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1 Introduction

The problems in analysing vibrations for installations with
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This article introduces a computer program developed by Wértsild Switzerland which provides
a three-dimensional model of the shafting for the calculation of coupled vibrations, alignment and
whirling in a ship propulsion plant. Based on the finite-element method the program covers both
dynamic and static problems. Each node has six degrees of freedom. The following features are
included: calculation in frequency range and time domain, linear and nonlinear bearing characteri-
stic, consideration of variation of running gear inertia, and optimization of engine parameters. The
mathematical model of the shaft line with all associated parameters and boundary conditions are
represented by calculation results and validated by measurement. An everyday example for the
calculation of coupled axial vibrations with the associated measured data is shown in this paper.
Furthermore the influence of the variation of torsional inertia is demonstrated and a possibility for
reduction of torsional stress in the crankshaft by injection timing optimization is explained. As an
example for the static capabilities the reverse bearing offset calculation based on measured web
deflections, bearing loads and bending moments is demonstrated.

Keywords: bearings, coupled vibrations, shafting, ship propulsion plants, torsional stress

Napredne metode za staticki i dinamicki proracun osovinskog voda

Pregledni rad

U ¢lanku je opisan program za elektroni¢ko racunalo razvijen u tvrtki Waértsild Switzerland,
koji koristi trodimenzionalni model osovinskog voda za proracun spregnutih vibracija, centracije
i vitlanja u brodskom pogonskom postrojenju. Program se temelji na metodi kona¢nih elemenata
te pokriva statiCke i dinamicke probleme. Svaki ¢vor konac¢nih elemenata ima Sest stupnjeva
slobode. Uklju¢ene su znacajke: proracun u frekvencijskom i vremenskom podrudju, linearne i
nelinearne znacajke lezaja, uzimanje u obzir promjene inercije rotirajucih zup€anika kao i optimi-
zacija parametara stroja. Matemati¢ki model osovinskog voda sa svim pridruzenim parametrima
i rubnim uvjetima predstavljen je pomocu rezultata proracuna i provjeren mjerenjem. Prikazan je
primjer proracuna spregnutih uzduznih vibracija iz prakse s odgovaraju¢im podacima s mjerenja.
Nadalje, pokazan je utjecaj promjene inercije na uvijanje, te je objasnjena moguc¢nost smanjenja
naprezanja zbog uvijanja u koljeni¢astoj osovini pomoc¢u optimizacije trenutka ubrizgavanja. Kao
primjer mogucnosti statiCke analize pokazan je proracun repozicioniranja lezaja na temelju izmje-
renih pomaka, optereéenja u leZzaju i momenata savijanje.

Kljuéne rijeci: brodsko pogonsko postrojenje, leZajevi, osovinski vod, spregnute vibracije,
torzijsko naprezanje

two-stroke diesel engines have been accentuated since new
engine generations have been introduced on the market with
high efficiency for minimum fuel consumption, involving lower
running speeds, larger stroke/bore ratios and higher combustion
pressure. For these engine types, the vibration aspect has become
more important.

A typical arrangement of a two-stroke diesel engine installa-
tion is shown in Figure 1. The engine is directly coupled to the
propeller by one or more intermediate shafts and the propeller
shaft. The integrated thrust bearing at the aft side of the engine

axial damper
m propeller shaft
d Ndiate shaft
propeller thrust bearing torsional damper

Figure 1 Arrangement of shafting system
Slika1 Raspored sustava osovinskog voda

transmits the axial forces from the propeller to the ship structure.
The pads of the thrust bearing are mainly arranged below the ro-
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tational axis, so there is also a bending moment to accommodate.

At the free end of the crankshaft an axial damper is integrated.

The axial damper consists of two oil chambers which are con-

nected to each other. Oil flows from one chamber to the other

with the axial displacement of the crankshaft so leading to the
needed damping effect.

When displacement or reaction forces of the shafting system
are of interest, then the shafting system including the bearing
stiffness and offsets, but without the ship structure, can be con-
sidered.

In the past torsional and axial vibrations were calculated sepa-
rately to determine the optimum shaft line arrangement (flywheel,
intermediate shaft diameter and ultimate tensile strength, free-
end disc or torsional damper, etc.). The same one-dimensional
mathematical model was used for both kinds of calculations.
Coupling effects between the axial and torsional vibrations could
only be approximated by merging the results of both. Although
the calculated and measured torsional amplitudes are usually in
a very good accordance, the comparison of the calculated and
measured axial amplitudes looks different. Radial excitation
forces do not influence the torsional amplitudes, but tangential
excitation forces influence the axial displacements [2], [3]. For
the calculation of axial vibrations the mathematical model for
the shaft line has to be modified. Instead of separating the shaft
line into discrete 1-D elements, a 3-D model has to be used. The
advantage of this model lies in much better representation of
the real system. The following reasons exist for the use of a 3-D
model for static and dynamic shaft analysis:

e Among the torsional-axial coupling coefficients for the
crankshaft there are other coupling coefficients which may in-
fluence the calculation results, for example torsional-bending
coefficients for the crankshaft or a torsional—axial coupling
coefficient for the propeller.

* Radial and tangential forces act on the crank pin. For a realistic
calculation of internal load in the crankshaft this is a require-
ment. For the classical 1-D torsional vibration calculation the
torque between 2 cylinders is constant. In reality, the torque
in the journal pin is different from the torque in the crank pin
due to tangential shear forces in the crank pin.

e (Calculations of main bearing forces (static & dynamic) are
only reasonable with a 3-D model. This is particularly true
when nonlinear bearing characteristics are used.

The first step for creating a 3-D model of the crankshaft is
done with a finite element program. FE models for cranks of all

Figure 2 Condensation of crank element
Slika2 Sazimanje elementa koljena
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engines have to be created. For harmonic analysis the number of
nodes for one crank has a limited influence on the lowest modes.
Owing to the many single calculation steps for dynamic calcula-
tions, and only the results on some few points of the crankshaft
being of interest, the finite element structure is reduced to a matrix
structure with at least two main bearing nodes and one crankpin
node (Figure 2). Symmetric mass and stiffness matrices are the
result of the node reduction for the crank.

Mass and stiffness matrices of other cranks are calculated
from the first under consideration of the crank sequence. Based
on this a crankshaft element is created (Figure 3). The following
properties are included: rotating and oscillating mass for each
cylinder, main bearing stiffness and damping, crankpin dam-
ping, and stiffness and damping of the axial damper and thrust
bearing.

main bearing

Figure 3 3-D model of crankshaft
Slika3 Trodimenzionalni model koljeni¢aste osovine

The accuracy of a vibration calculation depends on the ma-
thematical model and the associated parameters. The stiffness and
damping coefficients of the bearing elements are crucial for the
calculation of natural frequencies and forced vibrations.

2 Calculation package EnDyn

Some years ago, the coupled axial vibration calculations of
installations with two-stroke Wirtsila RTA diesel engines were
carried out with a commercial FE program [3]. However, this way
of working is not suitable for daily calculations with a minimum
of effort and time. For this reason it was decided to start the deve-
lopment of a user friendly calculation program, known as EnDyn.
It is based on the finite element method [1]. All needed engine
data are included in crankshaft elements; only the characteristics
of the flywheel, front-end disc, torsional damper (if any), the
intermediate and propeller shaft, and the propeller have to be
defined by the user. The first stage of development was achieved
when the standard output of a coupled axial vibration calculation
was presented to and accepted by the few Classification Societies
which requested such calculations.

If a realistic mathematical model of the crankshaft and shaft
line with six degrees of freedom (DOF) at each node exists, and
then it is possible to carry out other kinds of calculations.

This led to the next extensions of this program: whirling and
alignment calculations (based on the same input file used for the
axial vibration calculation). The latest extension is the integra-
tion of an optimization algorithm, which can be used for many
different kinds of calculations.

The mathematical model for the axial bearing elements in
EnDyn is linear. The coefficients are determined by comparing
measured and calculated axial vibrations. It is assumed that radial
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bearings are isotropic. The calculation of forced vibrations in the
frequency domain has to be applied with linear spring damper
elements without bearing clearance. Mean stiffness and damping
coefficients are needed, the parameters in vertical and horizontal
direction are the same. The structure stiffness is calculated by
FEM, damping values are determined from measurement results,
since reliable methods for calculating damping parameters with
sufficient accuracy are not yet available.

More sophisticated calculations such as the calculation of
orbits should be carried out including clearance and oil film
stiftness and damping. The nonlinear bearing characteristics for
radial bearings in EnDyn are checked by comparing the result with
the output of advanced elasto hydrodynamic bearing calculations
including consideration of the FE structure of the engine.

For alignment calculations, without consideration of the oil
film, but including the bearing clearance, the 3-D model of the
crankshaft enables to calculate realistic jack load diagrams and
web deflections.

3 Example for coupled axial vibrations

This example is carried out for a 12-cylinder two-stroke
Wairtsild diesel engine with torsional damper driving a six-bladed
fixed-pitch propeller. The results are checked by comparison of
measured and calculated axial displacements at the free end of the
crankshaft, and at the forward flange of the propeller shaft.

free_end : axial displ

order 0

» Mmeasured order 0

40 50 60 70 80
speed

90 mpm 100

Figure 4 Mean values and dynamic range of axial displacement
at free end

Srednje vrijednosti i dinamicki doseg uzduznih pomaka
na slobodnom kraju

Slika 4

At the lowest speed the free end of the crankshaft moves in
the forward direction due to the propeller thrust and the radial
excitation forces but, by increasing the speed, the rotating mass
forces become more dominant and the free end moves in the aft
direction (Figure 4). This phenomenon can be observed very
clearly in the two-stroke diesel engines of stationary power plants.
These engines are operated at nominal speed and at various loads.
In the idling condition, the length of the crankshaft is much longer
compared to the full load condition. The grey filled area indicates
the dynamic range. The ratio of the dynamic amplitudes and the
mean value is quite small.

The analysis of the dynamic range is shown in Figure 5,
namely the synthesis as well as three different orders with the
largest amplitudes in the speed range together with the correspon-

free_end : axial displ

synthesis

order 1

= Measured synthesis
p measured order 1
» measured order 6

1 measured order 9

40 50 60 70 80
speed

90 mm 100

Figure 5 Analysis of axial displacement at free end
Slika5 Analiza uzduznih pomaka na slobodnom kraju

ding measured values. Owing to the torsional vibration damper
and the axial damper fitted on this engine, the dynamic axial
displacement is well below the axial limit for this crankshaft.
The sixth order of the axial displacement is slightly influenced
by propeller thrust variation.

fwd. stern tube : axial displ

order 0
mm

x measured order 0

40 50 60 70 80
speed

90 rpm 100

Figure 6 Mean values and dynamic range of axial displacement
at forward flange of propeller shaft

Slika 6 Srednje vrijednosti i dinamicki doseg uzduznih pomaka
na prednjoj prirubnici osovine brodskog vijka

Figure 7 Analysis of axial displacement at forward flange of
propeller shaft

Slika7 Analiza uzduznih pomaka prednje prirubnice osovine
brodskog vijka

fwd. stern tube : axial displ

synthesis

mm
XX order B
0.8 . 1 I | ! ) 2 k| ————
ol orderd
* order 5
{11 A S NS S—— S 5. -~

« measured synthesis

0.4

s measured order 6
P measured order 9

| ¢ measured order 5
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Owing to the thrust, the propeller shaft moves in the forward
direction (Figure 6). The mean value depends on the static thrust;
the dynamic range is influenced by the length of the shaft line
and the firing order of the engine. The analysis of the dynamic
range is shown in Figure 7. The calculated amplitudes for order
6 are dominant owing to the propeller blade number. This may
be influenced by the phase angle of the propeller.

4 Example for torsional stress reduction by
optimization of injection timing

The following example is carried out for an eight-cylinder
two-stroke Wirtsila diesel engine without torsional damper dri-
ving a six-bladed fixed-pitch propeller.

4.1 Secondary order resonance

The equations of motion for the calculation of forced torsional
vibrations are described by the derivation of the angular momen-
tum and the difference of the external torque and the torque owing
to damping and stiffness of the shafting system. The derivation of
angular momentum contains expressions for the torsional inertia
as well as the derivation of the torsional inertia. For torsional
vibration calculations of rotating shaft systems including running
gear, it is common to reduce the oscillating mass to a torsional
inertia. For the classical approach, a set of linear differential
equations is generated, taking into consideration the mean value
of the inertia (Figure 8).

Angular momentum: Principle of conservation of angular

momentum:
D=0¢
dD . dD .
= T =EG+0 —=T=-Bp-C
dt groe dt ot
Differential equations: ©=0(p)

Op+Op+Be+Cop=T

Classic calculation: @ =cst

> Op+Bp+Cp=T

Figure 8 Differential equations for forced torsional vibrations
Slika 8 Diferencijalne jednadzbe prisilnih torzijskih vibracija

Figure 9 Torsional inertia for a cylinder
Slika9 Inercija pri uvijanju za cilindar

inertia [kgm?]
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The torsional inertia, calculated by equating the kinetic
energy for the oscillating mass system and the kinetic energy for
the model with the reduced torsional inertia, is a function of the
crank angle (Figure 9). In addition to the mean value, a domi-
nant amplitude of order 2 is noticeable for the inertia. This may
influence torsional vibrations in installations without torsional
vibration damper as is shown in the following example. This
phenomenon, known as secondary resonance, was first observed
and described by P. Draminsky [5].

Taking into consideration the periodic function of the inertia
as well as the derivation of inertia the parameters for the mass
and damping matrix are periodic. This concerns classical torsional
vibration calculations, but is also applicable for calculations with
a three-dimensional model of the shafting system. An iterative
method of solving the nonlinear differential equations is used for
calculations in the frequency domain; otherwise the calculations
have to be solved in the time domain.

4.2 Calculation results with and without variation of
torsional inertia

free_end - flywh : difference angular_displ

0.6
+ E synthesis

[=%

05" | d order 11
G| m———
E order 13
E | =————

0.4° | = order 5

measured synthesis

"

measured order 11

=

measured order 13

¢ measured order 5

Figure 10 Twist in crankshaft, calculated with mean torsional
inertia

Slika 10 Smicanje u koljeni¢astoj osovini, proracunato s
prosjeénom inercijom pri uvijanju

The comparison between the original calculated and measured
amplitudes for order 13 for the twist in the crankshaft (Figure

Figure 11 Twist in crankshaft, calculated with variation of torsional
inertia

Smicanje u koljeni¢astoj osovini, proracunato s prom-
jenom inercije pri uvijanju

Slika 11

free_end - flywh : difference angular_displ

synthesis

order 11

order §

nominal speed

order 13

measured synthesis

n

measured order 11

measured order 5

Y

measured order 13
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10) demonstrates the secondary resonance effect: the calculated
amplitude at the torsional critical speed (75 rpm) is much higher
than the measured one, and at 89 rpm (the critical speed for
order 11) there is a second peak for order 13. As a result, the
calculated synthesis is different from the measured one. The ori-
ginal calculation was carried out with the mean torsional inertia.
After taking into account the variation of torsional inertia, there
is much better agreement between the measured and calculated
data (Figure 11).

Also the torsional stress was calculated again, and the result
shows that the maximum stress is above the limit (Figure 12).

4.3 Reduction of the torsional stress level

As a countermeasure for reducing the stress level it was
decided to install a torsional vibration damper. Another feasible
solution is modifying the engine tuning to reduce the harmonic
excitation order 11. A different approach, applicable for diesel
engines with a common rail injection system such as Wirtsila
RT-flex engines, is an individual variation of the cylinder pres-
sure. Owing to the fact that order 11 is not the main order, the
harmonic excitation forces of order 11 have different phase angles
for each cylinder.

cyl4 ; torsional_stress (fwd)
40

= a Hhaaie
synthesis
+MPa 2 —
limit A & order 11
10 —  ————
'E order 5
§ ————
- order 1

-
L=

______---—---"""
0 ————--‘———--’—

60 70 80 90 pm 100
speed

= —

Figure 12 Torsional stress calculated with variation of torsional
inertia

Naprezanje na uvijanje, proracunato s promjenom
inercije pri uvijanju

Slika 12

An elegant option of varying the cylinder pressure histories
among cylinders is provided by using different injection patterns
[6]. Pre- or sequential injection can be used either on all cylinders
if sufficient for reducing the harmonic excitation order 11 at the
critical speed or on selected cylinders only, applying an optimi-
zation routine for determining the most appropriate selection of
the respective injection parameters: timing and duration of the
pre-injection pulse as well as the duration of the pause between
pre- and main injection pulses in the case of pre-injection or the
delay between the actuation of the individual injectors and the
actuation sequence in the case of sequential injection.

For this example an individual variation of injection timing
was considered. Based on gas excitation sets for different injec-
tion timings and with the optimization mode included in EnDyn,
the solution for the lowest torsional stress was calculated. It was
assumed that the optimization is only valid in a small speed

Injection timing vs. speed

_cyIB ﬂ F:yl? ﬂ i_::yIG ﬂ

60 speed 105 60

speed 105 60 speed 105

cyls cyld cyl3

[l
i i

60 speed 105 60 speed 105 60 speed 105

cyl2 cylt

[l [l

60 speed 105 60

speed 105

Figure 13 Injection timing for reducing maximum torsional
stress

Podesavanje trenutka ubrizgavanja radi smanjenja
najvecih naprezanja uslijed uvijanja

Slika 13

range around the critical speed, and the range for injection
timing variation is as small as needed for a moderate reduction
of torsional stress. Figure 13 shows the result for the injection
timing. Cylinders 3 and 5 have an earlier beginning of injection
timing; all other cylinders have an injection timing delay. The
torsional stress calculated after optimization is shown in Figure
14. The reduction applies mainly to a reduction of the torsional
stress for order 11.

cyl4 : torsional_stress (fwd)
40

8-}

@ synthesis
+MPa ] —

limit k) order 11
E order §
§ | =————
order 1

-

o o

= —

speed

Figure 14 Torsional stress calculated after optimization of injec-
tion timing

Slika 14 Naprezanje na uvijanje, proracunato nakon optimizacije
trenutka ubrizgavanja

5 Example for alignment: reverse bearing
offset calculation

Bearing forces and bending moments in a shafting system
depend on speed and power, on modal parameters like natural
frequencies, mode shapes and modal damping, on weight and
misalignment of the shafting system. The misalignment is in-
fluenced by the given bearing offsets and the static deformation
of the ship hull depending on the ballast condition of the ship
and the sea waves.
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Practical methods to determine the misalignment in a given
installation are web deflection measurement and jack load test.
Sometimes strain gauge measurements are also carried out. Ba-
sed on these data the analysis of the bending line of the shafting
system is possible. The following example is carried out for a
bulk carrier with six-cylinder diesel engine.

5.1 Crank web deflection

The web deflection for a crank is the difference of the di-
stance between webs for the loaded and unloaded crank. Web
deflections, depending on the crank sequence and the bending
line of the crankshaft, have a different characteristic for each
cylinder (Figure 15).

cyl2

0.15
mm
0.1

0.05 "
0\ /?

AN /
’ N x/
0;)0? >

0° 90° 180°

270° 360°

crank_angle

Figure 15 Calculated and measured crank web deflection
Slika 15  Proracunati i izmjereni pomaci koljena

Web deflections are measured at the top dead centre and
around the bottom dead centre in the vertical plane, and at fuel
pump side and exhaust side in the horizontal plane. Because of
the connecting rod it is not possible to measure the web deflection
continuously. Near the bottom dead centre the deflection has to
be measured at either side of this position (exhaust side and fuel
pump side of the bottom dead centre).

5.2 Jack load

Static bearing loads are checked by the jack load measure-
ment, which allows the determination of the bearing load in the
vertical plane. The principle of the jack load is simple: when the
shaft is jacked up from the shell, the bending stiffness of the shaf-
ting system changes. Jack load measurements may be carried out
for the main bearings of the engine, for intermediate bearings and
the forward stern tube bearing. As a result of the measurement,
the displacement values are plotted against the jack load.

When jack load measurements are carried out at the main
bearings of the engine, the jack is positioned under the web. The
crankshaft has to be turned to a position where the crank pin and
journal pin are in the horizontal plane.

The main bearing load depends on the crankshaft angle
(Figure 16). With a simplified model of the crankshaft, which

mb3:

vertical bearing_force

90
kN
80
70

60 -

/ jack fwd

50 ¢

40 ° ! I
180° 270°

crank_angle

360°

Figure 16 Main bearing load for one revolution
Slika 16  Glavno opterecéenje lezaja tijekom jednog okretaja

is usually used for alignment calculations, the vertical bending
stiffness is fixed. In fact the bending stiffness depends on the
crankshaft angle, and therefore the main bearing load also
depends on the crankshaft angle. This leads to the following
conclusions:

¢ Even for static calculations the main bearing loads have to
be carried out for one revolution to know the minimum and
maximum values.

e For the analysis of jack load measurements it is crucial to
know the crankshaft angle and the location where the jack is
placed.

e The sum of all measured jack loads is not the same as the
weight of the shafting system, when the crankshaft is part of
the system. jack load

jack load x measured value cyld cyls
0.4 3
mm E cyl4 eyl
e X%
B
=} 12 6
- 0.3 4 : “ “
5 B jack mh3a
£ 3 x jack area  63.6 cm®
§ gauge mb3a
g0z crankshaft 90°
-
_g bearing mb3
S distance 114 mm aft
0.1 Fy 81kN
FkM] dFidy  factor
0 4.7e+08
0 s T 1 74 10e+09 1.09

0 100 200 300 bar 400
pressure

Figure 17 Calculated and measured jack loads
Slika 17 Proracéunata i izmjerena opterec¢enja

Figure 17 shows the result of a jack load calculation, carried
out including bearing clearance. In contrast to the measurement,
the calculated jack load is without any hysteresis. There are two
kinks in the curve of the jack load. The first kink leads to the
unknown jack load. This is not in general true. When the bearing
load is very high, and the neighbour bearing has only a small load,
then the second kink can lead to the real jack load. Therefore, it
is beneficial to carry out a reverse offset calculation to avoid a
wrong analysis of the measured jack load data.

Part of the result of the jack load calculation is the jack factor.
The analysed jack load multiplied by this correction factor gives
the estimated bearing load.
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5.3 Result of reverse offset calculation

Vertical web deflection [1/100 mm]
node measured calculated difference node measured calculated differance
cyl6 2.5 3.2 0.7 cyls 1.0 1.2 0.2

Horizontal web deflection [1/100 mm]

cyl5 -8.0 7.4 -0.6 cyl5 3.0 31 -0.1
cyld 35 35 0.0 cyld 3.0 2.5 0.5
cyl3 -1.0 -1.5 0.5 cyl3 0.0 0.8 -0.8
cyl2 5.5 -5.1 -0.4 cyl2 -10.0 -10.6 0.6
cyll 3.0 2.8 0.2 oyl -20.0 -19.8 -0.2
error = 0.5 error = 0.5

Bearing load fy [kN] Bending moment mz [kNm]

node measured calculated difference node measured calculated difference
ibear 52.4 55.2 -28 sg1 -50.0 -46.6 -3.4
fwd_bush 36.2 34.7 1.5 sg2 -31.0 -36.4 5.4
3 12.0 14.5 -2.5
error = 2.2 59
error = 4.0

Figure 18 Comparison between measurement and calculation
Slika 18 Usporedba izmedu mjerenja i proracuna

Based on a best-fit procedure EnDyn enables a reverse offset
calculation to be carried out for all bearings. Figure 18 shows the
result of the reverse bearing offset calculation as a comparison of
measured and calculated value for each location, and the differen-
ce. From the differences a mean error is calculated. The number of
the measured data is bigger than the number of unknown bearing
offsets, therefore the error will be always greater then zero. More
important, this value is a good indication for the accordance

vertical displacement

3.95
mm

12.6 vertical bending stress
MPa

0.0

1

IW
— = x e z

Figure 19 Vertical displacement and bending stress
Slika 19 Vertikalni pomaci i naprezanja uslijed savijanja

between measurement and calculation. As a result of the reverse
bearing offset calculation the displacement and bending stresses
are shown over the shaft line in Figure 19.

The main bearing forces are shown in Figure 20. The grey
filled area indicates the bearing load over one revolution, the
horizontal lines correspond to the load when cylinder 1 is at the
top dead centre. The bearing loads are all within the limits for
service condition.

150
kN

100

mb1 mb2 mb3 mb4 mb5 mb6 mb7 mb8

Figure 20 Main bearing load distribution
Slika20 Raspodijela optereéenja glavnih lezaja
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ULJANIK BrodogradiliSte d.d. Flacijusova 1, 52100 PULA, Croatia
Tel. +385 (52) 374 000 - Switchboard; +385 (52) 374 450 - Sales Dept.
Fax. +385 (52) 374 504 E-mail: sales.dept@uljanik.hr




Shipyard

3. MAJ Brodogradiliste d.d.
Liburnijska 3, P.O.Box 197
51000 RIJEKA, Croatia

Sales Division

Phone: +385 (51) 61 13 80, 61 10 16
Fax: +385 (51) 61 18 10

e-mail: salesdpt@3maj.hr

www.3maj.hr




KRALJEVICA

SHIPYARD

Shipbuilding since 1729

The KRALJEVICA Shipyard, shipbuilding and shiprepairing company,
is the oldest shipyard on the eastern coast of the Adriatic Sea. The conti-
nuity of shipbuilding in KRALJEVICA has been lasting uninterrupted
since the year 1729.

The KRALJEVICA Shipyard ranks, in view of its capacities, among
medium-sized shipyards (420 employees, area is 110.000 m?)

Main activities:

- newbuilding of ships and other marine constructions of up to 120 m in
length, up to 10.000 dwt (passenger/car ferries, tugs, supply vessels,
tankers, dry cargo vessels, Ro-Ro vessels, multipurpose/container and
paper carriers, etc).

- .

- newbuildings, retrofitting and repairing naval (gun boats, patrol vessels,
missile corvettes), coast guard boats, special-purpose ships, fast crafts,
light commercial crafts and yachts, built of ordinary or high strength
shipbuilding steel and aluminum.

- engineering, consulting and trading, projects, drawings and technical
documentation.

AXIS-DESIGN 2001
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Shipyard KRALJEVICA Ltd

Obala Kralja Tomislava 8, PO.Box 35
51262 KRALJEVICA

Sales Department

Phone: +385 (51) 281 743; 281 433
Fax: +385 (51) 281 600, 281 522
e-mail: br.kraljevica-sp@ri.tel.hr
htp//www.kraljevica.hb.hr

BRODOGRAINLISTE
SHIFTARD

e,

1729



SHIPYARD TROGIR

Put brodograditelja 16
TROGIR-CROATIA

“TROGIR” SHIPYARD was founded in
1944 as a small repair yard and now is
equipped to accept construction of the
most sophisticated vessels.

Since 1960 when construction of steel
vessels begun the Shipyard has delivered
100 ships of various types and sizes

plus 17 floating docks mainly for foreign
buyers.

Shipbuilding works dispose of two
slipways, the smaller one 20m wide and
bigger one 47m wide.

The slipways can accommodate ships up to

50.000 dwt ranging from oil tankers, cargo

ships, ferry boats, supply vessels, tugs

rescue vessels as well as floating docks of
60.000 tons lifting capacity built in sections
and thereafter connected afloat.

“TROGIR" SHIPYARD is today a shipyard
that offers the buyers all over the world

its cooperation in designing and building
vessels of different purpose making its best
to comply with the request of potential

buyers.

BRODOTROGIR d.d.

SHIPYARD TROGIR TROGIR SHIPREPAIR Ltd.

21220 TROGIR-CROATIA 21220 TROGIR-CROATIA

Put brodograditelja 16 Put brodograditelja 16

Phone: ++ 385 21/ 88 15 55 Phone: ++ 385 21/ 88 14 88,

Fax: ++ 385 21/88 18 81, 88 20 81 88 40 02, 88 15 55
e-mail: btprodaja@brodotrogir.tel.hr Fax: ++ 385 21/ 88 17 44, 88 18 81




1922

- Significant ships for Significant custommers -

Baluni

Amorella

BRODOSPLIT - Croatian shipyard witha long tradition and experience
in designing and building various types of ships,
always significant in their class.

Put Supavia 21, 21000 5plit, P.0. BOX 517, 21001 5plit, CROATIA
Tel. +385 (0)21 382 617, +385 (0)21382 458, Fax. +385 (0)21 382 648
e-mail: uprava@brodosplit.hr, web: Wwuww.brodaosplitc.hr




Sektor za industriju
Zajednica proizvodaca brodske opreme

Clanica Europskog vije¢a
proizvodaca brodske
opreme - EMEC

ZajednEa proizvodaca brodske opreme okuplja proizvodace uredaja i
opreme te pruzatelje usluga povezanih s brodogradnjom radi
ostvarivanja njihovih interesa.

ZAJEDNICA SVOJIM CLANOVIMA OMOGUCUJE:
zajednicki nastup pred drzavnim institucijama radi
osiguranja Sto povoljnijih uvjeta poslovanja;
jedinstvenu promociju kod domacih i inozemnih
brodograditelja, tiskanje promotivnin materijala i
organiziranje izlaganja na sajmovima u inozemstvu u
suradnji s Hrvatskom brodogradnjom - Jadranbrodom d.d.;
mogucnost povezivanja s inozemnim partnerima radi
izvoza ili kooperacije;
usuglaSavanje razvoja proizvodnih programa u suradniji
s Hrvatskom brodogradnjom - Jadranbrodom d.d. odnosno
hrvatskim brodogradilistima.

Industry and technology department
Affiliation of marine equipment manufacturers

Member of the European
Marine Equipment
Council - EMEC

The Afﬁation of Marine Equipment Manufacturers gathers the
manufacturers of marine instruments and equipment, and service providers
to the shipbuilding industry.

THE AFFILIATION ADDRESSES ITS MEMBERS NEEDS IN THE
FOLLOWING WAYS:
joint approach to government institutions in order to ensure the most
favourable business conditions;
joint promotion among both the domestic and foreign shipbuilding
companies - publication of promotional materials and organizing the
display of products at international fairs in cooperation with the
Croatian Shipbuilding Corporation (Hrvatska brodogradnja -
Jadranbrod d.d.);
establishment of links with foreign partners, with a focus
on exports and cooperation;
coordination of the development of manufacturing programmes in
cooperation
with the Croatian Shipbuilding Corporation, i.e.
with Croatian shipyards.

HRVATSKA GOSPODARSKA KOMORA - SEKTOR ZA INDUSTRIJU
CROATIAN CHAMBER OF ECONOMY - INDUSTRY AND TECHNOLOGY DEPARTMENT
phone: +385 1 4606 705, fax: +385 1 4606 737; e-mail: industrija@hgk.hr;

www.hgk.hr;  www.biznet.hr




BRODARSKI INSTITUT d.o.0.

Brodarski institut je istrazivacka i razvojna
organizacija primijenjenih tehnickih znanosti i
tehnologije.

Nasa misija je povezivanje znanosti i
gospodarstva.

Brodarski institut pouzdan je partner u stvaranju
inovativnih proizvoda i usluga visoke dodane
vrijednosti i kvalitete.

Brodarski institut d.o.o.

Av. V. Holjevca 20, 10 020 Zagreb
Tel: +385 1 650 42 69

Fax: +385 1 650 43 84

e-mail: marketing.prodaja@hrbi.hr
web: www.hrbi.hr




\ MAKSTIL AnbD.

Skopje - MACEDONIA

XVI Makedonska brigada 18; Skopje, Makedonija; +389(0)23287023; www.makstil.com; e-mail:commercial@makstil.com.mk




