-

=3 Instituto Panamericano de Ingenieria Naval

“(PINY
§ a j; Instituto Pan-americano de Engenharia Naval
: im,"J Pan-american Institute of Naval Engineering

XI CONGRESO PANAMERICANO DE INGENIERIA NAVAL,
TRANSPORTE MARITIMO E INGENIERIA PORTUARIA.

THE RATIONAL ALIGNMENT OF SHAFT LINE
WHY-HOW TO DO

PAPER N° 14

JEAN PIERRE PRESSICAUD
BUREAU VERITAS
FRANCE



XI CONGRESS OF IPIN AND MARINEXPO 89 IN CHILE

THE RATIONAL ALIGNMENT OF SHAFT LINE
WHY - HOW TO DO

Armando SARTORI Z. Jean-Pierre PRESSICAUD
Marine Engineer Principal Surveyor
Exclusive Surveyor Head of Line Shafting Section

Manager Marine Division in
Development and Research Centre

BUREAU VERITAS
Prat 865-of 301 58 bis, rue P.V. Couturier
Post : Casilla 225 92309 Levallois-Perret Cedex
Valparaiso France
Chile
ABSTRACT

This Paper deals with general problems encountered on line shafts and more particularly behaviour of propeller
shaft. §

Two technologies will be approached :

. practical application of propeller shaft in sea water with materials such as :
- lignum vitae, ]
- synthetic material as tufnol or celoron,
- rubber,
on the form of staves or monobloc bushes ;
. practical application of propeller shaft in oil, with materials such as :

- white metal bushes,
- synthetic bushes (Railko).

First one is widely used for military and fish vessels but the second one, more recent, is used for merchant ships.

According to the two technologies, contact real pressure problems will be compared with specific pressure used for
basic calculations of bushing width.
Rational alignment notions will be presented, such as :
. quick scuffing or damage processus explanation,
. justification, necessity of the realisation of rational alignment
(theoretical studies and practical realisation).
External influences will be stated, such as :
. moments and forces due to the screw,
. structure deformations modifying line shafting conditions.
The aim of this Paper is to deal with specific problems due to line shafting operations in order to specify the impor-

tance of the quality of the project and of line shafting mounting for which Shipowners, Shipyards, Project and Pro-
duction Departments are all concerned from point of view of ship operation reliability.
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SN T R ORDAUICET I O N

Twenty eight years ago, BUREAU VERITAS created a Research Teanm
specialized in problems of vibrations and alignment of shafting for
ships'proulsive plants.

Through its numerous articles, published since 1960 and regarding the
problem of shaftings and related issues, BUREAU VERITAS has contribu-
ted to the generalization of alignment technology in French and foreign
shipbuilding.

This department now called Research and Development Centre and located
in Levallois near Paris has gradually become specialized in this field.
Its personnel has acquired both a practical and theoretical experience
in studying the behaviour of propulsive installations of all kinds.

The department's aim and role were not only to examine the theoretical
aspect of alignment or realignment but also to offer assistance to
shipyards and shipowners in producing rational alignments, precalcula-
ted and recommended by the department.

Requests for this kind of technical assistance were brought about by
damages, such as :

- destruction or abnormal wear of the stern bearings of the shafting or
of reduction gear bearings or of main engine bearings ;

- destruction of the bronze liner of the propeller shaft ;

- cracking or rupture of the propeller shaft or of the crankshaft ;
- pitting on the reduction gear ;

- natural vibrations of the shafting or of its supports ;

- vibrations of structures surrounding the shafting or the propulsion
plant ;

- vibrations of the aft structure or superstructures ;

- cracking in steelworks supporting the engine or in the frame of the
engine.



As this experimental and practical assistance was given, for a variety
of ships, to many French and foreign shipyards, the various means for

checks and measurements, necessary to insure the quality of assistance,
gradually improved.



1 - WHY A STUDY OF ALIGNMENT

1 - Study of line shafting alignment conditions during outfitting or
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ship's operations.

The experience acquired in respect to the correct running of line
shaftings and their bearings have proved that it is absolutely
necessary to assure correct and permanent contact conditions
between these two elements which are :

- the shaft with its natural deflection
- the support with its own characteristics (material stiffness).

Straight or light line alignment

This type of alignment carried out previously has its origin in
the technology of line shafting mounting for propulsive plants of
old ships.

The light line being drawn before the launching of the ship and
passing through the sighting marks does not longer exist, once the
ship is afloat and even more after its completion (installation of
the propulsive apparatus and the remaining equipment). Moreover
this alignment during outfitting was then modified by the loading
conditions of the ship and the corresponding deformations of the
steel work. These facts have stimulated the researches related

to the interaction between the hull girder and the line shafting
which have led to give up the straight alignment and to introduce
the curved alignment called rational alignment.

See Figure N° 1
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Figure 1 The ralional alignment. Why itis justified.
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The first part of the figure presents the sketch of a classical
line shafting where non homogeneous and non rational distribution
of reaction values of bearings can be noted.

The second sketch shows the static deformation of this considered
line shafting.

As it can be noted, the loss of contact between the forward part
of the tail shaft and its supports leads to :

- a lowering of the natural frequency (lateral plane),
- an angular misalignment of propeller shaft from forces and
moments of propeller means and harmonics.

Rational Alignment

The increase in the output of propulsive plants had led to the
weight increase of propellers. But due to the heavy propeller
being overhanging at the aft end of tail shaft when all bearings
are on straight line, negative reactions appear in way of the
forward extremity of the aft bush of the stern tube as well as in
way of the forward bush.

These negative reactions together with the presence of radial
clearance lead to a loss of contact between the journals and their
respective supports.

The correct behaviour of this line shafting could be achieved by :

- the cancelling of the last intermediate bearing to counterbalan-
ce the effect of propeller weight,

- the appropriate vertical positioning of

. the intermediate bearing,
. the thrust block,
. the gear box in present case or the diesel engine.

See third sketch on Figure N° 1



1.3. Contact conditions between the journals of
propeller shaft and bushing material of stern

tube

See Figure N° 2
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ngure 2 - Contact conditions between the tail shaft journals and two stern tube bushes



This figure presents a concrete example (shaft diameter : 800 mm)
with two stern tube bushes.

Tts natural deformation can be noted, leading to a hard contact at
the extremities of both bushes. To avoid these inconveniences, the
first dispositions taken consisted in a slope boring, according to
two axes of the housing of the bushes as indicated on the lower
part of Figure N° 2.

However, this slope boring is often unsufficient due to weights in
presence. In view to ensure a correct distribution of the load
(contact conditions), it is also necessary to realize in way of
aft bush the boring of white metal according to two axes (supple-
mentary adjustement of contact conditions).

1.4. Some schematic examples of contact conditions and corresponding
vocabulary
1.4.1. Specific pressure

This value is used by :

- Classification Societies for the checking of regular length of
each support,

- Manufacturers of material,

in view of “determination of length of the supports.

But this specific pressure is a basic value and is not represen-
tative of real pressure encountered, bearing in service.

See Figure N° 3
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Real static pressure in the support

In order to explain the fundamental difference between the two
vocabularies of pressure :

- specific and real,
the figures N° 4, N° 5, and N° 6 show several cases of alignment
conditions (contact conditions) from extreme case of angular

misalignment (Figure N° 4) to rational distribution of pressure
(Figure N° 6).

See Figures N° 4, N° 5, N° 6

It is necessary to compare :

- the values of specific pressure situated between 2.5 and 9.5
bars with values of pressure encountered in concrete cases of
line shaft from 100 bars till 200 bars (extreme case) in spite
of good and regular specific pressure.
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