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Section
1   Introduction

n Section 1 
Introduction

1.1 Background

1.1.1 The requirements within this ShaftRight procedure are additional to those stated in Lloyd’s Register’s Rules and
Regulations which provide the mandatory technical requirements for alignment of main propulsion shafting.

1.1.2 Lloyd’s Register (LR) has determined that major early life issues associated with the sterntube aftermost bearing are
almost exclusively a function of the following:

• Shortcomings in the installation of the sterntube aftermost bearing, in particular deviations from the approved design;

• Shortcomings in following the fundamentals of shaft alignment at the installation stage;

• Operation with a partially immersed propeller.

1.1.3 This additional ShipRight procedure details a methodology by which the Rule requirements can be met, following LR’s
view on best practice at design, construction and during trials, and with a view to maximising dependability of the system in
service.

1.1.4 In its entirety, this will require assessment of design, system dynamics, hull deflections, installation, and verification trials.
The procedure recognises proven designs with satisfactory in-service experience where appropriate, and also contains more
onerous design validation requirements for new, and as yet unproven, designs.

1.2 Scope

1.2.1 For ships in design and construction which follow the requirements of this ShaftRight procedure, and where compliance
of the main propulsion shafting alignment arrangement with LR’s Rules and Regulations is demonstrated, a descriptive note will be
assigned as follows:

• ShaftRight [E] Existing design. Applicable to a main propulsion shafting and hull arrangement which has been previously
implemented and for which proven satisfactory service experience is demonstrated. Compliance with the following sections
of this ShaftRight Procedure is to be demonstrated:

• Design Assurance, as described in Ch 2, 1 Existing design;

• Installation Assurance, as described in Ch 3 Installation Assurance;

• Validation, as described in Ch 4 Validation.

• ShaftRight [N:D,I & V] New design. Applicable to a main propulsion shafting and hull arrangement in which either the
design of the main propulsion shafting and/or hull is new. Compliance with the following sections of this ShaftRight Procedure
is to be demonstrated:

• Design Assurance, as described in Ch 2, 2 New design;

• Installation Assurance, as described in Ch 3 Installation Assurance;

• Validation, as described in Ch 4 Validation.

• ShaftRight [N:D] New design. Applicable to a main propulsion shafting and hull arrangement in which either the design of
the main propulsion shafting and/or hull is new. Compliance is to be demonstrated with the Design Assurance described in 
Ch 2, 2 New design of this ShaftRight Procedure.

1.2.2 For the purposes of this ShaftRight Procedure, ‘design’ means the combination of the main propulsion shaftline principal
components and the aft end hull arrangement between the prime mover forward end and the propeller. The main propulsion
shaftline principal components will, at least, comprise:

• the prime mover shafting and bearings’ arrangement;

• intermediate and propeller shafting dimensions; and

• shaftline bearings’ arrangement, including type and spacing and the propeller mass and axial location.

The aft end hull arrangement will, at least, comprise:
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• the frame arrangement in terms of scantlings and spacing;

• double bottom height;

• pedestal arrangements to the shaftline bearings forward of the forward sternseal;

• sterntube configuration and framing arrangement between the aft peak forward bulkhead and the sternframe; and

• the sternframe and/or associated appendages and the arrangement in way of the propeller aperture.

1.2.3 It is the responsibility of the main propulsion shafting/vessel designer to demonstrate that the requested descriptive note
is applicable for the subject vessel.

1.2.4 In order to ensure the design assumptions and any trials carried out reflect the intended operational profile, relevant
details are to be provided for review and comment by LR on any specific risk mitigation measures to optimise sterntube bearing
performance.

1.2.5 This ShaftRight procedure is applicable to vessels intended to be Classed to LR’s Rules and Regulations for the
Classification of Ships, July 2018.
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Section
1   Existing design

2   New design

n Section 1 
Existing design

1.1 Scope

1.1.1 For a main propulsion shafting and hull arrangement which has been previously implemented and for which proven
satisfactory service experience is demonstrated, the descriptive note ShaftRight [E] may be assigned.

1.1.2 Previously implemented designs are to have been approved against LR’s Rules and Regulations for Main Propulsion
Shafting and Shaft Alignment in force at the time of construction. Those Rules and Regulations will be deemed to be the relevant
Rule set for the purpose of this notation.

1.1.3 Where a previously implemented design has not been approved, or approval cannot be demonstrated, the design will
need to be approved against the requirements of LR’s Rules and Regulations for the Classification of Ships, July 2018,Pt 5, Ch 6,
Main Propulsion Shafting and Pt 5, Ch 8, 5 Shaft alignment which will bedeemed to be the relevant Rule set for the purpose of this
notation.

1.2 Particulars to be submitted

1.2.1 Evidence to establish the applicable Rule set, in accordance with Ch 2, 1.1 Scope 1.1.2 and Ch 2, 1.1 Scope 1.1.3.

1.2.2 In accordance with the requirements of the relevant Rule set, the intended operational profile specified for the ship by
the Owner/Operator and agreed by the manufacturer/system designer is to be submitted and considered against the vessel and
main propulsion shafting design.

1.2.3 Documented records of the main propulsion shafting installation are to be submitted for sister vessels, or those having
similar hull and main propulsion arrangements, to the design under consideration. The following records will be accepted:

(a) The final installation condition of the sterntube bearing(s) as derived from sightings by optical telescope, laser or other
approved means;

(b) Gap and sag measurements during shafting and prime mover installation;

(c) Main propulsion shaftline bearing static load measurements prior to, and after, finalising the prime mover position.

The degree of vessel aft structure completion applicable for Ch 2, 1.2 Particulars to be submitted 1.2.3.(a), Ch 2, 1.2 Particulars to
be submitted 1.2.3.(b) and Ch 2, 1.2 Particulars to be submitted 1.2.3.(c) is to be documented.

1.2.4 Documented records of prior satisfactory in-service performance are to be submitted for sister vessels, or those having
similar hull and main propulsion arrangements, to the proposed design. The following will be accepted:

(a) Historical records from sea trials. These are to include:

• Temperature records for the main propulsion shaftline bearings throughout the sea trials;

• Main propulsion shaftline bearing static load measurements at, where practicable, light ballast draughts machinery cold, full
ballast draughts machinery cold, full ballast draughts machinery hot, fully laden draughts machinery hot. In addition, the effect
of the aft peak tank fill condition is to be presented.

(b) In-service operational records;

(c) In-service Survey records, including Screwshaft Condition Monitoring (SCM) records as applicable.

1.3 Design review

1.3.1 In addition to satisfying the requirements of the relevant Rule set, the proposed design alignment condition is to be
optimised through demonstration of the following:

(a) A static vertical load distribution along the length of the newly installed sterntube aftermost bearing which remains within an
aft:forward load ratio of between 2:1 and 8:1. The bearing support locations are to be within 0,1L of the aft and forward
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extremities, where L is the bearing active length. Figure 2.1.1 Sterntube aftermost bearing: Static vertical load distribution
refers;

(b) Where installed, a sterntube forward bearing static vertical load which is not less than 15 per cent of the static vertical load in
way of the equivalent single point of support of the newly installed sterntube after bearing.

Figure 2.1.1 Sterntube aftermost bearing: Static vertical load distribution

1.3.2 The review is to demonstrate in detail the static alignment at the margins of the declared bearing machining and
installation tolerances.

1.3.3 Where sterntube aftermost bearing clearances are specified to be at variance with the manufacturer’s allowable
tolerances, detailed justification that satisfactory in-service performance will be achieved is to be submitted.

1.3.4 For propeller shaft/sterntube bearing systems which operate predominantly in the boundary and/or mixed lubrication
regimes, the maximum permitted weardown of the sterntube aftermost bearing is to be submitted. Calculations considering both
the newly installed clearance and the proposed absolute maximum allowable weardown, are to be submitted demonstrating that
the system will operate satisfactorily within these two limits.

1.3.5 The vessel’s intended operating profile is to be compared against that for which the documented records of prior
satisfactory service performance have been provided and found to be consistent.
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Any deviations between operating profiles are to be quantified and the effects on the main propulsion shafting alignment condition
demonstrated to satisfy the requirements in Ch 2, 1.3 Design review 1.3.1 and Ch 2, 1.3 Design review 1.3.2 of this ShaftRight
procedure. Dynamic alignment calculations which are additional to those required in the relevant Rule set may be requested.

n Section 2 
New design

2.1 Scope

2.1.1 For a main propulsion shafting and hull arrangement in which either the design of the main propulsion shafting and/or
hull is new, descriptive note ShaftRight [N:D,I &V] or ShaftRight [N:D] may be assigned.

2.1.2 The requirements of LR’s Rules and Regulations for the Classification of Ships, July 2018, Pt 5, Ch 6 Main Propulsion
Shafting and Pt 5, Ch 8, 5 Shaft alignment are to be satisfied as appropriate.

2.2 Particulars to be submitted

2.2.1 For the lead vessel, the following requirements are to be submitted. For sister vessels, these requirements will be
satisfied through reference to the lead vessel, for which the particulars are to be made available upon request.

2.2.2 In accordance with LR’s Rules and Regulations for the Classification of Ships, July 2018, the intended operational profile
specified for the ship by the Owner/Operator and agreed by the manufacturer/system designer is to be submitted and considered
against the proposed vessel and main propulsion shafting design.

2.2.3 Predictions of the hull deflections by a suitable finite element technique are to be provided for the following vessel-lading
conditions:

(a) Light ballast draughts;

(b) Full ballast draughts, aft peak tank empty;

(c) Full ballast draughts, aft peak tank full;

(d) Fully laden draughts, aft peak tank empty;

(e) Fully laden draughts, aft peak tank full.

In cases where installation of the main propulsion shafting and prime mover is to be at vessel draughts which deviate from the light
ballast condition, then hull deflection predictions at this condition will be accepted for Ch 2, 2.2 Particulars to be submitted 2.2.3.
(a) of this ShaftRight procedure.

Predictions which demonstrate the effect of aft peak tank fill condition on the main propulsion alignment are to reflect the intended
operational profile for the ship.

2.2.4 For dynamic alignment, the calculated hydro-dynamically generated propeller forces and moments are to be provided
for the principal conditions determined from the intended vessel operating profile and at the maximum continuous rating for the
prime mover. Calculations are required for the zero helm condition and, where available from a reliable prediction technique, for
large helm angles to port and starboard at the normal continuous rating for the prime mover.

2.3 Design review

2.3.1 For the lead vessel, the following requirements are to be satisfied. For sister vessels, these requirements will be satisfied
through reference to the lead vessel, for which the calculations are to be made available upon request.

2.3.2 In addition to satisfying the requirements of LR’s Rules and Regulations for the Classification of Ships, July 2018, Pt 5,
Ch 8, 5.4 Design and installation criteria, the proposed design alignment condition is to be optimised through demonstration of the
following for each of the vessel draughts detailed in Ch 2, 2.2 Particulars to be submitted 2.2.3 of this ShaftRight procedure:

(a) A static vertical load distribution along the length of the newly installed sterntube aftermost bearing which remains within an
aft:forward load ratio of between 2:1 and 8:1. The bearing support locations are to be within 0.1L of the aft and forward
extremities, where L is the bearing active length. Figure 2.1.1 Sterntube aftermost bearing: Static vertical load distribution
refers;

(b) Where installed, a sterntube forward bearing static vertical load which is not less than 15 per cent of the static vertical load in
way of the equivalent single point of support of the newly installed sterntube after bearing.

ShaftRight Main Propulsion Shafting Alignment Procedure
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2.3.3 The review is to demonstrate in detail the static alignment at the margins of the declared bearing machining and
installation tolerances.

2.3.4 Where sterntube aftermost bearing clearances are specified to be at variance with the manufacturer’s allowable
tolerances, detailed justification that satisfactory in-service performance will be achieved is to be submitted.

2.3.5 For propeller shaft/sterntube bearing systems which operate predominantly in the boundary and/or mixed lubrication
regimes, the maximum permitted weardown of the sterntube aftermost bearing is to be submitted. Calculations considering both
the newly installed clearance and the proposed absolute maximum allowable weardown, are to be submitted demonstrating that
the system will operate satisfactorily within these two limits.

2.3.6 For dynamic alignment, shaft alignment calculations are to be provided which consider the principal operating
conditions determined from the intended vessel operating profile and the maximum continuous rating for the prime mover at the
following:

(a) Full ballast draughts, machinery hot, aft peak tank empty and full;

(b) Fully laden draughts, machinery hot, aft peak tank empty and full.

The calculated slope mismatch between the propeller shaft journal and the sterntube aftermost bearing is not to exceed 3 x 10-4

radians at the equivalent single point of support at the zero helm condition.
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Section
1   Measurements

2   In the construction dock

3   Vessel afloat

n Section 1 
Measurements

1.1 Requirements

1.1.1 The measurements detailed in the following sections may be taken by an approved technical organisation or by LR. In
the former case, the measurements are to be witnessed by an LR Surveyor.

1.1.2 Subject to agreement by LR and the prospective Owner/Operator, the measurements may be taken by the Shipbuilder.
In this case, the measurements are to be witnessed by an LR Surveyor.

1.1.3 For the purposes of this ShaftRight procedure, an approved technical organisation is one that is acceptable to LR and
the prospective Owner/Operator, having proven capability in alignment measurements and which satisfies all the criteria set out as
follows:

(a) Use instrumentation for which the calibration, both before and after the measurements, can be traced back to National
Standards and, hence, back to International Standards;

(b) Use analysis procedures capable of data reduction to the requirements and standards set out in the ShaftRight procedure;

(c) Provide a report written in English.

n Section 2 
In the construction dock

2.1 Sightings

2.1.1 Sighting measurements are to be taken to confirm that the positional relationship between the sterntube bearing(s) is in
accordance with the approved design and are to take in account the location of the intermediate shafting bearing(s) and prime
mover.

2.1.2 Measurement by suitably experienced personnel using optical telescope and laser are accepted. Alternative
measurement techniques, such as piano wire, will be considered on presentation of a documented procedure with detailed
reference to the accuracy over the sighting distance.

2.1.3 Sighting measurements are to be taken with all major aft end construction work completed. Alternative proposals will be
considered based on the provision of documented records for vessels having similar aft end structure and propulsion
arrangements which identify the respective effects on the positional relationship between the sterntube bearing(s), particularly the
alignment condition local to the sterntube aftermost bearing.

2.1.4 Sighting measurements are to be taken at the following stages of construction:

(a) Prior to sternframe boring;

(b) On completion of sternframe boring and prior to installation by pressing-in of the sterntube bearing(s). This will confirm the
machining requirements for the sterntube bearing(s);

(c) On completion of installation of the sterntube bearing(s) and complete sterntube assemblies to verify that the approved
design intent has been achieved.

The sighting reference is to be documented and include detailed comparison of the results obtained to the submitted alignment
calculations.

ShaftRight Main Propulsion Shafting Alignment Procedure
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2.2 Installation of sterntube bearing(s)

2.2.1 During pressing-in of the sterntube bearing(s) the installation force, as derived from the hydraulic jack area and pressure,
is to be recorded simultaneously with insertion distance. The results are to be compared with the pre-installation prediction to
demonstrate compliance with the design intent.

2.2.2 For sterntube bearing(s) and complete sterntube assemblies that are located by resin chocking, the procedure is to be
submitted in advance and satisfy the requirements of LR’s Rules for the Manufacture, Testing and Certification of Materials, July
2018, Ch 14, 2.11 Machinery chocking compounds (resin chocks).

2.2.3 On completion of installation of the sterntube bearing(s) and complete sterntube assemblies, their internal diameter(s)
are to be measured and recorded to confirm that the manufacturer’s design intent in terms of dimension, roundness, cylindricity
and straightness has been satisfied.

2.2.4 Subsequent to installation of the propeller shaft, measurements are to be taken and recorded:

(a) To confirm the radial clearance between the propeller shaft and aft end of the sterntube aftermost bearing;

(b) To demonstrate that the sterntube after seal installation is in accordance with the manufacturer’s requirements.

2.2.5 A datum record of the propeller shaft/aftmost sterntube bearing wear-down at new-construction, measured using the
ship’s poker gauge, is to be taken.

n Section 3 
Vessel afloat

3.1 Gaps and sags

3.1.1 Where the main propulsion shafting is to be aligned using a gap and sag procedure, measurements are to be taken with
the prime mover and any intermediate shaft bearings supported on jacking bolts.

3.1.2 The gap and sag measurements are to be carried out in accordance with the shaft alignment procedure submitted for
review, ensuring that the requirements of propeller immersion, sterntube filling, machinery and ambient temperature are satisfied.

3.1.3 Gap and sag measurements may be obviated by verifying the installation through use of a combination of bearing
jackings and an approved strain gauge alignment technique. Details are to be included in the shaft alignment procedure submitted
for review.

3.2 Bearing loads

3.2.1 The main propulsion shafting bearing load measurements are to be carried out to verify that the design intent has been
achieved. The bearing loads are to be assessed using jackings and an approved strain gauge alignment technique. The scope and
procedure for bearing load measurements are to be included within the shaft alignment procedure submitted for review.

3.2.2 Bearing jackings are to be carried out using a calibrated load cell and displacement transducer/dial test indicator. The
measurements are to simultaneously record the jack load at increments of shaft lift appropriate to the bearing being jacked. The
measurements are to demonstrate repeatability of the results obtained.

3.2.3 Calculation of the Jack Correction Factors using the influence coefficient method for projection to the load axis of the
‘jack only’ lift/lower lines of the jacking diagram will be accepted. Alternative proposals will be considered on submission of
suitable calculations and justification.

3.2.4 Jacking measurements are to be carried out at the following bearings:

(a) Sterntube forward bearing (where installed):

(b) All intermediate shaft bearings;

(c) For slow speed direct drive diesel engines, the three aftermost main bearings;

(d) For reduction gearing, at least in way of the main wheel after bearing.

the measurements are to demonstrate the range of load variation as a function of main propulsion shaft rotational position.

For the following items:

• Ch 3, 3.2 Bearing loads 3.2.4.(a),

• Ch 3, 3.2 Bearing loads 3.2.4.(b) and
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• Ch 3, 3.2 Bearing loads 3.2.4.(d)

the measurements are to demonstrate the range of load variation as a function of main propulsion shaft rotational position.

For Ch 3, 3.2 Bearing loads 3.2.4.(c) the crankshaft is to be positioned in accordance with the main engine manufacturer’s
recommendation.

3.2.5 Strain gauge alignment measurements are to demonstrate the static vertical and transverse loads in way of bearings
declared in the approved procedure. For single sterntube bearing systems, the strain gauge alignment measurements are to verify
that the static vertical load distribution along its length satisfies the requirements of Ch 2, 1.3 Design review 1.3.1.(a) or Ch 2, 2.3
Design review 2.3.2.(a) of this ShaftRight procedure for the applicable notation.

3.2.6 A satisfactory alignment condition for the main propulsion shafting in accordance with the design intent is to be
demonstrated by a combination of the bearing jacking and strain gauge alignment measurements.

3.3 Prime mover alignment

3.3.1 In addition to the sterntube forward bearing and intermediate shaft bearing loads, measurements are to be taken before
and after finalising the alignment condition of the prime mover as follows:

(a) For slow speed direct drive diesel engines:

• Static load in way of the three aftermost main bearings;

• Crankweb deflections at each crankthrow;

• Main bearing top clearances;

• Bedplate sag and twist.

(b) For reduction gearing:

• Static load distribution between the main wheel after and forward bearings;

• Static meshing of the pinion(s) and main gear wheel.

In all cases, the alignment measurements are to demonstrate compliance with the manufacturer’s requirements.

3.4 Intermediate shaft bearing alignment

3.4.1 The local alignment between the intermediate shaft(s) journal(s) and their respective bearing(s) is to be demonstrated to
the attending LR Surveyor’s satisfaction. The following techniques are acceptable:

(a) Inspection of the transference of Engineer’s soft blue from the journal to lower bearing shell. A minimum area of contact of 75
per cent is to be demonstrated;

(b) Where a top shell is fitted, measurement by external micrometer of the thickness of soft lead or plastic gauge wires
subsequent to being placed on the journal at the after and forward ends and tightening the bearing top casing mounting
bolts to their design value;

(c) Measurement by feeler gauge of the clearance between the journal and bearing surfaces at agreed circumferential positions
at the after and forward ends.
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Section
1   Basin trials

2   Sea trials

n Section 1 
Basin trials

1.1 Procedure

1.1.1 A procedure for basin, or dockside, trials is to be submitted for approval. The procedure is to include, at least, the
following:

(a) Vessel draughts and propeller immersion;

(b) Main propulsion shaftline operation in ahead and astern rotation, including time spent at each speed setting;

(c) A programme for measurement and recording of all main propulsion shaftline bearing temperatures throughout the basin
trials.

1.2 Results

1.2.1 The results are to demonstrate temperatures for all main propulsion shaftline bearings which remain within the respective
alarm limits and show a trend towards achieving steady state.

1.2.2 Subject to satisfactory completion of the basin trials, the vessel can proceed to sea trials.

1.3 Sterntube lubrication

1.3.1  For pumped and circulated sterntube lubricating systems, the following are to be carried out:

(a) The filters are to be inspected on completion of the basin trials. Any debris discovered is to be retained for inspection by the
attending LR Surveyor and submission to an accredited laboratory for analysis as required;

(b) Lubricant samples are to be taken prior to, and on completion of, basin trials and submitted to an independent accredited
laboratory for analysis. The analysis is to be appropriate for the composition of the sterntube bearings.

n Section 2 
Sea trials

2.1 Procedure

2.1.1 A procedure for sea trials is to be submitted for approval. The procedure is to include, at least, the following:

(a) Details of all trials for which the prime mover will be operational;

(b) Details of any operation with a partially immersed propeller. The propeller is, in general, to be fully immersed throughout the
sea trials, however, consideration will be given to transit between the shipyard and trials area with the prime mover operating
at low rpm;

(c) Details of the programme for measurement and recording of all main propulsion shaftline bearing temperatures throughout
the sea trials. The measurements are to include, at least, the following:

• Bearing temperature:

• Shaft rpm;

• Helm angle;

• Details of the maximum interval between individual measurements to ensure reliable demonstration of temperature changes.

2.2 Bearing loads

2.2.1 Static load measurements are to be taken at the following vessel conditions:

ShaftRight Main Propulsion Shafting Alignment Procedure

Validation Chapter 4
Section 1

Lloyd's Register 15



(a) Light ballast draughts, machinery cold;

(b) Full ballast draughts, machinery cold;

(c) Full ballast draughts, machinery hot;

(d) Fully laden draughts, machinery hot.

The effect of filling the aft peak tank on the main propulsion shafting alignment is to be demonstrated by measurement at either
condition;

• Ch 4, 2.2 Bearing loads 2.2.1.(b),

• Ch 4, 2.2 Bearing loads 2.2.1.(c) or

• Ch 4, 2.2 Bearing loads 2.2.1.(d).

For lead vessels which cannot achieve fully laden draughts on sea trials, award of descriptive note ShaftRight [N] will be deferred
until the main propulsion shafting alignment can be verified at a suitable lading condition, ideally during the first visit to a loading
port.

2.2.2 Bearing loads are to be assessed in accordance with the requirements of Ch 3, 3.2 Bearing loads of this ShaftRight
procedure.

2.3 Prime mover alignment

2.3.1  In addition to the sterntube forward bearing, where installed, and intermediate shaft bearing loads, measurements are
to be taken at each vessel draughts and machinery temperature condition to demonstrate the alignment of the prime mover as
follows:

(a) For slow speed direct drive diesel engines:

• Static load in way of the three aftermost main bearings;

• Crankweb deflections at each crankthrow.

(b) For reduction gearing:

• Static load distribution between the main wheel after and forward bearings;

• Dynamic meshing of the pinion(s) and main gear wheel at incremental output shaft torques.

Alternative prime mover types and configurations will be considered. In all cases, the alignment measurements are to demonstrate
compliance with the manufacturer’s requirements.

2.4 Sterntube lubrication

2.4.1 For pumped and circulated sterntube lubricating systems, the following are to be carried out:

(a) The filters are to be periodically inspected during sea trials. Any debris discovered is to be retained for inspection by the
attending LR Surveyor and submission to an accredited laboratory for analysis as required;

(b) Lubricant samples are to be taken prior to, and on completion of, sea trials and submitted to an independent accredited
laboratory for analysis. The analysis is to be appropriate for the composition of the sterntube bearings.
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