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The desien and review requirements are detailed primarily for the installations involving direct driven
propulsion systems (Section 2. Figure 1). Other desighs may have slightly different requirements but.
in general. a similar approach will apply.

FIGURE 1

Review

Overall, the plan review during and after construction is conducted by the Bureau to verify to itself
and its committees that a vessel, structure, item of material, equipment or machinery is in compliance
with the Rules, Guides, standards or other applicable criteria.

ABS Engineers need to confirm that all information required for review is received:

3.1

e Shaft alignment model
e Scope of submitted calculation
e Results of analysis.

¢ Shafi alignment procedure
After the review is completed, the reviewer needs to document the result of this review.

The review of the submitted shaft alignment analysis and procedure is to be conducted by inspecting
the results of the alignment analysis and by conducing _check analysis using the ABS shaft alignment
software.

Plans and Particulars Required

Plans and particulars to be submitted for review most commonly include the following:

3.1.1  For Propulsion Shafting i

Shafting arrangement
Rated power of main engine and shaft rpm

Thrust, line, tube and tail shafts, as applicable

Couplings — integral, demountable, keyed, or shrink-fit, coupling bolts and keys

ABS GUIDANCE NOTES ON PROPULSION SHAFTING ALIGNMENT - 2004
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343 Bearing Rammﬁs
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Nate:  Columan 5 and' Row 5 of the dhave influence cosfficiont mntrix (Seetion 2. Talle 1) are all zeta hecatse
the subiject belring represents (e axidl (thrust) bearing whieh fedetion is not affected by small changes
in vertical offset on any of the bearings in the sy stem

: ng reactions are one of the primary criteria for alignment acceptance. It is
difficult 1o eﬁfﬂﬂmﬁ an aceé‘gmmhty margin as the factors influencing reaction load are very
diffieult to predict accurately. Essentially, alignment is acceptable as long as the bearing
reactions afe always positive (under all operating/loading conditions) and no bearing is
unloaded. Any positive static load is therefore acceptable. However, for practical reasons, at
least_|0% of the allowable load would be desired on the bearing in order to prevent unloading
due to unaccounted-for distirbances

Reaction loads are not the only criteria that are important for alignmen! acceptance. Relative
misalignment between the shafi and the bearings has at least the same importance.

FIGURE 2
Bearing Reactions
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3.44 Deflection Curve

Relative misalignment between the bearing and the shaft may be evaluated from information
defined by deflection curvature. Deflection curvature defines the angle of the shaft inclination
at each node of the system. The angle is measured from the theoretical zero alignment line.

In a case when hull deflections are considered in the analysis, the actual misalignment
between the shaft and the bearing should consider:

e Absolute slope on the shafi
e Angular change in the bearing central line due'to the hull deflections

For cases where the misalignment angle is found excessive,_slope boring or inclination of the
bearing may be required.

3.45 Slope Boring/Bearing Inclination
Slope boring or bearing inclination is adopted as a marine industry practice_to_prevent

g “ excessive edge loading of the tail shaft bearing.

14
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Shaft Alignment Design and Revial

The ABS shaft afignient software provides an ifteractive roufine for tail shafi bearing
analysis, which includes slope boring investigation (Seetion 2. Figiire 5).

The industry’s rule of thumb for il shaft bearing slope bofing is 0.3 x 10 rad When the
misaligninent angle exceeds this value, slope boring is norimally conducted.

The engineer shall advise the client of a possible excessive misalignment angle and suggest
the slope boring i

s The submitted analysis did not investigate misalignment. ot
s Prodicted a misalignment slope greater than 0.3 x 107 rad.

FIGURE 3
Nodal Slope and Deflection Curve
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Angular Inclination at the Main Gear Wheel

In installations with reduction gear, an investigation into the_bending curvature and contact
condition between the main gear wheel and the pinion is an important part of shaft alignment

analysis. More details on reduction gear alignment are provided in 2/4.10.

Shear Forces and Bending Moments

Shear forces and bending moments on the shaft should be within acceptable limits, in
association with other stresses in the shafi.

Forces and moments on propulsion machinery are to be within the limits specified by the
equipment manufacturers.

In addition, some diesel engine manufacturers require_bending moments and shear forces at
the main engine afier flange to be within the required boundaries in order to protect the engine
from eventual harmful misalignments (Section 2, Figure 4).

ABS GUIDANCE NOTES ON PROPULSION SHAFTING ALIGNMENT * 2004 15
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Section.

2

Shaft Alignment Design and Review — —

423 Class Requirements

e maximum acceptable misalignment between the shaft and the beéaring is adopted to be
0.3 % 107 rad, which is applied widely as a marine industry practice. If this value is exceeded,
the reduction of the misaligiment angle is to be considéred by slope boring or bearing
itelination. The level of safety of this tolerance is not fully explained yet, and this criteria
should not be applies blindly. The issue is complex, as the misalignment angle directly

influences _beating hydrodynamics, and dynamic analysis with fluid-structure interaction is

required (the Bureau is currently involved in research addressing the bearing dynamics).

The Rule requireinent ot bearing length is minimum L3 times shafl diameter (ABS Rules for
Building and Classing Steel Vessels 4-3-2/5.15).
FIGURE 6

Ideal Contact Area on the Bearing Exerted by Shaft
(Misalignment Angle Zero)

424 Modeling.

The shaft alignment modeling process consists of:

¢ TFinding an adequate bearing offset 1o suit all operating conditions

e Defining the location of S/T bearing gontact point (see 2/4.3)
e Defining the bearing contact area and load

e Accounting for disturbances from hu”'girder deflection and the thermal expansion of the
structure

The contact area between the shafi and the bearing is in direct correlation with the approach
taken in the shafiing alignment design. As indicated below, three alignment solutions (bearing
offsets selection) are analyzed to investigate their impact on the load distribution throughout
the S/T bearing. Three different approaches to alignment designs are compared on a diesel
engine-driven VLCC installation:

ABS GUIDANCE NOTES ON PROPULSION SHAFTING ALIGNMENT = 2004 19
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Baurveys. and it is cmﬁducied with a poke w
p_year down is otie of the issues which should be considered when alignment is designed. A

good and robust alignment design should account for wear down. Aligament optimization is
particularly helpful to account for this kind of influence.

410 Gear Meshes

Related ropics:

e (iear contacl misalignment measurement (Subsection 5/6)

Gear driven propulsion installations, where a propeller is directly connected to the gearbox, may be
significantly affected by the shafting alignment condition, resulting in:

®  Gear meshes misaligniment

® Gear shaft bearing adver; dition

Requirements imposed on the gear contact are very stringent:
e Uniform contact ggpags 90%, of the effective face width of the gear teeth is required.

With regard to the above, in imstallations with reduction gears, it is important to inquire the alignment
influence on the gear-pinion misalignment (Section 2, Figure 16 and Section 2, Figure 15), and ensure
that it is maintained within allowable tolerances, Tolerances are expected to be defined by the gear
manufacturer.

There are other practices in the marine industry which are taking indirect routes i addressing the
issue, and not directly investigating the effect of the misalignment angle on the gear tooth contact.
One of the commonly applied approaches is to investigate the gear shafl bearings reaction difference,
and maintain it_within 20% of gach other (Section 2, Figure 15). This approach may be acceptable
only when zerg momeqt angd shgag force is maintained at the flange connecting to the line shafi.
Otherwise, there will be no assurance that the misalignment angle is within acceptable limits - the
bearing reactions themselves will be no guarantee of it.

FIGURE 15

Gear Driven Propulsion — Equal Gear Shaft Bearing Reactions _
0.21 mrad Gear Misalignment Angle
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How Laser Alignment Works,

The principle of linear laser align-
nient is simple. A stationary laser, aimed
al a reference target up to 300 feet away,
credtes a “line in space” that serves as a
rotk-solid measurement reference

Next, any number of transpareni
targets are placed directly in the beam
path. As the laser light passes through
¢ach transparent target, the target is able
to determine its X-Y deviation relative to
the laser beam.

The position data from each rarget
i5 fed into a handheld data terminal, dig-
ital display unit, or windows based
application software program.

The Line Laser Advantage.

Laser based alignment provides sig-
nificant advantages over competing
alignment techniques.

Cost Effective. Outperforms laser
tracking systemns in this specific applica-
tion, at a fraction of the price.

Ultra Precise. Eliminates margin of
error associated with subjective manual
approaches

Real-Time Feedback. Enables user 10
make on-the-spot alignment adjust-
menis.

Faster Measurement. Reduces man
hours and facilitates project efficiency.

Maximum Range. Perform measure-

metits at distances up to 300 feet

The OT-6000 .‘Htgnmcm Laser System simultancously measu

The cystemm cables fogether in momeite using

u umple dadsy cham configir ation

¢ Simultaneous Measurement. [nables

simultaneous measurement from multi-

ple targets.

* Data Analysis. Position daia can be
monitored, stored and analyzed by a
computer

res X and Y position along several

struts used (o hold the I{H{:Ip{'”{l! shaft on the USS Ronald Reagan atreraft carrier
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Hings. The miost lmﬂy seenario is ﬂm them aﬂrﬁmt eﬁ“g‘fne heaﬁngs may get
1y eticounter the edge load from the cranksha.

Linloading of the aftmost engine bearing may not be a problem per se, but it may result in overload on
e Ecann;ig EEEEEE ..! Trom the aff

No load on the second afimost bearing may have much more severe consequences from the combustion
related pounding load, overload on the beaning No. 1 and 3, and the edge load on the hearing No.3.

Those bearings may get unloaded or lightly loaded which, in some cases, may have serious
consequences if corrections are not applied.

Section 3, Figure 14 shows the damage of the lower shell of the M/E bearing, which is typical of
hydraulic_overloading (i.c., high oil film_pressure). This may be an indication of significant_crank-
journal misalignment, and accordingly, high edge loading at the bearing.
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FIGURE 14
Diesel Engine Bearing Damage due to Edge Loading

12 FAQ - Problems and Solution

Given below is a list of some very possible arguments and replies.

Problem: As measured, the dry dock alignment 1s very different from the calculated,values for the dry
dock condition

Solution- There are a number of factors which may deteriorate and change the alignment

. condition of the shafting in_the dry dock. Primarily, the dry dock procedure (as proposed in
COMPLETAMENTO Subsection 3/1 above) is strictly followed. Any deviation from it may result in a condition
STRUTV RE that cannot be easily rectified. The first problem is noncompliance and deviation from the
W BacwNo primary requirement, that structural work on the stern part be completed to the extent to

which it will not introduce significant disturbance into the bearing offset.

Problem; Even with sighting through conducted with almost completed structural swork, the bearing
reactions gre not adequately glose to the calculated values.

Solution: 1f the sighting through is conducted under certain thermal condition, the bearing
CovprI210N) offset, and accordingly, bearing reactions, may be affected if reaction measurement is
= conducted under different thermal conditions. The sighting through is normally conducted in
TEAMICHE the early moming hours before sunrise to ensure an even temperature distribution throughout
COSTANT) the structure. If reaction measurement in the dry dock is conducted during the day when
structural deformation due to the sun exposure affects the hull unevenly, the bearing reaction
readings may be significantly different. [t is therefore important either to account for these
differences or to conduct the reaction measurements in the early morning hours, as well.

Problem: What is the point of conducting the thor;mgh measurements in the dry dock if the alignment
will change once the vessel is waterbomeg Moreover, no information on the effect of hull girder
deflection on bearing offset change is available.

km Aziow) Solution: If alignment analysis is conducted without hull girder deflection consideration, it 18
difficult to determine the alignment of a waterborne vessel. The alignment condition then
TRA BRCIVO relies on the_knowledge and experience of shipyard’s production personnel.
E WAVE GAu.
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Section

Crankshaft deflection measurement is conducted with a dial indicator being placed at a predefined
location between crank webs. The crankshaft is then rotated and the readings are taken at the
preseribed angular Tocations. Web deflections between each cylinder are measured.
| FIGURE 12
Crankshaft Deflection Measurements

boro PRI\mA FASE
DI Potenza
CRESCENTE AUE

- PRovE IN MARE

Positive web opening

Dial Indscator \

Crankshaft deflection limits and tolerances are defined by the engine manufacturers for cach
particular engine.

8 Gear Contact Misalignment Measurement

Related topic:

e Gear Meshes (2/4.10)
Section 3, Figure 13 shows gear tooth contact is for:
e (Case A) ideal (zero) misalignment between gear and pinion
e (asc B) large misalignment between gear and pinion

In both cases, the_red color (dark) area represents dye penetrant painted over the teeth of the gears.
The_gray (light) area within the red (dark) penetrant represents area of contact. Obviously, when the
misalignment angle is small, the contact marks will be visible along whole length of the teeth as in
contact Case A. In Case B, the gray (light) area is visible only on one side of the teeth in contact, thus
indicating heavily misaligned gear mesh. / h

V. FIg 4% Pac £7 ARS (e 2'*)
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3%

Pinion
Connected 1o the
| main drive

L

Connected to the
propeller via shafiline

7 Sag and Gap Measurement

Related ropics:
o Sag and Gap (Subsection 3/6)

The Sag and Gap shaft alignment method is commonly used to verify the preassembly condition of
the propulsion shafting in new constructions and repairs. The method is simple, fast and requires no
special equipment or gauges, However, due to the procedure’s questionable accuracy, it should be
used only as a cursory check. It is not recommended 10 use Sag and Gap readings to rectify the
alignment condition.

Although the Sag and Gap procedure is not endorsed as an accurate method, it still has its purpose as
it may indicate possible problems in the preassembly stage of propulsion shafting setup.

The advantage of the Gap and Sag method is:

e [t uses simple measuring equipment such as dial gauges and feeler gauges.
The disadvantages of the Gap and Sag method are:

o [tcancot verify the condition of the assembied svstem.

e [is accuracy is limited because of the aspect ratio between the system geometry (large diameters
of flanges and shafts — over | meter), and Gap and Sag values that are measured (in millimeters or
fractions of millimeters ).
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The theory behind the procedure is the same beam (heory applied in shaft analysis of the whole -
assembled system, and the calculation is condueted as follows:

s Alignment is defined and calculated for the asseribled system.
s Position and offset of the teifporary bearings are defined.

& Assembled systein is detach aripes and each shafi is analyred ggpaiately. displacements and
slope at the eﬁch aﬁd of the shalﬂ {ﬂahge connection) are calculated

Sag is now calculated by taking the bending digplacement at each flange location and subtracting the
same from the deflection of the mating fange.

gy \@ METobO kahewa F
~— CvED)) _
i)

2 . s

- - . ok PdﬂT'\ vo

- Posriva SAG
NEeAarwvo s s

Postilva GAF y GAFS GaP:

v
‘manvo
Gap is defined as the _difference in distance between the top or bottom edges of the unconnected
flange pair. Gap at each flange is calculated from the angular inclination of the shaft (at flange

location) and the flange diameter. Total gap is obtained by linear summation of the gaps at both
flanges.

In the ABS Sag and Gap analysis, sign convention was defined in order to uniquely define the Sag
and Gap information.

Flanges, corresponding to one to another, can take eight different positions. The Sag and Gap
calculation will differ depending on the same arrangement as shown in Section 3, Figure 7.
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To increase the precision (¢rror correction) of the measurements, more than one gauge can he installed
to measure the strain at the same location. Usually, there are four gauges installed in the so called
Wheatstone bridge. Two pairs of gauges should be_applied I80° apart from each other (Section 5,
Figure 7), and connected in Wheatstone bridge as shown on Section 5, Figure 9.

Section 5. Figure ¥ shows how a pair of uniaxial gauges is installed on the shaft w measurs tension in
longitudinal direction,

FIGURE 8
Pair of Uniaxial Gauges

Another pair of gauges is placed 180° apart. Signals from all four gauges are collected to increase
measurement precision.

Applying fixed _l: voltage to two opposite corners of the bridge&l’ changes could be measured.
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Bending Moments Measured at Nine

FIGURE 10

_Along the Shaft Line.

wigia [dagreen)

Onece informution on bending moment(s) is obtained, bearing reactions can be fge A
principle to applving to recalculate bearing reactions from meamn‘eni bending moment(s) is
basically a set of equilibrium equations which are transformed so as (o provide bearing
reactions from input moments, This set of equations uniquely defing bearing reactions with
moments at any location on the shafting. This correlation can be established analytically.

Mathematical Representation
As described above, a system of linear equations should be generated first. (rom which
hearing reactions could be obtained.

For sach measurcment poiat and respective beading moment, a linear cquation is defined:

M, — M, — My = K, AR, + K,AR, + K;ARy + ... + KyARy, i = 1...N,,

where
N, = number of bending moment’s measurement points
i = measurement polnt aumb2r
M, = measured beading moment
M, = initial bending moment (calculated or measurad)
calculated bending moment's influence factor
i
R, = bearing reaction '

[Using matrix notation, an expression is then written as:

[(M,,] - [Mp] = [K]* [AR]
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for compression applications

Description

This sensor ic especially suited to the measurement of
static and quasi-static compressive forces.

Its very robust and compact form make it suitable for use
both in industrial environments and in the laboratory and
testing bays.

The sensor is in all respects ideal for the ranges of rated
values0...1kNto0...1000 kN.

The sensor is protected against splash water and works
with very great reliability under extreme conditions.

Note:

In order to avoid overloads it is best to connect the sensor
to the power source during installation and to monitor the
measured value.

Features

) For compression applications
O High accuracy
O Simple installation

O Protection class IP 67

O Accuracy_0.1% of full scale or 0.3% of full scale

Measuring ranges
0...1kNto0...1000 kN

‘. Applications

Apparatus engineering;

Production lines;

Measuring and test equipment,

Special mechanical engineering applications;
Rope strength measurement etc.

%
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FIGURE 1 )
Hydraulie Jack with Load Gell

| .oad (_e!l___

| Hydraulic Jack A'

Hydrauhe jack should be located ag close w the bearing as_possible. The (oundation on which the jack
is placed should be sutticiendy gufl.

Jack-up messurement mav also be used for the shafi runout verification, However, the jack-up method
is not ver table for it qinge the shnft rotation can bhe applied onlv in steps. one angle of rotation at
the tume

When engine aftmost bearing reaction is measured, attention should be pad that the_furning geur

Deing declutehied rom the dywaeel. [ tns 15 not easured, beanug reacuons may be mcorrectly

obtined as the Qrpigg gear introduces si giificant _herizoowl force which consequently moves the
crankshafl contact woth the altmost beanng sideways

The |: -2 histeibut problem may alse be selaved « the tur ng'ge lock-up, The tumine gaar ool
onlv moves the ahm horizontallv, but alse locks some portion of the reaction at the contact poial

betwect aears.,

FIGURE 2
Digital Dial Gauge

The « piuge -Tp wld f‘- i L' h. 1 the
i!u "f] .‘. Wi \ -
It the struciure is_log ”gxpl; the juck load

can move the hial saoee anchor as axl)
thus resulting m erroncons readmgs

VWhen the jach-up provedure is perfar el 1
15 suzgested that the displacemoent of the tor
of the shat! e controlled and the load read
for aach step om the din) cauge A smypother
curve muv be generated byosoplymg this
aweedure, whih il evenimlly  rovide
more aecucale recaloulation of the beinng
reachons
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211 Example:

The influence coefficient mafrix below is produced by ABS shaft alienment software for a
five bearing system.

TABLE 1

Sample influence Coefficient Matrix

DELATIVE REARTNES DERCTIONE [EN] -» A(0.1-offaar]=t[N=0ffrat]

e o 0.1 [mn] OFFSET felative to the ZERD bearing Offsec

blelut-1 ¢ 75 < 14> < M < 41 ¢ dAR/>

wen .| 1 3 4 B

T 29 =7.896 4.768 ~3.32< +E20
< 14> & =T .8986 15.425 -1 112 9.951 =R .546
z 3> 3 4.768 =11.112 - 13.421 -25.421 18.858
< 41> 4 | =3 . 2dd 9.951L =25+421 166.594 =250.824
< 46 5 | 2,120 ~5.546 18.858 -250.824 311,825

kach column provides Seaging reactions correspending to the relating bearing rise of

D.i{mm] at respective bearing (e.g. column #I are bearing reactiocns to 0.1 [mm] offset
at bearing #2)

The rounded value in Section 5, Table | represents the gradient of the jack-up curve when
bearing #3 is lifted.

The influence coefficient matrix can also be used to verify accuracy of the jack-up procedure.
The matrix is generated to provide information on reaction change due to the unit lift applied
to a particular bearing. This information may also be obtained from the jack-up curve and
those numbers easily compared with analytical values. However, an influence coefficient
matrix generated for the location of the jacks is needed.

FIGURE 5
Jack-up Curve

0.4

Lowering curve
0.36

0.3 Hysteresis: difference in \ //-/'
jack load between lifting \// /

0.25 and lowering // Lifting curve

o '2 — R - \ /

s R W
0.15 <+ kN > N\

/

Resultant line — average
between lifting and
0.1 i ? lowering curve.
mm

' Bearing reaction is then:

r
|
\

0.08 $ /‘ F=(Fipt Fue)!2 i
0 = V/é | : ,
0 100" 200 /-560 400 500 800

it N
--H-‘-""‘--\___________.-

Th{@e_tﬁof the lifting/lowering curve is now calculated from Section 5, Figure 5 as:
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0.2 - ® Load reduces linearly as a
i vertical offset of the jack lowers.
_— _ - Gradient of the loweting curve is
0.15 += . ¥ constant until the peint where
_ / bearing swns picking the load
0.1 again is reached.
o T i
m LL T .._.‘ A
» M From therc on, the
0 : gradient of the lowering curve
0 100 200 changes ponlinearly,

2.1.4 Unloaded Bearing
In the case that the bearing that is measured using the jack-up method is unloaded, the
following pattern wiil be observed:

e There is no transition period of relatively low gradient.

o Jack jmmedistel picks upahe load and the gradient of the lifting/lowering curve remains
relatively gonstant throughout the measurement.

FIGURE 6
Jack-up Curve for Unioaded Bearing

L
. 2 |

0 100 200 300 400 500 800
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6

________ SUSCNEn I MBS URINANLS

FIGURE 3
Reaction Measurement at Intermediate Shaft Bearing

: | 1
. ﬂ &}N "‘ ﬂﬂhough the hvdimuho ek recands the fod
3 directly, it doss not measare te REaring
’ reaction divectly

] inck s plveed near the bearing and the sctval
t—ry 1

[ Tl Tu ]

/ (F ) cun be correlated to iqes rdaction

(F ) via & correction factor ()

FIGURE 4
Jack-up Measurement of the Bearing Reactions
inside Diesel Engine

Comphiance of the

1
- .- - e b : f H L]
WCR-UD | -l =

st aa) pa dat samiaae il ha
e 2 { fols

: a0 L 2asily b vertfied by obhsorving the
jack-up procedure gradient. The jack-up gradient i an angle of the lifting/lowering curve. The jack-up
gradient is normaily expressed a8 change in

lifting forece over change in vertical offset. Crudient
‘alues are normally given ggular putput of the shaft alignmer ]
Jack-up gradients are often called Influence Coefficient values and are presented in the torm of a
influence coetlicient matris.
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The advantages and disadvantages of the system without the forward S/T bearing can be summarized
as;

Advantages:
o System is more flexible, thus Tess suseeptible to the hull deflections.

s For the same intensity of hull deflections, the bearing reactions will vary much less than in the
case with forward S/T beating, making it more difficult to unload the beatings along the shaftline
(this may notl be trie for other than one, or maximum two aftmost M/E bearings)

Disadvantage.

¢ The misalignment angle at the after S/T bearing will be much more affected by change in the
intermediate shafl bearing offset

FIGURE 11
System Sensitivity to | Shaft Bearin -
without Forward Stern Tube Bearing
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pfdceﬂwe is conducted by mmmm (Secnon 3 F;guﬂe l},m— ara 1

Figure 2).
FIGURE 1 .
Example of Optical/Laser Sighting Through
Flywheel position |
BEngine
Reference line inclination
/ 3 —— fm @ﬁ@-ﬁm
’ \
/ \
/
\
/
/ X
Slope boring angle Intermediate shafl
bearing offset

Sighting through procedure i1s commonly conducted as follows:
e Telescope, laser or piano wire is normally positioned in front of the after stern tube bearing.
e Reference line is defined so as to match the center line of the afier stern tube bearing,

e Target points are then defined at the location of the intermediate shaft bearings, gearbox flange or
main engine flange.

e Target points are offset for values corresponding to the prescribed bearing offsets for the dry dock
condition,
e Shaftline bearings and gearbox or main engine are then positioned into place.

* Slope boring angles are marked. If bearing inclination is conducted instead of slope boring, the
inclination angle is applied to the S/T bearing and bearing is fixed in place inclined, ready for the
epoxy resin casting.

In order to prevent or minimize disturbances of the established bearing location, engine position and
S/T bearing inclination, the following is required: "

Temperature of the vessel's structure must be stable and as even as possible. For that reason,
ENFAS) boresighting is normally conducted in early morning hours before the sunrise.

€ CoMPL.| * Atthis point of the vessel construction, the major welding work should be completed on the stern
STRURVR block of the vessel. This is to prevent eventual structural deformation which may result from
€ excessive welding.
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Section__3__ Shaft Alignment Procediire : — n

31

FacL, .

42

o fleavy structural parts and equipment shall be installed on the véssel (superstructure, main engine,
ete:)

If lhe 1bnve recommendatmnq are fully comiplied with, at this stage of construction, no_hull
d to adversely affect (e established prealignumgiit condition. Later on, when
the vessei is launched, the initial alignment is expected to be disturbed by hull girder deflections as a
result of the buoyancy forces.

Piano Wire Application LEwz A

Section 3. Figure 2 below shows a piatio wire application in a “sighting through” procedure of
establishing a center line of the shaﬂiné‘ The wire enters the aft S/T bearing from the stern (see figure
below) and is pulled straight to the main\mginc flange.

\
FIGURE 2
Piano W’I{e Application

Prescribed bearing offset is now applied by measuring the vertical distance from the piago wirg to the
location of the particular intermediate shaft bearing.

Positions of the bearings and a slope boring angle are defined using a piano wire as a reference.

When applying the prescribed displacement and slope, the theoretical data must be corrected for piano
wire sagging.
—————

(1

INGEANENTO
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The difference between slope boring and bearing inelination ia: @&
i S‘z“oﬂp hnrmg (Section 3, Figure 3 and Seection 3, Figure 4). ," ¢'W

lope ing is a process where the g shell is machined so as to ensure that the center
lme of the bearmz s inner bore is misaligned to the desired angle (défined by shaft alignment
analysis, Seetion 3, Figure 3). To allow provision for slope boring, the inner bearing diameter
is ipitialty_pre-machined (o the smaller digmeter. The special boring machine (Seetion 3,
Figure 4) is then attached to the stern block and aligned so as to mateh the required
misalignivienit angle Machining is then conducted by boring through the bearing in several
passes, if requited Multiple passes may be necessary when larger amounts of bearing
material are to be taken away because of a danger of bearing material overheating, as well as
to ensure required machining tolerances

FIGURE 3
Slope Boring Arrangement

('J

Idowm mgle Oi'mm.l
Laser ﬂ“mhﬁﬁﬂﬂl Ime

FIGURE 4
Slope Boring Machine

ABS GUIDANCE NOTES ON PROPULSION SHAFTING ALIGNMENT * 2004


Genovese Fabrizio

Genovese Fabrizio


e« Requires M designed equipment

sion may be reduced on lengthy bearifips

Due to the léﬁgtﬁ of titie for machining, which can take geyeral days, the procedure may be
affeeted by structural work and vibrations.

it) _Bearing inclingion (Section 3, Figure 5):
Bearing inclination is another method of reduction of the raisalignment angle which is
becoming maore and more common,

e Instead of machining (he bearing after installation, the bearing is machined 1o its final
Jliameter and placed jnclined into the stern block.

e The bearing's casing is fixed o the stern block, not by shrink fit (as is done when slope
boring is performed), but by bearing epoxy resin

e Bearing is inclined to the required angle, fixed in place with temporary connections to the
stern block

» Epoxy resin 1§ then cast to bond the bearing to the stern block.

FIGURE 5
Bearing Inclination

Misalignment
angle (TeRA R\f. € BocoLa )

Epoxi resin

Slope boring and bearing inclination are analytically defined. The question is for which vessel

condition? Is it for ballast, laden or the dry dock? The alignment and the S/T bearing slope can be
optimized only for one condition of the vessel loading (i.e., hull deflections).

I
| Presumably, one would desire to have an optimym alignment design for laden vessel. Therefore, it
MPRE I would be expected that the slope is defined and madchined in accordance with results obtained by shaft
p
'm‘"" alignment analysis which included hull girder deflections of the fully loaded vessel. However, the
CYATICHE ! optimum slope for laden vessel may not result in an acceptable bearing loading for ballast, for
o : example. Therefore, the misalignment slope shall be a tradeoff between a desired misalignment angle
I for the whole spectrum of operating conditions.
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SECTION 6 Hull Girder Deflections

1 General

Hull girder deflections are the most significant disturbance that affects the bearing offset and,
s Ro: accordingly. the shafi alignment after the vessel construction. Joability 1o aceount for Jull deflections
. may resull in_inappropriate alignment design with serious consequences on the life of the bearings

- SCr A The problem, however, is a diffieulty in predicting and evaluating the hull deflections.
\

b Gf&utﬁ The vessels knowt (o be particularly sensitive to hull girder deflection variation are large tankers and
0. VVEDIMENT) bulk carriers. The schematic in Section 6, Figure | shows how these types of vessels are behaving
S0 EnpiRicy under two extreme loading cascs (ballast and laden).

* FIGURE 1
Hull Girder Deflections Influence on Propulsion System
-~/ f_-}r :F;;:o ' -
GauasT O~. T — uar
:‘;.;.;-r" SEaT—— aad
(“"'!f'u\') ‘ SIS O | m— | % e——— =
- e . [—— = o
DEN < - ‘
- P s ot By s B NN
AogEvg
buae) =

Typical hull girder deflections of a VLOC vessel under liden and

Behavior of the shafting under laden and hallas! conditions
ballast conditions.

Hull deflections can be estimated:

. Analxlical]y. or

e Defined by measurements

Both approaches are shown below in an example of a container vessel.

i

r‘* RISCALDAMENTI Boceolp (N FASE DI 42 cRescirn bl potenzA

IN CENERE SPARIVANO PER "ADATA HENTo SLPoNTHNES "
ANCHe GRRAZia RL' UNGHIA
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HUll Girder Deflections

ve&%l cnﬁm’m o m F‘cr such & task, a w mmummm eoﬁﬁn@d wlth either rhe
Cranks leflection measurements or the M/E bearing reaction mensurérierite should be applied. I
mld arim he ﬁﬁ?ﬁfﬁfe to consider M/E hedplate deflection measurematits combined with the stiain
gauges if the accuracy of the readings can be trusted.

Straih gauge method is convenient because of its consistent accuracy, aud the arfor initially
introduced will be constant throughont the repeated measurements. This is important inforration as
the prirmary jaterest is normally in investigating the change in hull deflection from one state to another
(dry dock condition vs. different afloat condition — Section 6, Figure §), and by doing so, the constant
error will be eliminated. Other mathods like jack-up, optical, laser and piano wire do not have this
advantage of effor control.

FIGURE 8
Vessel Deflections Change with Loading Condition

WJEL HuHi e

Dry dock deflections

ot
| E

\ .

Vo
Fo -
oM

!
Cl L

Laden — still water deflections
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In order to protect the diesel engine from damages due to a possible inadequate alignment,
engine designers normally require application of the engine’s bedplate sagging after vessel is
afloat (Section 3, Figure 20). The bedplate sagging is supposed to rectify and diminish hull
P deflection influence on the engine alignment. It is primarily meant to cancel out deflections
m,;"u MA2iavt which oecur while the vessel is afloat, and further reduces the influence of the hull’s hogging
= Aziont as the vessel gets loaded.
DA RAcino

A 6AULELLIANTE

FIGURE 20
Vessel Waterborne — Hull Deflections Affect the Propulsion

However, this correction, applied to the engine after the vessel is afloat, results in an
inconsistent alignment procedure (Section 3, Figure 21). The established dry dock reference
line is now changed only in the section below the main engine (M/E). The rest of the
propulsion system remains affected by the hull deflections. The shafting and the engine are
now aligned to the different base lines (one which is known initially is defined in the dry
dock, and the other one. essentially unknown, is established for engine realignment and
bedplate sagging after the vessel is launched). The consequence is the shafting affected by
hull deflections on one side, and the M/E on the other side rectified for the even keel
condition.

i
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e PyEM 25 m7m

- L INTERMEMN 5=~ 8 nm
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- DiStan2A TRA SufPoRT ALB. INTERMED! : (b * (40"?46)
' - DISTAN2A TRA BocolA PoPPERA ( BRACCIO A V )E

Probieh Fuoruscirh (ASTccIo) : MAx, 24 (v.pince. )
.49

= L PoerAtA Roccor.h PP : 2 CP Crvw 4,8 P)
- L f n P&, A ¢
- L " SUfORT) INTERMEDI @ DoPo ALL, PRELIM/NARE

=~ ESECULWONE Bl Dis€GNo PREL MINARE DI SISTEMPA2ONE L.A.

PER ALLINEAMENTL PRELIMINARE, TORSIONAL! Arrgovwcwmwﬁ‘g
SwiLuvbo STRUTTVRE /FuSiom ) VERIEICHE PIANO DI GofTruz)oMNE /
Aevdic! .

= NUNERO, PoSiziovE E CARICH! SuPPoRT! : DATA BACE F C(APACLITA

TECNICA | VALUTAZIONE DI P10 PoCSIBIL  SeLv2ioMl , YT bi22e
DE6U ATUAL ME22) DI CALOLo DISPOMIBIL)

= QQL!CH] H
6*8 KGJem® Per SueporTI ALBER! IMTERMED|
MAx. & ¢ I BoccoLe LUBR. Ap OLIO copn A=4.5f
MAx 3.5 " " z " " AcQUA

AISPETTO DEI L|MIT" DEI FoRMITOR! PER CARICHI MAX,
(M:T) SU RLANGE AcoPPIRMENTO NoTo Al E RIDUTIOR!

- ESecuzione CALcoll  PRELIMINAR!  ALLINEANENTO - TORClONAL) ~

LATERAL) - ALSIALI ‘ ALL'ESTQRNO o ALL' )NTERMO Fl/C.
- DisStovigitl PreTocolll DV Chlcolo PER

. 4; Minim) RaeoLﬂnsmﬂm, SPESSOR) FLnuCE, ({)Buuam
FATIORE D\ SiCueez2A R EATICA CON ECCENTRICITA D SPwuTA

CALeTAMenTO ELicA A PALe FISSE ( AvANZAmEATO, PRENION),
SOINTE )

o SEGQUE TesTe
PAG + 55
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FATTORI DI SICUREZZA ALBERI PORTAELICA SECONDO DDS 243-1

NUMERO DI ENTE DI THR THR. ecc. Ks Ks THR. ecc. (max)] Ks (LIMITE) Ks (LIMITE)
COSTRUZIONE CALCOLO KN mm. (con Alfa=1,2) | (con Alfa=1,0) mm. (con Alfa=1,2) | (con Alfa=1,0)
5839/40 TRIARC | 7725 | 285 224 244 400 (2,04) 221
5881/82/83/5954 | TR/ARC 823,5 302 1.9 2,06 400 1,77 1,90
5909/55/98/6044 TR/ARC 916,6 280 2,12 2,31 400 1,92 2,08
5941/79/6045 TR/ARC 1331,2 328 1,52 1,63 - - -
= KAMEWA (*)| 1087,0 366 1,55 1,67 400 1,52 1,64
5980 TR/ARC 1134,0 - 330 J.64 N - - -
= KAMEWA 919,0 399 1,65 1,78 - - -
= KAMEWA ()| 1072,5 320 1,67 1,81 400 1,58 1,71
5956 TR/ARC 12498 343 1,86 2,01 400 1,78 1,92
5989/90 TR/ARC 1115,4 199 2,06 2,25 400 1,77 1,91
6035/36 TR/ARC 8417 350 . 2,19 2,38 - - .
= KAMEWA (*) 834,0 340 2,21 2,40 400 2,12 2,30

THR = VALORE DELLA SPINTA DELL' ELICA
THR. ecc. = VALORE DELLA RISULTANTE DI ECCENTRICITA' DI SPINTA DELL' ELICA
Ks = FATTORE DI SICUREZZA (>2.0)
ALFA = COEFFICIENTE DI MAGGIORAZIONE DEL MOMENTO TORCENTE

Ks (LIMITE) = FATTORE DI SICUREZZA CALCOLATO CON ECCENTRICITA' DI SPINTA MASSIMA PARI A 400 mm.

Inv

;

MotlT)?

CAS)

£< DEL CRITERj0 ATIUALE

(hs >2)
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Costruzione XXX ]

ELEMENTI SIMBOLI | UNITA' DI MISURA ESPRESSIONE DATI | CALCOLO
Potenza nominale N1 kw 13000
Rendimento riduttore ETA 1
Potenza trasmessa N CcVv NIXETAX1,36 17680
Numero di giri asse n pm 130
Momento torcente Mt1 kgm 716, 2x(Nin) 97403
Coefficiente di magglorazione ALFA 1,20
Momento torcente di proporzionamento Mt _kgm ME1x (ALFA) 116884
Spinta dell'elica S kg 85050|
Diametro esterno D mm 565
Diametro interno d mm 125
Area della Sezione A mmq (3.14/4)x(D"2-d"2) 238447|
Sollecitazione di torsione TAU kg/mmg 5, 1x(MbDAD*4-d*4))x1000 3,313|
Sollecitazione di compressione SIGMA kg/mmgq SIA 0,357|
Sollecitazione ideale statica SIGMAIs kg/mmq [(SIGMA)'2+4x(TAU)"2]*1/2 6,636|
Peso elica + parte albero a sbalzo Wp kg 17120+1427 18547
Braccio sbalzo Lp m 1,746
Momento flettente dovuto a peso elica Mg kgm WpxLp 32374|
Eccentricita di spinta EPSILON m xe=0,335 ye=-0,059 0,340 |
Momento flettente dovuto all'eccentricita di spinta Mfg kgm Sx(EPSILON) 28917|
Momento flettente totale mf " kgm Mg+Mifg 81201|
Sollecitazione alternata di flessione SIGMAfa __kg/mmgq 10,2xMixDx1000/(D*4-d"4) 3'.4??4*‘
Coefficiente di sollecitazione tangenziale Ct 0,10
Sollecitazione alternata tangenziale TAUa kg/mmq Ch(TAU) | 0,331
Fattore di concentrazione sollecitazione a momento flettente Kf 2,30
Fattore di concentrazione sollecitazione a torsione Kt 1,35
Sollecitazione risultante alternata SIGMAIa kg/mmg [(Kix(SIGMAfa) )2+ 2xiKby( TAUa)"2] /2 : ' 8,010
Materiale albero C40 |
Carico di rottura R kg/mmq 61,2|
Carico di snervamento Sn kg/mmg 30,6
Limite a fatica flessionale rotante Lf kg/mmq 34.0(
[Cattore di sicurezza Ks>2 VI((SIGMAIs J/'Sn)+((SIGMAIa)/Lf)] 2,210|
file : Ks.xls - toglio (1
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NUMERO DI ENTE DI 1 My Mx Th bx by bt
COSTRUZIONE | CALCOLO | KN*m. KN*m. KN mm. mm. mm.
5839/40 TR/ARC 93,6 19,3 7725 121 258 285
5881/82/83/5854] TRIARC 2246 106,9 823,5 273 130 302
5909/55/98/6044| TR/ARC 100.9 236,1 916,6 110 258 280
5941/79/6045 TR/ARC 249 5 358,8 1331,2 187 270 328
= KAMEWA | 3978 18,1 1087,0 366 17 366
5980 TR/ARC 331,1 174,3 11340 | 292 154 330
= KAMEWA | 3550 -93,0 919,0 386 -101 399
= KAMEWA | 3375 -60,0 1072,5 315 -56 320
5956 TR/ARC 195,68 382,0 12498 157 308 343
5989/90 TR/ARC 74,8 209,1 1115,4 67 187 199
6035/36 TR/ARC 257,5 143,9 841,7 306 171 350
= KAMEWA | 279,0 -49,0 834,0 335 -59 340
6059/60 KAMEWA | 4459 -81,8 1446,0 308 -57 314
6065/66 LIPS-BV 298,8 54,0 | .1200,0 249 45 253
6069/70 (L) LIPS-BV 4084 -28,3 1177,0 347 -24 348
6069/70 (K) KAMEWA | 360,8 -66,20 1170,0 308 -57 314
6053/54 (K) KAMEWA 31,9 125,95 700,0 46 180 186

file : Ks - fogiio : ECCETH

(M

My = MOMENTO ATTORNO ALL'A'SSE VERTICALE
Mx = MOMENTO ATTORNO ALL'ASSE ORIZZONTALE
Th = SPINTA DELL'ELICA
bx = BRACCIO ORIZZONTALE
by = BRACCIO VERTICALE

bt = BRACCIO RISULTANTE

33
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|Dry mass of propeller, in kg M = 12430| kg
[Number of propeller blades_ N= 4
Density of shaft material, in kg/mm’ G=| 785E-06| kg/mm’
[Modulus of elasticity of shaft material, in N/mm? E=|  208000{ N/mm®
jLength of shaft line between propeller and thrust bearing, in mm | = 13065| mm
|Equivalent diameter of shaft, taken as an average over length |, in mm D= 445| mm
linternal diameter of shaft, in mm ] d= 0| mm
[Mass of shaft line considered, in kg m = 15851 kg
* IEstimated stiffness at thrust block bearing, in N/m k=| 7,00E+08| N/m
A= 1,2833
Me = 40811] kg
a=| 4799877| (c/min)
' b=| 1564281/ (c/min)?
Critical frequency Fc= 1064,5| c/min
|First propelier biade resonance speed Rs = 266,1| rpm

¥ CEDIMENT)
FOMDA2oNE RECEISPHINTA .

file : Vari.xis - foglio : AXIAL (1)

SU CRUISE PER INSVFEICIEVTE Rte:m'm\

46
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3%

[kMNY = shear force at the aft end engine flange

Q [kN]

Range for flywheel: M [kMNm) hendia% moment at the aft end engine flange
_________._.-—-I = 12780 (kgm2] blkgn&'ﬁ moment of inertia of flywheel :
| = 8920 [kgm2] ' [kN) = propeller thrust at CMCR
| = 5100 [kgm2] or according to following formulo:
1 = 2700 [kqm2] T = 1464P/v where P [kW] = engine power at CMCR
5040 { v [knots] = ship's speed ab CMCR
[kN] = ilated shear force according to shafiting calculation
?00«\\ [kNml = calculaled bending moment according to shafting calculation
650 ‘\\\ [Qc must be wilhin the ollowable loading range Qmin<Qe<Qmax, see_example]
N\
500 \\\ Curve for T = 1460 [kN), obtained
550 - |\ by linear interpolation between curves T
\\\ of T = B00 (kN1 and T = 1650 (kNI P
500 :
NN ) Engine power ot CMCR P = 15000 (kW)
b _\\\ [B] Ship's speed at CMCR v = 15 [knots]
400 ~\\\ C] FLywhe | = 8920 [kgm2]
R / DfMc) = -150 CkNm1 :
350 N\\ E]Qc = 200 OkND
300—&‘.\ S Qmas....... LA o[kbl] -
250 D 3950 (W'} E.Bl=[F) 7 = “eo
1 NE - 1300 D]=> vertical line[G)
200 -\\\ Q¢ 1630 [€).[E]=> herizontal tine[H)
NI A 2000 : _
150-\\ 4 €].[F1.[El= Qmin = 55 (kNI
| N Qmax = 325 (kN)
L \\\ =is wilhin range Qmir < Qc < Qmax
¥ ”\\ .| Omin. .
0- \\\ i ]
\\\ I
50 :
—100-\\\ E it :
™ N\ i § ' Mater ] Octn Bungee _f Octe o
-200—\\ N o o XXX Sdsiate for Seds
= RN E-l i _ ) -
% iMe [T M [kNm) il:" T-RT6y
~450 | -300 | 150 | 0 150 = 300 450 I Morinm_llowsble teading rangs. at T — |
SURFACE PROTECTION SEE GROUP 0344 i’EL wnven S0 T r Eer |
hiaies o [3-107.298.247|" | H| “Diesell

GEMERAL TOLERANCES ACCORDING T0 150/2768-n
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- Gap and Sag, cioe le aperture e disassamenti alle flange di accoppiamerito, necessarie
per il lavoro di montaggio in Cantiere.
empio di output grafi

In fig. 1.1 & possibile vedere un es; ico del programma (modello della

linea d'alberi e rappresentazione della linea elastica).

TIHEARTIER

SHAFTLINE et
stalic cond.
m———E
1
524 #H? 260 10R 1 15 4 i
1 - "\
/ .

P
gl

4
I
P

\\
N
d

TR S TS N I T -

0.0 an o.0¢ .00 .30 o0 -1.20 mm

Fig. 1.1

2

2.1 1l calcolo di allineamento tradizionale in condizioni statiche.

In questo tipo di calcolo la linea d'assi viene schematizzata come una trave poggiante su
pill supporti.

Il risultato finale desiderato & di ottenere un'adeguata distribuzione del carico sui supporti
(cuscinetti) della linea d'alberi, secondo i dettami dell' “allineamento razionale”. Questo
spesso comporta un calcolato “disallineamento” in senso verticale dei supporti per
compensare le differenze di reazione dei cuscinetti stessi e garantire che il campo di
funzionamento sia all'interno di quello previsto dal costruttore e comunque il piti uniforme
possibile. E' conveniente inoltre che l'asse poggi sempre sulla parte inferiore del
cuscinetto.

Soggetti a maggiore criticita sono il riduttore e la boccola poppiera.
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2.2 Riduttore:
Per quanto riguarda il riduttore, & necessario garantire |'equilibrio delle reazioni sui due

supporti della ruota lenta, dato che da esso dipende la bonta del contatto denti fra la ruota
lenta stessa ed i pignoni, e quindi I'affidabilita del macchinario stesso. La differenza_non
deve essere maggiore del 10-15% durante il normale funzionamento (g _caldo). A questo
scopo il riduttore deve essere opportunamente posizionato a freddo tenendo conto di
quale sara il sucecessivo innalzamento termico del macchinario . Deve essere calcolata
accuratamente, compatibilmente con i problemi di sistemazione a bordo, anche la
posizione del cuscinetto intermedio pit vicino al riduttore, Bisogna infatti garantire una

sufficiente elasticita del sistema, in maniera che il coefficiente di influenza del cuscinetto
sul riduttore non sia_troppo grande. In pratica bisogna evitare che piccole variazioni
dell'offset del cuscinetto sul piano verticale non portino a grosse variazioni di carico sui

due supporti della ruota lenta con conseguente “squilibrio” del sistema.

2.3 Boccola poppiera:
La boccola poppiera, cioé quella inserita nel braccetto portaelica, € il_supporto soggetto
_al maggior carico dovendo sopportare il peso dell'elica e le sollecitazioni da essa indotte

oltre a quello di una porzione di asse.

Per questo motivo i regolamenti dei Registri di Classifica prevedono per questo supporto
una lunghezza minima pari a_2_volte il diametro dell’ asse portaelica, oppure inferiore
(minimo__1.5 volte) se la pressione specifica calcolata sull'area proiettata non supera i 0.8
N/mm?. La nostra procedura interna del sistema qualita prevede invece un valore max di

0.5 N/mm?, valore cautelativo basato sulla nostra esperienza nel campo.

Nell'utilizzare il software di calcolo, le reazioni vincolari si assumono come concentrate
nella mezzeria del supporto (cuscinetto o boccola), quando questo ha un rapporto
lunghezza/diametro inferiore a 2 .

Per quanto riguarda la boccola poppiera, questa assunzione risulterebbe errata, data la
lunghezza del supporto stesso e linfluenza della massa dell'elica a shalzo che fa

spostare verso poppa il punto di appoggio dell'asse sulla boccola stessa (Fig. 2.1)
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Estratto da output del programma Align :

Modaello boccola

DISTANCE
[m]
Estremita poppiera 2.087
Punto di supporto 2.537
Boccola 2.987
Estremita prodiera 3.287

DEFLECTION

[mm]
.301
.000
.249
.389

SLOPE LOAD
[rad] [M]
.7113E-03
.6112E-03 324000
.5033E-03
.4400E-03

Fig. 2.3

Asse teorico

La reazione del supporto, dovuta al peso dell’ elica + una porzione di asse, & di circa 33 1.

L'influenza della massa dell'elica si fa notare soprattutto nella zona poppiera della boccola

dove lo slope é dil0.7e”/rad (0.7 mm/m). Per vederne gli effetti sostituiamo I'appoggio

teorico con 2 supporti posti alle 2 estremita poppiera e prodiera della boccola (Fig. 2.4) e

rilanciamo il programma :

Supp. 1 Supp. 2
450 450 300
BEARING LOAD i COLD CONDITION
de ot de e % v e oo ok ok i tE S R A R R AR E & B S A
ELEMENT DISTANCE OFFSET LOAD
LR & BN X X ok kb k ko L 8 EE & & 2 23
(m] [mm] [N]
Supporto 1 2.087 .00 352716
Supporto 2 3.287 .00 -55682
Fig. 2.4

Come si evince dalle reazioni dei supporti 1 € 2 tutto il peso va a scaricarsi nella zona

poppiera della boccola. L'area di contatto sara quindi notevolmente inferiore e
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conseguentemente la pressione specifica aumentera. E' probabile quindi il superamento
dei valori di specifica del cuscinetto, con deformazioni locali, difficolta della creazione del
film d'olio e conseguente danneggiamento del supporto stesso.

Per aumentare la superficie di contatto & necessario quindi fare in modo che l'inclinazione
della boccola sul piano verticale si avvicini a quella dell'albero portaelica.

Nell'esempio in questione, dopo varie prove & stata scelta un'inclinazione

Per simulare I'inclinazione del supporto con il programma di allineamento, utilizziamo il
calcolo precedente ponendo i 2 punti di supporto in modo tale da ottenere l'inclinazione
desiderata (fig. 2.5) .

Punto di supporto teorico Supp. 2
I
g ] 1' +0.43
Supp. :
Asse 5
oo I (et T e
0.26 E
|
450 | 450 300
v I
I
BEARING LOAD COLD CONDITION
Fhhk kT hdhrddd kh K hkddod ok kdkok kK
ELEMENT DISTANCE OFFSET LOAD
dedeide ok ok ok ok Thrhhhkhx *hkkhkkk *kkhk
[m] [mm] [n]
Supporto 1 2.087 -0.26 196598
Supporto 2 3.287 0.43 128405
Fig. 2.5

Con questo valore di inclinazione si & ottenuto lo scopo di distribuire il carico sulla

boccola, ~ 60% a poppa e 40% a prua, valori considerati soddisfacenti secondo la nostra

esperienza.
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FINCANTIERI - TS uff. TRIARC ALIGNMENT Fincantieri
P.8167 - P&O FAST FERRY (170) stress 1999- 2- 5
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SCELTA BASMTA SV CoNDIZWONI COMUNMNAQUE ESTREME.

PER NAVI RoRg A POTENZA RELATIVAMENTE TA
S1 EN sivoen Tnnswzm'n LA CoMfovEnrTE mnnﬁuca'

PRIV VILEG'BMVDO LE SiTUA2w0ONY DI MAMOVRA E Bﬂsg
PoTeNzh NEWE OUVALY UN ALLUNEAMENTD  QUALI- DIVA-
Mico HETEREBRE CERTBMEMTE (N CRIS) 2R Rowodh,
convN REAZIONE CONCENTRATH WICINO AL 'ORW PorPIERS,

TEvuTe CONTO DELLE ATIVALI INW6MITE DOWTE A DATABASE
INSUBELCIENTY € ALL' )NVCERTE2ZA DELLE Previiomr) DI CALtolo
E per RISULTATY PosiTiv) v ESERCIZIO LA DECISIONVE D)

ADoMARE L' 1N £ STATICO  Dofo VERIF\CA DE)

CALLall SEmM@RA AMPIAMENTE (onD) VISIBILE,

COoST) E TEMP! RELATWE R SPER)MENTARONI SuL CAME
Sowo  NOTORIAMEWNTE PROIRYTIWVY E  PuRTROPPo TALI
S PEAI MENTAZON) VENGONS EccetmvATE DO IN CALo

D) GRoStE RVARIE.

NEL (mmPo DELLE NAV) bp CROCIERA N LiINEE »'Aeers
D1 TIPO CONVENZIWOMALE, LE ESPERIENZE CONSEeUITE A
CARo PRE2Z2o CON LA (WRREzZIOVNE DEI MATI PROGETVAL)
CHE AVEUAN® CRUSATO LE AVARE HAwmnwo STABILIZ2ATO
Scelre ComPLeSS\vAaMpyTE SODDISFACEMT.

LE RISULTANZE DEL CAlLGlLo DINAMICe VENGONO GENE -
RALMENTE C(ONSHIDERATE. PPPORTANDO UNVA MODESTA CoRREZWOVE
v SgnSo OPfoSTO AL DATO DI ALLINEAMENTO STATICO,
DiMNCEN DD CIOE 20 SLDPE. Sue. P1ANO VE.erc.g(_E!m LA
Rocecolh Der. BRAccio A "W

CASO PER CASO VIENE CoNSIDBR-ATA ANCHE L'0PRRTUMITA [
MOOESTI DISALLINERMENLT) ANVCHE SuL FIANO ORI2ZONTRLE .

I,ﬁ °FINCH’ﬁ\ | REGISTRI APProvANnO £ LE CoSE VANNO BEWNE ...

t & o Div. MiLiTAre 2
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SITUAZIONE

-
= PER QUESTE MAV] E STATA VERIFICATA (A MA*. |MPRTAVZA
DE! CEPIHENT! STRUTTURAL) Sul PIApO TRASVERSALE .
DELLA Se2iovk IV ORRISPENDEN2A  PEI BRAcer AV

- TRA NAVE N BRcve (CoNv BRAce) SOSTENYTI © NON
SoSTEMUT) E NAVE GALEGE ANTE M BAc/wo SoMo STAT)
RILEVATI CEDINENT! DEW'oprDINE Bl PAREccy:) 7™, TRA
L' Alrproe VARAARILy TRA DR E SMN..

“ Dl TAL ceEpmmMenpt! S| TEVE VT NEL CALETAMENTO
Dewg Boccote. CHE OWIAMENTE PRECEDE ). VARe,

4~ MeEtope LASER

- WI12IATA LA FASE AePLICATIVA /N OUN SISTEMA |NTEGRATe
E CoMBINATe OV PESATE E CEwWwE bl CARILo O STRAN ~GAULES

~ INForMA2i0N! LINEAR] SPR2ALI N TEHMPo REALE

- PoSSiBIte ALLINEARE IV RAcivo ALMENO FiNo AL HP/ﬂbmrofee
Con SoPpRTY  FiSSATY PRovVI SORIAMENTE. T

~ SBHPRE OPPORTUNA E RICHIESTA LA PeSATA FiNALe D)
Conrealle A WNAve GALLeEsl ANTE

5~ METOpo GAP &£ SAG

- T@ﬂbthONﬂL&) ACCETIATA | SUFFIC)ENTEMENTE AELIDARILE

-~ SEQUENZA D) MISVRE Con CONPARATORE A PRRTIRE DAL
12 Reco$PIRMEATO VERSO PofPp ; Po) Verso PRORA cow
Ao PliAMENTO FINALE DEw’ viTihg Coh D) fLANGE

- REGISTRAZIONE CARICH! & OFFSET , VALIDRZ|ONE DEug
TolLERPPNZLE RiISPET® At CALwL

~ Tollg @ANZE DI MISURA * 40‘%
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3.

3.1 Verifica dell’allineamento in condizioni dinamiche.

L'elica, operando in un campo di scia non uniforme, & soggetta all'azione di forze e

momenti derivanti dall'eccentricita della spinta._

Infatti, per il motivo di cui sopra, il punto di applicazione della spinta risultante Jon
goincide con llasse geometrico dell'elica (fig. 3.1). Le forze, che variano a seconda delle
condizioni operative della nave

navigazione libera, manovrz

ccostata ecc.) si
trasmettono tramite I'asse portaelica principalmente alla boccola poppiera.

Esempio di
posizionamento del
centro di spinta nel
primo quadrante.

N/

Fig. 3.1

*
L CoNTR)BVISLONO pLLA Vnmnmt.vm\' DELLA SOINTA IV HoDULoJ
Ah0E22A Dl VIRRAZWANE £ Pumnto DI pPPLI cAZIONE LA

CONCATENAZIONE DELLE AGHIALI /Toamounu y B Ry
DEwWE Pare , LA MASSA , Compamenie

asiale
ABDIZWONVALE( ALAVA Fua fin « F x MAsSA AGGIUNTA
TRASC\WATA
) et Visrauove AL

e Doyura ALLE TORSIWALI
Vigep21oVE PALA

DoyuTh ALLE = =T INTERAZ\VOVE  TRA Meonente
AShau VAR\ARILe E SPwTe AShALe
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3.2 Forze e momenti derivanti dall’eccentricita di spinta e loro applicazione nel
calcolo

APP Roctro QUAS - STAT) ce

Mh > momento agente nel piano orizzontale
Mv > momento agerite nel piario verticale
Fh > forza orizzontale

Fv > forza verticale

Fig. 3.2

La magnitudine e il verso di queste forze vengono forniti dal progettista dell'elica e
possono essere inseriti nel programma di allineamento, applicandoli al baricentro della
sezione del modello matematico che rappresenta I'elica.

E' importante che l'effetto di queste forze sia quanto pili piccola possibile o che, in

alternativa, non vada ad aggravare la situazione statica. Per esempio, il verso o lintensita

del momento Mv e della forza Fv devono essere tali che la loro risultante non vada a
sommarsi al peso proprio dell'elica. {

Il calcolo di verifica dell'allineamento statico, visto precedentemente, considera solo le
forze dovute al peso proprio del sistema e quindi reazioni e spostamenti agenti solo sul
piano verticale.

Con lintroduzione di forze agenti anche sul piano orizzontale si rende necessaria la
verifica della linea d'alberi anche da questo punto di vista.

ILprogramma. ALIGN prevede un file di output apposito che si genera automaticamente in

presenza di forze orizzontali.



Genovese Fabrizio



Prendendo in esame il traghetto esaminato precedentemente, proviamo a confrontare il
calcolo si allineamento puramente statico con quello “dinamico”.

Un estratto dell’'output di un possibile allineamento in condizioni statiche
33

& visibile in fig.

SHAFTLINE HigAmient
mass i cold condilion
——
1
mm 3 1oy 144 " 51 168 mn W
o= _
0 ] e s — = g =
1 — B
P
5T am 0.00 0.00 0.00 000 0.0 1.06 mm

Fig. 3.3

Alla luce dei risultati ottenuti, la boccola poppiera va inclinata come descritto nel paragrafo
2.3.

| dati relativi all'eccentricita di spinta, forniti dal costruttore dell'elica e riferiti alla condizione
di navigazione alla MCR, sono i seguenti:

Linea d'alberi di sinistra:

Mh 273.5 [kNm]

My = -181.7 [kKNmI

Fh = -68.8 [kN ]

Fv = -97.3 [kN ]

[l momento verticale, con la minore partecipazione della forza verticale, tenderebbe a

contrastare il peso proprio dell’elica. Per questo motivo il punto di supporto teorico
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dell'asse sulla boccola poppiera (par. 2.3) si sposta verso prua. Partendo da poppa, e
riferito alla lunghezza totale della boccola, passa dal 37 % assunto in condizioni statiche
al 54%.

In fig. 3.4 & possibile vedere |la variazione della linea elastica (sul piano vetticale

aver introdotto nel calcolo le forze sopracitate:

o e i ] NB : DEVIAZIOM| QUAS) =STATICHE
SHAFTLINE Senza Eepewo VigaAToRIO
SHAFTLINE -F o
mass condition | ( v b “T S
385 condition in worm] PERIoDICt ! )
70
me 172 126 7 0 05 6 W
. -
U A . —C B iy
. B Ay
o
S . 0.00 01.00 .00 0.00 Q.00 0.an =0.61 mm

;
er—|
[==]
wn
>
L
3
wn
(&)
o

s

o

=
o
N
e
L
(=]
(@]

Fig. 3.4

L'effetto del momento Mv e della forza Fv & chiaramente visibile.

Mentre nella condizione statica la massa dell'elica provoca una flessione dell’asse -
superiore a 1.5 mm nel punto estremo di poppa.(corrispondente al baricentro dell’elica nel
modello matematico della linea ), nella condizione dinamica si avrebbe addirittura un
inversione di tendenza con un effetto di “sollevamenta" dell'elica. Il carico sul supporto di
poppa cala di circa il 44%. La variazione sugli altri supporti & minima e tende a calare
verso prua, fino ad annullarsi.

L'effetto delle forze orizzontali Mh ed Fh & visibile in fig. 3.5:
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TRAME Txcentrie Thrus! MCE.

Alignmienl

o 49 -26 o -3 1 0 0 kN

0.00 0.00 0.00 0.00 .00 .00 0.00 mm
0.00

Fig. 3.5

Sul piano orizzontale, la linea tenderebbe a deviare verso centro nave (1 mm circa a

poppa) . Anche qui avanzando verso prua le deviazioni si attenuano completamente. Per

la linea d'alberi di dritta I'effetto va considerato in maniera speculare.

3.3 Influenza delle forze idrodinamiche sui criteri di progettazione — asse portaelica
e boccola poppiera. "

Come visto precedentemente , la presenza delle forze dovute all’eccentricita di spinta
dell'elica puo modificare in maniera radicale il comportamento della linea d'alberi nella
zona poppiera. Le sollecitazioni e le deformazioni dovute a tali forze devono essere prese

—

in_considerazione per quanto riguarda la progettazione del sistema asse portaelica-

boccola poppiera.
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Department
Technical Investigation Departmen
Report Number Figute ﬁ]ﬁ;ldlx

A | SuljEct TLV. otterdam V ) Sea Trials 03 to 04 Nnve‘ﬁ'ibér 1997
¢ |Journal Attitude in way of 'A’ 'Bracket Bearing - Zero Helm 225 knaie |
PORT SWAFT

Hmr-u-mm.
AFT END EWD END

.I"']t

" up Looking
! Forward

| stbd.

|
—_—

Resultant Force
36 tonnes

FORM 29884 (11/B8) LLOYD'S REGISTER OF SHIPPING
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Department
Technical Investigation Department

Report Number Figure Appendix =
97/TID/5472

subject MLV, “Roftterdam V1" : Sea Trials 03 to 04 November 1997
Journal Attitude in way of 'A’ Bracket Bearing - 10° to starboard.

Displacement
Vectors

M!Pﬂ.ua ALBERS
SPosSTAT™O DI

104 4+59: 463"
R\SPETe A Tihewe 0°

up Looking

Forward
stbd. R‘;?ET[O A
——— -] N
Resultant Force TINWE A 0%~ 225K8:
83 tonnes
poaiilugice INCREME UTS RISULTALTE

t 252

FORM 2988a (11/88) LLOYD'S REGISTER OF SHIFPING
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Department —
Technical Investigation D@p AFEEnt

S — _ Tigure T
gsﬁjrtvgiil 2 )

S - i Vertical ["é"g;m:;:& //
045 - s _; APPROCEIO DINAMCO : | forrErn /
ouid | SCOSTAMENTO DA STATIco A FPoTenza ¢ //

£ F DEVIAZONE  vigraToR|A /
035 + DA Posiziowe mEBIA ” 4

0.25 -

02 -

RPM

65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155

0.5 7 Transverse

E
045 - § %
04 ~ &

a L’

’
035 — ya
‘.d'

03 ~
0.25 ~
02 —
0.15 — -

----- Vibratory amplitude (+/-mm) |

0.1
Mean position relative to the
reference point - move to stbd |
0.05 -
RPM
0 |

65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155

Figure 2 : Propeller shaft displacement relative to the ‘A’-bracket bearing

FORM 3988a (11/88) LLOYD'S REGISTER OF SHIFPING
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Design of Propeller|Shaft Systems with Reference to Vibration and Strength

A detailed theoretical analysis of forced whirling vibrations,
taking into aceount the coupling terms for the propeller, damp-
ing and bearing stiffnesses, requires a complicated method of
a?pféﬁe}i._ In Fig. 4, results obtained with such a method, (10 are
illustrated.

1t should be emphasized that the practical benefit of such a
caleulation depends entirely on reliable assumptions of the
numerous parameters involved. The stresses in the shaft system
—if réquired to operate on, or nedr, a resonance—are caused
by propeller weight, still water and wave hydrodynamic action.
Fatigue data for propeller shafts, as presented in Fig. 4, point
out whether allowable strésses will be éxceeded.

AXIAL SHAFT VIBRATION
Analysis of propeller and/or engine induced axial shaft
vibrations is mainly justified due to their ability to produce
harmiful vibrations of the ship’s strueture through the thrust
bloek and/or of the propulsion nidchinery itself.
The dynamic response of the shafl system may be estimated
by means of the conventional method of redueing the lumped

mass system to a one-mass system by means of the Holzer
tabulation and applying dynamic magnifiers based on experience
from similar installations. The exeitation forces from Diesel
engines, i.e. the radial crank forces, are readily calculated on the
basis of recorded or estimated cylinder pressure diagrams, while
the harmonic propeller forces (thrust components) may be
determined from a computer analysis based on hull wake and
propeller geometry.®

As illustrated in Fig. 5, the author’s organization operates
with a stiffness range for the thrust bearing when determining
the required number of propeller blades and engine particulars.

This method of approach represents in most cases an
adequate analysis for common Diesel or turbinie driven propeller
shaft systems, giving sufficiently aceurate results for a practical
judgement of the axial vibration characteristics.

The axial vibration characteristies of the shafting are, to a
great extent, dependent on thrust bearing stiffness (Fig. 5), main
engine particulars (number of cvlinders, firing order etc.) and the
number of propeller blades.

The net trial and error process involved in section A (Fig. 1)

(b »WP
) _ 3 UE 70 5t
DRDER PROPELLER FORCES *=
> 3 4
® JOO08 n porizontal plane
1
% 1
"'%2’{3 o004 1
1
S 1
§ 1
43 ! -~
g 10 OO0 |
S [
3 in gﬁmﬂ plane
700 110 20 130
Propelfer, revimin
T =
4
Ve
/ — > -»> -
fl’.! Lo‘i; SUPPORT fAFT%ﬁEK; 7 r M= Mﬁi M"’Mmﬂ' Mr+M + £ M;
BEARING) aufmﬁ-‘# i b
PROPELLER FORC?:'S'/ F = Magnification factor
-
; = hydrod) ‘e bending moment of Zth, order
n=114 revimin e My hyerocynamic fm\
o (N..EI"}‘O c 'c
F-12 !
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2 \\
10 e
—» N
-12 = ~
- =3 -~
f\’? > [~ ——
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F1G. (2—Reduction in bearing load capasity de 1o
[/ ion ir the con - ail filrm,
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FIG. B_meﬁﬁ g é:g ﬁiﬂ' witk change
Posmon
Notation: FIG. 13 OF
bearing length (o) GroovEe$
radizl cl:grmce (tzun) )
bearing dizmeter (ram
disumee between bearing zad journal
ccnoess (mm)
minim i mm
exnug 2dius (mm
lcad (15)([-.‘4' = | Mewwa = 0- kgf or kp)

sccenicity retio (6 = o = 1 — 2

absolute viscosity (sentpoise)
(1 ceaiipoise = 103 Ns/m?)
rotationa! speed (ridian/x)
dmmensionless load parameter

For above units & = éﬂ?—i‘.—;- (-%):

DB. 2 M Iﬂﬂg nn.ch_

Az exzraple is shown on th: chart By moving the groove
30° further from the load line. i.c. from A to B, the minznum
“lm thickness, A= may be doutled for the same load, licc C
to D. Alteraativaly, the load W may be incrazsed by a factor

-of 7 with the same he line C10 E.

Fruve /. Wloa £ 1076 Vol &

= housin, in

ths pea: oz withia ing assembly o
bring the =oo:es w the diiii‘édrg" tion. [t 15 86t recom-
mended (o mo.s the srooves in the bearinp awav from the
jolnt liae Beezr e the joinc would cause a wity in he
!nzrm  SUFTHER R

w it i5 impossidle g Avoic interference between
L2 single

goaves sad [e:d liac, it may be aetessary w 2
circeurnfersntial c. 5 P% 3 ype ?.-:-yand :ﬂtﬁp e
bearing accordingly.

la locked rain boxes casés of overisating of the
primary pinion b have occlirred. This was due to the
pinion shaft beiay HoHSS by the geer e, and tunaing
conceznwiaally in w. thus very mush reducing the
oil flow, Adop. on of bore bearin
flow. redusing | 1& (AEPEFaTITE t6 Bormal.

TITING PAD THRUST BEARINGS :
The vivog psd theust bearing is well eswablished in
marine practice and bas s high reputation for reliability. With
the growth in :ire. loadizg and particuleriy speed of turbo
machinery, espscially gos urbines. [lmiurions began 1o
:g.parndin-:smma_iétm was kxown about
ing raechamisme Since [ rescarsh hes been
e Soaiags, wil pergeiir riovioee ® redocion
ese 3 7] on .in
power loss 2n: improved operating fastors at very high

For many | ears thrust bearings were designed on a basis
of lsad, limiting this o valuss considered safe in the
lignt of we, Allowsnce war made empirically for the
reduced load capyacity at low sliding speeds.

The criterion now used for bearing desiga is the mini-
mum oil film 1iickness, evaluamed by compuler techaiquss.
From thbese, chifts have beea mwd 0 snable designers
casily 10 determiine a switable g and alsc w asczrain
the power loss ¢ 1d oil flow guiremenis.

The minir:um film thicknesses sdopted for the sofe
operation of thr it bearingy e given iz Fig. 14
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FYG. 14 . Mintmum allowable oil film thickness
or 1ALt

But conmuy to earlier defiefs, it kas now becm estab-
lishcd thar the oud carrving capacr: is not onoly limited by
dl= thickncss 1t low speeds, aad by syucawal strength, but
also by the sursce tempsratore ot high speedt™ ™. Fig. 13
Hlusgaies bow 1hrust mpady vasies with specd for two sizes
of ing It vl be observed how the lerger bezring bas a
lower [oad capei ity at the Righer speeds. )

At high s.rtacc speeds. 2nd 100 m/s 15 common m
modern pracie:, the power loss 2ad cooling oil requirements
are very high, whilst susface temperatures become critical
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COSTRUZIONI - HULLS

Le istruziom ed 1 valor: di allineamento qui sotto riportat: fanno riferimento al Report
Rolls-Royce PA@477 rev.A *Shaft Installatiun ond Alignment Calculation®
Riepilogo e Traduzione ad uso del Centiere

The instructions and values hereunder written are based on the
Rolls-Royce Report PAB477 rev. A *Shaft Intallation and Alignment Celculation’
Summing up and Translation for Yard's use.

0

- ALLINEAMENTO LINEE

5 3 3 3
e

@ 2 3 8 o ag a ® Za

R E E {50 T a -l o, g “ ] -

: 3 g Pg femal g o
AN

1 2 3 4 5
BOCCOLS soccoLs soCCoLa CUSCIMET T CUSCETTD

e [ Senrirg
ass 882 | e | 538 | 24 | 438

N3

4
-~

85 =it

~

iNCLINﬁZ]O]‘QE VERTICALE DELLA BOCCOLA POPPIERA
VERTICAL SLOPE OF AFT.STEANTUBE SEARING

[L

BT mm

CENTAO O ROTAZIONE SU LINEA DI RIFERIMENTO

Talleronza:: 285 mm
Tolerance logreed =ith Aalls Hoyce)

T i

| DIETANIA FRA: | SUPPORTE

ASST - SHAFT LINES ALIGNMENT
[STRVUZWON! A QTA
F. 42

REAZIONT (Kg)
~aacTions (Kg)

SEUSTAMENTL (mm)
Siaplaceamanta (mm)

Distance betwenn supocrs

INCLINAZIDNE ORIZZONTALE DELLA BOCCOLA POPPIERA
HORIZONTAL SLOPE OF AFT.STEANTUBE BEARING

313

117

| |

MEZZERIA MAVE
CL.0F vessoL

A

:

B

]
CENTRO DI ROTAZIONE SU LINEA DI RIFERIMENTD

¥ Tolleronzes! BBS mm
m} Tolerances (agreesd sith Ralls Aogcel

CEWTRE OF ROTATIOM ON REFERENCE LINE

VISTA LATERALE CENTRE OF ROTATION ON REFERENCE LINE
SIDE  VIEW
VISTA [N PIANTA - DESTRA NAVE - (SINISTRA MAVE SPECULARE)
TOP ¥IEW - STARBOARD BEARING SONT SIDE MIRRODM
FLANGEA 1

- A =\

: AN AN

1 AS! T Ca

o1l shafs
—_—

VERIFICA APERTURE E DISASSAMENTI

Le comdiziory di verifica sono :

INave galleggiante, elica totalmente immersa
gd assetio nave come comumicato

a "

2) ] due ass) intermed: devono essere accoppiail
(Flangia 1 chisal

3) L'estremia’ prodiera del portaelica deve
essere libera , s1 consigha percio’ di bloceare
l'asse portaelica in prossimia’ dell’elica.

Le aperture e disassamenti vanno verificati
tra portaelica e primo intermedio, e tra la flangial
prodiera del secondo intermedio e la flangia
del riduttore (vedi a fiancol

Verificata la condizione, s: potranno chiudere
il quunto SKF e la flangua Z e procedere con
Voperazione dh pesata [vedy foglio successivo)

-g % & ! | ) ',f TESONIIINE TELLA MOIFICAY ALTERATIENS TERCRIFTION

~ R I o —
P Tl SHET T A i %ﬁﬁiﬁ
= [ 5. =
F =  m
(2 : LSHEET 2

€ FINCANTIERT

UNITA* QP

b o A o o . TR 4 G OO S e S S
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COSTRUZIONI - HULLS . - - ALLINEAMENTO LINEE ASSI - SHAFT LINES ALIGNMENT

Le 1struziom ed 1 velor: di allineamento qui sotto riportats fanno riferimento al Report /
Rolls-Royce ~ rev. A * Shaft Installation and Alignment Calculation’ ISTRUZIONI A STA F.2r/2
Riepilogo e Traduzione ad uso del Cantiere

The instructions and values hereunder written are based on the
Rolls-Royce Report * rev. A "Shaft Intallation and Alignment Calculation'

Summing up and Translation for Yard's use.

CONDIZIONE & FREDDD
Cold Cormnditicm

Al ] : §  f o4

Pesata cuscinett: 4/5 (assi intermedi) e B (poppiero ) riduttore:

&

(6]}

(74

Cuscinetto 4:Piazzare 1l martinetto 750 mm verso prua rispetto al centro del cuscinetto, sull’ordinata 44
valore_da misurare: 13278 Kg con tolleranza 10%
Cuscinetto 5: Piazzare 1l martinetto nella posizione preposta sul basamento del cuscinetto,
350 mm verso prus rispetto al centro dello stesso
valore da misurare: 12644 Kg con tolleranza 10%
Cuscinetto 6: Piazzare 1l mertinetto sotto la flangia prodiera del secondo albero intermedio,
quanto piu’ possibile verso poppe
valore da misurare: 5939 Kg con tolleranza 18%
COEFFICIENT] OF BELUENZA [N KC. PER CEODENID UNITARID 01 | M.
mr‘l-n:-m-hnmkg for & dosrsged disglacemant of | mm
|—__I-—-. 1 2 3 4 S & L
1| e 447 | 385 a8 -3 2 )
2 | a7 -1498 | 1888 522 243 178 94
3 -355 1688 | -2777 2us -ia? 719 | -am
b 98 -883 2115 -2785 2578 ~2561 | 1357
S | -3 |28 |07 |27 | -smw | we | -sez2 ] SR e
| 8 | 22 jura  |ms |eset  |uzet  [-4vzez | sesia mﬁﬁfﬁ DAWD. Mo. SR ety B12]
Plen 54 -381 1357 -8e22 30819 | -23856
— .G‘S:::ullaul .____ = - B —— l_T m

FORMATD a3 428 x 297
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2005-02-03

Alignment report PAC477 rev a

Fineantieri NB 6123-6125, 6133-6134/11755/€12

3 Alignment calculation RAPPORTO COMPLETO

3.1 Choice of alignment curve

The curve is chesen in such way that the shaft line fuifil the following desired conditions:
¢ Allowable bearing loads and if possible downwards bearing reaction for all bearings.
Acceptable stresses in all parts of the shaft line.
Acceptable angular slope at the bearings.
Acceptable |oad distribution on the two gearbox bearings...

Bearings no 1, 2, 3, 4 and 5 are positioned in a straight line, i.e. 0.00 mm offset from the reference
line. Bearings no 6 and 7 (gearbox bearings) are positioned 0.35 mm reference line in cold
condition.

3.2 Summary of bearing loads, both engines running Load ditection

3.2.1 MCR Warm condition

conditi
Vertical . Horizontal — Resultant
Brg. Dist. Offset Load Offset Load Load _Angle o |
(no.) (m)  (mm) (N) (m) (N) (N)  (Deg.) '

3,258 0,00 304875 0,00 11978 305110  177,8° 5
13,950 0,00 135133 0,00 -50870 144391 B o =" .

o

1
2
3. 22203 0,00 158305 0,00 17771 159289 173,6°
4, 29,839 0,00 133100 0,00 -4890 133180 182,1° 3
5. 37,463 0,00 111297 0,00 1521 111307 179,2° ’
6. 42,521 -0,18 91847 0,00 -1086 91853  180,7°
7. 43,746 -0,18 81825 0,00 575 81827 179,6° 4
3.2.2 Cold static condition @
Vertical | Horizontal — Resultant 5.
Brg. Dist. Offset Load Offset Load Load Angle o
(no.) (m)  (mm) (N) (mm) (N) (N)  (Deg.) 6
1 3,258 0,00 456169 0,00 0O} 456169  180,0°
2. 13,850 0,00 97469 0,00 O} 97469  180,0° @
3. 22203 0,00 171977 0,00 0} 171977  180,0°
4, 29,839 0,00 127485 0,00 0} 127485 180,0°
5. 37,463 0,00 118656 0,00 0} 118656  180,0°
6. 42,521 -0,35 74763 0,00 0) 74763 180,0°
7. 43,746 -0,35 93862 0,00 0Ol 93862 180,0°

in MCR Warm

77
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Alignment report PAD4TT rev a

__Fineantieri NB 6123-68125, 6133-6134/11755/C12

3.4 Slope boring evaluation

Length of aft stern tube bearing (no.1) 1,43 m
Diametrical clearance. 10 mm
Calculated slope at bearing no.1
Vertical plane 0,226E-03 rad (0,226 mm/m) _ o
Horizontal plane 0,73E-08 rad (73 mmym) CALeoLo
b oy
'- sonditic 0,764E-03 rad 0,764 mm/m) VALoRY

1

3.4.1 Conclusion *(Presceim

For cold static condition the slope in the aft bearing is high for vertical direction. For warm MCR
condition the slope in the aft bearing is high in horizontal direction, in vertical direction the slope is
low.

As agreed between Rolls-Royce AB and yard the aft bearing will be installed according to pictures

below by yard. Vertical slope is 0 8 mm/m, aft part down. Horizontal slope is 0,3 mm/m, inward to
vessel CL.

VERTICAL SLOPE OF AFT. STERNTUBE BEARING

313 111
i Wﬂw‘i
] | .s_m’-.- -

| ;

I”H_. "“"‘""" Sk i
HEN =7
SN e
S \\

'\
\{:EHTH& CHF ROTATION ON REFZHENCE LInG

SIDE VIEwW
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Alignment report PA0477 rev a
Fincantieri NB 6123-6125, 6133-6134/11756/C12

afting arrangement drawing i.e. the shaft is to protrude 200
also position on sketch below.

For further information of the SKF-coupling please use the “mounting and dismounting instruction”
for "the SKF OKC coupling for shafts 100 — 1000" that you will find in the Rolls Royce Kamewa
Service/Instruction Manual.

Information for mounting:
Lift up the intermediate shaft until the propeller shaft and the intermediate shaft are in a line. In this

way it will be possible to mount the coupling with satisfying run-out. Make a run-out measurement
after installation. The admissible run-out is 0.2 mm.

l SKF - Coupling j

4
Propeller -/
shaft

Aft intermediate
T i
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Alignment report PAD4T7 rev &

Fincantieri NB 6123-6125, 6133:6134/11755/C12

4.3 Gap and Sag information

The Gap and Sag is measured with the SKF-coupling d_lg.mgu;g@ The aft and forward intermediate

shafts are connected. The flange conneciion at the gegrbox is disconnected. For gap/sag values
see page 35.

Note! The twin tube must be diseonnected between shafts when measuring gap and sag.

431 N
Gap & Sag tolerances m . MISURA SAG Game ABS

Gap tolerance: +/- 0.05 mm Mifugna GAP #

Sag tolerance: +/- 0.08 mm

Measuring values b TN
1 tord p

~ Forward shaflt
Aft shaft /"

Measuring values a1 to a4 I

Top Top

(1) '@

r2 rd a? ad

Left nght Left | Right

2 €

Bottom Bottom

The Sag value has to be calculated as follows: SAG =(r1-r3)/2
The Gap value has to be calculated as follows: GAP = a3 - a1
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Alignment report PAC4TT rev a

Fincantieri NB 6122-6125, 6133-6134/11755/C12

4,42 Jack load procedure

To obtain a value for the 'measured jack load' as accurate as possible, use a graph where the jack
loads are registered at several vertical positions. The shaft has to be lifted further than the ‘jack up’
height, as these are the values that give the result. The shaft is lifted the hole bearing clearance and
close to the top of the bearing. A suitable pressure gauge is used to measure the pressure at the
measure points.

Values are registered both while the shaft is being jacked up and while it is lowered, due to friction in
the jacking equipment these force values will be slightly lower. Use the jack load protocol on page

The up and down values are printed into a graph (se below) and two slopes are to be identified. The
first slope is when the shaft still is in contact with the bearing. At the ‘jackup' height the shaft is free
from the bearing and a different slope on the curves will appear.

Draw a straight line for the jacking up slope and the jacking down slope so that A and B can be read
out. The mean value of A and B is the measured jack load.

If the graph reaches point C then the shaft has been lifted to the top of the bearing and is in contact
with the upper edge of the bearing. This may harm the bearing if the shaft is forced 1élligh.

The difference of point A and B is the friction of the jack. If the friction if larger than 40% of the jack
load (B-A>0.4 x jack load) the measurement is not good enough for evaluation. The jack load
measurement must therefore be performed again. The friction is normally caused by that the jack is
not straight under the shaft or that the jack is not parallel to the shaft or a too large jack is used. If a
load cell is used the friction will be very small if any.

Example of a jack load graph
A B — -—
mm i ///
P

Jacking down

> This part shows
where the shaft is
lifted in to the bearing

clearance.
\ _/
Jacking up

Measured jack load = A+B

2

Calculated

Jackup height

(see alignment —
calculation)

v

31
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__Fineantleri NB 6123-6125, 5133-8134/11755/G12

4,43 Jack load positions

The jack load test must be carried out with the whole shaft litie coupled.

Jack 1 | On frafmie 44, 750 mm forward of the bearing center for bearing no 4.

Jack 2 On bearing baseplate, 350 mm forward of the bearing center for bearing fo. 5.

Forward of frame 59, 768 mm aft of the bearing center for bearing fio 6, i.e. on the
coupling flange as close to the aft face of the aft coupling flange as possible.

Jack 3

For the calculated jack load values see page 36,

Jack load positions:

| Dalgauge | ——
750

l Bearing centre

Transition @ 520/515

ﬁ\\— Jack No. 1
e —

Bearing No. 4

82
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Alignment report PA0477 rev a

Fincantieri NB 6123-6126, 6133-6134/11755/C12

( Bearing centre | ——

350 mm /—— l Dial gauge

Bearing No. 5 &—/

_

s Dial-Gauge

Interm. No. 2 shaft

Coupling-flange

N— Gear-Shaft

N Jack No. 3
e

g3
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5. TORSIONAL VIBRATION ANALYSIS [ Eeermic prarns WJ
5.1. Calculation model, input parameters o7 R.

The calculations are carried out using Det norske Veritas computer program NV5235.

Mass moments of inertia and torsional stiffnesses are calculated or taken from the submitted drawings
and data,

The only significant excitati e is th
for the propeller gxcitatior

on:
A.order: 7 % of mean torque

8.order: 2 % of mean torque

ropeller. The analysis is based on the following estimates

Blade Nusmber 1 4 (cw)

5.2. Natural frequencies

Natural frequencies are calculated for the two lower modes of vibration..
The natural frequencies are:

l.mode: F[= 193 ¢/min
2.mode: Fyy= 1902 ¢/min

The‘l.mode)is charagtgrized by the propeller vibrating against the propulsion motor with@in the
intermediate shaﬁ.ha in the propeller shaft and in the rotor shaft.
Relative deflection and inertia torque tables are shown in Appendix B, page B3.

5.3.  Dynamic response (Forced vibrations)

Forced response calculation is carried out for propeller excitation acc. to the propeller law.
The dynamic response due to 4. and 8.order propeller excitation is calculated.

In addition to a tabular presentation of the vibratory stress/torque in all shafts, plots of stresses as
function of propeller rpm are given for the propeller shaft (d = 536 mm), the intermediate shaft (d = 463
mm) and the aft part of the propulsion motor shaft (d = 512 mm).

The only significant resonance speed is t r which occurs at 48 RPM. |
The highest vibratory stresses in the running speed range occur at this resonance

l_) Sthre el  vye r) lou_; (Vcry low f»wcr ,eu-cl - Mmomina/ rp»
3150 )) —> Photcuer swarr sysrem Ok,

e

AlbEpru=— .. =
TTITmAuE TUARTICLE | OF THE STATUTES oF DET NORSKE VERITAS PELATING TO LIMITATION OF LIABILITY WHICH WILL APPLY FOR THIS DOCUMENT

i,

e,
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kG
i y A N "
( ,=A*IAL )
. LONGITUDINAL VIBRATION ANALYSIS
.1.  Calculation model, input parameters
he calculatmns are cameel out usmg Det norske Veritas computcr program NV5235. The shaft system
en modele confiected a representing the longitudinal shaft
nﬁ’ness The system i8 cansadered fixed in the hull at the thrust bearing. Masses and stiffnesses are
alculated from the submitted drawings and data .
intrained water at the propeller is estimated to 15800 kg (Schwanecke's formula).
‘he.thrust bearing stiffness, K1 expresses the stiffness between the thrust collar and "earth", i.e. the part
£ the hull structure which can be considered fixed relatively to the shafting. This stifftiess has usually to
je based on experience. For an installation of this type and magnitude we assume Ko to be about
1.5 “10° N/m. Due t y to stipulate an accurate value f ing stiffness, the
alculation has been carried out for values between 1.5:10° and 3.5-10° N/m. <\ N
CEDIMEVNT)
fhie data of the lumped mass system are as shown below: ':;‘c uak? [ﬁ'“ |
Mass No. Description Mass : m Stiffiess - K L
- (ke) (10° N /m) e
1 Propeller 51150 6.97 R\Gt J,m
2 Propeller shaft 11300 6.92 DEL
3 Propeller shaft 8920 7.82
4 SKF coupling 10350 11.87 Rece/Senm
5 Flange 1 8390 495
6 Flange 2 10510 497
7 Flange 3 7680 20.78
8 4 Thrust bearing 8660 20.78
9 Rotor flange 6760 19.30
10 Rotor 64450
Thrust brg. stiffness Variable

4.2. Results and conclusion

The following table gives the 1. and 2.mode natural frequenc1es and the 1.mode, 4.order resonance speed
as function of the thrust bearing stiffness: .

P —

Thrust bearing stiffness 1.mode frequency 2.mode frequency '
L (109N/m) (c/min) (c/min) L resonance RPM
1.5 735 1762 (184
' 2.5 862 1892 2
- 3.5 935 2014 234 1

j_~_Jl> Ressmance (184 mp#;)w&fl above 'v‘z;m.'-naf Rpam 2 SO =
g SHAFT CystEm Ok

VEEamm.

e v b T AR ICLE 12w INE 3T ATUITES wr skl SURIRE YERITAS KELATING TU LIMITATION OF LIAIMLITY WHICH WiLl AFPLY FOR THIS DOCUMENT
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vigrazion! CATERAL( (wHIRLNE)
DELLA LipEA D'HLS‘ER_]._

~ EctitAzion! : Plceny AurTepmAT! DELA SPINTA DOVOT!
RLLA SCIA ED AWE VIGRrAZwWM! TORSIONAL|

# Ecerraziont PERPENDBICOLAR!I ALL 'ASSE DEWUA LA,

~ PARAMETR] D) VALUTA2LONE !
« LIMITt GIRI ELICA
< TIPO B NVMERo PALE
* NUMERo E DIAMETRO ALBER:! , PES)
~ RIGIDITA DE' SufPtorT! ( @olwle £ Cuscwe-m)
~ DISTANZA TRA | SuePaRTI

~ LUNGCHE22A ToTALE DEWA L.A

(3] "
- H_. WHIRLING E UNA VIBRAZ2(0NE A FLESSIaWE DI VA ALRERo,
IL cewTrRe Dl GRAVITA DELLA SE210MZ RUoTA ATTORNe Al

CENTRO IDEALE. L MOTO PERWODICO D) blcE‘PgEcEISIOUE.'

.
W = VELoCITA DI RoTAZ210WNE

L) : FReQUENz2A DI PRECESSIONE

SE L), i WHIRLWG SI DICE SivcRowo'.
- SE () > W,>» ForwARD WHIRLING (Ffw)
~ S Q) < w ~ Reverse ((CounTER) WHIRLIWG (Rw )

| Hopl p1I VIBRARE S| PRESEMTANG [/ Ux/ NOHERO D)
CoPPiE. (LLiMiTATO(FW +R2W). FW £ gwW Sons DoyuT)
AL MOMENTO GlRoStoPIco —P FREQUENCE NATURAL).

N& s VED SFlr’.@ﬂZroNe IDRoDWWAMICA NMEL CAPIToLL "PRtSSuRE
— PULSES" '
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WHIRLING W -

i z 15 _a fri i haft. The inertia
forces cause the centre of gr v1ty_tg_r9tite a,romnd the centre. This
periodical motion ( precession) is illustrated in Figure . 2 is the
precession frequency and w is the rotational speed.

p

w / :
Lalera
Diplace ment
Precession. S YNCHRONVOVS WHIRLNG
-&h% g e

2 coveie b

DI _hopi X e _

bl vigepee '+ Forwens (RAMo m'T“)

DEue o

NATY Rau Yo

REVERSE ( U NTER)
Canne Basse]

¥ vatueae
Modes.

Figure shows modes of natural frequencies. The modes occur
in an unlimited number of pairs. The lower branch refers to reverse
whirl, the upper branch refers to forward whirl. Reverse and forward
whirl are due to gyroscopic moment. w = 2/ Nyiades, Where Nyjades

is the number of propeller blades (mbmt:ou order)
s .4”.,

: : ST
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NATURAL VIBRATION FREQUENCIES

it st a sttt 2 AR 820 S0 &SR LS & & &

REVERSE

EREAEEREEIE RN

'Vibration order:

(epm)

282.
643.
1094.
1311,
1569.
1855.

FORWARD

71
75
36
01
42
05

NumMERS PALE Elica
AL SPEED

khhkkdkkhhddhdrd

(rpm)

47..
€729
182. 39
218.50
261.57
309.18

Vibration order: 6

WHIRLING

dededdedehdedhhhhhhhk

(cpm)

290.
.49
1099.
1321.
1585.
1860.

660

CRITERI DI VALUTAZIONE :

01

17
11
06
14

CRITICAL SPEED

kdkkhkhhhhhhhhkhd

(rpm)

48,3
110.08)
183.20
220,19
264.18
310.02

= CRiTicA RAPPORTATA A Vﬁcg (cAmpo SENSIBILE 80-;-40§Z)
- % DI POoTENZA EROGATA ALLA Vckmcg
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FORWARD WHIRLING

220 e —
183 . — i
S \/ //’
150 2 X P pcq.
/
B /-\
/ o
é deflection mode vitbration order
8 N
® & [} 0 3
§ g : : § 8 38 :
—EEEH/-I\l D= e JEB‘—/F\"P_ —— HEFE ] JTr=—+] == mza F&‘—}{t g} —b&H,\—I F I —
1 2 3 ; s P '-; ;
[ ] | I | | | | [ I [ ] | | | | I | l | I [ i 57‘.452::@
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REVERSE WHIRLING

/ N\
218 ﬂ £ |

182

107 \u/\ —

47 / — .
deflection mode vibration order

§ o) Q o) ) 2 o} g
§ 8 g § 8 : -
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3.2. Results and conclusion

’
’

3y

ELca A 4 pate (CPP)

The calculated 4 order natural frequencies (blade frequency) for the five lower modes of vibration and
the corresponding resonance propeller speeds are shown below Bearing stiffiesses are acc. to Kpom -

Mode Counterwhirl Forward whirl
¢/min RPM_ ¢/min RPM
w 296 74 315 qo‘,
2 730 183 740 O3
3 1063 266 1063 266
4 1320 330 1321 330
5 1326 332 1326 332

It is seen that only the two lower modes of vibration are of practical interest.

The influence of variation of thistim tube bearing stifinessegare shown below for the two lower modes

of vibration "The 4 order natural frequencies and the corresponding resonance propeller speeds are
shown (CW: Counterwhirl, FW: Forward whirl).

Stern tube brg. stiffnesses: 0.70*Kpnom 1.00*°Knom 1.30°Knom
¢/min RPM ¢/min RPM ¢/min RPM

1.Mode:

4 CW 293 73 296 74 298 74

4FW 312 78 315 79 317 79

2.Mode: '

4CW 706 177 730 183 743 186

4 FW 713 178 740 185 755 189

As seen, the natural frequencies of especially the important 1.mode are msignificantly influenced by the
chosen tolerance on the stern tube bearing stiffnesses.

The elastic mode shapes are illustrated on the plots and in the tables of the computer printouts in
Appendix A (plots: pages A2-AS, tables: pages A10-A21). Only the case with nominal bearing stiffnesses
Knom is included as the mode shapes are only slightly influenced from the chosen variation in the stern
tube bearing stiffnesses. '

The 1.mode is the common propeller mode which is characterized by the propeller vibrating against the
ropeller The maximum displacement occurs in this shaft span. 'T_'he_vilzzati_c_)_n nearly :
glsappears forward of bearing No.3. =

el e T e 0 N

1 -

A
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The 2.mode is characterized by a dominant vibration of the pmp‘éﬂéf shaft span, but with low
participation of the propeller; i.e. low excitation. The 2.mode resonances are further found to be lying
sufficient above the MCR speed, e g 2 mode, 4.order coumc‘rwhiﬂ is estimated to oceur at about 122 %
of the MCR speed.

8 order vibrations are considered to be of no practical importance as the excitation forces normally are
small

] : " i
Conclusion:

The propeller shaft system is considered satisfactory with regard to critical whirling vibrations due to
propeller excitation and mass unbalance.
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FORWARD WHIRLING

FINCANTIERI - TS uff, TRIARC Fincantieri
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FINCANTIERI - TS uff. TR/ARC

REVERSE WHIRLING
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DET NORSKE VERITAS
RE PORT

VA 1O E ST = A <« W ( CROCIERA DIE)
Date Dept/Sec. | Project No Type of Report =
25 March, 1996 DTPfS‘l 2949126 Technical
Approved by ' | Client, Sponsor - Clients ref.
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3. WHIRLING VIBRATION ANALYSIS
3.1. Calculation model, input parameters

The calculation of natural whirling frequencies and elastic modes of vibration has been carried out using
computer program WHIRL from SHAFT ANALYSIS AB. The program determines the natural
frequencies for specific orders of whirl, using the transfer matrix method. The effect of rotating inertia,
gyroscopic precession and flexibility of bearing supports are considered.

All bearings are modeled as linear lateral springs. The point of support in the aft stern tube bearing is
chosen 395 mm from the aft end. For all the other bearings the point of support is chosen at the bearing
mid-point.

The water allowance an propeﬂer mass has been estimated to 3675 kg (Schwanecke's formula). As
accurate values of bearing stiffnesses are difficult to determine, the calculation has been carried out with
the estimated stiffness values Knom and additionally with the stern tube bearing stiffnesses equal to
Knom =30 %..

e

The following nominal lateral bearing stiffnesses have been estimated:

Bearing No. Stiffness Knom (N/m)

00 3 On W B W e
o
N
Lh
—
(=]
\D

The data of the shaft system is further shown in the Computer Printouts in Appendix A.

3.2. Results and conclusion

The only significant excitation sources to be considered are the 1.order (due to mass unbalance) and the
4 order (due to propeller excitation).

The calculated 4.order natural frequencies (blade frequency) for the four lower modes of vibration and
the corresponding resonance propeller speeds are shown below. Bearing stiffnesses are acc. to Kpom .

Mode Counterwhirl Forward whirl
¢/min RPM ¢/min RPM
1 328 82 349 87
2 726 181 743 186
3 1092 273 1092 273
4 1272 318 1272 318

REFERENCE 13 MADE TO ARTICLE 13 OF THE STATUTES OF DET NORSKE VERITAS RELATING TO LIMITATION OF LIABILITY WHICH WILL APPLY FOR THIS DOCUMENT
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It is seen that only the two lower modes of vibration are of practical interest for 4.order propeller
excitation. 1.order resonances are well above the MCR speed and are of no interest. )

The 1.mode, 4.order forward whirl resonance speed is estimated at about 59 % of the MCR speed (147
RPM).

The 2.mode, 4.order counter whirl resonance speed is estimated at about 123 % of the MCR speed.

The influence of variation of the somewhat uncertain stern tube bearing stiffnesses are shown below for
the two lower modes of vibration. The 4.order natural frequencies and the corresponding resonance
propeller speeds are shown (CW: Counterwhirl, FW: Forward whirl).

Stern tube brg. stiffnesses: 0.70"%Knom 1.00°Kpom 1.30°Kpom
¢/min RPM ¢/min RPM - ¢/min RPM

LMode:

4CW 325 81 328 82 329 82

4FW ; 345 86 349 87 350 88

2.Mode:

4CW 697 174 726 181 740 185

4 FW 710 177 743 186 761 190

As seen, the natural frequencies of the especially important 1.mode are insignificantly influenced by the
chosen tolerance on the stern tube bearing stiffnesses.

The elastic mode shapes are illustrated on the plots and in the tables of the computer printouts in
Appendix A (plots: pages Al-A2, tables: pages A8-A17). Only the case with nominal bearing stiffnesses
Knom is included as the mode shapes are only slightly influenced from the chosen variation in the stern
tube bearing stiffnesses.

The 1.mode is the common propeller mode which is characterized by the propeller vibrating against the
propeller shaft span. The maximum displacement occurs in this shaft span. The vibration nearly
disappears forward of bearing No.3.

However, as the resonance is estimated to occur at a relatively low propeller speed, the mode is not
considered critical as the excitation forces normally are low for this type of ship and are also further
reduced at this low speed.

The 2.mode resonances are considered to be sufficient above the MCR speed. This mode is characterized
by a dominant vibration of the propeller shaft span, but with relatively low participation of the propeller;
i.e. low excitation

1.order resonances (mass unbalance) are well above the MCR speed.

Conclusion:
The propeller shaft system is considered gatisfactory with regard to critical whirling vibrations due to

propeller excitation and mass unbalance.

REFERENCE IS MADE TO ARTICLE |13 OF THE STATUTES OF DET NORSKE VERITAS RELATING TO LIMITATION OF LIABILITY WHICH WILL APPLY FOR THIS DOCUMENT
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4. LONGITUDINAL VIBRATION ANALYSIS -
4.1. Calculation model, input parameters

The calculations are carried out using Det norske Veritas computer program NV5235. The shaft system
has been modeled as 11 lumped masses connected by massless springs representing the longitudinal shaft
stiffness. The system is fixed in the hull at the thrust bearing through the thrust bearing stiffness. Masses
and stiffnesses are calculated from the submitted drawings and data.

Entrained water at the propeller is estimated to 12600 kg (Schwanecke’s formula).

The thrust bearing stiffness K,, expresses the stiffness between the thrust collar and "earth", i.e. the part
of the hull structure which can be considered fixed relatively to the shafting. This stiffness has usually to
be based on experience. For an installation of this type and magnitude we assume K;; to be about

2.5 -10° N/m. Due to the difficulty to stipulate an accurate value for the thrust bearing stiffhess, the
calculation has been carried out for values between 1.5-10° and 3.5-10° N/m.

The data of the lumped mass system are as shown below:

Mass No. Description Mass : m Stiffness : K
(kg) ‘ (10° N /m)
1 Propeller 42650 6.49
2 Propeller shaft 12365 6.48
3 Propeller shaft 8430 10.07
4 SKF coupling 8885 12.57
5 Flange 1 6890 6.05
6 Flange 2 7730 6.05
7 Flange 3 8540 5.99
8 Flange 4 6150 20.00
9 Thrust bearing 9255 20.00
10 Rotor flange 6310 20.15
11 Rotor 58130
Thrust brg. stiffness Variable

4.2. Results and conclusion

The following table gives the 1. and 2.mode natural frequencies and the 1.mode, 4.order resonance speed
as function of the thrust bearing stiffness: .

Thrust bearing stiffness 1.mode frequency 2.mode frequency 1.mode, 4.order
(10% N/m) (c/min) (c/min) resonance RPM
1.5 755 1803 182 (>44%)
2.5 882 1945 221
3.5 953 2079 238

REFERENCE 1S MADE TO ARTICLE 13 OF THE STATUTES OF DET NORSKE VERITAS RELATING TO LIMITATION OF LIABILITY WHICH WILL APPLY FOR THIS DOCUMENT
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Fincantieri NB 5980 FORWARD WHIRLING DnVC

Estimated brg. stiffnesses RELATIVE DEFLECTION 1996- 3-18
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Kaman Instrumentation’s KD-2300 family of displacement measuring systems uses inductive System

technology to determine the position of a target relative to the system sensor.

Technology

An'AC current flows through the sensor coil, generating an electromagnetic field which radi-
ates out from the sensor. As the conductive target enters this field, the sensor induces a current
flow; it produces a secondary opposing field, reducing the intensity of the original. This
opposing electromagnetic field results in an impedance variation in the sensor coil.

The sensor coil makes up one leg of a balanced bridge network. As the tz

within the sensor field, the bridge network senses impedance changg_g_m the sm:ser co:l and

passes the information on to signal conditioning electronics for conversion to an analog volt-
age._This voltage is directly proportional to target displacement.

SYNCHRONOUS

7l DEMODULATOR

LOG AMP FINE

\MM

analog output.

ZERO ADJUST il

A

2

Nonconductive materials intervening between the sensor and target have little or no
effect on system output. Because of this, environmental contaminants, such as oil,
dirt, humidity, and magnetic fields, have virtually no effect on system performance.
The function of a noncontact displacement measuring system is to monitor the
position of a target relative to some reference plane. The magnitude of the analog
output is dependent upon the relative position of the target within the sensor’s
electromagnetic field—the farther the sensor is from the target, the higher the

Kaman Instrumentation Corporation

Reference
| Reference Plane
Plane
' Target Target ‘ f

1oc
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CETENA S.p.A.

M/v ROTTERDAM

26-03-1998
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CETENA S.p.A. Miv ROTTERDAM 26-02-1998

Port Vertical Displacement
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CETENA S.p.A.

M/v ROTTERDAM

26-03-1998
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CETENA S.p.A.

M/v ROTTERDAM

26-02-1998
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CETENA S.p.A. M/v ROTTERDAM

26-03-1998
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FIG. 19
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