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Introduction
This report has been produced for the “Future Potential of Inland Waterways, INFUTURE”
(KS1006) project, and contains the results of the third work package (WP3) for the second year of
the project.
The report includes two chapters:
Chapter 1 contains a description of the work completed and the final report for WP3.2
“Tool development for IWW shipping analysis”; a brief description of the 3rd version of the software/simulator for the analysis and estimation of the parameters of the vessel's movement on inland waterways is given.
Chapter 1 has been developed by Marina P. Lebedeva and Alexei O. Lebedev (Admiral
Makarov SUMIS).
Chapter 2 contains a description of the ongoing work and an interim report on the development of a concept design for a modern container ship of the Saima-Max type (WP3.4); provides
data on the ship's hull, on devices and equipment, mechanisms, systems and pipelines, on electrical
equipment and practical things.
The development of the project is carried out in accordance with the Rules of the Russian
River Register, and the Technical Regulations on the safety of inland water transport facilities,
requirements, state and industry standards, and other rules and regulations in force at the time of
work.
Chapter 2 has been developed by Jury V. Yatsuk, Andrey K. Afanasiev, Anastasia B. Vasilieva and Konstantin M. Ushakov (Admiral Makarov SUMIS).

1. Tool development for IWW shipping analysis
According to the work plan, it was necessary to carry out the development of tools for the
analysis of navigation on inland waterways. This work was completed in June 2020.
In the course of work on the topic, PC software designed for the analysis of navigation on
inland waterways, was created. The new software was created on the basis of the existing development of tools for analyzing the movement of sea transport vessels.
The new software package (hereinafter referred to as a microsimulator) is a PC application
without any special system requirements.
The microsimulator has the following advantages:
- assessment the execution of the considered maneuver "as is", with no regard for the "human factor" influence;
- crypto agility, which allows to quickly adapt the application to various tasks that were not
originally intended for execution;
- simplified method of data preparation;
- repeatability of simulation results;
- ability to change the speed of calculations, pause calculations, and perform step-by-step
calculations.
Comparison of the microsimulator operation results with the data of field tests with the
corresponding initial data and similar actions by the control bodies shows satisfactory adjustment.
This allows the microsimulator to be a convenient working tool for solving various ship steering
problems.
The report provides the microsimulator description.

1.1 Description
The ship microsimulator is a PC application that allows to simulate the movement of a fullscale ship in various geographic and meteorological conditions. The microsimulator was developed by the staff of the laboratory of seaworthiness of ships of the AMSUMIS as a tool for carrying
out an express analysis of the controllability of ships in specified external conditions. The microsimulator does not require high computation power and can be run on any personal computer.
During the microsimulator operation, current position of the mathematical model of the
considered vessel is displayed on the computer screen, and the current values of the mathematical
model variables are entered into the protocol, if necessary. Based on the results of comparing the
trajectories of the microsimulator models with the trajectories of the corresponding full-scale vessels, it can be concluded that adjustment of valuation results is satisfactory. This allows the microsimulator to be a convenient working tool for solving various ship steering problems.
In addition to the absence of strict computer requirements, the microsimulator advantages
are as follows:
- possibility of assessment the execution of the considered maneuver "as is", with no regard
for the "human factor" influence; that is, without taking into account the navigator's reaction to the
peculiarities of the external situation: a dead zone, visibility, illumination intensity, etc.;
- the microsimulator crypto agility, which allows you to quickly adapt the application to
perform unique tasks with the involvement of new experimental research data;
- simplified method of data preparation for the microsimulator operation, both in terms of
creating ship models and in terms of creating maps of navigation areas, which allows to quickly
configure the application to work with a specific task;

- repeatability of simulation results;
- ability to change the speed of calculations, pause calculations, and perform step-by-step
calculations.
When creating the microsimulator, the following assumptions were made:
- plane vessel movement problem is solved, which allows set aside the calculations of the
vertical motions of the vessel's hull, and thereby simplify the calculations;
- vessel traffic control is simplified;
- when displaying graphic scenes, simplified two-dimensional graphics is used.
The microsimulator has an intuitive interface. Figure 1 shows a view of a computer screen
with a running microsimulator. The numbers indicate:
Display area of vessel movement. In this area the following are displayed: ship model,
water area map, trajectory of the vessel's center of gravity (displayed if necessary);
Model control panel: propeller speed or position of the engine telegraph handle (depending
on the program version), rudder displacement angle;
Input/output panel for processing current values of program variables;
Calculation launch panel. From left to right, there are: image scaling handle, calculation
start/stop button, on/off button for turning on and off the logging of the current values of variables.
Figure 1.1 shows the results of calculation the "vessel entry into turning circle" maneuver.
The solid line inside the display area shows the center of gravity trajectory of a container ship
equipped with one fixed pitch propeller, with one rudder at a rudder angle of 19.7 degrees to port
side.
Programmatically, the microsimulator consists of the following structural blocks:
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Figure 1.1. The microsimulator screen view with a running task

The core, which includes a step-by-step calculation of the parameters of the vessel's motions in still deep water with an arbitrary control algorithm;
Add-ins that allow simulating external influences onto the model (such as the action of
tugs, wind effect, current effect, interaction forces when meeting and overtaking ships);

Graphic data visualization and preparation unit.

1.2. Compute core
The microsimulator compute core contains a numerical calculation unit computing a system of linear differential equations of vessel motions by the Euler method. During simulation, a
system of linear differential equations of the vessel's motions in still deep water is solved in the
coordinate system associated with the vessel (see Figure 2).
The problem of the vessel’s motions is reduced to the problem of the movement of a material point coinciding with the vessel’s center of gravity.
Equations of motion
Below there is a system of linear differential equations used to calculate the parameters of
the ship's motion in the microsimulator.
𝑑𝑉𝑥
𝑑𝜏
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The solution to the system of equations of motion (1) (3) is sought in a dimensionless form
with respect to the dimensionless time 𝜏 = 𝑡 ∙

𝑉𝑚𝑎𝑥
𝐿

. Where 𝑡 – time in seconds; 𝑉𝑚𝑎𝑥 – maximum

vessel speed; 𝐿 – vessel characteristic length.
The unknown quantities included in the system of equations are interconnected by the following relations:
𝑉 = √𝑉𝑥 2 + 𝑉𝑦 2;
𝜔=

𝜔𝑧
𝑉

;

(4)
(5)

−𝑉𝑦

𝛽 = arctan ( 𝑉 ).
𝑥

(6)

Hereunder the following designations apply: 𝑉 – current dimensionless speed of the vessel;
𝑉𝑥 , 𝑉𝑦 – projections of dimensionless vessel speed on the axis of the bound coordinate system; 𝑊𝑧
– angular speed of the vessel rotation about the vertical axis (angular yaw speed); 𝜔 – curvature
of the vessel's trajectory; 𝛽 – drift angle of the vessel. The current dimensionless vessel speed V
is scaled by multiplying by 𝑉𝑚𝑎𝑥 .
The values of the factors on the right-hand sides of the equations are the products of the
main dimensions and the added-mass coefficients of the vessel bare hull.
The forces on the right-hand sides of the equations of motion are reduced to dimensionless
form using the formulas given below. Forces and moment, recorded as the sum of forces and moments, are additional external forces acting onto the vessel. These forces include wind force, tug
force, etc. Additional forces will be discussed below.
The coordinates of the vessel's center of gravity and the heading angle are sought in a fixed
coordinate system associated with a given water area.
1.2.1. Coordinate system
The solution of the described system of equations is carried out in a bound coordinate system, the
origin of which is at the intersection of main centerline plane and midstation plane. When solving
the problem, the assumption is introduced that the specified point coincides with the center of
gravity of the vessel.

Figure 1.2. Coordinate system associated with the vessel
The axes of the bound coordinate system are directed as follows:
− OX – to the vessel bow along the center line;
− OY – directed towards the starboard side perpendicular to the OX axis;
− OZ – directed vertically upwards perpendicular to the OXY plane.
1.2.2. Hydrodynamic forces
The components of the hydrodynamic force and moment acting on the bare body are written in the first terms of the system equations (1) (3). The hydrodynamic force and moment are
determined according to the data of experimental studies for a particular vessel or are found as a
result of calculations using a semi-empirical method developed by the staff of the AMSUMIS.
Resistance 𝐹ℎ𝑢𝑙𝑙𝑥 (𝜔, 𝛽), lateral force 𝐹ℎ𝑢𝑙𝑙𝑦 (𝜔, 𝛽) and yaw moment 𝑀ℎ𝑢𝑙𝑙𝑧 (𝜔, 𝛽) are
included in the system of equations of vessel motion in a dimensionless form. The components of
the force and moment are reduced to a dimensionless form according to dependencies (7)-(9):
𝑋(𝜔,𝛽)
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(9)

Hereunder the following designations apply: 𝑋, 𝑌,M – resistance, lateral force and yaw moment of the naked body, obtained from experimental research data or based on calculations using
semi-empirical methods; 𝐿, 𝑇 – characteristic length and draft of the vessel; 𝜌 – water density.

The components of the centrifugal force are written in the second terms of the system equations (1)-(3):
𝐹𝑐𝑒𝑛𝑡𝑥 (𝜔, 𝛽) = −𝐾𝑣𝑥 ∙ 𝜔 ∙ 𝐶𝑜𝑠(𝛽);

(10)

𝐹𝑐𝑒𝑛𝑡𝑦 (𝜔, 𝛽) = −𝐾𝑣𝑦 ∙ 𝜔 ∙ 𝑆𝑖𝑛(𝛽).

(11)

Since the problem of the vessel motions is actually solved as the problem of the movement
of a material point, centrifugal moment on the vessel hull will always be equal to zero.
The propeller force 𝐹𝑠𝑐𝑟𝑒𝑤(𝑛𝑝 ) is included in the system of equations of motion only in
the form of a stop and is taken into account by the third term of the first equation of the system.
Where 𝑛𝑝 – propeller speed.
The rudder force 𝐹𝑟𝑢𝑑(𝑛𝑝 , 𝛿) is included in the system of equations in the form of a lateral
force and is taken into account in the second and third equations of motion. Where 𝛿 – rudder
angle. The positive direction of the rudder angle is towards the starboard side of the vessel, as
shown in Figure 1.3.

Figure 1.3. Positive direction of the rudder angle change
The moment from the lateral rudder force is calculated as the product of the lateral rudder
force, the distance from the midship frame (from the origin of the bound coordinate system) to
𝐿𝑟𝑢𝑑. The distance to the rudder stock axis is reduced to dimensionless form by dividing by the
characteristic length of the vessel .

1.3. Consideration of external influences
The effect of external forces and moments on the vessel is taken into account in the system
of equations of motion (1)-(3) in the form of the sums 𝑜𝑛 ∑ 𝐹𝑒𝑥𝑡, 𝑜𝑛 ∑ 𝑀𝑒𝑥𝑡. The microsimulator allows simulating the effect of the following external loads:
− uniform wind flow;

− uniform current;
− impact of tugs;
− interaction of vessels when meeting and overtaking.
1.3.1. Uniform wind flow
When solving the problem of the vessel's motion under wind conditions, the wind flow is
specified in a coordinate system associated with the Earth and is considered uniform. The terrain
and built-up environment, which are the source of local irregularities and wind shadow, are not
considered. Figure 4 shows a flow pattern of forces of wind nature.

Figure 1.4. Wind forces acting onto the vessel
The components of the force and moment of action of a uniform wind flow are written in
the right-hand sides of equations (1)-(3) as follows:
𝐹𝑎𝑒𝑟𝑜𝑥 = 𝐶𝑥𝑎 ∙
𝐹𝑎𝑒𝑟𝑜𝑦 = 𝐶𝑦𝑎 ∙

𝜌𝑎
𝜌
𝜌𝑎
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𝐴
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𝜌𝑎
𝜌

𝐴
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(12)
(13)
(14)

Hereunder the following designations apply: 𝐶𝑥𝑎 , 𝐶𝑦𝑎, 𝐶𝑚𝑎 – aerodynamic characteristics of the vessel, obtained as a result of model tests or selected from the available prototypes; 𝑉𝑎
– wind speed; 𝐴𝐿 , 𝐴𝐹 – frontal and lateral sail area of the upperworks, respectively; 𝜌𝑎 – air density.

Figure 1.5. Current forces acting onto the vessel
1.3.2. Impact of tugs
The microsimulator allows to simulate the vessel movement with a towing escort. The microsimulator implements the option of escorting by two tugs: bow and stern. It is conventionally
assumed that the points of application of forces from the tugs are located on the center plane of the
vessel.
During the vessel movement, the pulling force and the angle of action of the forces from
the tugs can change. The current pulling force is set in fractions of the maximum specified pulling
force of the tug taken when setting the initial conditions. Figure 1.6 shows the forces from tugs
acting on a moving vessel.

Figure 1.6. Tugs pulling forces acting onto the vessel
The components of the force and moment of action of pulling forces are written in the righthand sides of equations (1)-(3) as follows:

𝐹𝑡𝑢𝑔𝑚𝑎𝑥 ∙𝑘𝑡𝑢𝑔

𝐹𝑡𝑢𝑔𝑥 = 0,5∙𝜌𝑉

𝑚𝑎𝑥

2

∙𝐿𝑇

𝐹𝑡𝑢𝑔𝑚𝑎𝑥 ∙𝑘𝑡𝑢𝑔

𝐹𝑡𝑢𝑔𝑦 = 0,5∙𝜌𝑉

𝑚𝑎𝑥
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∙𝐿𝑇

∙ cos 𝜅

(15)

∙ sin 𝜅

(16)

𝐿𝑡𝑢𝑔
𝐿

(17)

Hereunder the following designations apply: 𝐹𝑡𝑢𝑔𝑚𝑎𝑥 – maximum stress on hook; 𝑘𝑡𝑢𝑔 –
fraction of the maximum pulling force that is being implemented on the hook at the current moment; 𝜅 – angle of the force acting from the tug in relation to the vessel centreline; 𝐿𝑡𝑢𝑔 – distance
from the midship frame to the point of application of the force acting from the tug on the center
plane.
1.3.3. Interaction forces when meeting and overtaking
When solving the problem of the interaction of vessels, an additional system of equations
for the motion of the vessel with which the interaction is carried out is introduced. Thus, a system
of six linear differential equations is numerically solved, each of which additionally includes the
hydrodynamic interaction force between the vessel hulls.
𝐹𝑖𝑛𝑡𝑥1 (𝑚, ℎ, Δ𝜓); 𝐹𝑖𝑛𝑡𝑦1 (𝑚, ℎ, Δ𝜓); 𝑀𝑖𝑛𝑡𝑧1 (𝑚, ℎ, Δ𝜓)

(18)

𝐹𝑖𝑛𝑡𝑥2 (𝑚, ℎ, Δ𝜓); 𝐹𝑖𝑛𝑡𝑦2 (𝑚, ℎ, Δ𝜓); 𝑀𝑖𝑛𝑡𝑧2 (𝑚, ℎ, Δ𝜓)

(19)

When considering the problem of the interaction of vessels, the definitions are introduced:
the vessel with respect to which the problem will be considered will be called own vessel, and the
vessel that acts on the first one will be called the partner vessel. The own vessel is designated by
number 1, and the partner vessel - by number 2. It should be noted that these definitions are of a
conditional nature and are introduced only for the convenience of distinguishing between vessels
participating in the meeting or overtaking maneuver. The equations of motion are calculated in
full for both vessels.
Dimensionless forces and moments of interaction are sought by the method of linear interpolation of generalized data from systematic experimental studies in experimental basins. The obtained forces and moments are written in the right-hand sides of equations (1)-(3) for the own
vessel and similar equations for the partner vessel.
Figure 7 illustrates the interaction between the own vessel and the partner vessel.

Figure 1.7. Coordinate systems and interaction forces of the nature vessel and the partner vessel
Interpolation of data on hydrodynamic interaction is performed according to three parameters: 𝑚 – abscissa of the origin of the coordinate system associated with the partner vessel in the
coordinate system associated with the own vessel; ℎ – ordinate of the partner vessel coordinate
system in the own vessel coordinate system; ∆𝜓 – difference between the heading angles of the
own vessel and the partner vessel.
The values of these parameters are calculated by the following dependencies:
𝑋21 = 𝑋2 ∙ 𝐿2 − 𝑋1 ∙ 𝐿1

(20)

𝑌21 = 𝑌2 ∙ 𝐿2 − 𝑌1 ∙ 𝐿1

(21)

𝑚 =2∙
ℎ = 2∙

𝑋21 ∙cos 𝜓1 +𝑌21 ∙sin 𝜓1
𝐿1 +𝐿2

|−𝑋21 ∙sin 𝜓1 +𝑌21 ∙cos 𝜓1 |
𝐵1 +𝐵2

∆𝜓 = |𝜓1 − 𝜓2 |

(22)
(23)
(24)

Where 𝑋1 , 𝑌1 – coordinates of own vessel's center of gravity in a fixed coordinate system,
𝐿1 , 𝐵1 – characteristic length and breadth of own vessel, ψ_1 – own vessel's heading angle;
𝑋2 , 𝑌2 , 𝐿2 , 𝐵2 , 𝜓2 – the same for the partner vessel.
The forces and moment of hydrodynamic interaction are calculated if the values 𝑚, ℎ and
Δ𝜓 lie within the following limits:
−1,2 ≤ 𝑚 ≤ 1,2

(25)

1≤ℎ≤3

(26)

0° ≤ Δ𝜓 ≤ 20°

(27)

If the values of these quantities are out of the indicated limits, then within the framework
of the problem being solved, it is assumed that the force of hydrodynamic interaction is negligible.

1.4. Calculation of motion parameters
This section presents algorithms for calculating the parameters of the vessel's motion using
the above mathematical model. The section presents two variants of the motion parameters calculation algorithm:
− for a single vessel;
− for two vessels taking into account their interaction.
In both cases, the cyclic calculation of the motion parameters is performed until the “end
of calculation” event occurs. This event can occur as a result of a forced stopping of calculations
or as a result of an "emergency" situation: grounding, collision with another vessel, or stranded
vessel.

1.4.1. Calculation of motion parameters of a single vessel
Figure 1.8 below shows the procedure for calculating the parameters of the vessel's motion
in the form of a flowchart. In the course of calculations, the system of equations of motion described above is numerically solved. The solution is made by the Euler successive approximation
method.
Start
1. Time counter reset (Time)
2. Determination of the time step (TimeStep)
3. Calculating the values of variables independent of the Time value

4. Calculating the values of variables that
depend on a Time value
5. Increase the Time counter value
by the TimeStep value
CHANGE IN THE POSITION OF CONTROLS
6. Changing the propeller operating mode
7. Rudder displacement
8. Performing the next step of the numerical
Euler method

No

Is this the end
of calculations?
Yes
End

Figure 1.8. Algorithm for calculating the motion parameters of a single vessel

1.4.2. Calculation of motion parameters of two vessels
The calculation of motion parameters two vessels, taking into account their interaction, is
performed in the sequence given below. In the process of calculations, a numerical solution of a
system of six equations of motion (three equations of motion of own vessel and three equations of
motion of partner vessel) is made. The solution is made by the Euler successive approximation
method.

Start
1. Time counter reset (Time)
2. Determination of the time step (TimeStep)
3. Calculating the values of variables independent of the Time
value for own vessel and partner vessel
(see p. 3 of the algorithm for a single vessel)
4. Calculating the values of variables dependent of the Time
value for own vessel and partner vessel
(see p. 4 of the algorithm for a single vessel)
5. Increase the Time counter value
by the TimeStep value
CHANGE IN THE POSITION OF CONTROLS OF THE OWN
VESSEL AND PARTNER VESSEL
6. Changing the propeller operating mode
7. Rudder displacement
(see p. 6 and 7 of the algorithm for a single vessel)
8. Performing the next step of the numerical Euler method for
own vessel and partner vessel
9. Determination of values m, h and 
Does values
m, h and  lie in the specified limits?

No

Yes
10. Determination of values FintX, FintY, MintZ for
own vessel and partner vessel
No

Is this the end
of calculations?
Yes
End

Figure 1.9. Algorithm for calculating motion parameters of two ships taking into account their
interaction

1.5. Graphic data visualization and preparation unit
The data visualization unit implements methods for displaying a two-dimensional simulator scene: water area, vessels, as well as auxiliary information (cartographic symbols, data labels,
etc.). In parallel with the process of calculating the vessel's motion parameters, the current vessel
position is displayed on the computer screen in the coordinate system associated with the water
area map. In the process of displaying images on the screen, the control of crossing the vessel
image boundaries with the boundaries of the water area, fairway or other vessel is carried out. In
case if the intersection took place, the computation process stops.
The images of the simulator scene represent polygonal lines or polygons defined by their
vertices. The visualization unit procedures and functions provide all the necessary capabilities to
scale, rotate, and move elements of the simulator scene. Using the methods of the visualization
unit, drawing of the application interface elements is partially performed. Also, the methods of the
visualization unit are used in a graphic image editor (for example, maps of water areas, images of
vessels, etc.) for subsequent use in the microsimulator.
As part of the work on the topic, the visualization unit was finalized, which significantly
improved the perception of scenes when they are displayed (see Fig. 1.10).

Figure 1.10. New version of the microsimulator visualization unit

The graphic data preparation unit is a separate application, the main task of which is to
prepare images of maps of navigation areas, vessel images and elements of the navigation situation. Figure 1.11 shows a screen view with a running graphics editor for the microsimulator.

Figure 1.11. Screen view with graphic editor for microsimulator

2. SAIMAMAX CONTAINERSHIP CONCEPT DEVELOPMENT
In accordance with the technical terms of reference within the WP3, it was required to
develop concept-designs comparable to the existing Russian concept projects of river vessels. As
part of this work, a concept design for a river container ship was created. The main elements of
the projected vessel are described in the report below.

2.1. GENERAL DATA ON SHIP
Architectural and structural type of the vessel — closed steel displacement ship, with a
solid deck and bow superstructure, with a closed forecastle superstructure, double bottom and
sides, with dead-rise and flared sides, two-shaft diesel power plant located in the aft and two fully
azimuth-steerable thrusters with open fixed pitch propellers.
The ship is designed for operation as a container carrier, as well as a bulk cargo ship in the
basins of the "М-ПР" category with an allowable wave height of 3% probability up to 3.0 meters
and a maximum wind gust speed of no more than 24.0 meters per second. The ship is designed for
the class “М-ПР (Ice 20) 3.0А” of the Russian River Register [5].
The main dimensions and technical characteristics are presented in Table 2.1.
Table 2.1 Main dimensions and technical characteristics of the ship
Length overall, m
Waterline length, m
Breadth overall, m
Waterline breadth, m
Midships depth, m
Overall height from the base plane for fixed parts, m
Light draft, m

93.2
91.6
12.60
12.37
5.68
15.0
1.67

Loaded draft, m

3.70

Freeboard, m
Displacement, t

1.98
3235
Wärtsilä 4L20
2×800
12
108
72
36

Type and power of main engines, kW
Design speed, knots
Container capacity, TEU
including in holds, TEU
on deck, TEU

General arrangement of the vessel is shown in Figure 2.1. The ship hull is divided into 7
compartments by six transverse watertight bulkheads. The forepeak, afterpeak, engine room and
tank compartment are accessed through watertight hatches in the deck. The deck hatches are watertight with standard covers.
The superstructure has a watertight opening. The superstructure is streamlined and extends
from the bow to the bow bulkhead of the first cargo hold.

Fig. 2.1. General arrangement

A wheelhouse is provided to accommodate the navigator. The wheelhouse has a high visibility. The no visibility zone for the master ahead of the ship for all operational loading cases does
not exceed twice ship length. To ensure sufficient visibility from the wheelhouse towards the stern,
it is planned to install rear view cameras on the side walls of the wheelhouse.
The crew size is established on the basis of twelve people onboard ship simultaneously.
Fuel tanks with a total volume of 155 m3 are provided. The fuel reserve ensures operation
of the main engines at rated power for 15 days.
Endurance for provisions – 15 days.
Endurance for garbage storage – 15 days.
The cruising range at economic speed is at least 8,000 km.
The ship fire safety is provided by structural elements of fire protection, fire-fighting
equipment and supplies.
The fire protection of the ship meets the requirements of the RRR Rules for the location
of fire bulkheads, decks, enclosures, insulation, doors and ladders, as well as for gears, electrical
equipment, ship systems and devices, etc.
The hull design, gears, equipment and systems, their manufacture and installation ensure
the reliable ship operation in the specified conditions of exploitation, while fulfilling the "Regulations on technical operation" and competent maintenance in accordance with the instructions
transferred onto the ship.
Maintainability is ensured through a set of measures:
− location of gears, equipment, pipelines and fittings that provide access for routine
inspections and repairs;
− capability of assembly and aggregate repair of gears and equipment without
significant dismantling work on the hull and superstructure;
− availability of repair sites in the area of gears and equipment;
− presence of bolt-eyes for hanging the hoists over the gears and equipment during
their installation and dismantling;
− set of spare parts and accessories.
Spare parts and accessories (SPTA) are transferred to the ship owner by the builder in
the amount of sheets and technical specifications for the supply of gears.
The SPTA storage is provided in specially designated places onboard, at coastal bases in
accordance with the instructions given in the lists.
Fulfillment of labor protection and safety requirements is provided in the scope of the
relevant Rules specified above, taking into account the purpose and operating conditions of the
ship.
The general arrangement of the ship premises, arrangement of gears and equipment,
working conditions onboard meet the requirements of the current labor safety rules. Constructive fire protection system meets the requirements of the RRR Rules for ship fire safety. The
location of premises and anti-noise measures in them ensure the noise levels within the sanitary
standards as much as possible.
The hull, machinery, equipment and systems of the ship are designed to meet the pollution
prevention requirements specified in the relevant regulations above.

2.2. SHIP WEIGHT
The cross-point of mid-section, CP and BP is taken as the origin of the coordinate system.
OX- axis of abscissa – the cross-line of CP and BP. Positive direction – to bow. OZ-axis – the
cross-line of CP and mid-section. Positive direction – upwards. OY-axis of ordinates – the crossline of BP and mid-section plane. Positive direction - to starboard.
The weight P and the coordinates of the centers of gravity of the load components X, Y, Z
were determined with the highest possible accuracy at the stage of preliminary design. Aggregated
estimation of the light weight of the vessel is shown in Table 2.2.
The volumes of tanks and the corresponding masses of liquid cargo are determined taking
into account the requirements of the Rules of the Russian River Register, the required endurance
(15 days) and the practice of designing ships. The data on surge tanks are presented in Table 2.3.
Since the length and breadth of the ship are limited by the locks of the Saimaa system, and
the hull shape - by the requirements for seaworthiness, the carrying capacity is determined as the
difference between the displacement at the maximum allowable draft of 3.70 m and light displacement and other components of the deadweight. The data on the weight load of the loaded ship at
100% of stores are presented in Table 2.4.
As follows from the results of calculations, the light weight of the ship is 1,321.6 tons, and
the weight of the loaded ship at 100% of stores is 3,235 tons.

Table 2.2 Light weight of the vessel

Load item
Hull
Gears
Systems
Engine
Electrical power system, communication
Navigational equipment
Spare parts
Molded displacement allowance
Permanent liquid cargo
Ship’s supply
Light ship

Р, t

X, m

Y, m

Z, m

Mx, tm

My, tm

Mz, tm

862.29
220.08
79.29
59.74
83.00
5.00
24.00
33.21
28.25
19.70
1321.56

3.78
-3.51
3.83
-32.34
10.00
40.33
-33.80
-0.71
-0.10
28.03
1.15

0.00
0.01
0.00
-0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3.71
5.62
4.20
3.28
5.26
9.70
2.80
4.12
3.00
5.51
4.17

3260.91
-772.67
303.95
-1932.24
-994.30
201.65
-811.13
-23.64
-2.83
552.18
1515.30

-4.22
2.31
0.00
-0.85
0.00
0.00
0.00
-0.07
0.00
0.00
-1.98

3197.72
1235.80
332.96
196.15
436.66
48.52
67.30
136.66
84.76
108.47
5515.57

Table 2.3 Surge tanks

Load item
Fuel
Oil
Oil containing water
Sewage
Sludge
Fresh water

Р, t

X, m

Y, m

Z, m

Mx, tm

My, tm

Mz, tm

132.00
7.00
4.50
35.00
5.00
56.25

-35.00
-37.50
-36.00
34.80
-40.00
34.00

0.00
-2.00
0.00
0.00
0.00
0.00

2.10
1.90
3.20
2.85
3.60
2.25

-4620.00
-262.50
-162.00
1218.00
-200.00
1912.50

0.00
-14.00
0.00
0.00
0.00
0.00

277.20
13.30
14.40
99.75
18.00
126.56

Table 2.4 Loaded ship weight, 100% stocks

Load item
Light ship
Fuel
Oil
Crew
Provisions
Fresh water
Cargo
Vessel at freeboard draft

Р, t

X, m

Y, m

Z, m

Mx, tm

My, tm

Mz, tm

1321.56
132.00
7.00
1.65
1.50
56.25
1715.04
3235.00

1.15
-29.00
-37.50
37.00
36.50
34.00
-0.25
-0.30

0.00
0.00
-2.00
0.00
0.00
0.00
0.00
0.00

4.17
2.10
1.90
6.00
4.00
2.25
6.35
5.21

1515.304
-3828.00
-262.50
61.05
54.75
1912.50
-432.19
-979.09

-1.977
0.00
-14.00
0.00
0.00
0.00
0.00
-15.98

5515.57
277.20
13.30
9.90
6.00
126.56
10890.5
16839.0

2.3. Ship hull shape
The ship lines were chosen in such a way as to ensure the best propulsive performances
taking into account all operational, technical and other limitations. The Lines drawing is shown in
Figure 2.2.
At a design speed of 12 knots, the Froude number will be about 0.20 in length. This value
is on the border between low speed and medium speed ships.
Since the main dimensions and draft are set by the fairway dimensions, and the displacement is set by the optimal [16] value of the coefficient of fullness of displacement, when choosing
the hull lines it was not possible to correct the dimension ratios and the following characteristics:
- relative length L3/V. For a Froude number of 0.20, the relative length of the ship is slightly
higher than the recommended values. In this regard, the value of the residual resistance decreases,
but due to an increase in the relative wetted surface area, the friction resistance also increases.
- coefficient of fullness of displacement CB. For the Froude number 0.20, according to the
recommendations of Eyre and Aleksandrov [1, 11, 12] the optimal value of the coefficient of fullness of displacement lies in the range of 0.70–0.75. In this case, the coefficient of fullness of displacement CB=0.758, which practically corresponds to the recommendations.
When developing the lines drawing, the following characteristics varied within certain limits:
•

•

•

•

Prismatic coefficient CP=CB/β. The range of the most favorable values of the prismatic
coefficient for the Froude number 0.20 is from 0.72 to 0.78. In this case, the value of the
prismatic coefficient CP=0.789, which slightly exceeds the recommended values;
Longitudinal centre of buoyancy xC. According to Volker, for ships with a prismatic coefficient CP=0.789, the relative distance of the center of buoyancy from the midship frame
shall be between 0.5% and 4% forward. In this case, the resistance will not increase by
more than 1% compared to its minimum value. In this case, the dimensionless abscissa of
the center of buoyancy xC=0.014, i.e. 1.4%;
Length and position of the parrallel middel body. The length of the bow part of the parrallel
middel body affects the interference of wave systems. Its recommended maximum value
for ships operating with Froude numbers less than 0.22 and coefficient of fullness of displacement CB=0.753 is 0.23L In this case, the bow length of the parrallel middel body is
0.24L due to the need to accommodate containers in cargo holds. The length of the bow
part of the parrallel middel body affects the operation of the propulsion and steering system
and the intensity of vortex activity. It is considered that for ships with shaft lines, with the
corresponding Froude numbers and the coefficient of fullness of displacement, its length
shall not exceed 0.12L. In this case, azimuth thrusters are provided as a propulsion and
steering system. In this regard, as well as the need to place containers, the length of the
bow part of the parrallel middel body in this case is 0.19L.
Shape of sectional area curve for ships operating with Froude numbers less than 0.22 and
a prism coefficient greater than 0.66, the bow branch shall be convex or straight and the
stern branch — concave or straight. In this case, the stern branch of sectional area curve is
concave, and the bow branch is convex, close to a straight line. A slight concavity is present
only in the very forward part of the sectional area curve (Figure. 2.3);
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•

•

The shape of the bow part of deep waterline and the entrance angle. For ships with a Froude
number between 0.16 and 0.22, the bow branch (10%–15% of the fore perpendicular) shall
be straight or slightly curved. The deep waterline of the ship complies with these recommendations. The range of the most favorable angles for a Froude number of 0.20 is 11° to
23°. To ensure smoothness of lines and position of center of buoyancy, as well as in connection with occasional operation in broken ice, the entrance angle of the waterline was
increased and is equal to 34°(Figure 2.4);
The shape of the aft end is chosen in accordance with the requirements for the placement
and operation of the azimuth thrusters. At the same time, buttocks and waterlines are made
quite smooth.

2.4. Seaworthiness of ship
The vessel’s buoyancy and stability calculation was carried out using the computer program
"Dialogue-statics" [2], approved by the Russian River Register. The accepted seawater density is
1.00 t/m3.
The hydrostatic curves are presented in Table 2.5.
The stability of the ship in all operational cases of loading meets the requirements of the
Rules of the Russian River Register. If any one compartment is flooded, the vessel remains afloat,
and its emergency landing and stability meet the requirements of the Rules of the Russian River
Register. An example of stability calculation results for the loaded ship at 100% stocks are presented in Table 2.6 and Figure 2.5. The ship speed on turn is not limited.
The ship resistance was determined by the prototype scaling method [1], using the results
of tests of a model ship with a similar hull shape, carried out earlier in the SUMIS testing basin.
Initially, the scaling was carried out according to the method proposed by Avdeev, and then a control calculation was performed using the method proposed by Giers. The results of resistance calculation are shown in Figure 2.6.
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Fig. 2.2. Lines drawing
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Fig 2.3. Shape of sectional area curve
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Table 2.5 Hydrostatic curves
Applicate
of the
center of
buoyancy,
m

Waterline
area,
m2

Abscissa
of the
center of
waterline,
m

Moment of
inertia of the
waterline area
relative to the
longitudinal
axis, m4

Moment of inertia of
the waterline area
relative to the
transverse axis
passing through the
center of the
waterline, m4

Transverse
metacentric
radius,
m

Longitudina
l
metacentric
radius,
m

Transverse
metacentre
applicate,
m

Wetted
surface
area,
m2

Draugt
,
m

Displacement,
t

Volume,
m3

Abscissa of
the center of
buoyancy,
m

1,00

750,50

750,50

2,933

0,507

822,000

1,811

8647,0

347364,0

11,521

462,8

12,028

885,00

1,20

916,70

916,70

2,722

0,615

838,200

1,789

9042,0

361022,0

9,864

393,8

10,478

922,00

1,40

1085,70

1085,70

2,573

0,721

852,100

1,792

9414,0

371814,0

8,671

342,5

9,393

957,00

1,60

1257,30

1257,30

2,467

0,828

863,400

1,868

9713,0

380400,0

7,725

302,6

8,553

991,00

1,80

1431,50

1431,50

2,384

0,934

881,700

1,607

9956,0

401427,0

6,955

280,4

7,889

1033,00

2,00

1610,10

1610,10

2,271

1,041

903,900

1,159

10254,0

428252,0

6,368

266,0

7,409

1080,00

2,20

1792,50

1792,50

2,143

1,149

917,800

0,948

10501,0

445315,0

5,859

248,4

7,007

1121,00

2,40

1977,00

1977,00

2,029

1,256

927,600

0,885

10727,0

456606,0

5,426

231,0

6,682

1158,00

2,60

2164,60

2164,60

1,909

1,364

947,300

0,400

10950,0

483676,0

5,059

223,5

6,423

1205,00

2,80

2355,70

2355,70

1,772

1,473

961,900

0,120

11221,0

502734,0

4,763

213,4

6,236

1247,00

3,00

2549,20

2549,20

1,641

1,581

976,100

-0,152

11453,0

521829,0

4,493

204,7

6,074

1289,00

3,10

2647,30

2647,30

1,569

1,635

986,500

-0,432

11566,0

537456,0

4,369

203,0

6,004

1314,00

3,20

2746,50

2746,50

1,493

1,690

994,700

-0,617

11703,0

549335,0

4,261

200,0

5,951

1337,00

3,30

2846,20

2846,20

1,419

1,745

999,300

-0,652

11806,0

555143,0

4,148

195,0

5,893

1356,00

3,40

2946,60

2946,60

1,344

1,799

1009,900

-0,938

11918,0

571873,0

4,045

194,1

5,844

1381,00

3,50

3048,10

3048,10

1,264

1,854

1018,600

-1,146

12027,0

585393,0

3,946

192,1

5,800

1404,00

3,60

3150,30

3150,30

1,184

1,909

1025,200

-1,267

12143,0

595190,0

3,855

188,9

5,764

1426,00

3,70

3253,10

3253,10

1,106

1,964

1030,700

-1,332

12250,0

602937,0

3,766

185,3

5,730

1446,00

3,80

3356,30

3356,30

1,031

2,019

1034,300

-1,346

12327,0

608122,0

3,673

181,2

5,692

1466,00

3,90

3459,90

3459,90

0,960

2,074

1037,300

-1,330

12406,0

611997,0

3,586

176,9

5,660

1485,00

4,00

3563,80

3563,80

0,893

2,129

1040,700

-1,334

12484,0

616754,0

3,503

173,1

5,632

1504,00
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Fig. 2.4. Bow part of waterline

Fig. 2.5. Stability diagram
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Fig. 2.6. Ship resistance
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Table 2.6 Stability parameters
Value
Parameter
CalcuStandard
lated
Mean draft, m / Средняя осадка, м
3,68
-Bow draft, m / Осадка носом, м
3,52
-Aft draft, m
/ Осадка кормой, м
3,83
-Corrected metacentric height, m / Исправленная метацентрическая
1,39
≥ 0,20
высота, м
Angle of maximum of diagram, deg / Угол максимума диаграммы, о
28,56
≥ 25
Maximum lever arm, m / Максимальное плечо, м
0,607
≥ 0,23
о
Dynamic heeling angle, deg / Динамический угол крена,
15,40
≤ 50,0
Rolling period, s / Период бортовой качки, с
8,71
-Main stability criterion / Основной критерий остойчивости
15,45
≥1
Two 800 kW Wärtsilä 4L20 [1] engines are assumed for installation on the vessel. 15% of
this power was considered as “sea margin”, and thus the attainable speed of the ship was determined based on the power of 690 kW of each engine.
Two steerable thrusters with steel opened four-bladed fixed pitch propellers with diameter
of 1.7 m are proposed.
The calculation of ship’s attainable speed is presented in Table 2.7.
Table 2.7 Engine power calculation
Parameter
Propeller diameter, m
Ship speed, kn
Ship speed, m/s
Ship resistance, kN
Thrust coefficient
Wake fraction
Thrust deduction
Propeller speed, m/s
Propeller thrust, kN

Параметр
Диаметр ГВ, м
Скорость, уз
Скорость, м/с
Сопротивление, кН
Коэффициент нагрузки
Коэффициент попутного потока
Коэффициент засасывания
Скорость натекания воды на винт, м/с
Упор гребного винта, кН

Value
1.7
12.2
6.28
120.2
1.342
0.249
0.163
4.72
71.8

Auxiliary coefficient KDT
Propeller advance coefficient
Thrust coefficient
Open water propeller efficiency
Propeller pitch ratio

Вспомогательный коэффициент KDT
Относительная поступь
Коэффициент упора
КПД гребного винта
Шаговое отношение

0.95
0.45
0.225
0.52
0.875

Propeller rpm
Torque coefficient
Engine power, kWt

Частота вращения гребного винта, с-1
Коэффициент момента
Мощность на валу двигателя, кВт

6.17
0.0310
690.0
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The attainable full speed in still deep water (with no more than a force 2 wind, under-keel
clearance not less than 35 m), for a ship at freeboard draft and a clean freshly painted hull is 12,2
knots. Under these conditions, the engine power will be 690 kW at a propeller diameter of 1.7 m,
pitch ratio 0.875 and propeller speed of 6.17 s-1. The maneuverability and seaworthiness of the
vessel are provided in accordance with the vessel’s class.

2.5. HULL CONSTRUCTION
The ship hull is divided into 7 compartments by six transverse watertight bulkheads.
The hull structure is made according to a mixed framing system. The frame spacing along
the entire length of the ship is 550 mm. Numbering of frames from bow to stern.
The main hull, superstructure, engine foundations and main gears are manufactured from
steel grade РСА as per GOST 5521-93. The ship structures with a design sheet thickness of less
than 5 mm are manufactured from Ст3 steel as per GOST 380-2005 with the results of testing
samples that meet the RRR requirements. For structures not regulated by the RRR Rules — Ст3
steel as per GOST 380-2005. The dimensions of the hull structural elements are assigned in accordance with the Rules of the Russian River Register.
Foundations for gears, devices and equipment are made of flat rolled stock of sufficient
strength and rigidity and have appropriate reinforcements.
The hull and wheelhouse are welded. The CO2 semiautomatic arc welding and manual
welding are used. Welding materials, structural types of welds and welding technology comply
with the requirements of the RRR Rules.
The thickness of the outer plating at aft end and amidship is 8 mm, at bow end — 10 mm.
The deck and bottom ceiling thickness — 10 mm. Thickness of sheets of transverse watertight
bulkheads, inner sides — 10 mm.
The structural frame items are shown in Table 2.8.
The midship section plan is shown in Fig. 2.7. The overall view of the midship structure
can also be obtained from Figures 2.8 and 2.9.
Table 2.8 Structural frame members
Item no.
1

Name of scantling

Accepted profile

Bottom framing

1.1

Flooring in midship

s8

1.2

Keelsons

s8

1.3

Center-line keelson

s10

1.4

Longitudinal bottom stiffeners

2

Side framing

2.1

Transverse web frame

2.2

Ordinary frame

2.3

Side stringers

3

Deck framing

3.1

Bulb section 14а

Longitudinal stiffeners

s8
Bulb section 12
s8

Bulb section 14а
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Fig. 2.7. Midship section plan

Fig. 2.8. The midship hull structure (the outer plating is conventionally not shown)
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Fig. 2.9. The midship hull structure (the second bottom, double side and outer plating are not
shown conventionally)

All hull fittings are made on the basis of state and industry standards and the RRR Rules.
Purchased hull fittings shall be delivered with the RRR certificates.
The ship provides for the installation of waterproof covers for the forepeak, afterpeak, tank
compartment, made of shipbuilding steel (thickness 8 mm) and reinforced with a frame. For the
crew convenience, no cover coamings are provided.
The ventilation pipes and covers installed on the ship are made in a watertight design.
Provision is made for fire insulation of machinery spaces using non-combustible materials.
The surface of the insulation is protected against the ingress of fuel, oil and their vapors.
Other elements of the hull and superstructure are made of steel without any requirements
for fire protection.
The windows are made of collapsible multiplex safety glass.
The ship equipment includes furniture and inventory that ensure the accommodation and
stay of the crew and passengers onboard the ship. Frame furniture is provided. Panel furniture parts
are made of low-combustible plywood and three-layer panels with a hard filler for shipbuilding.
The furniture frame is made of fire and bio-protected wood. Fillers and upholstery are made of
materials that slowly spread flame. Sanitary-technical equipment of the sanitary rooms - according
to the customer's requirements.
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To increase the reliability and durability of ship structures and anti-corrosion protection,
the hull is painted.
Surface preparation and painting works, including the holding primer application, are carried out according to the technological documentation developed by the building yard in accordance with the recommendations of the paint supplier.
For indoor use, coatings with slow flame spread characteristics and not emitting excessive
amounts of smoke or toxic products are used.

2.6. SHIP GEARS AND SAFETY EQUIPMENT
The vessel is equipped with 4 polyamide heat-fixed mooring ropes. For attachment of
mooring lines 6 steel double cross-shaped bollards are provided from each side.
Fastening of the towing rope is provided for 2 bow bollards.
Two full-turn azimuth thrusters are used as a steering device. It is planned to install a bow
thruster with a thrust of at least 10 kN in the ship’s bow.
The vessel is equipped with a bow and stern anchors. These are three Hall anchors [9] fixed
in sailing position in hawse holes, and anchor chains. Lowering and hoisting of the anchor is provided with the anchor-mooring windlasses. The weight of each of the bow anchors shall be 1,250
kg, the weight of the stern anchor – 1,000 kg. Bow anchor chains [8] shall have a minimum length
of 175 m and dia. 40. Stern anchor chains [8] shall have a minimum length of 125 m and dia. 38.
Lowering and hoisting of the anchor is provided with the anchor-mooring windlasses.
The mast device consists of a 4 meter high mast installed on the superstructure roof in the
bow of the ship. The mast is designed to be collapsible in order to maintain the mast equipment
and reduce the air draft of the ship. The mast is designed to carry lights, navigation equipment,
antennas and signals.
To protect the hull during mooring operations the fender guard is provided along the ship
perimeter.
It is planned to install two semi-enclosed lifeboats RSB-0417C each with a capacity of 15
people from each ship side.
Throw overboard liferafts ПСН-20МК "SOLAS A PACK" (raft weight in a container no
more than 185 kg) for 20 persons – 2 pcs. are installed from each side on the wheelhouse roof, as
well as ПСН-6МК "SOLAS A PACK" (raft weight in a container 95 kg) for 6 persons – 2 pcs.
provided on the aftercastle deck.
A rescue boat RSB-0417 with a capacity of 6 persons on the aftercastle deck is provided.
The vessel shall be equipped with 10 lifebuoys [7], two of which - with a shot line of 8.5
mm in diameter, 28 m long, located from each side, two - with a self-igniting buoy.
The ship is supplied with 20 life jackets.

2.7. SHIP MACHINERY AND SYSTEMS
2.7.1. Propulsion equipment
It is planned to install two Wärtsilä 4L20 diesel engines with a power of 2×800 kW as the
main engines, providing the ship with a speed of at least 12.2 knots in still deep water.
The Wärtsilä 4L20 is a four-stroke, non-reversible, turbocharged, intercooled diesel engine
with direct fuel injection. The main characteristics of 4L20 diesel engines:
Cylinder diameter – 200 mm;
Piston stroke – 280 mm;
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Cylinder capacity – 8.8 l/cylinder;
Number of cylinders – 4;
Direction of rotation: anticlockwise – 1; clockwise – 1;
Weight – 7.2 t.
The arrangement of machinery and equipment in the engine room is made taking into account the requirements of the Rules of the Russian River Register, as well as safety requirements.
The engine room is located aft of the ship and has a soundproofing covering. Loading and unloading of the main engines, diesel generator and other equipment is carried out through the hatches of
the machinery rooms.
The main engines and diesel generator are provided with a standard, fully integrated lubrication system.
The fuel system includes fuel tanks and pipelines with filter-separators, shut-off and bypass valves.
The closed-circuit tank refueling is provided through the filling openings located on the
upper deck and equipped with a coaming to prevent fuel spillage. Fuel is supplied to the main
engines and diesel generators by means of fuel pumps mounted on them through filters-separators
and pipelines. In the area of installation of filter-separators, trays are provided to collect possible
fuel leaks.
Cooling systems for the main engines and diesel generator are double-circuit. The internal
circuit of the system is fully integrated with the serviced machinery. The first (outer) circuit of
the system includes:
− bottom kingston with a receiving grate located from the starboard side next to the main
engine;
− two seawater filters located near the kingston;
− pipelines and flexible connections at the points of connection to the serviced machinery,
switching and shut-off valves.
Outboard water is supplied to cool the main engines and diesel generators by pumps
mounted on them. After cooling the machinery, the seawater through standard pipes enters the
exhaust system and is discharged overboard along with the exhaust gases. Part of the seawater
after cooling is supplied to the stern tube seal.
2.7.2. Ship systems
The laying of pipelines ensures the minimization of the volume of their dismantling in
case of vessel equipment repair.
Free access to the pipelines laid under the portable deck is provided for the inspection and
repair of the pipelines themselves and products installed next to them (valves, foundation bolts,
etc.).
The passage of all pipelines through watertight structures is ensured using deck and bulkhead glands.
Drain plugs or valves are provided on pipelines at the lowest part to drain the pipeline.
Drain plugs are provided in places where stagnant zones can form.
The openings for laying the pipelines through the structures are provided of sufficient size
so as not to hinder the insulation and dismantling work.
Expansion joints or similar devices are provided on pipelines where necessary. The pipelines are laid at a sufficient distance from the electrical distribution boards. Fuel lines are laid
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with sufficient distance from hot surfaces. Materials of pipes, fittings, gaskets correspond to the
working fluid and operating conditions.
All piping systems shall be secured and have rings with distinctive coloring, and fittings
shall be equipped with distinctive bars.
To drain the ship spaces in the engine room, ballast tanks and forepeak, three drainage
pumps are provided.
The pumps are connected to a common bilge collector. The drainage manifold inlet lines
are equipped with a grid, and the drainage pipeline is allocated overboard.
The closed-circuit pumping of bilge waters is provided by onshore facilities or by a service
ship through a standard gland located on the main deck from the port side.
To extinguish a fire in the engine room an aerosol fire extinguishing system is provided.
This system is always ready for operation.
Ventilation and heating are provided onboard the ship in living quarters and quarters intended for the crew work.
The vents on the exposed parts of the freeboard deck have a rigid coaming with a height of
at least 250 mm and watertight covers.
The air pipes of the tanks are brought out to the upper deck and are equipped with air caps.
Fuel tanks are equipped with measuring tubes with deck bushings installed on the upper deck.
The vessel is provided with a supply of drinking water.
Water storage tanks are installed. Water from the tank is supplied to the sinks, latrines, food
block, etc. through hydrophores under a pressure of 0.1-0.2 MPa.
To prevent pollution of the environment with sewage, the ship is provided with a closed
sewage system with a sewage treatment plant.
Waste tanks are equipped with level sensors to send a light and sound signal to the wheelhouse when the tank has reached 80% of the filling level.
Emptying of tanks is provided by means of the service ship or by shore facilities through
a deck sleeve.
The ventilation of the sewage tanks is provided through the air pipes brought out to the
upper deck from each side and equipped with filter absorbers with ventilation pipes.

2.8. ELECTRICAL EQUIPMENT AND COMMUNICATIONS
Electricity is distributed at the following voltage values:
1) 380V three-phase alternating current for power consumers (three-wire isolated);
2) 220V three-phase and single-phase alternating current for a water extinguishing pump,
main (indoor and outdoor) lighting, household equipment, (two-wire isolated);
3) 24V DC for electrical starting system: main engines (ME) and diesel generators (DG),
emergency lighting, power supply of signal lamps, flashing units, alarm: emergency, fire,
emergency warning, on starting aerosol extinguishing, control and monitoring systems of main
engines and diesel generators, communication and navigation equipment.
The vessel has the following batteries:
- starter battery package is provided for each main engine and diesel generator.
- emergency source = 24V, ship storage battery, consisting of four serial parallel groups
of 6СТ-190А storage batteries with a total nominal capacity of 380 Ah.
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- as autonomous emergency source for powering the VHF radio station, MF/HF radio
station and VHF radio station of the maritime range, an autonomous rechargeable battery with
a capacity of 190 Ah is provided.
For the electricity distribution from the main sources in the engine room, a main switchboard 380/220V of attachable type is installed fixing to shock absorbers. The main switchboard circuit 380/220V provides for long-term single operation of any of two diesel generators
for the main switchboard buses. To distribute electricity to consumers, distribution boards are
installed on the ship. For the distribution of electricity from an emergency source = 24V, an
automatic control switch is installed.
For electric drives of engine room machinery, general ship systems and deck machinery,
asynchronous electric motors are used, mainly with direct start from the power network 380V,
50Hz by means of magnetic starters.
The following types of lighting are provided onboard the ship:
- basic (indoor and outdoor);
- emergency;
- portable.
All electrical networks shall be installed according to the layout drawings. Line sections
and connections are made using junction boxes and switches. To supply consumers with electricity, cables of brands approved by RRR are provided. Fastening of cable routes to the elements of shielding and jointwork is provided at intervals of approx. 300 mm as applicable.
The cabin uses hidden cable routing with access to through removable panels. The passage of
cables through watertight bulkheads is provided through group and individual glands with a
corresponding seal.
The vessel is equipped in accordance with the requirements of the Rules of the Russian
River Register, as well as in accordance with the Rules for Inland Navigation [4] and [3].
An electrical signal is used as the main sound means.
The navigator's console is located in the wheelhouse. It is designed to control the vessel,
start, stop and monitor the operation of the main engines and diesel generators, turn on/off
signal lights, lighting network, sound signal, wind screen wiper, etc.
To provide the navigator with good visibility on the frontal windows of the wheelhouse,
wind screen wipers with an electric drive, powered by the mains of 24 V, are provided.
To ensure two-way radio communication with ships and coastal radio stations, a stationary VHF radiotelephone station of the marine and river range is provided onboard, with completed with a microphone, a power supply device and an antenna, and carried (portable) VHF
radiotelephone stations with chargers, transmitter power is 4 W.
The composition of the ship's navigation equipment meets the requirements of the Russian River Register Rules.
To protect against interference caused by electrical devices onboard the ship, the necessary protective measures are provided.
In accordance with the requirements of the Rules, the ship provides for the installation
of loudspeaker communication and broadcasting aids.
A fire alarm will be installed onboard the vessel.
The alarm device is installed in the navigator's console and provides light and sound
signaling.
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To protect equipment and crew from direct injury from storm discharges, a lightning
protection device is provided on the ship. The ship has removable lightning arresters made of
stainless steel bar.
The masts and lightning arresters are connected to the ship's hull by a jumper with a cross
section of at least 70 mm2. Detachable lightning arresters are installed when the ship is operating in an open water area in stormy weather.
An electrical signal is provided onboard as a sound signaling device.
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CONCLUSIONS
Studies on WP3.2 of the INFUTURE KS1006 theme has been completed in full. Within
the framework of the topic, a new improved version of the software has been developed, which
makes it possible to take into account external influences on the parameters of the movement of
ships (wind, current, interaction of hulls when meeting and overtaking, the influence of the shape
and size of coastal structures, etc.).
The upgraded software allows, if necessary, to include additional information obtained experimentally.
The toolkit for analyzing the possibility of safe navigation on inland waterways has been
tested in solving several problems, including the calculation of parameters for the movement of a
vessel along the Neva River in the area of St. Petersburg bridges and the Saimaa Canal.
The results showed that it is possible to assess the possibility of safe river navigation by
vessels of the Saima-Max type.
Work on the WP3.4 stage of the INFUTURE KS1006 theme in terms of the development
of the concept design of the container ship is carried out in accordance with the developed design
schedule.
At this stage, the development of the theoretical drawing has been completed, and the calculations of speed and stability have been performed in the first approximation. The questions of
the structure and arrangement of the ship hull are considered.
The results of the work were reported at working meetings on the INFUTURE project in
2018-2020.
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