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Abstract

This paper presents design assumptions, technaraditons and two kinds of design solution of pispn
system for an inland waterways ship. In the fiestsion this is a combustion-electric system fitwéth frequency
converter and in the other - combustion-hydrauliceowith hydrostatic reduction gear. There are also
preliminary comparative analysis of these systems.
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1. Introduction

Accede Poland to the European Union created sagmifiincrease of interest of an inland
sailing especially in an east-west direction. Agy@aample of this interest, not only our country
but also European authorities, is assign some dinboutlays on realization research works in
European project EURECA.

One of such projects, realized mainly at Gdanskvehsity of Technology, the Faculty of
Ocean Engineering and Ship Technology, is projplEOWATRANS E!3065. The project
concerns designing of passenger inland waterwaps stitended for sailing on a shipping route
Berlin — Torun — Kaliningrad. Acquaintance with toof navigation is in case of inland
waterways ship very essential. Construction of sships and their propulsion systems depend
on depth of the water routes, and dimensions ofekisting thereon sluices, and also on
different conditioning, in this also ecological.

One of the basic ship systems, which have decrsiwaning for effectiveness and safety
of navigation is propulsion and steering systenvess kinds of propulsion systems are applied
on board modern inland waterways ships, out of vthe following can be enumerated :

» conventional one fitted with a combustion engimethed gear and fixed or controllable
pitch propeller, free or ducted in a fixed or piadile Kort's nozzle
» combustion-electric one fitted with an electricngmission and frequency converter
making it possible to steplessly control rotatiospeed of the propeller which may be
fixed one
» combustion-hydraulic one fitted with a hydrostatemsmission and fixed propeller
» propulsion system fitted with two azimuthal propedl (rotatable thrusters) driven by
combustion engines through a toothed, electricydrdstatic transmission
propulsion system fitted with cycloidal (Yoith- Setider) propellers
» propulsion system fitted with water jet propellers.

Below are presented basic design assumptions andselected design concepts of

propulsion system for the mentioned ship.
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2. Basic design assumption and choice of propulsi@ystem

In this case the main external conditioning hawhghe principle influence on the basic
projects - foundations of ship, resulted due tdmexzal — exploitation features of the foreseen
route of navigation. Some the most important ofrttage as follow:

- minimum depth of the water route - 12m
- length of the shortest sluices - ~60m
- minimum clearance of the bridge on the route 3,87 m

- high ecological requirements

Taking into consideration above-mentioned conditignworked out general concept
design of the ship. Assumed that the ship wouttsisb of two connected segments: pusher and
hotel barge, which can be seen in Fig.1.
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Fig. 1. View of the two segments of the desigmand ship: hotel barge — upper drawing
and pusher — lower drawing

The basic technical parameters are as follow:

- overall length of the each segment L=56m

- overall breadth B=9m,

- draught T=1m,

- ship displacement for T=1m 1.0=4401t,

- expected velocity for T=1m V =14 km/h
- required power output P =300 kW.

The required very small draught of the ship is rmpartant limitation in searching for a
suitable propulsion system. Certainly it cannoal@opulsion system using cycloidal propellers
which are located under the ship's hull. Shipseadriley water jets fairly well operate in shallow
waters. However such drive is unfavourable from ébelogical point of view. A large water
stream sucked out from under ship's bottom andwim@verboard with a great velocity destroys
bottom and side structures of the waterway andobiodl live existing there. In this case the
factor has been deemed so important that it waslel®do exclude the water jet propulsion
system from further considerations.

Hence only the systems fitted with screw propelteage been taken into account. As the
propeller is assumed to operate in non-cavitatemgge, its appropriate diameter should be
greater than | .4 m. In the case of two propellesed e.g. in Schottel rotatable thrusters the
diameter of each of them might be a little smakepyal to about 1.35 m.

Due to the small draught of the ship the above roeetl values of propeller diameter are
not acceptable.
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Therefore it was deemed necessary to apply a dqubfeeller propulsion system. This
way it would be possible to decrease the diameteahe® propellers to such an extent as to
decrease its value to 0.83 - 0.85 m in the cagdasing them in Korfs nozzles, being still large
enough to transfer the assumed power. The outeratiéa of the nozzles would then exceed a
little the draught of | m, but if ship’s hull foriw suitably corected it will not be a problem. Such
solution has many advantages. The double-propeitgoulsion system provides higher ship's
manoeuvrability and reliability. Location of theopellers inside the nozzles significantly
lowers risk of catching the propeller's blade oa bottom that usually results in a failure and
necessity of replacement of the propeller. Ductihg propellers also lowers unfavourable
influence of screw race on the waterway bottomcsiine.

An additional improvement of reliability of the ¢ge and its simplification can be obtain
by applying the fixed-pitch propeller. However équires to provide the system with capability
of changing magnitude and direction of rotationaéexd of the propeller shaft, that can be
realized in the simplest way by a hydrostatic ecglc transmission included in the propulsion
system.

Further advantages can be achieved by replacinfixe nozzle with pivotable one, and
even better by using a rotatable thruster. Thisasak possible to resign from applying the
traditional rudder and in consequence to signitigadecrease gabarites and weight of the
device and simultaneously to improve ship's manikty.

Taking into account the above presented factors dewded to elaborate conceptual
design projects of two solutions of the propulssgstem fitted with rotatable thrusters, the most
technically justified in the opinion of these authaamely:

» combustion-electric one fitted with typical askironous squirrel-cage electric motors and
frequency converters making stepless control oatimal speed of fixed propeller
possible

» combustion-hydraulic one fitted with hydrostdt@nsmission.

3. Combustion-electric propulsion system

The elaborated combustion-electric main propulsigstem of the ship is shown as a
diagram in Fig.2.

Three electric generating sets were applied; eatiean consisted of a four-stroke
combustion engine driving a three-phase synchrogensrator. The total power output of the
three generating sets fully covers power demangtapelling and steering the ship. The output
of the third generating set suffices to cover tb&uaed power demand of other consumers. So
produced energy is delivered to the main switchtbhd@arom here its main part goes to the
frequency converters and next to the three-phagehsonous electric motors driving the fixed
screw propellers through the toothed intersectixig-gear.

The ship steering functions are realized by rogatire column of rotatable thruster by an
arbitrary angle around the vertical axis. To threl avere used two hydraulic motors of a
constant absorbing capacity, driving the columoulgh toothed gears. The motors are fed from
a constant capacity pump placed in the oil tankesyswhich is seen in Fig. 3. showinig, two
axonometric projections, an arrangement of the reamponents of the presented system.

In this version of the system have been applieceteetric motors in vertical position, that
made it possible to obtain a modular constructibrrotatable thruster, more compact and
having relatively small gabarites. The drive ism@@itted from the motors to the propeller shaft
through the one-stage toothed gear placed insidepthd (electric podded propulsor) of
rotatable thruster under water. Its reduction raigmall because of a limited size of the pod,
that makes it necessary to use a four-pole medpereselectric motor.
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A drawback of the solution is that the upper swefatthe electric motor sticks out a little
over the first deck of the ship (not shown in tigeife). Another unfavourable feature is that the
mass centre of electric motors is located highsimiied aft.
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Fig. 2. Simplified schematic diagram of the comiomselectric main propulsion system of the shiptation:
| — combustion engine, 2 — electric generator,ilary electric generating set, 3 — regulator oflunce voltage
of the electric generator, 4 -frequency converer electric three-phase asynchronous cage moterfdthed
intersecting-axis gear, 7 — fixed pitch propell@r, hydraulic motors
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Fig.3. View of an example arrangement of the mammonents of the combustion-electric propulsiotesys
Notation : | - electric generating set, 2 - auxiljaelectric generating set, 3 - driving the proee)l4 -frequency
converter, 5 - main switchboard, 6 rotatableuster, 7 - hydraulic unit for supplying hydrauliotors,
8 - hydraulic motor fitted witch planetary gearddve the mechanism rotating the column of rotdbruster,
9 - central " outboard water - fresh water " cogl&0-exhaust piping with silencers, 11 — outboaster pump,
12 — lubricating oil pump and tank, 13 — fuel taarid pump, 14 — ballast pump, 15 — bilge pump, fie-pump,
17 — accumulator, 18 — hydrophore tank, 19 — eleetrater heater, 20 — water heater

4. Combustion-hydraulic propulsion system

Fig.4 shows schematic diagram of the propulsiontesys fitted with hydrostatic
transmission.

The system is composed of two identical, mutualependent subsystems; each of them
is driven by a high-speed combustion engine I. €hgine, through a flexible coupling II,
directly drives : an unit of two oil pumps 2 anda®d also, through a mechanical gear lll, an
electric generator and a pump 4. The pomp of verighpacity 3 and the pomp of constant
capacity 2 together with control unit V are the maource of energetic oil for feedingiged
displacement hydraulic motor 11. The motor drives, through athed bevel gear, a fixed
propeller located within a nozzle of a rotatableusiter XIV. In this case the application of a
fixed propeller was justified by making it possilite steplessly control speed and direction of
rotation of the hydraulic motor 11. This is reatizsy changing the capacity of the main pump 3
and oil pumping direction with the help of thewaenechanism of the pomp.
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Fig. 4. Schematic diagram of the combustion-hydcgulopulsion system.

The servomechanism consist of a hydraulic cylifdland a proportional valve 6 which is
fed from the small pump 2 installed at the main pun

The oil from the pump 2 flows through a check valg to a filter in block IX and next
divides into four branches:

+ feeding the proportional valve 6 - block VI,

+ feeding through one of two check valve a low-puesdine of the pump 3 - blocks VII,
¢ feeding a pressure relief valves 15,

¢ feeding a pilot operated relief valves 16 — blv@K,

During normal work cool and clear oil supplied froine pump 2 flows through one of two
check valves in block VII into the actually low-peaire line of the main pump 3.
Simultaneously from this line the same quantityhaf hot oil have to be taken off. The oil flows
off through a 3/3-way directional control valves, BOpressure relief valves 19 and return filter
21 to an oil tank 1. The valve 10 is controlledgher pressure of the both lines of the main
pump 3, and always connects the low-pressure litie thhe pressure relief valves 19, which
opening pressure value is set up a little lowen tloa the pressure relief valves 15.

A pressure relief valves 18 fulfill duty of safefglves and protect the both lines of the
main pump 3 against excess in increasing of the jpiessure.
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As it was mentioned earlier, each propeller isehiby the hydraulic motor 11 through the
reduction conical gear localized inside a pod. fiy@raulic motor is placed in vertical position
inside the vessel's hull directly above the azimilittuster. A shaft of the hydraulic motor is
coupled with a shaft of the conical gear.

Steering of the vessel is realized by turning ef tiiruster round vertical axe. A thruster’s
column is driven by two 2-dirctional fixed displawsent hydraulic motors 12 through the
reduction gear. The hydraulic motors 12 are fgdixed displacement oil pump 4. Both lines
feeding these hydraulic motors are equipped wilbt @perated check valves 13 ( block XI )
and pressure relief valves 14 ( block Xl1). Thévea 13 protect the column with nozzle against
unintentional turning caused by external hydrodyicaforces, and the pressure relief valves —
against overloading mechanism in case of strikimgnozzle against the bottom.

Use of two hydraulic motors and the reduction geas dictated mainly by aim to
decrease their dimensions for enable to locatthede hydraulic motors in one plane for well-
chosen coronary bearing of a vertical column ofahienuth thruster. Two smaller motors make
possible, as in symmetrical arrangement, to redneeveights considerably and the same the
dimensions of the toothed gear. The motors12 atenfgarallel arrangement through 4/2-way
directional control valves 9, controlled electrometjcally. This enables to cut hydraulically off
from feeding of any motor with simultaneous conimtboth hydraulic lines of the motor. In
this way the thruster column can be driven by or@omonly, when the second motor is
working as a pump on overflow with insignificansges of the power. It should be marked, that
possible to obtainment torque would be a littles ldgan a half of the nominal torque. However,
during normal navigation on longer distances, &nsg to be sufficient for control the course of
the ship.

Considering, that the time of manoeuvres with tugrof the azimuth thruster is relatively
very short in comparison with the total time of mgtion, this subsystem is used also for
cleaning and a cooling oil in the reservoir 1. laripds between manoeuvres a 4/3-way
directional control valve 7 is in central-positiantting hydraulically off feeding of the motors
12 and direct the whole delivery of the pump 4 lock IX - filtration of the oil, block X -
control of temperature and alternatively to block->€ooling of the oil, and in the end to the
reservoir 1. Both subsystems for drive turning naetéms of the thrusters can be connect by
means of electromagnetically controlled 4/2-wadiional control valves 8. It makes possible
turning both thrusters during work only by one mangine also.

Oil tank 1 is common for both main subsystems aneduipped with inlet filter 22,
temperature detectors 23, sensors of oil level 2% @ manual operated shut-off valve 26,
enabling draining of oil from the reservoir 1. Tleakages of oil from hydraulic motors are
collected in drain line and are led through a refilter 21 to the oil tank 1.

An arrangement of the main components of the syseresented in axonometric
projection in Fig. 5. There are seen an electritchlwoard an electric generating set which was
applied to satisfy electric energy demand of otdmgrsumers.

The system was provided with one oil tank and e¢ftutboard water - fresh water"
cooler (12) that made it possible to reduce spétaeoship power plant as well as a number of
its auxiliary devices.

5. Comparative analysis of the systems

Final choice of the most favourable system is mogéasy task as it must take into account
a broad range of various factors including firstatif manoeuvrability, reliability, initial and
operational costs, as well as area and space ectlyyi the system, its mass, location of its
centre of gravity etc.
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Fig. 5. View of an example arrangement of the ngamponents of the combustion-hydraulic propulsisiesn.
Notation: | — electric generating set, 2 - combostengine, 3 - mechanical gear, 4 — the main punipto drive
the propeller, 5 - electric generator, 6 - rotatalihruster, 7 - hydraulic motor driving the propeell 8 - hydraulic
motors to rotate the rotatable thruster around igat axis, 9 — hydraulic oil supplying unit, 10 xt&ust piping

with silencers, 11 — electric switchboard,12 - ceht outboard water - fresh water " cooler

In Tab. | - 2 and diagrams (Fig.6) are presentedesimportant data concerning the
features and costs of the considered propulsiotesys which are supposed to make decision-
taking easier.

Tabela 1. Parameters and prices (costs) of the ahthe combustion-electric propulsion system

Mass: of one| Volume [m3] /| Gross price:
Name o unit Gabarities |Numbe| unit /total area [M] of one unit / tota
[kg] [EURQO]

Electric generating set
of 240 kW output |2737x1150x1371 2 2820/5640| 8.63/6.30 [ 57050/ 114104
IVECO GE
8210SRM45
Electric generating set
of 112 kW output | 2309x720x128(0 1 1950/1950( 2.13/1.66 | 37100/ 37100

IVECO GE
8361SRM32
Electric motors of 200 1.16/0.96
kW power EMIT 1210x600x800| 2 1120/ 2240 |not acounted fgr 6500 / 13000
Svgm 315 mL4 in calculations?
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Frequency convertef
Danfoss VLT 370x420x1600f 2 200 / 400 0,50/0.31 | 18000 /36000

Hydraulic oil tank unif 500x500x700 1 300 /300 0,15/0,25

Azimuth thruster 2 910/ 1820 54000/ 108000
Total /12350 11.41/8,52 /~308200

Tabela 2. Parametry i ceny zespotéw systemu Dlegidlaulicznego z przektadnhydrostatycza

Numbeq Masa: | Objetos¢ [m’]/ Cena:
Name o unit Gabarities iednostkow{powierzchnia [f]| jednostkowa /
/ taczna taczna [EURO]
[ka]
Combustion engine o

220 KWIVECO 1770x935x1030 2 900/1800, 3,41/3.31 24500 / 49000

CURSOR 300
Electric generating set 47160 / 47160

160 kW outpulVECO |2975x1110x1940 1 2520/2520 6.41/3.30

GE8210SRM36

Hydraulic pump 12000 / 24000

of 252 kW max. outpuf 350x300x220 2 114/ 228 0,05/0.21
Rexroth A4VSG 180

Hydraulic motor 0,03/0.13 5368 /10736
of 220 kW max. output 224x280x250 2 731146 [notenterirs for
Rexroth A2FM 250 in calculations*
Electric generator of 3000 / 6000
40kW output 615x450x450 2 165/ 330 0,25/0.55

Leroy — Somer 2.2VL8
Hydraulic oil tank unit| 1000x1000x13p0 1 1050/ 1050 1.231
Azimuth thruster - 2 900/ 1800 - 54000 / 108000
Total [ 7874 11.31/8.37 /~244900

e This unit does not occupy any useful space of tveep plant

As far as the broadly understood ship’s manoeultyahs concerned the propulsion
system with hydrostatic transmission shows moreaathges out of which the following are
most important:

» Dbetter protection of the propulsion system agfaoverloading that results in much higher
reliability and durability of its units especialliye bevel gear;

* more accurately and faster realizednterrs that mainly results from many times smaller
inertia moments of the hydraulic motors as compariga those of electric ones.

Successive advantages of the combustion-hydrayétem are its smaller weight and
gabarites. They first of all result from many tinssaller mass of the hydraulic motors and
space occupied by them against those of the elenowiors of the same power. As results from
the data included in the tables the masses diffezach other almost fifteen times. Another
source of the merits is the application of the mlghter high-speed combustion engines for
driving the hydraulic pumps, having rotational speauch higher than that of the electric
generating sets used in the combustion-electripydston system. It makes advantageous
location of a’lenter of gravity shifted in direction of the shignter. The features are especially
favourable in the case of small vessels espediatige intended for sailing in shallow waters.
Another important advantage of the system fittethwiydrostatic transmission is its smaller
initial cost amounting to less than 77% of thathaf remaining systems in question.
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The main drawback of the considered system isigisen operational costs. They mainly
result from a lower efficiency of the system. Frtime so far performed analyses it results that
the efficiency of the combustion-electric systembig about 5% higher than that of the
combustion-hydraulic system, at rated values of thgerational parameters. For this reason in
the combustion-hydraulic system a somewhat hightat power output of combustion engines

has been provided for. The need of periodical charfgil and filtering cartridges additionally
rises operational costs.
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Fig. 6. Comparison of initial costs and mass ofltle¢h presented propulsion systems:
1 — Combustion-electric one, 2 — Combustion-hydcaarhe

6. Final remarks

The both presented design variants of the shipytsam systems satisfy the assumptions
enumerated in introduction and each of them coeldyplied to the designed ship. To choose
the most favourable one out them is not an eagy H®mvever the author are convinced that the
above presented analysis of basic features and obstach of the systems certainly may help
the principal designer of the ship in making a j@roghoice.
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