of
seeakeaping qualities. At this stage of the project, it is demonstrated that the
results obtained in the Concept Exploration are balanced and workable. In this
article, the Concept Development was selected for study.

The study of this article included the process of determining the main
dimensions of the vessel based on the data of [5] and takes into account the
seeakeaping, technical and operational quality of the future vessel. The
calculations also include clarification vessel’s stability in the transitional mode,
taking into account the emerging hydrodynamic forces at hull [6]. Many
calculation methods for the definition of hydrodynamic and hydrostatic forces
in the planning mode are known, but information about values of these forces
and their location on a ship’s hull when operating in the transitional mode is
absent. Such recommendations are given in paper [6].
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The wetness of these vessels should not be overlooked. The
requirements about of the minimum bow height of ship are included in the texts
of International Convention on Load Lines (the old version and new). These
requirements sometimes are differing. Besides, in these normative documents,
at purpose of the minimum bow height of ship is not taken into account
velocity ship. The need to compare new and old methods of the calculation
appeared and after we can use this knowledge in process of the designing of
ships.

Howard’s formula, which takes into account the speed of the vessel, for

assignment of freeboard at the bow, proposed in [7], F zgil, where v —

the speed of the vessel, knots. For vessels with small length, it is better to use
Howard’s graph.

In the appointment of the bow height of a small vessel, a dominant
value of the wave height must be selected. This may be the height of sea waves
or formed wave, figure 2.

Figure 2. Three parts of submersions of the fore end of ship:
1 — pitch; 2 — sea waves; 3 — formed waves

2
Fi . . .
Kent formula hg, =0,94B% is designed to calculate height of the

e
formed waves and proposed to apply for low-speed and medium-speed vessels.
The height of formed waves will be depended on the relative velocity, the

L
width of the hull and the relative entrance length /, = Te Similar an empirical

formula for estimating height of the formed waves is used in Regulation China
2

Classification Society [8]. This formula Tasaki & fiv =0,75BIZi is a similar to
e
Kent's formula.

On table 2, the heights of the formed wave are represented, for
different values of the Froude number.

The second, but no less important factor influencing the choice of the
desired value of the bow height is the amplitude of the pitching. For small
passenger vessels, on a wave of up to 4 points, the amplitude of the pitching
can reach 7 °, the minimum value is 3 ° [1]. Trim is calculated from the
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expression A=Lxtgy . Immersion of the bow for concept ferry, as a result of
pitching will be equal to 0,8 m.

Table 2

Formed wave height determined by different formulas

Formed wave height, m
Kent formula Tasalg formula (Chlna
Froude number Fr, . Classification Society)
_oosaTL Fr?
P =098 hy, =075 L
e B le
0,4 0,9 0,7
0,71 2.8 2,2

The third component of immersion of bow is sea waves. This article
covers ships of restricted area river-sea navigation R3-RSN, with the cor-
responding height of waves up to 3.5 m. Half of wave height is about 1.75 m.

Worst case, in terms of wetness, is variant, when waves that are created
by the movement of the ship and sea waves are coherent and boat speed is
unchanged. In this case, the summation wave heights are possible (method of
summation)

Fy=h+h +h, =22+08+175=475m. ()

The F, defined by Howard’s graph is 4,7 m.

In the calculations it is assumed that the sea waves and formed waves
are coherent. In real terms this effect may not occur or the master can affect the
event by changing the ship's speed and direction of motion. It should also be
taking into account that in the waves the boat speed will be reduced. In the
table below, two variants (still water, pitch and formed waves or rough water
plus pitch) are presented.

The minimum bow height of ship defined on formula

L

F, =56L(1
b= I0L( 500

1,36 /(cy +0,68)

for ships by length less than 250 m. This requirement was in old versions
International Convention on Load Lines, which acted before 2005. In these
formulas, the minimum bow height of ship depends on such parameters: length
of ship and the block coefficient. The required minimum bow height of ship
will decrease, with increase of the block coefficient. This convention’s
position, at first thought not logistical, because one of the amendments to
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minimum freeboard of ship is a correction for block coefficient. The freeboard
must be increase, at growing of this coefficient. Really, the freeboard table

were made for «base ship», with typical parameters (¢, = 0,68, %=15, etc.). If

the factor ¢, increases, then displacement of ship V' =c¢,LBd grows too, but

relative reserve buoyancy — =" ="
Y YT e IBd T cyd
convention’s version, we expected that enlarging freeboard is sufficient.
The new version of the formula, for calculation of the minimum bow
height of ship, is shown below.

decreases. Possible, in old

F, :(6075(i)-1875(i)2+200(i)3)(208+0609c -1,603¢ -001295) 2)
b 100 100 1007 17T b TR W TR g 2

where F) — is the calculated minimum bow height, in mm;

L — is the length, in m;
B — is the moulded breadth, in m;
d; — is the draught at 85% of the depth D, in m;

¢, — is the block coefficient;

Cof is the waterplane area coefficient forward of L/2.

In new formula, it is taken to account else two parameters: Cof

. L
waterplane area coefficient forward of L/2 and parameter 7
1

With growing of the factor Copf > required minimum bow height of ship
will decrease (to account of the increase the volume of buoyancy in the fore
end).

L . .. .
The parameter 7 renders same influence to minimum bow height of
1

ship as Cof 3 with growing of this parameter required minimum height will

. : L .
decrease. At growing of relative length d_ we can observe increase
1

M
longitudinal metacentric height H = y .h and reduction of pitch
siny

(— T—H Ty l)

L
d;

On table 3 there are results of calculation for old and new convention’s
versions and by method of summation.
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Table 3
Results of calculation for old and new convention’s versions
and by method of summation
New old _ Still
Length ship rules LL  |rules LL Fb b, = 3,5m, water, Fr, =071,
L, m F,, mm - pitch, F, , mm pitch, F, , mm
30 2049 1851 2536 2986
31 2111 1909 2562 3012

The results of the study of main dimensions of small high-speed vessel,
figure 3.

Length 30.6 m

Width 5.1m

Draught 1.0m

Bow height 3.0m

Speed 24 knots.

Number of passengers 40 persons.

Number of cars 12

Light weight ship 54t

Main engine power 1100 kW

buglet 40 passenger seats eran's cabins ] l_"—"».__l_
—H bbby bhbhbh wheellionse 7

B P P Py Ty

Figure 3. The sketch of the general arrangement of small fast ferry

The definition of price of the vessel is based on analyze of world prices
for this type ships. The calculation showed that the ratio of the vessel prices in
USD to the light weight ship LW is in the range 0,021- 0,024 million USD / t.

Price of the vessel =0,021LW = 1,1 million USD 3)

The cost of works, on the Ukrainian shipyards, less than the European
market by 30-40 %. Estimated price of the vessel in Ukraine is 0.7 million
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USD. This ferry line can compete with auto roads. The journey time by ferry is
10 hours. During the day, the ferry carries two flights. For example, it was
taken 20 days of exploitation. The ticket price is 50 $ for a passenger, freight
cost for auto place is 100 $ per car. The revenue per flight will be 3200 $. The
costs per flight will be 2900 $ (fuel 2300 $; salary 400 $; port charges and other
200 $). The profit per flight is 300 $ for the year 144000 $.

n
The period of the recoupment PP = ZPk > IC is one of the most
k=1
common indicators to measure the effectiveness of investments. The cash flow

in the k-th year is sum of two components £, = I, + A, : Il — net profit and

Ak — amortization. This project will pay off for 5 years. The profitability of

one flight will be 10 %. This project can be used in coastal ferry flights, after
little changes and increase the number of passenger seats (for example,
Odessa-Zatoka, journey time is 2 hours). Duration of this trip is comparable
with the travel by car.

% UKRAINE
ROMANIA
S{'&J’ of
"\. Azov
Yalta
L]
BULGARIA vama lack Se
2 Black Sea
Burgas
f .mm .:r W uldak
7 .

Figure 4. The possible directions for development of passenger ferry

Conclusion. One of the advantages of small vessels — small initial
costs associated with the construction of a small craft. Approximate price of
small fast ferries is 0.7 million USD. The project will pay off for 5 year. Short
lines, with small duration of flight, are preferred, because the opportunity to
design minimum areas for passengers exists. As a result of the study, the main
dimensions, the weights, the sketch of the general arrangement of the vessel
were obtained by using of modern methods of theory ship design, and some
requirements of the International Maritime Conventions.
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